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Abstract
We present an angular analysis of the B0 → K∗0µ+µ− decay using the full data
sample collected by the LHCb experiment during Run I and corresponding to an
integrated luminosity of 3 fb−1. We determine angular observables in two different
q2 binnings, using an unbinned maximum likelihood fit and the method of moments.
In addition, we determine the K∗0 helicity amplitudes in the q2 range 1.1 < q2 <
6 GeV2/c4 using a q2 dependent ansatz.





Contents

0 Information on the review process 2
0.1 Version history . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
0.2 To-do list . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

1 Introduction 4

2 Strategy 5

3 Data and simulation 7
3.1 Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
3.2 Simulated events . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

4 Selection 10
4.1 Stripping and preselection . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
4.2 Peaking backgrounds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
4.3 Trigger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
4.4 Multivariate selection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
4.5 q2 binnings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

5 Mass fits 15
5.1 K+π−µ+µ− invariant mass distribution . . . . . . . . . . . . . . . . . . . 15
5.2 Event yields . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

6 Methods 23
6.1 Angular description of the decay B0→ K∗0µ+µ− . . . . . . . . . . . . . . . 23

6.1.1 The angular basis . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
6.1.2 The differential decay rate . . . . . . . . . . . . . . . . . . . . . . . 25
6.1.3 Interference with other K+π− states . . . . . . . . . . . . . . . . . 28
6.1.4 S-wave interference . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
6.1.5 Less form-factor dependent observables . . . . . . . . . . . . . . . . 30

6.2 Fitting for angular observables . . . . . . . . . . . . . . . . . . . . . . . . . 32
6.2.1 Angular distributions . . . . . . . . . . . . . . . . . . . . . . . . . . 32
6.2.2 Mass modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
6.2.3 Acceptance effect . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
6.2.4 Physical boundaries of the observables . . . . . . . . . . . . . . . . 34
6.2.5 Likelihood scans . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
6.2.6 CP-asymmetries Ai . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
6.2.7 The P

(′)
i basis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

6.2.8 Fit validation using EOS toys . . . . . . . . . . . . . . . . . . . . . . 36
6.2.9 Fit validation using toy studies . . . . . . . . . . . . . . . . . . . . 36
6.2.10 Coverage correction . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
6.2.11 Fit validation on data using B0→ J/ψK∗0 . . . . . . . . . . . . . . 38



6.2.12 Constraining the S-wave using the mKπ distribution . . . . . . . . . 40
6.2.13 Toy studies using the mKπ distribution . . . . . . . . . . . . . . . . 44
6.2.14 Angular folding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

6.3 Extracting angular observables using the method of moments . . . . . . . . 54
6.3.1 Measurement of S6c . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
6.3.2 Method of moments in the presence of background . . . . . . . . . 56
6.3.3 Acceptance corrections of the method of moments . . . . . . . . . . 56
6.3.4 Statistical uncertainty on the method of moments . . . . . . . . . . 56
6.3.5 Toy studies for method of moments . . . . . . . . . . . . . . . . . . 58
6.3.6 Error dependence of number of events . . . . . . . . . . . . . . . . 58
6.3.7 Method of moments with S-wave contribution . . . . . . . . . . . . 61
6.3.8 Toy studies including S-wave . . . . . . . . . . . . . . . . . . . . . . 62
6.3.9 Method of moments applied to B0→ J/ψK∗0 . . . . . . . . . . . . 65
6.3.10 Measuring asymmetries with the method of moments . . . . . . . . 65
6.3.11 Determination of FS using BW phase shift . . . . . . . . . . . . . . 66
6.3.12 Expected difference between the likelihood fit and the method of

moments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
6.3.13 Determination of the Pi observables with the MoM . . . . . . . . . 67

6.4 Fitting for the K∗0 amplitudes . . . . . . . . . . . . . . . . . . . . . . . . . 70
6.4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
6.4.2 Infinitesimal symmetries of the angular distribution . . . . . . . . . 70
6.4.3 Exact discrete symmetries . . . . . . . . . . . . . . . . . . . . . . . 71
6.4.4 Accidental discrete symmetries . . . . . . . . . . . . . . . . . . . . 72
6.4.5 Parameterised amplitudes . . . . . . . . . . . . . . . . . . . . . . . 73
6.4.6 S-wave contribution . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
6.4.7 The S-wave in the simulation studies . . . . . . . . . . . . . . . . . 75
6.4.8 Extracting the amplitudes . . . . . . . . . . . . . . . . . . . . . . . 76
6.4.9 Validation of amplitude fits using EOS toys . . . . . . . . . . . . . . 77
6.4.10 Fits to combined B0 and B0 decays . . . . . . . . . . . . . . . . . . 78
6.4.11 Uncertainty estimation . . . . . . . . . . . . . . . . . . . . . . . . . 82
6.4.12 Sensitivity to new physics . . . . . . . . . . . . . . . . . . . . . . . 83
6.4.13 Fit validation on data using B0→ J/ψK∗0 . . . . . . . . . . . . . . 85

7 Correlations 91
7.1 Measuring Correlation with the Fit Likelihood profile . . . . . . . . . . . . 91
7.2 Measuring Correlation with the Bootstrapping Method . . . . . . . . . . . 92

8 Efficiencies 97
8.1 Acceptance parametrisation . . . . . . . . . . . . . . . . . . . . . . . . . . 97
8.2 Four-dimensional acceptance . . . . . . . . . . . . . . . . . . . . . . . . . . 97
8.3 Further tests of the four-dimensional acceptance parametrisation . . . . . . 99



9 Results 104
9.1 Results of the fits for the observables . . . . . . . . . . . . . . . . . . . . . 104
9.2 Results of the method of moments . . . . . . . . . . . . . . . . . . . . . . . 113
9.3 Comparison of results from likelihood fit and method of moments . . . . . 127
9.4 Results of the fits for the amplitudes . . . . . . . . . . . . . . . . . . . . . 130

9.4.1 Direct fit to the data . . . . . . . . . . . . . . . . . . . . . . . . . . 130
9.4.2 One dimensional profile likelihoods . . . . . . . . . . . . . . . . . . 131
9.4.3 Bootstrapping the data . . . . . . . . . . . . . . . . . . . . . . . . . 131
9.4.4 Results on observables using bootstraps . . . . . . . . . . . . . . . . 133
9.4.5 Zero-Crossing Point measurements . . . . . . . . . . . . . . . . . . 136

10 Systematic uncertainties 140
10.1 Systematics for observable fits . . . . . . . . . . . . . . . . . . . . . . . . . 140

10.1.1 Statistical uncertainty of the four-dimensional acceptance . . . . . . 140
10.1.2 Differences between data and simulation . . . . . . . . . . . . . . . 140
10.1.3 Fixing of q2 for four-dimensional acceptance . . . . . . . . . . . . . 141
10.1.4 Higher order acceptance model . . . . . . . . . . . . . . . . . . . . 142
10.1.5 Peaking backgrounds . . . . . . . . . . . . . . . . . . . . . . . . . . 145
10.1.6 Angular background modeling . . . . . . . . . . . . . . . . . . . . . 151
10.1.7 Signal mass modeling . . . . . . . . . . . . . . . . . . . . . . . . . . 156
10.1.8 mKπ related systematic uncertainties . . . . . . . . . . . . . . . . . 156
10.1.9 Production asymmetry . . . . . . . . . . . . . . . . . . . . . . . . . 158
10.1.10 Detection asymmetry . . . . . . . . . . . . . . . . . . . . . . . . . . 161
10.1.11 Summary of systematic uncertainties . . . . . . . . . . . . . . . . . 161

10.2 Systematics for the method of moments . . . . . . . . . . . . . . . . . . . . 178
10.2.1 Statistical uncertainty of the four-dimensional acceptance . . . . . . 178
10.2.2 Difference between data and simulation . . . . . . . . . . . . . . . . 180
10.2.3 Higher order acceptance model . . . . . . . . . . . . . . . . . . . . 181
10.2.4 Peaking backgrounds . . . . . . . . . . . . . . . . . . . . . . . . . . 201
10.2.5 Signal mass modelling . . . . . . . . . . . . . . . . . . . . . . . . . 204
10.2.6 Systematic uncertainty on m(K+π−) lineshape . . . . . . . . . . . . 204
10.2.7 Systematic uncertainty from production and detection asymmetries 205
10.2.8 Summary on systematic uncertainties . . . . . . . . . . . . . . . . . 205

10.3 Systematics for amplitude fits . . . . . . . . . . . . . . . . . . . . . . . . . 213
10.3.1 Statistical uncertainty of the four-dimensional acceptance . . . . . . 213
10.3.2 Difference between data and simulation . . . . . . . . . . . . . . . . 213
10.3.3 Higher order acceptance model . . . . . . . . . . . . . . . . . . . . 220
10.3.4 Uncertainty due to the combinatorial background model choice . . . 221
10.3.5 Uncertainty due to the mKπ model choice . . . . . . . . . . . . . . 222
10.3.6 Uncertainty due to residual peaking backgrounds . . . . . . . . . . 223

11 Compatibility with the Standard Model 227



12 Conclusions 229

A Fitting for constant K∗0 amplitudes 230

B CP-Asymmetries Ai from the observables fit 232

C Likelihood scans 237

D Feldman-Cousins confidence intervals 241

E Correlations for the likelihood fit 263

F Toy studies for the likelihood fit including mKπ constraint 266

G Toy studies for the method of moments 272

H Factorisation of mass and decay angles for B0→ J/ψK∗0 288

I Continuous symmetry transformations of the K∗0 spin amplitudes 289

J Two dimensional amplitude parameter profile likelihoods 290

K Background factorisation 305

L Results of Bootstrapping method for the method of moments 308

M Correlation matrices for the moment analysis 351

N Difference between Reco12 and Reco14 375
N.1 Overlap between Reco12 and Reco14 . . . . . . . . . . . . . . . . . . . . . 375
N.2 Observables from a counting method . . . . . . . . . . . . . . . . . . . . . 375
N.3 Observables from the folded fit . . . . . . . . . . . . . . . . . . . . . . . . . 376

O Performance comparison for determination of observables 383

P Treatment of S-wave for determination of observables 383

Q Angular observables from the decay B0→ J/ψK∗0 384

R Fitting B0→ J/ψK∗0 with a single set of decay amplitudes 395

S Fitting run periods and B flavour separately 395

T Peaking backgrounds 396



U Background angular distribution from the ABCD method 402
U.1 Validation of the ABCD method . . . . . . . . . . . . . . . . . . . . . . . . 403
U.2 Correlation correction factor . . . . . . . . . . . . . . . . . . . . . . . . . . 407
U.3 Comparison with upper mass sideband . . . . . . . . . . . . . . . . . . . . 407

V The angular acceptances of the trigger lines 413

W Correlation Formulas 415

X 2D plots of right sideband 421

Y Goodness of Fit 423
Y.1 Point-to-point dissimilarity method . . . . . . . . . . . . . . . . . . . . . . 423
Y.2 Comparison of χ2 method and P2PD method . . . . . . . . . . . . . . . . 424
Y.3 Testing P2PD method in a realistic scenario . . . . . . . . . . . . . . . . . 424

Z Exotic charmonium states in B0→ J/ψK+π− 429

References 431



1



0 Information on the review process1

0.1 Version history2

v1 12. 11. 2014 Initial release

v2 26. 11. 2014 WG approval

• Added two-dimensional likelihood scans for the angular observables in Sec. 6.2.5.

• S-wave pollution can be constrained using the mKπ distribution. The method is
described in Sec. 6.2.12.

• Added further discussion on accidental symmetry in Sec. 6.4.4

• Completed list of 1D profile plots of amplitude coefficients in Sec. 6.4.11

• Expanded discussion of how the mKπ dependence of the amplitudes is treated in
Sec. 6.4.6

v3 16. 01. 2015 1st comments

• Implemented 1st round of referee comments.

• Re-written description of the fits to the amplitudes in Sec. 6.4.

• Added section on expected sensitivity to model with CNP9 = −1.5 for the amplitude
fits in Sec. 6.4.12.

• Added systematic uncertainties related to acceptance correction, background
parametrisation and mKπ dependence for amplitude fits.

• Added (almost) complete set of 2D profiles for amplitude fits.

• Evaluated additional systematic uncertainties for the observables fit: Peaking
backgrounds, angular background description, higher order acceptance model,
signal mass model

• Performed first blind fits of observables

• Improved description of simultaneous angular and mKπ fit, the plots of allowed
parameter regions, table of previous B0 → J/ψK∗0 results, profile likelihood scans
for the observables fit

v3c 22. 01. 2015 update

• Implemented referees’ comments in the method of moments sections

• Added B0 → J/ψK∗ validation with the method of moments

• Added S-wave studies with the method of moments

• Added blinded results for the method of moments

• Added first coverage corrected results from the observables fit

• Added mKπ systematics for the observables fit

3
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v4 07. 07. 2015 update

• Added result for the method of moments. Including bootstrapping of the dataset
to determine the statistical uncertainty on the angular observables and fit to
m(K+π−) to determine FS.

• Added systematic unertainties for the method of moments.

• Added CP asymmetries Ai and full P
(′)
i basis from the observables fit.

• Added systematic uncertainties for CP asymmetries.

• Increased FC statistics for the observables fit. Updated B0→ J/ψK∗0 numbers.
Updated toy studies.

4

0.2 To-do list5

Here we summarize the main ongoing open studies:6

• General ongoing studies:7

• Specific for the amplitude fit:8

– Test the statistical coverage of the bootstraps.9

– Complete zero crossing point studies.10
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1 Introduction11

The decay B0→ K∗0(→ K+π−)µ+µ− is a b→ s flavour changing neutral current (FCNC)12

process and in the Standard Model (SM) is therefore forbidden at tree-level and only13

allowed at loop level.1 In extensions of the SM, new heavy particles can appear, potentially14

both at tree- and loop level, and significantly change the branching fraction of this process,15

as well as the angular distributions of the particles in the final state.16

This note describes the analysis of the angular distribution of the final state particles17

with the full Run I data sample, corresponding to an integrated luminosity of 3 fb−1 and18

taken at center of mass energies of 7 and 8 TeV. Two previous angular analyses have19

been performed of the decay [1,2] using the data taken by LHCb in 2011, corresponding20

to an integrated luminosity of 1 fb−1. In the first publication, the CP-averaged angular21

observables Si described in Ref. [3] have been determined, in the second paper, the less22

form-factor dependent observables P ′4,5,6,8 proposed in Ref. [4] have been measured. The23

angular observables show good agreement with the SM predictions, with the exception24

of the observable P ′5, which shows a local deviation corresponding to 3.7σ. Assuming no25

correlations the p-value for such a deviation for four observables in six bins is 0.5%.26

There is currently intense discussion in the theory community about the observed27

discrepancy. Several publications studied possible New Physics (NP) scenarios that could28

cause the observed shift using global fits of the underlying Wilson coefficients [5–8]. One29

possible explanation, which was first proposed in Ref. [5] would be a Z ′ of O(1 TeV). In30

addition to possible NP explanations of the observed deviation, the uncertainty of the31

SM prediction has been under scrutiny. In particular the influence of non-factorisable32

corrections has been discussed [9, 10]. Recently, the influence of the cc̄ resonances on33

the SM prediction has come under question [11], following the publication of a precise34

branching fraction measurement of the decay B+→ K+µ+µ− [12]. This angular analysis35

using LHCb’s full Run I data sample is a central building block needed to clarify our36

picture of b→ sµ+µ− transitions.37

The analysis note is structured as follows: Section 2 introduces the analysis strategy,38

Sec. 3 presents the samples of data and simulated events used for the analysis and Sec. 439

summarizes the selection. Section 5 details the modeling of the reconstructed B0 mass40

and Sec. 6 the different approaches to the analysis of the angular distributions. Section 841

discusses the angular acceptance effects and Sec. 9 gives the results for the angular42

observables. Systematic uncertainties are determined in Sec. 10. Finally, conclusions are43

presented in Sec. 12.44

1Charge conjugation is implied throughout this note unless explicitly stated.
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2 Strategy45

The decay B0→ K∗0(→ K+π−)µ+µ− is first selected using the cut-based Stripping and46

preselection, after which a multivariate classifier, a BDT, is applied. Specific vetoes47

are applied to reject peaking backgrounds. The q2 = m2
µ+µ− regions [8.0, 11.0] GeV2

48

and [12.5, 15.0] GeV2 that contain the J/ψ and ψ(2S) resonances are removed from the49

analysis since the tree-level decays B0→ J/ψK∗0 and B0→ ψ(2S)K∗0 dominate in these50

regions. The selection is detailed in Ref. [13], in this note only the most important51

points are summarised. The reconstruction and selection results in a distortion of the52

angular distributions of the final state particles. This angular acceptance effect needs to53

be accounted for in the the angular analysis as described in Sec. 8.54

There are three complementary methods for the angular analysis of the final state of55

the signal decay.56

• Maximum likelihood method (main proponents: C. Langenbruch, T. Nikodem, M. De57

Cian) The angular observables can also be determined using an unbinned maximum58

likelihood fit. This method has been shown to be more sensitive than the method of59

moments in larger bins of q2. However, for narrow q2 bins, the method is affected by60

the presence of physical boundaries for the parameters which lead to a non-Gaussian61

behaviour of the likelihood function. The maximum likelihood method is the preferred62

method for larger q2 bins. It is described in detail in Sec. 6.263

• Method of moments (main proponents: M. Chrzaszcz, N. Serra) Due to the orthog-64

onality of the angular terms, it is possible to determine the angular observables65

introduced in Sec. 6.1 using a weighted counting approach, the method of moments.66

The main advantage of this method is that it is very stable and robust and allows67

to perform the angular analysis in narrow q2 bins of 1 GeV2. This allows to better68

resolve the q2 dependency of the observables, which is of interest in theory. The69

method of moments is described in Sec. 6.3.70

• Amplitude fit (main proponents: U. Egede, M. Patel, K. Petridis, T. Blake) Instead71

of the angular observables it is also possible to determine the decay amplitudes.72

The q2 dependent unbinned amplitude fit in the 1.1 < q2 < 6 GeV2/c4 region is73

interesting since the observables vary strongly here. This method allows to obtain74

the p-value of the SM in the most precise manner and provide the zero-crossing75

point of many observables. The presence of resonances outside this region make this76

method only applicable within 1.1 < q2 < 6 GeV2/c4. The added benefit of fitting77

for the amplitudes is that the angular distribution remains positive irrespective of78

the values of the amplitudes. The amplitude fit is detailed in Sec. 6.4.79

The availability of the three different approaches allows to thoroughly crosscheck the80

results. All methods of angular analysis provide also the linear correlations between81

the determined observables. This is a major improvements compared to the previous82

publications [1, 2], where, due to different angular foldings, no correlation matrix could be83

quoted.84
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Throughout the analysis, the tree-level decay B0→ J/ψK∗0 is used as control-channel.85

The decay is used for the training of the multivariate selection and to ensure good agreement86

of simulation with data as detailed in Ref. [13]. It also allows an important cross-check for87

the description of the angular acceptance as discussed in Sec. 6.2.11.88

As a further cross-check, at least two separate implementations have been prepared89

for each of the fit strategies described above and for the determination of the angular90

acceptance. Results from the different implementations are fully consistent.91

To conclude the discussion of our analysis strategy, we give a specific list of the results92

we aim to provide in the paper.93

• Figures showing the 8 CP-averaged observables FL, AFB and S3,4,5,7,8,9 as well as the94

7 CP-asymmetries A3,4,5,6,7,8,9. We will present the observables in the 2 GeV2/c4 bins,95

as well as the two large bins 1.1− 6 GeV2/c4 and 15− 19 GeV2/c4, for the observables96

fit and in the narrow 1 GeV2/c4 bins for the method of moments. The results from97

the q2 dependent amplitudes in the 1.1− 6 GeV2/c4 bin will be overlaid.98

• Tables showing the CP-averaged observables and the CP-asymmetries in the 2 GeV2/c4
99

and 1 GeV2/c4 bins and the observables in the 1.1− 6 GeV2/c4 and 15− 19 GeV2/c4
100

bins. The covariance matrices should be additional information.101

• Tables showing the amplitude fit parameters for the amplitude fit in the 1.1−6 GeV2/c4
102

bin. The covariance matrices should be additional information.103

• The zero crossing points for the different observables extracted from the amplitude104

fit, with their uncertainties.105

• The observables P
(′)
i etc. should appear as additional information, derived from the106

Si results, unless we find something very non-SM like after unblinding.107

6



3 Data and simulation108

3.1 Data109

The angular analysis described in this note is based on data corresponding to an integrated110

luminosity of 3 fb−1, collected by the LHCb experiment in pp collisions. The dataset111

comprises 1 fb−1 of integrated luminosity collected at
√
s = 7 TeV in 2011 and 2 fb−1

112

collected at
√
s = 8 TeV in 2012. Described extensively in Ref. [13], the data have been113

reconstructed with Reco14 and stripped with Stripping 20r0 and Stripping 20r1.114

3.2 Simulated events115

Fully Monte Carlo simulated B0→ K∗0µ+µ− events generated according to a phase-space116

model are used to determine the acceptance effect of the selection and reconstruction. This117

sample was filtered on the StrippingB2XMuMu stripping line (the same as the Stripping118

20r0 and Stripping 20r1 data) allowing for a relatively large sample to be generated.119

The acceptance of the full selection on the decay angles is accounted for in the analyses120

as described in Sec. 6.2.3. The systematic uncertainty due to the determination of the121

acceptance using simulation is determined as described in Sec. 10.1. Possible pollution from122

peaking backgrounds are estimated using several exclusive b-hadron decays. Fully simulated123

samples are generated for these backgrounds with MC12 settings and reconstructed using124

Reco14a. They are combinations of Sim08b and Sim08e with an approximately equal125

mix of events generated using Pythia 6 and 8. The samples used in this analysis are126

summarised in Tab. 1.127

In addition to fully simulated events, the analysis uses simulated signal events generated128

according to an updated full theory calculation of the decay B0→ K∗0µ+µ− [14, 15] to129

validate the angular analysis methods used. The calculation is implemented in the publicly130

available EOS software package [16]. Two different sets of Wilson coefficients are used131

for the generation, the SM setting (C7 = −0.331, C9 = 4.27, C10 = −4.173) and the NP132

setting (C7 = −0.331, C9 = 4.27 − 1.5, C10 = −4.173). The choice of C9 = 4.27 − 1.5 in133

the NP setting is motivated by the best fit point of the Wilson coefficients in Ref. [5].134

The EOS software package also is able to calculate the angular observables for the given135

parameters, so the simulated samples are useful to validate the methods of angular analysis.136

Tables 2 and 3 give the angular observables which will be introduced in Sec. 6.1.2 for137

two q2 binnings. The reconstructed B0 mass is modelled by the sum of two crystal ball138

functions generated using the parameters in Tab. 4. Background is modelled to be flat139

in the angles, exponential in the mass and parabolic in q2. The q2 dependence of the140

background fraction is taken from an extended maximum likelihood fit of the background141

yields in data, as shown in Fig. 1. The four dimensional acceptance described in Sec. 8.2142

is applied using an accept-reject method. In addition, samples without acceptance are143

also generated.144
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Table 1: Simulated samples used in the analysis. Sample (a) is used for deriving the
acceptance correction. It is filtered on the StrippingB2XMuMu line, number of events
in this case corresponds to the statistics after stripping. Sample (b) is used to derive
data-simulation corrections. Samples (b-c) are used to assess background levels. Samples
(d) are used for validation of fitters and comparison of fit techniques.

Decay DecFile event type Number of events

(a) B0→ K∗0µ+µ− (phase-space) 11114005 5.5M (stripped)
(b) B0→ J/ψK∗0 (physics) 11144001 2M
(c) B0→ K∗0µ+µ− (physics) 11114001 1M
(c) Λ0

b→ Λ(1530)µ+µ− 15114000 1M
(c) Λ0

b→ pK−µ+µ− 15114011 2M
(c) B0

s→ φµ+µ− 13114002 0.6M
(c) B+→ K+µ+µ− 12113001 1M
(d) EOS SM Wilson coefficients, no acceptance - 10 M
(d) EOS SM Wilson coefficients, with acceptance - 10 M
(d) EOS NP Wilson coefficients, no acceptance - 10 M
(d) EOS NP Wilson coefficients, with acceptance - 10 M

Table 2: Observables predicted by EOS using the 1 GeV2 binning and the SM Wilson
coefficients.

q2[ GeV2] Ss1 Sc1 Ss2 Sc2 S3 S4 S5 Ss6 Sc6 S7 S8 S9

[0.1, 0.98] 0.5599 0.2450 0.1448 −0.1953 0.0003 −0.0885 0.2251 0.1210 0.0000 0.0215 −0.0039 0.0001
[1.1, 2.0] 0.2580 0.6641 0.0832 −0.6258 0.0000 −0.0483 0.1651 0.2664 0.0000 0.0389 −0.0108 0.0002
[2.0, 3.0] 0.1648 0.7870 0.0544 −0.7591 −0.0016 0.0479 −0.0287 0.1995 0.0000 0.0382 −0.0124 0.0003
[3.0, 4.0] 0.1547 0.7988 0.0515 −0.7787 −0.0038 0.1254 −0.1896 0.0763 0.0000 0.0343 −0.0122 0.0003
[4.0, 5.0] 0.1800 0.7637 0.0600 −0.7488 −0.0062 0.1764 −0.2969 −0.0459 0.0000 0.0308 −0.0115 0.0003
[5.0, 6.0] 0.2159 0.7150 0.0719 −0.7037 −0.0088 0.2088 −0.3653 −0.1515 0.0000 0.0285 −0.0110 0.0003
[6.0, 7.0] 0.2526 0.6654 0.0841 −0.6565 −0.0117 0.2294 −0.4083 −0.2397 0.0000 0.0278 −0.0110 0.0003
[7.0, 8.0] 0.2869 0.6192 0.0955 −0.6120 −0.0150 0.2425 −0.4350 −0.3129 0.0000 0.0293 −0.0118 0.0003

[15.0, 16.0] 0.4825 0.3570 0.1606 −0.3553 −0.1273 0.2822 −0.3654 −0.5805 0.0000 −0.0000 −0.0002 0.0003
[16.0, 17.0] 0.4915 0.3450 0.1636 −0.3435 −0.1587 0.2888 −0.3356 −0.5641 0.0000 −0.0000 −0.0002 0.0003
[17.0, 18.0] 0.4981 0.3360 0.1658 −0.3347 −0.2016 0.2987 −0.2911 −0.5191 0.0000 −0.0000 −0.0001 0.0002
[18.0, 19.0] 0.5012 0.3318 0.1668 −0.3308 −0.2621 0.3139 −0.2124 −0.4018 0.0000 0.0000 −0.0001 0.0002

Table 3: Observables predicted by EOS using the 2 GeV2 binning and the SM Wilson
coefficients.

q2[ GeV2] Ss1 Sc1 Ss2 Sc2 S3 S4 S5 Ss6 Sc6 S7 S8 S9

[0.1, 0.98] 0.5599 0.2450 0.1448 −0.1953 0.0003 −0.0885 0.2251 0.1210 0.0000 0.0215 −0.0039 0.0001
[1.1, 2.5] 0.2312 0.6996 0.0749 −0.6639 −0.0003 −0.0245 0.1175 0.2537 0.0000 0.0390 −0.0113 0.0002
[2.5, 4.0] 0.1546 0.7993 0.0514 −0.7774 −0.0032 0.1074 −0.1521 0.1078 0.0000 0.0354 −0.0123 0.0003
[4.0, 6.0] 0.1986 0.7384 0.0662 −0.7254 −0.0076 0.1932 −0.3323 −0.1006 0.0000 0.0296 −0.0112 0.0003
[6.0, 8.0] 0.2704 0.6414 0.0900 −0.6334 −0.0134 0.2362 −0.4221 −0.2776 0.0000 0.0286 −0.0114 0.0003

[15.0, 17.0] 0.4867 0.3513 0.1620 −0.3497 −0.1422 0.2853 −0.3513 −0.5727 0.0000 −0.0000 −0.0002 0.0003
[17.0, 19.0] 0.4994 0.3344 0.1662 −0.3332 −0.2253 0.3046 −0.2603 −0.4732 0.0000 −0.0000 −0.0001 0.0002
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Table 4: Parameters used to describe the massmodel for the generation of simulated events
using EOS. These parameters are determined from a fit integrated over the full q2 range,
which is dominated by B0 → J/ψK∗0 events.

Parameter value

m0
B 5279.6

f sig
m,1 0.73
σm,1 15.5
σm,2 27.0
αCB 1.5
nCB 5.6
αm 6.6× 10−3

Figure 1: The background yield in bins of q2 as seen in data. The fitted quadratic
polynomial is used to describe the q2 dependence of the background contribution for events
simulated using EOS.

]2 [GeV2q
0 2 4 6 8 10 12 14 16 18

]
­2

 [
G

eV
2

/d
q

b
k
g

N

0

50

100

150

200

250

9



4 Selection145

The selection is described in detail in Ref. [13]. Therefore only a short overview of the146

main parts of the selection is given below.147

4.1 Stripping and preselection148

Reconstructed B0 candidates are selected from the StrippingB2XMuMu stripping line in149

Stripping-20r0 and Stripping-20r1. The Stripping cuts are summarised in Tab. 5. In150

addition the preselection cuts given in Tab. 6 are applied. The mKπ mass window used for151

the analysis is given by (795.9 < mKπ < 995.9) MeV/c2.152

4.2 Peaking backgrounds153

Several cuts are applied to reject peaking backgrounds from Λ0
b→ pK−µ+µ−, B0

s→ φµ+µ−,154

and B0→ J/ψK∗0 decays, as well as B0→ K∗0µ+µ− signal swaps. The most significant155

of these is a requirement that156

DLLKπ(K) > DLLKπ(π)

to remove K → π and π → K double misidentification and backgrounds from Λ0
b →157

pK−µ+µ− where the proton is misidentified as a pion. Unless the contributions of the158

peaking backgrounds are found to be negligible, systematic uncertainties are evaluated159

Table 5: Stripping selection criteria in StrippingB2XMuMu for Stripping 20 and Strip-
ping 20r1.

Candidate Selection

B meson IP χ2 < 16 (best PV)
B meson 4600 MeV/c2 < M < 7000 MeV/c2

B meson DIRA angle < 14 mrad
B meson flight distance χ2 > 121
B meson vertex χ2/ndf < 8

µ+µ− m(µ+µ−) < 7100 MeV/c2

µ+µ− vertex χ2/ndf < 9
K∗0 m(K+π−) < 6200 MeV/c2

K∗0 vertex χ2/ndf < 9
K∗0 flight distance χ2 > 9

tracks ghost Prob < 0.4
tracks min IP χ2 > 9
muon IsMuon

muon DLLµπ > −3
GEC SPD Mult. < 600

10



Table 6: Pre-selection cuts applied to stripped candidates. In this table only: θ is the
opening angle from the beam; θpair is the opening angle between two track pairs.

Candidates Selection

Track 0 < θ < 400 mrad
Track Pairs θpair > 1 mrad

µ+µ− IsMuon True
K hasRich True
K DLLKπ > -5
π hasRich True
π DLLKπ < 25

PV |X− < X > | < 5 mm
PV |Y− < Y > | < 5 mm
PV |Z− < Z > | < 200 mm

using toy studies. The largest source of peaking background is Λ0
b→ pK−µ+µ− at the160

level of 1% of the signal.161

4.3 Trigger162

The analysis relies on the L0muon trigger at L0. At Hlt1 candidates are selected using the163

Hlt1TrackMuon and Hlt1TrackAllL0 trigger lines. The main Hlt2 trigger lines are the164

Hlt2Topo(Mu)[2,3,4]BodyBBDT topological trigger lines. Only signal candidates that are165

triggered on (TOS) are accepted. Table 7 gives the fraction of stripped data triggered by166

the different TCKs used during data taking. The trigger efficiency in simulation is checked167

using the TISTOS method on the B0→ J/ψK∗0 control channel, see e.g. Fig 2 and Fig. 3.168

Table 8 gives the fraction of events passing through each trigger lines.169

4.4 Multivariate selection170

The majority of the combinatorial background is rejected using a BDT. In comparison to171

the previous angular analysis [17] the new BDT contains uses fewer input variables and is172

trained on a larger data sample. The variables used in the BDT are:173

• the B0 candidate lifetime;174

• the B0 momentum and pT;175

• the B0 direction angle (DIRA);176

• the K+π−µ+µ− vertex χ2;177

• the DLLKπ of the kaon and pion;178
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• the DLLµπ of the muons;179

• the isolation of the four final state particles.180

The B0 variables are be only weakly correlated to q2 and the angular distribution of the181

final state particles. No correlation is observed with the K+π−µ+µ− invariant mass.182

Table 7: Fraction of Stripped data sample selected by different L0 and HLT TCKs. Only
TCKs selecting more than 1% of the data sample are shown. Data taking conditions were
stable for L0Muon, Hlt1Track and Hlt2Topo for the majority of the data taken in 2011
and 2012.

L0 TCK % HLT TCK %

42 19.1 990042 19.1
3d 19.0 a30044 10.7
44 16.5 790038 10.1
37 10.2 97003d 9.6
38 10.1 94003d 9.4
46 8.8 760037 9.1
35 5.6 730035 5.5
32 4.6 990044 4.9
45 3.4 ac0046 3.8
40 2.4 6d0032 2.9

a10045 2.5
8c0040 2.2
a90046 2.2
ab0046 1.8
5a0032 1.6
a30046 1.1
790037 1.1

Table 8: Fraction of events passing through each trigger lines in B0→ J/ψK∗0 data (
B0→ J/ψK∗0 MC).

L0Muon and Hlt1TrackAllL0 L0Muon and Hlt1TrackMuon

Hlt2TopoMu2BodyBBDT 78.06 (79.95)% 85.13 (87.08)%
Hlt2TopoMu3BodyBBDT 72.29 (77.10)% 79.32 (84.32)%
Hlt2TopoMu4BodyBBDT 39.97 (46.02)% 43.27 (49.64)%

Hlt2Topo2BodyBBDT 68.65 (71.01)% 73.97 (76.54)%
Hlt2Topo3BodyBBDT 68.34 (73.52)% 74.41 (79.89)%
Hlt2Topo4BodyBBDT 39.21 (45.29)% 42.34 (48.75)%

Hlt2SingleMuon 23.92 (49.41)% 27.60 (55.91)%
Hlt2DiMuon 0.08 (0)% 0.09 (0)%
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Figure 2: Trigger efficiency of L0Muon as a function of the maximum pT of the µ+ or µ−

for offline selected B0→ J/ψK∗0 candidates that are TOS in Hlt 1 and Hlt 2. The MC is
filtered according to the 2012 TCK 0x409F0045.
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Figure 3: Distribution of the maximum pT of the µ+ or µ− for offline selected B0→ J/ψK∗0

candidates.

4.5 q2 binnings183

As will be discussed in Sec. 6 the different methods of angular analysis have different184

strength and weaknesses that determine where they are most useful. Table 9 gives185

two binnings with q2 bin widths of 1 GeV2/c4 and 2 GeV2/c4, respectively. They will186

henceforth be known as the 1 GeV2 and 2 GeV2 binnings. In addition, the two larger187
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Table 9: q2 binnings with (left) 1 GeV2 and (right) 2 GeV2 bins.

Bin q2[ GeV2]

1 [0.1, 0.98]
2 [1.1, 2.0]
3 [2.0, 3.0]
4 [3.0, 4.0]
5 [4.0, 5.0]
6 [5.0, 6.0]
7 [6.0, 7.0]
8 [7.0, 8.0]
9 [11.0, 11.75]

10 [11.75, 12.5]
11 [15.0, 16.0]
12 [16.0, 17.0]
13 [17.0, 18.0]
14 [18.0, 19.0]

Bin q2[ GeV2]

1 [0.1, 0.98]
2 [1.1, 2.5]
3 [2.5, 4.0]
4 [4.0, 6.0]
5 [6.0, 8.0]
6 [11.0, 12.5]
7 [15.0, 17.0]
8 [17.0, 19.0]

q2 bins 1 < q2 < 6 GeV2/c4 and 15 < q2 < 19 GeV2/c4 are used which are preferred by188

some theory groups. The region between 8 GeV2/c4 and 11 GeV2/c4 as well as between189

12.5 GeV2/c4 and 15 GeV2/c4 contain the charmonium resonances and are therefore vetoed.190

In the low q2 region additionally the range [0.98, 1.1] GeV2/c4 is vetoed to protect against191

possible pollution from φ→ µ+µ− decays.192
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5 Mass fits193

5.1 K+π−µ+µ− invariant mass distribution194

The strategy for modeling the K+π−µ+µ− invariant mass shape of the B0 → K∗0µ+µ−195

candidates is to exploit the large sample of B0 → J/ψK∗0 in data. Monte Carlo simulated196

B0 → K∗0µ+µ− and B0 → J/ψK∗0 events are then used to study (and correct for) possible197

q2 dependence of the mass shape parameters.198

The K+π−µ+µ− invariant mass, m, of the signal is described by the sum of two Crystal199

Ball functions with common mean (µ) and tail parameters (α and n) but different widths.200

Explicitly, the reconstructed B0 mass is parameterised as201

Psig(m|~λ) = fcorePCB(m|µ, σ1, α, n) + (1− fcore)PCB(m|µ, σ2, α, n). (1)

The shape of the Crystal Ball is given by202

PCB(m|µ, σ, α, n) =

e−
1
2(m−µσ )

2
m−µ
σ

> α
a

(b−(m−µσ ))
n

m−µ
σ

< α
, (2)

i.e. a Gaussian distribution above ασ and a power law tail below, where203

a =

(
n

|α|

)n
e−

1
2
α2

b =
n

|α| + α .
(3)

The invariant distribution of the background is described by an exponential distribution.204

For the B0→ J/ψK∗0 decay a second signal component is included for the B0
s→ J/ψK∗0205

decay, it is expressed with the same signal parametrisation with a shift on the mean (µ)206

by ∆m = m(B0
s )−m(B0).207

The parameters to describe the B0→ K∗0µ+µ− signal mass shape, are determined208

from a fit to the control decay B0→ J/ψK∗0, which is shown in Fig. 4. The resulting209

mass parameters for the angular analysis of the signal decay B0 → K∗0µ+µ− are given in210

Tab. 10. To account for possible changes of the signal mass shape with q2 we include a211

single scaling factor sσ for every q2 bin which is applied to both widths σ1 and σ2. This212

scaling factor is determined from a fit to MC simulated B0→ K∗0µ+µ− signal events. The213

scaling factor for the two q2 binnings can been see in Fig. 5, the numerical values are given214

in the Tab. 11215

5.2 Event yields216

The K+π−µ+µ− invariant mass distribution of B0 → K∗0µ+µ− candidates for the different217

q2 bins are shown in Fig. 6, Fig. 7 and Fig. 8. Table. 12 lists the signal and background218

yield in each q2 bin for the two binning schemes. In total, 2390 signal candidates are seen219

within the range 0.1 < q2 < 19 GeV2/c4.220
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Figure 4: Fit to the control channel B0→ J/ψK∗0. The full line is the overall PDF, the
dashed red line is the PDF of the B0

d → J/ψK∗0 decay, the dashed-dotted red line is
the PDF of the B0

s → J/ψK∗0 decay, and the dashed blue line represent the exponential
background.

Parameter Value

αCB 1.533± 0.033
n 4.23± 0.6
σ1 15.36± 0.19
σ2 25.85± 0.82
fcore 0.704± 0.031
Bd mass (µ) 5284.339± 0.043
∆m 87.21± 0.83
exp. slope −0.006319± 0.0001
Nsig 343763± 822
NB0

s
4199± 162

Nbkg 26877± 649

Table 10: Mass model parameters determined from a fit of the control channel B0→
J/ψK∗0.
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Figure 5: Scaling factor sσ in 1 GeV2 (a) and 2 GeV2 q2 bins (b) and the J/psi(1S) and
/psi(2S)bins, fitted in the MC simulated B0→ K∗0µ+µ− signal events.
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q2[ GeV2] Scaling factor

[0.1, 0.98] 0.982
[1.1, 2.0] 0.997
[2.0, 3.0] 0.989
[3.0, 4.0] 0.996
[4.0, 5.0] 0.999
[5.0, 6.0] 0.992
[6.0, 7.0] 0.998
[7.0, 8.0] 1.003
[11.0, 11.75] 1.002
[11.75, 12.5] 1.001
[15.0, 16.0] 1.050
[16.0, 17.0] 1.050
[17.0, 18.0] 1.074
[18.0, 19.0] 1.049

q2[ GeV2] Scaling factor

[0.1, 0.98] 0.982
[1.1, 2.5] 0.996
[2.5, 4.0] 0.992
[4.0, 6.0] 0.996
[6.0, 8.0] 1.000
[11.0, 12.5] 1.007
[15.0, 17.0] 1.049
[17.0, 19.0] 1.074

Table 11: Scaling factor sσ for the two q2 binnings: (left) 1 GeV2 and (right) 2 GeV2 bins.

18



µµπKm
5200 5300 5400 5500 5600 5700

E
ve

n
ts

 / 
( 

15
.2

5 
)

0

20

40

60

80

100

120

A RooPlot of "B0_M"

µµπKm5200 5300 5400 5500 5600 5700
-5

-4

-3

-2

-1

0

1

2

3

4

5

(a) [0.10, 0.98]

µµπKm
5200 5300 5400 5500 5600 5700

E
ve

n
ts

 / 
( 

15
.2

5 
)

0

10

20

30

40

50

A RooPlot of "B0_M"

µµπKm5200 5300 5400 5500 5600 5700
-5

-4

-3

-2

-1

0

1

2

3

4

5

(b) [1.1, 2.0]

µµπKm
5200 5300 5400 5500 5600 5700

E
ve

n
ts

 / 
( 

15
.2

5 
)

0

5

10

15

20

25

30

35

40

45

A RooPlot of "B0_M"

µµπKm5200 5300 5400 5500 5600 5700
-5

-4

-3

-2

-1

0

1

2

3

4

5

(c) [2.0, 3.0]
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Figure 6: The K+π−µ+µ− invariant mass distribution of B0 → K∗0µ+µ− candidates of
the first 8 bins in the 1 GeV2/c4 q2 binning.
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(b) [11.75, 12.50]
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(d) [16.0, 17.0]
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(e) [17.0, 18.0]
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Figure 7: The K+π−µ+µ− invariant mass distribution of B0 → K∗0µ+µ− candidates of
the last 6 bins in the 1 GeV2/c4 q2 binning.
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(b) [1.1, 2.5]
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(c) [2.5, 4.0]
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(d) [4.0, 6.0]
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(f) [11.0, 12.5]
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Figure 8: The K+π−µ+µ− invariant mass distribution of B0 → K∗0µ+µ− candidates of
the first 8 bins in the 2 GeV2/c4 q2 binning

.
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q2[ GeV2] signal yield background yield

[0.1, 0.98] 339.1± 19.6 58.9± 10.3
[1.1, 2.0] 113.0± 12.2 82.0± 10.9
[2.0, 3.0] 126.3± 13.3 103.7± 12.4
[3.0, 4.0] 106.4± 12.8 144.6± 14.2
[4.0, 5.0] 123.1± 13.9 169.9± 15.5
[5.0, 6.0] 156.6± 14.6 130.4± 13.7
[6.0, 7.0] 150.3± 14.5 146.7± 14.4
[7.0, 8.0] 194.2± 16.7 197.8± 16.8

[11.0, 11.75] 162.5± 14.7 96.5± 12.2
[11.75, 12.5] 166.9± 15.0 116.1± 13.2
[15.0, 16.0] 219.5± 16.7 102.5± 12.8
[16.0, 17.0] 229.8± 16.9 87.1± 12.0
[17.0, 18.0] 184.1± 15.4 75.9± 11.5
[18.0, 19.0] 114.9± 12.2 69.1± 10.2

q2[ GeV2] signal yield background yield

[0.1, 0.98] 339.1± 19.6 58.9± 10.3
[1.1, 2.5] 179.7± 15.4 124.4± 13.5
[2.5, 4.0] 165.4± 15.9 206.6± 17.1
[4.0, 6.0] 279.5± 20.2 300.4± 20.7
[6.0, 8.0] 344.3± 22.1 344.8± 22.1

[11.0, 12.5] 329.8± 21.0 212.1± 18.0
[15.0, 17.0] 449.2± 23.8 189.8± 17.5
[17.0, 19.0] 299.9± 19.8 144.1± 15.3

Table 12: Signal and background yields with the two q2 binnings: (top) 1 GeV2/c4 and
(bottom) 2 GeV2/c4 bins.
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6 Methods221

6.1 Angular description of the decay B0→ K∗0µ+µ−222

6.1.1 The angular basis223

The decay angles are defined differently by experimentalists and theorists. Details on the224

differences between the convention chosen by a majority of the theory publications [3, 18]225

and the convention adopted by LHCb for this analysis and the previous publications [1, 2]226

are given in Ref. [19].227

The angular basis used in this paper is illustrated in Fig. 9. The angle θ` is defined as228

the angle between the direction of the µ+ (µ−) in the dimuon rest frame and the direction229

of the dimuon in the B0 (B0) rest frame. The angle θK is defined as the angle between230

the direction of the kaon in the K∗0 (K∗0) rest frame and the direction of the K∗0 (K∗0)231

in the B0 (B0) rest frame. The angle φ is the angle between the plane containing the µ+
232

and µ− and the plane containing the kaon and pion from the K∗0. Explicitly, cos θ` and233

cos θK are defined as234

cos θ` =
(
p̂

(µ+µ−)

µ+

)
·
(
p̂

(B0)

µ+µ−

)
=
(
p̂

(µ+µ−)

µ+

)
·
(
−p̂(µ+µ−)

B0

)
, (4)

cos θK =
(
p̂

(K∗0)

K+

)
·
(
p̂

(B0)

K∗0

)
=
(
p̂

(K∗0)

K+

)
·
(
−p̂(K∗0)

B0

)
(5)

for the B0 and235

cos θ` =
(
p̂

(µ+µ−)

µ−

)
·
(
p̂

(B0)

µ+µ−

)
=
(
p̂

(µ+µ−)

µ−

)
·
(
−p̂(µ+µ−)

B0

)
, (6)

cos θK =
(
p̂

(K∗0)

K−

)
·
(
p̂

(B0)

K∗0

)
=
(
p̂

(K∗0)

K−

)
·
(
−p̂(K∗0)

B0

)
(7)

for the B0 decay. The definition of the angle φ is given by236

cosφ =
(
p̂

(B0)

µ+ × p̂
(B0)

µ−

)
·
(
p̂

(B0)

K+ × p̂(B0)

π−

)
, (8)

sinφ =
[(
p̂

(B0)

µ+ × p̂
(B0)

µ−

)
×
(
p̂

(B0)

K+ × p̂(B0)

π−

)]
· p̂(B0)

K∗0 (9)

for the B0 and237

cosφ =
(
p̂

(B0)

µ− × p̂
(B0)

µ+

)
·
(
p̂

(B0)

K− × p̂
(B0)

π+

)
, (10)

sinφ = −
[(
p̂

(B0)

µ− × p̂
(B0)

µ+

)
×
(
p̂

(B0)

K− × p̂
(B0)

π+

)]
· p̂(B0)

K∗0
(11)

for the B0 decay. The p̂
(Y )
X are unit vectors describing the direction of a particle X in238

the rest frame of the system Y . In every case the particle momenta are first boosted to239

the B0 (or B0) rest frame. In this basis, the angular definition for the B0 decay is a CP240

transformation of that for the B0 decay.241
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K+

π−
K∗0 θK

µ+

µ−

B0
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(a) θK and θ` definitions for the B0 decay

µ−

µ+

K+

π−
B0

K∗0
φ

K+ π−

n̂Kπ

�p̂Kπ

µ−

µ+

n̂µ+µ−

(b) φ definition for the B0 decay

π+

K−
K∗0

µ−

µ+

B0

φ

K− π+

n̂Kπ

� p̂Kπ

µ−

µ+

n̂µ−µ+

(c) φ definition for the B0 decay

Figure 9: Graphical representation of the angular basis used for B0 → K∗0µ+µ− and

B0→ K∗0µ+µ− decays in this paper. The notation n̂ab is used to represent the normal to

the plane containing particles a and b in the B0 (or B0) rest frame. An explicit description of

the angular basis is given in the text.
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6.1.2 The differential decay rate242

The four-differential decay rate, for a Kπ system in a P -wave configuration and ignoring243

scalar2 contributions, is given by244

d4Γ[B0→ K∗0µ+µ−]

d cos θ` d cos θK dφ dq2
=

9

32π

∑
i

Ji(q
2)fi(cos θ`, cos θK , φ) (12)

=
9

32π

[
Js1 sin2 θK + J c1 cos2 θK +

Js2 sin2 θK cos 2θ` + J c2 cos2 θK cos 2θ` +

J3 sin2 θK sin2 θ` cos 2φ+ J4 sin 2θK sin 2θ` cosφ +

J5 sin 2θK sin θ` cosφ+ Js6 sin2 θK cos θ` +

J7 sin 2θK sin θ` sinφ+ J8 sin 2θK sin 2θ` sinφ +

J9 sin2 θK sin2 θ` sin 2φ

]
.

Here, the q2 dependent angular observables Ji(q
2) are given by245

2This refers to a scalar configuration of the dimuon system, not to be confused with an S-wave
contribution to the Kπ system as will be discussed later

25



Js1 =
(2 + β2

µ)

4

[
|AL⊥|2 + |AL‖ |2 + (L→ R)

]
+

4m2
µ

q2
<e(AL⊥AR∗⊥ + AL‖A

R∗
‖ )

J c1 = |AL0 |2 + |AR0 |2 +
4m2

µ

q2

[
|At|2 + 2<e(AL0AR∗0 )

]
Js2 =

β2
µ

4

[
|AL⊥|2 + |AL‖ |2 + (L→ R)

]
J c2 = −β2

µ

[
|AL0 |2 + (L→ R)

]
J3 =

β2
µ

2

[
|AL⊥|2 − |AL‖ |2 + (L→ R)

]
J4 =

β2
µ√
2

[
<e(AL0AL∗‖ ) + (L→ R)

]
J5 =

√
2βµ

[
<e(AL0AL∗⊥ )− (L→ R)

]
Js6 = 2βµ

[
<e(AL‖AL∗⊥ )− (L→ R)

]
J7 =

√
2βµ

[
=m(AL0A

L∗
‖ )− (L→ R)

]
J8 =

β2
µ√
2

[
=m(AL0A

L∗
⊥ ) + (L→ R)

]
J9 = β2

µ

[
=m(AL∗‖ A

L
⊥) + (L→ R)

]

(13)

with β2
µ = (1− 4m(µ)2/q2). The angular distribution therefore depends on 7 q2 dependent246

complex amplitudes (AL,R0 , AL,R‖ , AL,R⊥ and At) corresponding to different polarisation247

states of the B→ K∗V ∗ decay. The K∗0 is on-shell and has three polarisation states,248

ε(+,−, 0). The V ∗ is off-shell and has 4 possible states, ε(+,−, 0, t). The amplitude249

At corresponds to a longitudinal polarisation of the K∗0 and time-like polarisation of250

the dimuon system. It is suppressed and can be safely neglected, leaving six complex251

amplitudes.252

The labels L and R refer to the chirality of the dimuon system. In the limit that the253

decay is dominated by a vector current AL‖,⊥,0 = AR‖,⊥,0 which implies J5,6,7 = 0 and the254

angular expression collapses to the familiar expression for B0→ J/ψK∗0.255
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d3Γ[B0→ J/ψK∗0]

d cos θ` d cos θK dφ
=

9

32π

[
2|A0|2 cos2 θK sin2 θ` +

1

2

(
|A‖|2 + A⊥|2

)
sin2 θK(1 + cos2 θ`) +

1

2

(
|A⊥|2 − |A‖|2

)
sin2 θK sin2 θ` cos 2φ +

√
2<e(A0A

∗
‖) sin 2θK sin 2θ` cosφ +

1√
2
=(A0A

∗
⊥) sin 2θK sin 2θ` sinφ +

=(A‖A
∗
⊥) sin2 θK sin2 θ` sin 2φ

]

(14)

which in terms of helicity amplitudes H0, H+ and H− is identical to256

d3Γ[B0→ J/ψK∗0]

d cos θ` d cos θK dφ
=

9

16π

[
|H0|2 cos2 θK sin2 θ` +

1

4

(
|H+|2 +H−|2

)
sin2 θK(1 + cos2 θ`) −

1

2
<(H+H

∗
−) sin2 θK sin2 θ` cos 2φ +

1

2
=(H+H

∗
−) sin2 θK sin2 θ` sin 2φ +

1

2
<((H+ +H−)H∗0 ) sin 2θK sin 2θ` cosφ −

1

2
=((H+ +H−)H∗0 ) sin 2θK sin 2θ` sinφ

]
(15)

In the limit of q2 � 4m(µ)2 the factor β2
µ → 1 and257

dΓ

dq2
= |AL⊥|2 + |AL‖ |2 + |AL0 |2 + (L→ R)

In this limit, J c2 = −J c1 and Js2 = Js1/3. While the differential decay rate in Eq. 12 is258

defined for the the decay of the B0 meson, the decay of the the B0 is given in complete259

analogy by260

d4Γ[B0→ K∗0µ+µ−]

d cos θ` d cos θK dφ dq2
=

9

32π

∑
i

J̄i(q
2)fi(cos θ`, cos θK , φ). (16)

The identical form of this equation compared to Eq. 12 is a consequence of our angular261

definition described in Sec. 6.1.1. vcFollowing Ref. [3], it is customary to define CP-averaged262
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observables Si and CP-violating observables Ai according to263

Si =
Ji + J̄i(

dΓ + dΓ̄
)
/dq2

(17)

Ai =
Ji − J̄i(

dΓ + dΓ̄
)
/dq2

. (18)

The normalisation condition implies 3
4

(2Ss1 + Sc1) − 1
4

(2Ss2 + Sc2) = 1. In the limit of264

massless leptons, the CP-averaged observables are related by Sc2 = −Sc1 and Ss2 = Ss1/3 as265

discussed above.266

Often, the forward-backward asymmetry AFB, and the longitudinal (transverse) polari-267

sation fraction FL (FT ) are referred to in the literature. These quantities are related to268

the CP-averaged observables Si according to269

AFB =
3

4
Ss6

FL = Sc1 = −Sc2
FT = 4Ss2.

6.1.3 Interference with other K+π− states270

Eq. 12 is valid if the K+π− system is in a P -wave configuration, as is the case for271

the K∗0(892) vector meson. If the K+π− system is in an S-wave configuration or in a272

configuration with higher angular momentum up to Jmax the replacements273

A(J = 1)L,R0 · Y 0
1 (θK , 0)→

Jmax∑
i=0

AL,R0 (i) · Y 0
i (θK , 0) and (19)

A(J = 1)L,R‖,⊥ · Y 0
1 (θK , 0)→

Jmax∑
i=1

AL,R0 (i) · Y −1
i (θK , 0) (20)

need to be made, where the Y m
l (θK) are spherical harmonics. The relevant spherical274

harmonics for S, P and D-wave are275
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Y 0
0 (θK) =

1

2
√
π

Y 0
1 (θK) =

1

2

√
3

π
cos θK

Y 0
2 (θK) =

1

4

√
5

π
(3 cos2 θK − 1)

Y −1
1 (θK) =

1

2

√
3

2π
sin θK

Y −1
2 (θK) =

1

2

√
15

2π
sin θK cos θK .

6.1.4 S-wave interference276

For the decay B0→ J/ψK∗0 the S-wave fraction was determined to be (6.4± 0.3± 1.0)%277

in a mass window of ±70 MeV around the known K∗0 mass using 1 fb−1 of LHCb data [20].278

In the previous publications [1, 2] the presence of an S-wave contribution was accounted279

for by assigning a systematic uncertainty. In this analysis, the S-wave parameters are280

determined in the full angular analysis. Therefore, Eq. 12 needs to be modified according281

to282

d4Γ

d cos θ` d cos θK dφ dq2
→ d4Γ

d cos θ` d cos θK dφ dq2

+
9

32π

[
J ′
c
1 + J ′′

c
1 cos θK +

J ′
c
2 cos 2θ` + J ′′

c
2 cos θK cos 2θ` +

J ′4 sin 2θ` sin θK cosφ +

J ′5 sin θ` sin θK cosφ +

J ′7 sin θ` sin θK sinφ +

J ′8 sin 2θ` sin θK sinφ
]

(21)

with283
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J ′
c
1 =

1

3
|ALJ=0|2 +

1

3
|ARJ=0|2

J ′′
c
1 =

2√
3

[
<e(ALJ=0A

L∗
0 ) + (L→ R)

]
J ′
c
2 = −

[
1

3
|ALJ=0|2 +

1

3
|ARJ=0|2

]
J ′′

c
2 = − 2√

3

[
<e(ALJ=0A

L∗
0 ) + (L→ R)

]
J ′4 =

√
2

3

[
<e(ALJ=0A

L∗
‖ ) + (L→ R)

]
J ′5 = 2

√
2

3

[
<e(ALJ=0A

L∗
⊥ )− (L→ R)

]
J ′7 = 2

√
2

3

[
=m(ALJ=0A

L∗
‖ )− (L→ R)

]
J ′8 =

√
2

3

[
=m(ALJ=0A

L∗
⊥ ) + (L→ R)

]

(22)

and284

dΓ

dq2
=

dΓP
dq2

+
dΓS
dq2

= |ALJ=0|2 + |ALJ=1,0|2 + |ALJ=1,‖|2 + |ALJ=1,⊥|2 + (L→ R)

(23)

The fraction of longitudinal polarisation is given by285

FS = |ALJ=0|2 ·
1

dΓ/dq2
(24)

6.1.5 Less form-factor dependent observables286

The angular observables can be reparametrized such that leading form-factor uncertainties287

cancel to first order. The authors of Ref. [4] propose the basis consisting of FL (or AFB)288
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and the observables P
(′)
i that can be calculated from the observables Si according to289

P1 = 2
S3

1− FL

P2 =
1

2

Ss6
1− FL

=
2

3

AFB

1− FL

P3 = − S9

1− FL

P ′4 =
S4√

FL(1− FL)

P ′5 =
S5√

FL(1− FL)

P ′6 =
S7√

FL(1− FL)

P ′8 =
S8√

FL(1− FL)
.

It should be noted that P1,2,3 are related to the previously proposed observables ARe
T ,290

AIm
T [21] and A2

T [22] according to291

P1 = A2
T

P2 =
1

2
ARe

T

P3 = −1

2
AIm

T

The PDF used to fit the angular observables can be reparametrised to use the basis292

(FL, P1,2,3, P
′
4,5,6,8). The shapes of the allowed parameter regions simplify compared to the293

basis (FL, AFB, S3,4,5,7,8,9), however the reparametrisation introduces additional correlations294

between observables since the PDF is no longer linear in the parameters. For this analysis,295

the CP-averaged observables Si and the CP-asymmetries Ai will be considered the nominal296

observables. However, we aim to provide also the less form-factor dependent observables,297

which can be either fit directly or constructed from the observables Si and Ai.298

We would like to note that theorists use a different convention of the Pi definitions.299

For completeness we give the definition for the Pi which are different:300

P ′4,theory = 2
S4√

FL(1− FL)

P ′6,theory = − S7√
FL(1− FL)

.
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6.2 Fitting for angular observables301

This method of angular analysis of the decay B0→ K∗0µ+µ− determines the angular302

observables Si (or Ai) in bins of q2 using an unbinned maximum likelihood fit of the303

reconstructed B0 mass and the decay angles ~Ω = (cos θl, cos θK , φ).304

The analysis needs to describe the the signal and background components using305

probability density functions (PDFs) depending on the the angular observables and306

nuisance parameters. The total PDF is given by307

Ptot = fsigPsig(~Ω,m) + (1− fsig)Pbkg(~Ω,m). (25)

Both signal and background component are assumed to factorise in the decay angles ~Ω308

and the reconstructed B0 mass m (see appendix H)309

Psig(~Ω,m) = Psig(~Ω)× Psig(m) (26)

Pbkg(~Ω,m) = Pbkg(~Ω)× Pbkg(m). (27)

To determine the angular observables, the negative logarithmic likelihood310

− logL = −
∑

events e

logPtot(~Ωe,me|~λphys, ~λnuisance) (28)

is minimised with respect to the physics parameters ~λphys and the nuisance parameters311

~λnuisance. The minimisation is performed using the Minuit software package. Uncertainties312

on the parameters can be either determined using the second derivative matrix (Hesse)313

or the −2∆ logL = 1 rule (Minos), which allows asymmetric uncertainties.314

6.2.1 Angular distributions315

The angular description of the signal component of the PDF is given by the differential316

decay rate given by Eq. 12. The data are binned in q2, thereby effectively averaging the317

observables over the width of the q2 bins. The resulting three-differential decay rate is318

given by319

1

d(Γ + Γ̄)/dq2

d(Γ + Γ̄)

dcosθl dcosθK dφ

∣∣∣∣
P

= 9
32π

[
3
4
(1− FL) sin2 θK (29)

+ FL cos2 θK + 1
4
(1− FL) sin2 θK cos 2θl

− FL cos2 θK cos 2θl + S3 sin2 θK sin2 θl cos 2φ

+ S4 sin 2θK sin 2θl cosφ+ S5 sin 2θK sin θl cosφ

+ 4
3
AFB sin2 θK cos θl + S7 sin 2θK sin θl sinφ

+ S8 sin 2θK sin 2θl sinφ+ S9 sin2 θK sin2 θl sin 2φ
]
.

As discussed in Sec. 6.1.4, the inclusion of an S-wave contribution, where the K+π− system320

is in a spin 0 configuration, leads to additional angular terms. The PDF needs to be321
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changed to include both the S-wave and interference between S- and P-wave resulting in322

1

d(Γ + Γ̄)/dq2

d(Γ + Γ̄)

dcosθl dcosθK dφ

∣∣∣∣
S+P

= (1− FS)
1

d(Γ + Γ̄)/dq2

d(Γ + Γ̄)

dcosθl dcosθK dφ

∣∣∣∣
P

(30)

+ 3
16π

[
FS sin2 θl + SS1 sin2 θl cos θK

+ SS2 sin 2θl sin θK cosφ

+ SS3 sin θl sin θK cosφ

+ SS4 sin θl sin θK sinφ

+ SS5 sin 2θl sin θK sinφ
]
.

The background component in the maximum likelihood fit is modelled using Chebyshev323

polynomials. The angular parametrisation of the background is assumed to factorise, For324

the angular parametrisation of the background using Chebyshev polynomials Ti of second325

order and lower, the PDF is given by326

Pbkg(cos θl, cos θK , φ) =

[
2∑
i=0

ciTi(cos θl)

]
×
[

2∑
j=0

cjTj(cos θK)

]
×
[

2∑
k=0

ckTk(φ)

]
(31)

6.2.2 Mass modeling327

The reconstructed B0 mass of the signal is modelled using the sum of two Crystal Ball328

functions with common tail parameters for the low mass side, as described in Sec. 5. The329

parameters describing the signal mass shape are determined from a fit to the control-decay330

B0→ J/ψK∗0 and the q2 dependency is accounted for by a q2 dependent scale factor331

determined from Monte Carlo simulation. The mass distribution of the background is332

modelled using an exponential function. For the fits of the B0 → K∗0µ+µ− signal only τm,333

the inverse of the exponential decay constant as well as the signal fraction fsig are floated.334

The other mass parameters are taken from the control decay and fixed in the fit of the335

signal decay.336

6.2.3 Acceptance effect337

The reconstruction and selection of the signal decay distorts the angular distributions and338

needs to be accounted for when determining the angular observables. This acceptance339

effect, depending on q2 and the decay angles can be parameterised using multidimensional340

polynomials341

ε(q2, cos θl, cos θK , φ) =
∑
hijk

chijk × (q2)h × (cos θl)
i × (cos θK)j × (φ)k. (32)

The determination of the polynomial coefficients and the resulting angular description342

is discussed in Sec. 8. This efficiency can be included in the fit in two ways, either by343

performing a weighted fit in which the events are weighted by 1/ε, of by including the344

effect in the signal PDF.345
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In the first option, the distributions are effectively unfolded, therfore the original signal346

PDF without acceptance can be used. It should be noted that the background component347

will be weighted in the same way. The per-event weight is included in the likelihood as348

follows349

L = −
∑

event e

we × logP(~Ωe,me)

= −
∑

event e

1

ε(q2
e , ~Ωe)

× logP(~Ωe,me).

Special care needs to be taken for the estimation of the parameter uncertainties, since350

weighted fits in general are not guaranteed correct coverage. However, an approximate351

methods exists. The corrected covariance matrix V ′ for the weighted fit can be calculated352

according to353

V ′ = V C−1V,

where V is the covariance matrix calculated with the weights we and C the covariance354

matrix calculated using the squared weights w2
e [23]. The unfolding using acceptance355

weights is the preferred approach for the large q2 bins 1.1 < q2 < 6 and 15.0 < q2 < 19.0,356

since the method can account for possible variation of the acceptance with q2. Furthermore357

the expected signal yield in these bins is sufficiently large to reduce possible fluctuations358

from the weighting procedure.359

The second option requires to include the efficiency in the signal PDF. The main360

difficulty with this approach is the correct determination of the norm of the signal361

component which will be affected by the acceptance3. The norm Nsig is given by362

Nsig =

∫
ε(q2, ~Ω)Psig(~Ω)d~Ω

=

∫
ε(q2, ~Ω)

9

32π

∑
i

Sifi(~Ω)d~Ω

=
9

32π

∑
i

Siξi(q
2), (33)

with ξi =
∫
ε(q2, ~Ω)fi(~Ω)d~Ω, and where the angular terms fi(~Ω) are defined by the Eqs. 29363

and 30. This is the preferred approach for the 2 GeV2/c4 q2 bins, where the acceptance364

does not vary significantly over the (narrow) q2 bin.365

6.2.4 Physical boundaries of the observables366

Eqs. 29 and 30 imply certain boundaries for the angular observables since the PDF is not367

allowed to become negative for any combination of angles. If the values of the angular368

3Note that the factor ε(q2, ~Ω) in the numerator can be omitted when determining − logL.
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observables lie close to these constraints the likelihood function becomes non-Gaussian.369

Technically, a large penalty term is added in the fit for every event for which Ptot(~Ωe,me)370

becomes negative. It is instructive to explore the particular shape of the allowed parameter371

regions by performing parameter scans and using toys to find wether the PDF can become372

negative for a certain parameter set. Figures 10 and 11 show the allowed parameter range373

for different combinations of angular observables in dark gray. The red points are the374

SM values for the seven bins of the 2 GeV2/c4 q2 binning. Particularly striking are the375

constraints on combinations of FL with the other observables, that can be expressed by376

the following relations377

|S3| ≤
1

2
(1− FL) (34)

|AFB| ≤
3

4
(1− FL) (35)

|S9| ≤
1

2
(1− FL). (36)

Due to the large dependence of the allowed parameter range on FL, the allowed regions for378

parameter combinations not containing FL are integrated over all possible FL values (we379

iterate over the full available FL range from zero to one in 40 steps). The other parameters380

not shown are either assumed to be zero or equal to one of the seven SM points of the381

2 GeV2/c4 q2 binning. If the studied point is allowed for one of these eight possibilities it382

is marked as allowed. The parameter boundaries can affect the coverage negatively. To383

ensure correct coverage we therefore rely on the Feldman-Cousins method described in384

Sec. 6.2.10.385

6.2.5 Likelihood scans386

The effects of the physical boundaries on the observables discussed in Sec. 6.2.4 can387

also be seen when performing two-dimensional profile likelihood scans for EOS toy data.388

Figs. 113-116 give two-dimensional profile likelihood scans for combinations of FL with all389

other observables for all q2 bins. The 68.3% and 90% confidence level regions are given390

by the solid black lines. It should be noted that the given likelihood scans are of course391

dependending on the specific toy that is being studied, different toys will exhibit different392

shapes due to statistical fluctuations. The profile likelihood scans can be used to determine393

correlations between the observables according to the method described in Sec. 7.1.394

6.2.6 CP-asymmetries Ai395

There is significant theoretical interest in the CP-asymmetries Ai defined in Eq. 18,396

particularly the T-odd asymmetries A7,8,9, where significants effects of new weak phases397

could be seen. To determine the angular observables, Eq. 29 needs to be modified, replacing398

S
(s)
3,...,9 by A3,...,9 for the B0 decay and −A3,...,9 for the B0 decay flavour. The CP-asymmetry399

corresponding to FL cannot be determined in this way, since this would require both400

the angular signal PDF Psig(~Ω) as well as −Psig(~Ω) to be positive. FL (or equivalently401
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S
s/c
1 ) is therefore treated as a nuisance parameter in these fits. Since the SM values of402

all asymmetries are close to zero as shown in Fig. 111 and 112, the CP-asymmetries are403

expected to be less affected by the physical boundaries.404

6.2.7 The P
(′)
i basis405

The PDF can also be expressed in the P
(′)
i basis detailed in Sec. 6.1.5. The varied406

signal parameters in this case are FL, P1,2,3 and P ′4,5,6,8. Since the P
(′)
i are nonlinear407

combinations of the angular coefficients Si, the uncertainties are expected to be generally408

more asymmetric.409

6.2.8 Fit validation using EOS toys410

The fit is validated using simulated events generated according to an updated theory411

calculation as described in Sec. 3.2. Pull studies are performed to ensure the fit is412

unbiased and estimates the uncertainties correctly. The pull of the observable p is defined413

as (pfitted − pgenerated)/σ(p)fitted. In the ideal case the pull is distributed according to a414

Gaussian distribution with mean compatible with 0 and width compatible with 1. For415

low statistics and non-Gaussian PDFs this is not necessarily the case and can lead to416

incorrect coverage. For the toy studies, the P-wave observables Si, the signal fraction fsig,417

the parameter τm describing the exponential shape of the combinatorial background, and418

six coefficients describing the angular distribution of the combinatorial background as419

detailed in Sec. 6.2.1 are floated. The EOS toys do not contain an S-wave component.420

Tables 13 and 14 give toy studies for the 2 GeV2 binning. For every q2 bin 1000421

toys are performed. It should be noted that the fit converges successfully for all toys422

(Migrad status 0, Hesse status 3). Generally the toys behave well, however there are423

some observables where sizeable biases larger than 0.1 are seen, which are shaded in gray.424

A particularly large deviation from the EOS value is observed for the first bin for Ss1. This425

deviation is understood since the fit assumes that the lepton masses can be neglected,426

which is not the case close to q2 = 0 GeV2. All other deviations seen are smaller than 0.20.427

To ensure correct coverage for the 2 GeV2 binning, the Feldman-Cousins method will be428

used for the determination of the confidence intervals.429

The corresponding CP-asymmetries Ai have been determined from the EOS toy MC as430

well. The results are given in Tab. 116. No CP-asymmetries are showing significant biases.431

As discussed in Sec. 6.2.6 this is due to the SM values being further away from physical432

parameter boundaries.433

6.2.9 Fit validation using toy studies434

It is also possible to validate the fitter using events that are generated by the PDFs435

themselves. This is particularly useful for validating the determination of the S-wave436

parameters since EOS does not generate the S-wave amplitude AS out of the box. For these437

toy studies, we do include the S-wave component according to Eq. 30. Parameters floating438

in the fits are the P-wave observables Si, the signal fraction fsig, the S-wave fraction FS439
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Table 13: Results from pull studies on EOS toys in bins of q2. A background component is
included. The acceptance effect is included and assumed to be constant over the q2 bins.
Observables that show biases larger than 0.1 are shaded gray. Nuisance parameters are
omitted.

0.1 < q2 < 1.0 GeV2

sensitivity pull mean pull width

Ss1 0.028± 0.001 0.80± 0.03 1.00± 0.03
S3 0.053± 0.001 −0.01± 0.03 0.99± 0.02
S4 0.065± 0.002 −0.04± 0.03 1.02± 0.02
S5 0.051± 0.001 0.06± 0.03 1.03± 0.03
Ss6 0.071± 0.002 0.02± 0.03 0.98± 0.03
S7 0.051± 0.001 −0.01± 0.03 0.99± 0.03
S8 0.067± 0.002 0.02± 0.03 1.05± 0.03
S9 0.057± 0.001 −0.00± 0.03 1.02± 0.03

1.1 < q2 < 2.5 GeV2

sensitivity pull mean pull width

Ss1 0.047± 0.001 0.01± 0.03 1.05± 0.03
S3 0.074± 0.002 −0.07± 0.03 1.10± 0.03
S4 0.097± 0.003 −0.02± 0.03 1.02± 0.03
S5 0.085± 0.002 0.01± 0.03 1.03± 0.03
Ss6 0.082± 0.002 −0.16± 0.03 1.00± 0.03
S7 0.084± 0.002 −0.01± 0.03 0.99± 0.03
S8 0.105± 0.003 0.02± 0.04 1.10± 0.03
S9 0.071± 0.002 0.02± 0.03 1.08± 0.03

2.5 < q2 < 4.0 GeV2

sensitivity pull mean pull width

Ss1 0.045± 0.001 −0.06± 0.03 1.01± 0.03
S3 0.072± 0.002 0.02± 0.04 1.10± 0.03
S4 0.096± 0.003 0.06± 0.03 1.04± 0.03
S5 0.089± 0.002 0.03± 0.03 1.05± 0.03
Ss6 0.072± 0.002 −0.13± 0.03 0.98± 0.03
S7 0.088± 0.002 0.06± 0.03 1.04± 0.03
S8 0.103± 0.002 −0.08± 0.03 1.08± 0.03
S9 0.072± 0.002 0.09± 0.03 1.06± 0.03

4.0 < q2 < 6.0 GeV2

sensitivity pull mean pull width

Ss1 0.033± 0.001 0.03± 0.03 0.96± 0.03
S3 0.059± 0.002 −0.01± 0.03 1.03± 0.03
S4 0.074± 0.002 0.07± 0.03 1.05± 0.03
S5 0.067± 0.002 0.11± 0.03 0.99± 0.03
Ss6 0.057± 0.001 −0.04± 0.03 1.05± 0.03
S7 0.065± 0.002 −0.10± 0.03 0.96± 0.02
S8 0.074± 0.002 0.00± 0.03 1.02± 0.03
S9 0.057± 0.001 −0.04± 0.03 1.03± 0.03

and the five angular terms SSi. As before, we also float the parameter τm describing the440

exponential shape of the combinatorial background, and six coefficients describing the441

Table 14: Results from pull studies on EOS toys in bins of q2. A background component is
included. The acceptance effect is included and is assumed to be constant over the q2 bins.
Observables that show biases larger than 0.1 are shaded gray. Nuisance parameters are
omitted.

6.0 < q2 < 8.0 GeV2

sensitivity pull mean pull width

Ss1 0.032± 0.001 0.01± 0.03 1.05± 0.03
S3 0.051± 0.001 −0.02± 0.03 1.00± 0.03
S4 0.062± 0.002 0.10± 0.03 1.07± 0.03
S5 0.056± 0.001 0.07± 0.03 1.00± 0.03
Ss6 0.047± 0.001 0.02± 0.03 1.02± 0.03
S7 0.063± 0.002 −0.05± 0.03 0.98± 0.03
S8 0.063± 0.002 −0.03± 0.03 0.99± 0.03
S9 0.052± 0.001 −0.01± 0.03 1.02± 0.03

15.0 < q2 < 17.0 GeV2

sensitivity pull mean pull width

Ss1 0.029± 0.001 −0.03± 0.03 1.04± 0.03
S3 0.048± 0.001 −0.10± 0.03 1.04± 0.03
S4 0.053± 0.001 0.13± 0.04 1.14± 0.03
S5 0.044± 0.001 −0.00± 0.03 1.02± 0.03
Ss6 0.045± 0.001 0.03± 0.03 1.03± 0.03
S7 0.056± 0.002 −0.02± 0.03 1.00± 0.03
S8 0.058± 0.002 −0.00± 0.03 1.02± 0.03
S9 0.048± 0.001 −0.01± 0.04 1.09± 0.03

17.0 < q2 < 19.0 GeV2

sensitivity pull mean pull width

Ss1 0.039± 0.001 0.09± 0.04 1.11± 0.03
S3 0.071± 0.002 −0.13± 0.03 1.10± 0.03
S4 0.073± 0.002 0.19± 0.04 1.15± 0.03
S5 0.065± 0.002 0.09± 0.03 1.10± 0.03
Ss6 0.065± 0.002 0.18± 0.03 1.00± 0.02
S7 0.075± 0.002 0.02± 0.03 1.01± 0.03
S8 0.073± 0.002 −0.01± 0.03 1.00± 0.03
S9 0.070± 0.002 0.08± 0.04 1.13± 0.03
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angular distribution of the combinatorial background as detailed in Sec. 6.2.1.442

Tables 15 and 16 give the results of the toy studies including 10% S-wave contribution.443

For every q2 bin 1000 toys are performed. As expected, the sensitivities to the observables444

decreases, however the fit does successfully converge (Migrad returns 0 and Hesse445

returns 3) for all toys, even with the six additional observables FS and SS1...5. Biases on446

the angular observables larger than 0.1 are shaded gray. All biases seen are smaller than447

0.3. The parameter FS exhibits a bias in all bins. This is due to the asymmetric pull448

distribution from the requirement FS ≥ 0. In addition, results of toy studies for the the449

two large q2 bins [1, 6] GeV2 and [15, 19] GeV2 are given in Tab. 17 and 18. In Tab. 17, the450

toy study is performed including the acceptance in the fit, for the results in Tab. 18 event451

weights were used to unfold the distribution. No large biases are seen in either case due to452

the larger statistics compared to the smaller 2 GeV2 bins.453

The results from the toy studies for the CP-asymmetries Ai, including the S-wave454

component, are given in Tab. 117 and 118. Again the toy studies for the CP-asymmetries455

behave better than the toy studies for the CP-averaged observables.456

6.2.10 Coverage correction457

To guarantee correct coverage, even for non-Gaussian PDFs, the Feldman-Cousins458

method [24] is employed. This method is a specific Neyman construction using like-459

lihood ratios as ordering principle. The nuisance parameters are included using the plugin460

method [25].461

Technically the parameter of interest is scanned at a number of equidistant points. For462

every point the likelihood ratio on data, ∆ logLdata = logLdata
fixed− logLdata

floated, is determined,463

where the parameter of interest is fixed at the point for logLdata
fixed, but allowed to float464

for logLdata
floated. Then Ntoys toys are thrown for the point, determining Ntoys toy likelihood465

ratios ∆ logLtoy i = logLtoy
fixed i − logLtoy

floated i. The confidence level of the point under466

study is then given by the fraction of toys for which ∆ logLtoy i > ∆ logLdata.467

Fig. 12 shows the results for a single toy, generated with EOS as described in Sec. 3.2468

with signal and background yields corresponding to the 3 fb−1 data sample. The observable469

S5 is determined in seven bins of q2. For every bin, 500 toys are generated for 100470

equidistant points of the observable of interest. The resulting coverage-corrected 68.3%471

confidence interval is given in red. The blue line denotes the coverage from the likelihood472

method, the 68.3% confidence interval from the likelihood is given by the blue vertical473

line. As is apparent for bins three and seven, for certain parameter configurations the474

likelihood method undercovers.475

6.2.11 Fit validation on data using B0→ J/ψK∗0476

The angular distributions of the tree-level decay B0→ J/ψK∗0 was studied previously by477

BaBar [26], Belle [27] and CDF [28] experiment. Most recently, LHCb analysed the decay478

using 1 fb−1 of data recorded in 2011 [20]. The decay B0→ J/ψK∗0 is selected using the479

full selection for the B0→ K∗0µ+µ− signal decay and requiring that the invariant mass of480

the dimuon system is ±60 MeV around the known J/ψ mass. The parameter nCB is fixed481
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Table 15: Results from pull studies on toys including S-wave constribution in bins of q2.
A background component is included as well. The acceptance effect is included and is
assumed to be constant over the q2 bins. Observables that show biases larger than 0.1 are
shaded gray. Nuisance parameters are omitted.

0.1 < q2 < 1.0 GeV2

sensitivity pull mean pull width

Ss1 0.036± 0.001 0.03± 0.03 0.97± 0.03
S3 0.066± 0.002 0.04± 0.03 0.97± 0.03
S4 0.068± 0.002 0.03± 0.03 0.95± 0.02
S5 0.072± 0.002 −0.07± 0.03 0.92± 0.03
Ss6 0.083± 0.002 0.01± 0.03 1.07± 0.03
S7 0.061± 0.002 −0.01± 0.03 0.96± 0.03
S8 0.071± 0.002 −0.05± 0.03 0.98± 0.03
S9 0.063± 0.002 0.08± 0.03 0.95± 0.02
FS 0.166± 0.007 0.24± 0.03 0.89± 0.02
SS1 0.093± 0.003 0.06± 0.03 1.01± 0.03
SS2 0.091± 0.002 0.02± 0.03 1.06± 0.03
SS3 0.070± 0.002 −0.09± 0.03 0.99± 0.03
SS4 0.075± 0.002 0.02± 0.03 1.03± 0.03
SS5 0.087± 0.002 −0.10± 0.03 0.97± 0.02

1.1 < q2 < 2.5 GeV2

sensitivity pull mean pull width

Ss1 0.069± 0.002 −0.28± 0.03 0.98± 0.03
S3 0.102± 0.003 −0.02± 0.03 1.05± 0.03
S4 0.139± 0.004 −0.12± 0.03 1.08± 0.03
S5 0.113± 0.003 −0.13± 0.03 1.03± 0.03
Ss6 0.114± 0.003 −0.15± 0.03 1.00± 0.02
S7 0.116± 0.003 −0.09± 0.03 1.01± 0.02
S8 0.133± 0.004 0.02± 0.03 1.07± 0.03
S9 0.106± 0.003 −0.03± 0.03 1.04± 0.03
FS 0.216± 0.009 0.20± 0.03 1.05± 0.03
SS1 0.170± 0.004 −0.05± 0.03 1.03± 0.03
SS2 0.139± 0.004 −0.03± 0.04 1.17± 0.03
SS3 0.104± 0.002 −0.00± 0.03 1.05± 0.03
SS4 0.111± 0.003 −0.03± 0.04 1.14± 0.03
SS5 0.130± 0.003 −0.02± 0.03 1.11± 0.03

2.5 < q2 < 4.0 GeV2

sensitivity pull mean pull width

Ss1 0.073± 0.002 −0.23± 0.03 1.05± 0.03
S3 0.095± 0.002 −0.04± 0.03 1.07± 0.03
S4 0.133± 0.004 0.09± 0.03 1.10± 0.03
S5 0.110± 0.003 0.09± 0.03 0.94± 0.02
Ss6 0.099± 0.003 −0.11± 0.03 1.05± 0.03
S7 0.121± 0.003 −0.02± 0.04 1.07± 0.03
S8 0.129± 0.003 −0.11± 0.04 1.10± 0.03
S9 0.101± 0.003 0.04± 0.03 1.03± 0.02
FS 0.187± 0.008 0.24± 0.03 1.03± 0.03
SS1 0.176± 0.005 0.04± 0.03 1.05± 0.03
SS2 0.134± 0.003 0.08± 0.04 1.17± 0.03
SS3 0.114± 0.003 0.04± 0.03 1.09± 0.03
SS4 0.115± 0.003 0.07± 0.03 1.09± 0.03
SS5 0.132± 0.003 −0.01± 0.04 1.17± 0.03

4.0 < q2 < 6.0 GeV2

sensitivity pull mean pull width

Ss1 0.047± 0.001 −0.11± 0.03 0.99± 0.03
S3 0.072± 0.002 0.04± 0.03 0.97± 0.03
S4 0.093± 0.002 0.06± 0.03 1.06± 0.03
S5 0.095± 0.003 0.04± 0.03 1.02± 0.03
Ss6 0.063± 0.002 0.06± 0.03 0.98± 0.02
S7 0.085± 0.002 −0.01± 0.03 0.98± 0.03
S8 0.092± 0.002 −0.07± 0.03 1.05± 0.03
S9 0.073± 0.002 0.04± 0.03 1.02± 0.03
FS 0.128± 0.005 0.24± 0.02 0.84± 0.03
SS1 0.135± 0.003 −0.08± 0.03 1.03± 0.03
SS2 0.101± 0.003 0.06± 0.04 1.15± 0.03
SS3 0.087± 0.002 0.02± 0.03 1.09± 0.03
SS4 0.088± 0.002 0.07± 0.03 1.07± 0.03
SS5 0.092± 0.002 −0.04± 0.03 1.05± 0.03

to 4.23, determined from a fit in the q2 region [8.0, 11.0] GeV2 where the fit is more stable.482

In contrast to the fit of the signal decay B0→ K∗0µ+µ−, the contribution from the B0
s483

decay B0
s→ J/ψK∗0, which is suppressed by fs/fd|Vcd/Vcs|2, is modelled in the fit as well.484

Its angular and mass distribution are assumed to be identical to B0→ J/ψK∗0, with the485

mass distribution of the B0
s shifted by ∆m. As angular acceptance the parametrisation486

described in Sec. 8.2 is used, included in the fit as discussed in Sec. 6.2.3. Figure 13 gives487

the projections for the fit of B0→ J/ψK∗0 in the mKπ mass range [795.9, 995.9] MeV.488

Table 19 gives the result of a full anguar fit in different bins of mKπ. For comparison,489

Tab. 20 gives the angular terms that were previously measured by LHCb [20]. Since490

Ref. [20] gives the magnitudes of the amplitudes |A0,‖,⊥,S| and the strong phases δ‖,⊥,S as491

results, they are converted to the angular observables according to Eqs. 13 and 22. The492

observables are found to be consistent with the previous measurement of B0→ J/ψK∗0.493
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Table 16: Results from pull studies on toys including S-wave constribution in bins of q2.
A background component is included as well. The acceptance effect is included and is
assumed to be constant over the q2 bins. Observables that show biases larger than 0.1 are
shaded gray. Nuisance parameters are omitted.

6.0 < q2 < 8.0 GeV2

sensitivity pull mean pull width

Ss1 0.038± 0.001 −0.04± 0.03 0.98± 0.03
S3 0.067± 0.002 −0.03± 0.03 1.03± 0.03
S4 0.074± 0.002 0.11± 0.03 1.04± 0.03
S5 0.087± 0.002 0.07± 0.03 0.94± 0.03
Ss6 0.057± 0.001 0.11± 0.03 1.00± 0.03
S7 0.073± 0.002 0.02± 0.03 1.02± 0.03
S8 0.076± 0.002 0.10± 0.03 1.05± 0.03
S9 0.068± 0.002 −0.01± 0.03 1.01± 0.03
FS 0.116± 0.005 0.27± 0.02 0.79± 0.02
SS1 0.119± 0.003 0.06± 0.03 1.04± 0.03
SS2 0.081± 0.002 −0.06± 0.04 1.11± 0.03
SS3 0.075± 0.002 0.06± 0.03 1.05± 0.03
SS4 0.075± 0.002 0.01± 0.03 1.01± 0.03
SS5 0.082± 0.002 0.01± 0.03 1.08± 0.03

15.0 < q2 < 17.0 GeV2

sensitivity pull mean pull width

Ss1 0.033± 0.001 −0.05± 0.03 0.95± 0.02
S3 0.060± 0.001 −0.17± 0.03 1.02± 0.03
S4 0.065± 0.002 0.07± 0.03 1.04± 0.03
S5 0.063± 0.002 −0.00± 0.03 0.97± 0.03
Ss6 0.064± 0.002 0.07± 0.03 1.01± 0.03
S7 0.064± 0.002 −0.03± 0.03 0.98± 0.02
S8 0.065± 0.002 0.06± 0.03 1.03± 0.03
S9 0.060± 0.001 −0.03± 0.03 1.05± 0.03
FS 0.105± 0.004 0.26± 0.03 0.79± 0.02
SS1 0.092± 0.002 −0.04± 0.03 0.99± 0.02
SS2 0.068± 0.002 −0.06± 0.03 1.09± 0.03
SS3 0.063± 0.002 −0.06± 0.03 1.03± 0.03
SS4 0.077± 0.002 0.04± 0.03 1.01± 0.03
SS5 0.074± 0.002 −0.00± 0.03 1.04± 0.03

17.0 < q2 < 19.0 GeV2

sensitivity pull mean pull width

Ss1 0.044± 0.001 0.03± 0.03 0.99± 0.03
S3 0.091± 0.002 −0.24± 0.03 0.99± 0.03
S4 0.102± 0.003 0.24± 0.04 1.09± 0.03
S5 0.082± 0.002 0.03± 0.03 1.02± 0.03
Ss6 0.085± 0.003 0.19± 0.03 0.96± 0.02
S7 0.088± 0.002 −0.01± 0.03 1.03± 0.03
S8 0.088± 0.002 −0.02± 0.03 1.03± 0.03
S9 0.086± 0.002 0.01± 0.03 1.02± 0.02
FS 0.152± 0.006 0.24± 0.03 0.93± 0.02
SS1 0.119± 0.003 0.04± 0.03 1.03± 0.03
SS2 0.099± 0.003 0.04± 0.04 1.13± 0.03
SS3 0.087± 0.002 −0.04± 0.04 1.11± 0.03
SS4 0.102± 0.003 0.01± 0.03 1.04± 0.03
SS5 0.107± 0.003 −0.06± 0.03 1.06± 0.03

6.2.12 Constraining the S-wave using the mKπ distribution494

As mentioned in Sec. 6.2.9 including the S-wave contribution results in a reduction of495

sensitivity to the physically interesting P -wave observables. This is because, according to496

Eq. 30, all P -wave parameters are scaled by the factor (1−FS) which is not known a priori.497

Neglecting the S-wave in the fit and correcting the P -wave parameters using FS from the498

dedicated S-wave analysis which is in preparation is problematic since it partially uses the499

same data distributions (mKπµµ and cos θK). A possibility to circumvent these difficulties500

is to include the mKπ projection in a simultaneous fit. Since the P -wave is peaking in501

mKπ while the S-wave contribution is relatively flat this gives an additional constraint on502

FS and therefore also allows a better determination of the P -wave observables. Ref. [29]503

gives details on the dependence of the decay amplitudes on mKπ. To parameterize the504
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Table 17: Results from pull studies on toys including S-wave constribution in bins of q2.
A background component is included as well. The acceptance effect is included and is
assumed to be constant over the q2 bins. Observables that show biases larger than 0.1 are
shaded gray. Nuisance parameters are omitted.

1.0 < q2 < 6.0 GeV2

sensitivity pull mean pull width

Ss1 0.033± 0.001 −0.03± 0.03 1.01± 0.02
S3 0.047± 0.001 −0.02± 0.03 1.02± 0.02
S4 0.057± 0.001 0.03± 0.03 1.00± 0.02
S5 0.056± 0.001 0.05± 0.03 1.01± 0.02
Ss6 0.044± 0.001 0.08± 0.03 0.99± 0.02
S7 0.055± 0.001 −0.06± 0.03 1.02± 0.02
S8 0.058± 0.001 −0.02± 0.03 1.01± 0.02
S9 0.046± 0.001 −0.00± 0.03 1.00± 0.02
FS 0.073± 0.002 0.07± 0.03 1.00± 0.02
SS1 0.088± 0.002 −0.03± 0.03 0.99± 0.02
SS2 0.057± 0.001 0.01± 0.03 1.02± 0.02
SS3 0.051± 0.001 0.03± 0.03 0.98± 0.02
SS4 0.053± 0.001 −0.01± 0.03 1.02± 0.02
SS5 0.057± 0.001 0.01± 0.03 1.00± 0.02

15.0 < q2 < 19.0 GeV2

sensitivity pull mean pull width

Ss1 0.028± 0.001 0.01± 0.03 1.02± 0.02
S3 0.053± 0.001 0.03± 0.03 1.03± 0.02
S4 0.052± 0.001 0.07± 0.03 1.04± 0.02
S5 0.049± 0.001 0.07± 0.03 0.98± 0.02
Ss6 0.053± 0.001 0.00± 0.03 1.01± 0.02
S7 0.054± 0.001 −0.01± 0.03 1.03± 0.02
S8 0.052± 0.001 −0.03± 0.03 1.02± 0.02
S9 0.047± 0.001 −0.03± 0.03 0.99± 0.02
FS 0.072± 0.002 0.07± 0.03 1.00± 0.02
SS1 0.075± 0.002 −0.05± 0.03 1.04± 0.02
SS2 0.053± 0.001 −0.03± 0.03 1.06± 0.02
SS3 0.049± 0.001 −0.02± 0.03 1.02± 0.02
SS4 0.060± 0.001 0.03± 0.03 1.02± 0.02
SS5 0.060± 0.001 0.01± 0.03 1.04± 0.02

Table 18: Results from pull studies on toys including S-wave contribution for two large q2

bins using event weights. A background component is included. Observables that show
biases larger than 0.1 are shaded gray. Nuisance parameters are omitted.

1.0 < q2 < 6.0 GeV2

sensitivity pull mean pull width

Ss1 0.034± 0.001 0.06± 0.03 0.82± 0.02
S3 0.048± 0.001 0.03± 0.03 1.01± 0.02
S4 0.060± 0.001 0.04± 0.03 1.01± 0.02
S5 0.054± 0.001 −0.01± 0.03 0.93± 0.02
Ss6 0.046± 0.001 0.04± 0.03 1.00± 0.02
S7 0.055± 0.001 0.03± 0.03 0.97± 0.02
S8 0.058± 0.001 −0.02± 0.03 0.95± 0.02
S9 0.047± 0.001 0.05± 0.03 0.97± 0.02
FS 0.080± 0.002 −0.00± 0.02 0.74± 0.02
SS1 0.094± 0.002 −0.02± 0.03 1.02± 0.02
SS2 0.058± 0.001 0.02± 0.03 1.01± 0.02
SS3 0.056± 0.001 0.01± 0.03 1.05± 0.02
SS4 0.053± 0.001 −0.04± 0.03 1.00± 0.02
SS5 0.058± 0.001 0.04± 0.03 1.00± 0.02

15.0 < q2 < 19.0 GeV2

sensitivity pull mean pull width

Ss1 0.026± 0.001 0.04± 0.04 1.18± 0.03
S3 0.052± 0.001 0.06± 0.03 0.96± 0.02
S4 0.052± 0.001 0.03± 0.03 1.08± 0.02
S5 0.055± 0.001 −0.06± 0.03 1.06± 0.02
Ss6 0.056± 0.001 0.01± 0.04 1.22± 0.03
S7 0.053± 0.001 0.02± 0.03 1.02± 0.02
S8 0.053± 0.001 0.00± 0.03 1.04± 0.02
S9 0.045± 0.001 −0.01± 0.03 0.94± 0.02
FS 0.077± 0.002 0.03± 0.03 1.09± 0.02
SS1 0.073± 0.002 −0.04± 0.03 1.00± 0.02
SS2 0.054± 0.001 0.02± 0.03 1.07± 0.02
SS3 0.052± 0.001 0.04± 0.03 1.04± 0.02
SS4 0.060± 0.001 0.08± 0.03 1.01± 0.02
SS5 0.061± 0.001 0.00± 0.03 1.02± 0.02

mKπ dependence of the P-wave a Breit-Wigner distribution is used505

AP (mKπ) =
√
pq ×B′LB(p, p0, d)

(
p

mB

)LB
×B′LK∗ (q, q0, d)

(
q

mKπ

)LK∗
× 1

m2
K∗ −m2

Kπ − imK∗Γ(mKπ)
, (37)

where p (q) denote the K∗0 (K+) momentum in the B0 (K∗0) rest frame, p0 (q0) are506

the corresponding quantities at the resonance peak. LB (LK∗) are the orbital angular507

momenta and B′LB (B′LK∗ ) the Blatt-Weisskopf functions given in Ref. [30]. For the S-wave508
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Table 19: Results of the angular fit of the decay B0→ J/ψK∗0 in different bins of mKπ,
using the full available data set corresponding to 3 fb−1. The angular terms that have
been previously determined in Ref. [20] are given in Tab. 20.

mKπ range in MeV/c2

parameter [795.9, 995.9] [825.9, 965.9] [826.0, 861.0] [861.0, 896.0] [896.0, 931.0] [931.0, 966.0]

S1s 0.331± 0.001 0.329± 0.001 0.326± 0.004 0.324± 0.002 0.333± 0.002 0.334± 0.003
S3 −0.000± 0.002 0.000± 0.002 −0.009± 0.006 0.000± 0.003 0.000± 0.003 0.004± 0.006
S4 −0.255± 0.002 −0.255± 0.002 −0.258± 0.007 −0.258± 0.003 −0.254± 0.003 −0.251± 0.006
S5 −0.001± 0.002 −0.002± 0.002 −0.002± 0.007 0.000± 0.003 −0.007± 0.003 0.002± 0.006
Ss6 0.000± 0.002 0.000± 0.002 −0.005± 0.006 −0.000± 0.003 0.001± 0.003 0.004± 0.005
S7 0.001± 0.002 0.001± 0.002 −0.000± 0.007 0.001± 0.003 0.002± 0.003 0.002± 0.006
S8 −0.053± 0.002 −0.052± 0.002 −0.064± 0.007 −0.055± 0.003 −0.051± 0.003 −0.045± 0.006
S9 −0.089± 0.002 −0.089± 0.002 −0.088± 0.007 −0.084± 0.003 −0.094± 0.003 −0.090± 0.006
FS 0.087± 0.003 0.072± 0.003 0.12± 0.01 0.051± 0.005 0.061± 0.005 0.119± 0.009
SS1 −0.234± 0.003 −0.233± 0.004 −0.75± 0.01 −0.363± 0.006 −0.091± 0.006 0.15± 0.01
SS2 0.023± 0.002 0.027± 0.002 0.159± 0.007 0.065± 0.004 −0.006± 0.004 −0.091± 0.007
SS3 0.003± 0.002 0.003± 0.002 −0.004± 0.007 0.003± 0.003 0.004± 0.004 0.009± 0.006
SS4 0.001± 0.002 0.001± 0.002 0.015± 0.007 −0.003± 0.003 0.000± 0.004 0.007± 0.006
SS5 −0.068± 0.002 −0.064± 0.002 0.037± 0.008 −0.031± 0.004 −0.091± 0.004 −0.166± 0.007

Table 20: Results of the full angular fit of the decay B0→ J/ψK∗0 in Ref. [20], translated
to the angular observables.

mKπ range in MeV/c2

parameter [825.9, 965.9] [826.0, 861.0] [861.0, 896.0] [896.0, 931.0] [931.0, 966.0]

Ss1 0.321± 0.006 0.321± 0.006 0.321± 0.006 0.321± 0.006 0.321± 0.006
S3 −0.013± 0.010 −0.013± 0.010 −0.013± 0.010 −0.013± 0.010 −0.013± 0.010
S4 −0.250± 0.006 −0.250± 0.006 −0.250± 0.005 −0.250± 0.006 −0.250± 0.006
S5 0 0 0 0 0
Ss6 0 0 0 0 0
S7 0 0 0 0 0
S8 −0.048± 0.007 −0.048± 0.007 −0.048± 0.007 −0.048± 0.007 −0.048± 0.007
S9 0.084± 0.006 0.084± 0.006 0.084± 0.006 0.084± 0.006 0.084± 0.006
FS 0.064± 0.010 0.115± 0.021 0.049± 0.008 0.052± 0.011 0.105± 0.016
SS1 - −0.887± 0.082 −0.514± 0.030 −0.216± 0.044 0.035± 0.096
SS2 - 0.192± 0.018 0.100± 0.007 0.022± 0.012 −0.045± 0.021
SS3 - 0 0 0 0
SS4 - 0 0 0 0
SS5 - 0.028± 0.023 −0.034± 0.012 −0.105± 0.015 −0.176± 0.013

component the LASS parameterisation [31] is used509

AS(mKπ) =
√
pq ×B′LB(p, p0, d)

(
p

mB

)LB
×B′LK∗0 (q, q0, d)

(
q

mKπ

)LK∗0
×
(

1

cot δB − i
+ e2iδB

1

cot δR − i

)
, (38)
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where cot δB = 1
aq

+ 1
2
rq and cot δR = (m2

K∗0
− m2

Kπ)/(mK∗0 Γ0(mKπ)). Accounting for510

the mKπ dependence, Eq. 30, integrated over the three decay angles cos θl, cos θK and φ,511

becomes512

1

d(Γ + Γ̄)/dq2

d(Γ + Γ̄)

dmKπ

∣∣∣∣
S+P

= (1− FS)
9∑
i=1

9
32π
ξiS

(s,c)
i |A′P (mKπ)|2

+ 3
16π

[
FSξFS |A′S(mKπ)|2
+ (SS1ξS1 + SS2ξS2 + SS3ξS3)< (A′S(mKπ)A∗′P (mKπ))

+ (SS4ξS4 + SS5ξS5)= (A′S(mKπ)A∗′P (mKπ))
]

(39)

where ξ(S)i denote the angular integrals ξ(S)i =
∫
ε(cos θl, cos θK , φ)f(S)i(cos θl, cos θK , φ)d~Ω513

and the amplitudes are appropriately normalized according to514

A′P (mKπ) =
AP (mKπ)√∫ 995.9 MeV/c2

795.9 MeV/c2
|AP (mKπ)|2dmKπ

,

A′S(mKπ) =
AS(mKπ)√∫ 995.9 MeV/c2

795.9 MeV/c2
|AS(mKπ)|2dmKπ

.

In the case of flat acceptance the integrated terms ξS1...5 evaluate to ξS1...5 = 0 such that515

the interference terms drop out. For the nominal acceptance these terms are of the order516

of a few percent and are included for completeness.517

The simultaneous fit of the angles and the mKπ projection is tested using the control518

decay B0 → J/ψK∗0. Table 21 gives the results of a fit of the full 3 fb−1 data sample in519

the mKπ mass region ±100 MeV around the K∗0 mass. Fig. 14 shows the corresponding520

projections on the decay angles, mKπµµ and mKπ. The result is in good agreement with521

the results in Tab. 19 where only the decay angles are used.522

To illustrate the effect of the additional constraint on FS on the sensitivity of the523

P -wave observables subsets of the B0 → J/ψK∗0 data are fitted. These subsets consists524

of 300 events which roughly corresponds to the expected signal yield for the signal decay525

B0 → K∗0µ+µ−. Since the signal fraction for the decay B0 → J/ψK∗0 is fsig ≈ 0.95,526

higher than what is expected for the decay B0 → K∗0µ+µ−, the background is modeled527

using only first order polynomials. All other PDFs are modeled in complete analogy to528

the toys in Sec. 6.2.9. First purely angular fits are performed. The results are given in529

Tab. 22 (left). Then the fits are performed using the additional constraint from the mKπ530

distribution in a simultaneous fit. The corresponding results in Tab. 22 (right) show a531

much better sensitivity for FS (by more than a factor two) and in consequence also an532

improved sensitivity for all P -wave parameters (by around 10% each). The constraint from533

the mKπ distribution also protects the fit against rare statistical fluctuations resulting in534

very large (unphysical) values of FS. This is shown in Fig. 15 that shows large fluctuation535

in FS for the purely angular fit and much better behaviour when adding the constraint536

from the mKπ distribution.537
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Table 21: Result of the simultaneous fit of the decay angles, mKπµµ and mKπ for the full
B0 → J/ψK∗0 data sample.

parameter value

S1s 0.332± 0.001
S3 −0.000± 0.002
S4 −0.251± 0.002
S5 −0.001± 0.002
S6s 0.000± 0.002
S7 0.001± 0.002
S8 −0.052± 0.002
S9 −0.086± 0.002
FS 0.068± 0.002
SS1 −0.231± 0.003
SS2 0.023± 0.002
SS3 0.003± 0.002
SS4 0.001± 0.002
SS5 −0.068± 0.002

Table 22: Results from fitting 1000 samples of 300 B0 → J/ψK∗0 events each, using the
purely angular fit (left) and adding the constraint from a simultaneous fit of the mKπ

distribution (right). The true values for used for the pull distributions are determined
from a fit to the full data sample.

sensitivity pull mean pull width

S1s 0.038± 0.001 −0.10± 0.03 1.01± 0.02
S3 0.075± 0.002 −0.03± 0.03 1.03± 0.02
S4 0.092± 0.002 −0.24± 0.04 1.11± 0.02
S5 0.081± 0.002 0.00± 0.03 1.07± 0.02
S6s 0.062± 0.001 0.01± 0.03 1.02± 0.02
S7 0.077± 0.002 0.00± 0.03 1.01± 0.02
S8 0.083± 0.002 −0.09± 0.03 1.07± 0.02
S9 0.080± 0.002 −0.10± 0.03 1.04± 0.02
FS 0.095± 0.002 0.25± 0.03 0.98± 0.02
SS1 0.123± 0.003 −0.10± 0.03 1.03± 0.02
SS2 0.088± 0.002 −0.06± 0.04 1.11± 0.02
SS3 0.080± 0.002 0.02± 0.03 1.09± 0.02
SS4 0.080± 0.002 −0.00± 0.03 1.05± 0.02
SS5 0.088± 0.002 −0.02± 0.03 1.09± 0.02

sensitivity pull mean pull width

S1s 0.036± 0.001 −0.02± 0.03 1.02± 0.02
S3 0.068± 0.002 −0.03± 0.03 1.06± 0.02
S4 0.081± 0.002 −0.13± 0.04 1.15± 0.03
S5 0.074± 0.002 0.01± 0.03 1.09± 0.02
S6s 0.058± 0.001 0.01± 0.03 1.02± 0.02
S7 0.072± 0.002 0.00± 0.03 1.02± 0.02
S8 0.078± 0.002 −0.07± 0.03 1.08± 0.02
S9 0.071± 0.002 −0.03± 0.03 1.10± 0.02
FS 0.049± 0.001 −0.29± 0.03 1.01± 0.02
SS1 0.121± 0.003 −0.05± 0.03 1.02± 0.02
SS2 0.088± 0.002 −0.06± 0.03 1.10± 0.02
SS3 0.078± 0.002 0.02± 0.03 1.09± 0.02
SS4 0.078± 0.002 −0.00± 0.03 1.05± 0.02
SS5 0.088± 0.002 −0.02± 0.03 1.08± 0.02

6.2.13 Toy studies using the mKπ distribution538

To ensure that the fit including the simultaneous fit of the mKπ distribution is unbiased539

and estimates the uncertainties correctly, toy studies are performed. The settings for the540

toy studies are identical to the description in Sec. 6.2.9, with the exception of the inclusion541

of the simultaneous mKπ fit. This results in the inclusion of one additional parameter542

describing the linear parametrisation of the background in mKπ. The sensitivities and543

pull distributions for the CP averages Si, the CP asymmetries Ai and the P
(′)
i are given544
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in Tab. 122-127 in appendix F. It is evident that the behaviour of the toys improves with545

the inclusion of the mKπ constraint. Still, for the nominal results the Feldman-Cousins546

method [24] will be employed to ensure correct coverage.547
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Figure 10: Projection of the allowed parameter range, where the PDF is positive, for differ-
ent combinations of parameters. Particularly striking are the triangles in the combinations
of FL with S3, Ss6 and S9.
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Figure 11: Projection of the allowed parameter range, where the PDF is positive, for
different combinations of parameters.
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Figure 12: Feldman-Cousins results for the observable S5 using an EOS toy in seven bins
of q2. The Feldman-cousins confidence level is given by the black histogram. The red
vertical lines denote the 68.3% confidence interval from the Feldman-Cousins method. As
comparison the blue line gives the confidence level using the likelihood method. The blue
vertical lines give the 68.3% from the likelihood method.

48



]2c) [MeV/­
µ+µ

­
π

+
K(m

5200 5300 5400 5500 5600 5700

2
c

E
v

e
n

ts
 /

 5
.3

 M
e
V

/

210

3
10

410

­1LHCb 3 fb

L
Θcos

­1 ­0.8 ­0.6 ­0.4 ­0.2 0 0.2 0.4 0.6 0.8 1

E
v

e
n

ts
 /

 0
.0

2

0

1

2

3

4

5

3
10×

­1
LHCb 3 fb

K
Θcos

­1 ­0.8 ­0.6 ­0.4 ­0.2 0 0.2 0.4 0.6 0.8 1

E
v

e
n

ts
 /

 0
.0

2

0

1

2

3

4

5

6

7

8

3
10×

­1
LHCb 3 fb

 [rad]φ
­3 ­2 ­1 0 1 2 3

E
v

e
n

ts
 /

 0
.0

6
3

0

1

2

3

4

5

3
10×

­1LHCb 3 fb

Figure 13: Fit projections of the angular fit of the decay B0→ J/ψK∗0 in the mKπ mass
range [795.9, 995.9] MeV. The slight mismodeling of the reconstructed B0 mass is due to
the narrow ±60 MeV/c2 cut around the known J/ψ mass which cuts away the radiative
tails. This however does not affect the angular observables significantly.
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Figure 14: Angular, mKπµµ and mKπ projections after the fit of the full B0 → J/ψK∗0 data
sample. The fit is performed as described in Sec. 6.2.12, simultaneously in the decay angles
and mKπµµ, and mKπ, in the mKπ mass range [795.9, 995.9] MeV. The slight mismodeling
of the reconstructed B0 mass is due to the narrow ±60 MeV/c2 cut around the known
J/ψ mass which cuts away the radiative tails. This however does not affect the angular
observables significantly.
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Figure 15: Results on the parameter FS from fitting 1000 samples of 300 B0 → J/ψK∗0

events each, using the purely angular fit (left) and adding the constraint from a simultaneous
fit of the mKπ distribution (right).

51



6.2.14 Angular folding548

In the previous publications [1, 2], the number of angular observables to fit was reduced549

by performing angular foldings which are discussed below. While this analysis will550

be performed without angular foldings, retaining the full information of the angular551

distributions, it is useful to compare the results also with results from folded fits. In the552

folding method, the angular distributions are simplified by performing transformations of553

the decay angles φ, θ` or θK ,554

φ→ φ̂ and θ` → θ̂` and θK → θ̂K . (40)

These transformation can cancel contributions from certain observables. For example, the555

angular terms S4, S5, S7 and S8 cancel when transforming the angles as556

φ̂ =

{
φ if φ ≥ 0

φ+ π if φ < 0
(41)

leaving only FL, S3, S6 and S9 in the angular distribution. The angle φ̂ is defined in the557

range558

0 < φ̂ < π . (42)

This is the angular folding chosen for Ref. [1] where, due to the low signal yield available559

when analysing the 1 fb−1 of data taken in 2011, an angular folding was necessary to reduce560

the number of observables.561

There are other angular foldings that are applied to determine the remaining observables562

in Ref. [2]. Firstly, the angular distribution can be transformed as563

φ̂ =


φ if φ ≥ 0 and θ` ≤ π/2

−φ if φ < 0 and θ` ≤ π/2

π − φ if φ ≥ 0 and θ` > π/2

π + φ if φ < 0 and θ` > π/2

and θ̂` =

{
θ` if θ` ≤ π/2

π − θ` if θ` > π/2
(43)

to leave only FL, S3 and S4, where564

0 < φ̂ < π and 0 < θ̂` < π/2 . (44)

The angular distribution can also be transformed as565

φ̂ =

{
φ if φ ≥ 0

−φ if φ < 0
and θ̂` =

{
θ` if θ` ≤ π/2

π − θ` if θ` > π/2
(45)

to leave only FL, S3 and S5, where566

0 < φ̂ < π and 0 < θ̂` < π/2 . (46)
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The angular distribution can be transformed as567

φ̂ =


φ if − π/2 ≤ φ ≤ π/2

π − φ if φ > π/2

−π − φ if φ < −π/2
and θ̂` =

{
θ` if θ` ≤ π/2

π − θ` if θ` > π/2
(47)

to leave only FL, S3 and S7, where568

0 < φ̂ < π and 0 < θ̂` < π/2 . (48)

Finally, it can be transformed as569

φ̂ =


φ if − π/2 ≤ φ ≤ π/2

π − φ if φ > π/2

−π − φ if φ < −π/2
(49)

θ̂` =

{
θ` if θ` ≤ π/2

π − θ` if θ` > π/2
and θ̂K =

{
θK if θ` ≤ π/2

π − θK if θ` > π/2
(50)

to leave only FL, S3 and S8, where570

0 < φ̂ < π and 0 < θ̂` < π/2 and 0 < θ̂K < π . (51)
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6.3 Extracting angular observables using the method of mo-571

ments572

Due to the orthogonality of the spherical harmonics (and consequently the angular terms),573

it is possible to extract the angular observables from a moment analysis [32,33].574

The angular distribution has the form575

d4Γ

dq2d~Ω
=

9

32π

∑
i

Si(q
2)fi(~Ω) , (52)

which averaged over q2 is576

d3Γ

d~Ω
=

9

32π

∑
i

Sifi(~Ω) , (53)

and is normalised such that577 ∫
d3Γ

d~Ω
d~Ω =

∫ +1

−1

∫ +1

−1

∫ +π

−π

d3Γ

d cos θK d cos θl dφ
d cos θK d cos θl dφ = 1, (54)

where ~Ω = (cos θK , cos θl, φ) and578

f1s(cos θK , cos θl, φ) = sin2 θK

f3(cos θK , cos θl, φ) = sin2 θK sin2 θl cos 2φ

f4(cos θK , cos θl, φ) = sin 2θK sin 2θl cosφ

f5(cos θK , cos θl, φ) = sin 2θK sin θl cosφ

f6s(cos θK , cos θl, φ) = sin2 θK cos θl

f7(cos θK , cos θl, φ) = sin 2θK sin θl sinφ

f8(cos θK , cos θl, φ) = sin 2θK sin 2θl sinφ

f9(cos θK , cos θl, φ) = sin2 θK sin2 θl sin 2φ

(55)

Since the angular functions are orthogonal we have:579 ∫
fi(~Ω)fj(~Ω)d~Ω = αδij, (56)

for i = 3 . . . 9 and where α is a normalisation constant. The mean (or expectation value)580

of the fi can be used to determine the Si, i.e.581

Mi =

∫
d4Γ

dq2 d~Ω
fi(~Ω)d~Ω =

{
8
25
Si=3,4,8,9

2
5
Si=5,6,7 .

(57)

Note, the fi for f1s, f2s, f1c and f2c are not orthogonal. The corresponding moments are582

linear combinations of S1s, S2s, S1c and S2c, with583
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M1s =
2

5
(2− FL) , (58)

under the assumption that q2 � 4m(µ)2. Re-arranging gives584

FL = 2− 5

2
M1s (59)

Si =
5

2
M5,6,7 (60)

Si =
25

8
M3,4,8,9 (61)

(62)

In the absence of background, Mi can be estimated as585

〈Mi〉 =
1

N

∑
event e

fi(~Ωe) (63)

where N is the number of events in the data sample. An estimate for the error can be586

evaluated as a normal variance587

δ〈Mi〉 =

√
1

N(N − 1)

∑
event e

(
〈Mi〉 − fi(~Ωe)

)2

(64)

6.3.1 Measurement of S6c588

In the SM, the term S6c is vanishingly small. It only exists in the presence of large589

scalar operators and is suppressed by mµ/
√
q2. The method of moments can be used to590

determine the S6c coefficient. The corresponding angular term is591

f6c(cos θK , cos θl, φ) = cos2 θK cos θl , (65)

which appears mixed with S6s when evaluating the raw moments,592

M6c =
1

20
(3S6c + 2S6s) (66)

M6s =
1

10
(S6c + 4S6s). (67)

(68)

The solution to this linear system is593

S6c = 2(4S6c − S6s), (69)

S6s = 2S6c + 3S6s. (70)

(71)

This allows to determine both S6c and S6s.594

55



6.3.2 Method of moments in the presence of background595

In the presence of background, the moments Mi in the signal mass window will be an596

admixture of the moments for pure signal (Mi,sig) and pure background (Mi,bkg). The597

mixed moment598

Mi,mix =
NsigMi,sig +NbkgMi,bkg

Nsig +Nbkg

, (72)

where Nsig and NB are the number of signal and background events in the signal mass599

window, respectively. The yields Nsig and Nbkg can be estimated from an extended unbinned600

maximum likelihood fit to the K+π−µ+µ− invariant mass and Mi,bkg can be estimated601

from the upper mass sideband. The upper mass sideband is chosen to be m(K+π−µ+µ−) >602

5350 MeV/c2. It would also be possible to determine Mi,sig by sWeighting the events.603

6.3.3 Acceptance corrections of the method of moments604

When including the angular acceptance, the measured moments (raw moments) are no605

longer proportional to the observables Si. To correct for the acceptance, each event is606

weighted according to a weight607

we =
1

ε(~Ωe, q2
e)
, (73)

where ε(~Ωe, q
2
e) is the efficiency function derived in Sec. 8.1. The corresponding formula to608

obtain the raw moments is then609

M̂i =
1∑
ewe

∑
event e

wefi( ~Ωe) . (74)

The angular acceptance does not need to be treated as constant over the q2 bin and the610

full q2 dependence can be accounted for. The absolute normalisation of the weights does611

not matter, since it appears in the numerator and denominator of Eq. 74, i.e. the weights612

can be re-scaled for an arbitrary constant.613

An estimate for the uncertainty on the moments can be derived from the weighted614

variance615

Vij =

∑
ewe

(
∑

ewe)((
∑

ewe)
2 −∑ew

2
e)

∑
e

we

(
M̂i − fi(~Ωe)

)(
M̂j − fj(~Ωe)

)
. (75)

6.3.4 Statistical uncertainty on the method of moments616

The statistical uncertainty on the raw moments (and the observables) is evaluated in617

data using the bootstrapping method. This method consists of obtaining an ensemble618

of pseudo-experiments by Poisson fluctuating each event. This method is described in619

Ref. [34]. We checked that this method gives the same uncertainty as the weighted620

standard deviation (Eq. 75) by performing toy studies. An example is shown in Fig. 16621
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for the observables FL, S3 and S4. Here, the bootstrapping distribution of a single toy622

experiment is shown. The 68% C.L. is shown for the weighted standard deviation and for623

the bootstrapping. Excellent agreement is observed between the two. The coverage of the624

statistical uncertainty has been checked with toy experiments.

Figure 16: The bootstrapping distribution of a specific pseudo-experiment. The 68% C.L.
is indicated in red for the bootstrap and green for the weighted standard deviation.

625
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6.3.5 Toy studies for method of moments626

Toy studies for the method of moments were performed in the same way as for the fits627

for the angular observables. Signal events were generated using EOS predictions for the628

different q2 bins. Toy studies were performed in three different configurations:629

• pure signal without detector acceptance;630

• mixture of signal and background without detector acceptance;631

• and a mixture of signal and background with detector acceptance.632

The results of the pseudo-experiment studies for the latter case (signal mixed with633

background and acceptance) are presented in Tab. 23 and 24 and in Appendix G. These634

studies are performed using the reweighing method for the acceptance and without including635

any S-wave component (studies with S-wave are described in Sec. 6.3.7). No bias, apart636

for the evident large bias in the value of FL, is observed. This bias, at the level of 0.5637

standard deviations in the 0.1 < q2 < 0.98 bin, comes from neglecting lepton mass terms638

in the angular distribution.639

6.3.6 Error dependence of number of events640

As the moments are determined from a simple counting experiment, one expects the error641

to scale as 1/
√
N , where N is the number of events in the dataset. This behaviour has642

been verified using signal only toy experiments, see Fig. 20, using signal only samples643

without acceptance.644
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(a) S3 (b) S4 (c) S5

(d) S6 (e) S7 (f) S8

(g) S9 (h) FL

Figure 17: Error dependence on the number of events in the sample. The data points
correspond to the mean uncertainty on a large ensemble of SM toy experiments, generated
without background or acceptance. The error bars are taken as 68% spread of the error
on the toy experiments. Points are fitted with α/

√
N .
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6.3.7 Method of moments with S-wave contribution645

The addition of an S-wave component to the K+π− system modifies the angular distribution646

according to647

d3Γ

d~Ω
=

9

32π
(1− FS)

∑
i

Sifi(~Ω) +
3

16π

∑
j

Sjfj(~Ω) , (76)

where the first sum is the sum over the P-wave angular terms and the second includes the648

S-wave terms and S-P-wave interference.649

This distribution is normalised such that650 ∫ +1

−1

∫ +1

−1

∫ +π

−π

d3Γ

d~Ω
d cos θK d cos θl dφ = 1 . (77)

Therefore, we have the additional functions651

fFs(cos θK , cos θl, φ) = sin2 θl

fSS1(cos θK , cos θl, φ) = sin2 θl cos θK

fSS2(cos θK , cos θl, φ) = sin θK sin 2θl cosφ

fSS3(cos θK , cos θl, φ) = sin θK sin θl cosφ

fSS4(cos θK , cos θl, φ) = sin θK sin θl sinφ

fSS5(cos θK , cos θl, φ) = sin θK sin 2θl sinφ

(78)

and in order to completely solve the system we need to calculate the additional moments652

Mi =

∫ +1

−1

∫ +1

−1

∫ +π

−π

d3Γ

d cos θK d cos θl dφ
fi(cos θK , cos θl, φ) =



8
25
S3,4,8,9(1− FS)

2
5
S5,6,7(1− Fs)

2
5
(2− FL)(1− Fs) , i = 1s

1
5
(3 + FS + FL − FLFS) , i = FS

4
15
SS1,S2,S5

1
3
SS3,S4

(79)
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The system is no longer orthogonal, however the solution can easily be found653

FS =
15

4
(2MFS

+MFL
− 2)

FL =
10MFS

+ 15M1s − 18

30MFS
+ 15M1s − 34

SS3,S4 = 3MS3,S4

SS1,S2,S5 =
15

4
MS1,S2,S5

S5,6,7 =
5

2
M5,6,7/(1− FS)

S3,4,8,9 =
25

8
M3,4,8,9/(1− FS) .

(80)

While it is possible to solve Eq. 80 to extract the S-wave, simulation studies have654

shown that a fit of the mKπ mass give a better resolution, so the method described in655

Sec. 6.2.12 is used as input of the S-wave for the method of moments.656

6.3.8 Toy studies including S-wave657

When we include the S-wave, the raw moment for M1s, M1c etc are not orthogonal to658

the moments for the S-wave. However, the raw moments are still unbiased so long as659

the S-wave fraction can be extracted in an unbiased way. We performed a toy studies to660

demonstrate this using a wide range of values for FS from 0.01 to 0.5. The toys have the661

normal SM P-wave component with additional S-wave component added. In all cases no662

biases was observed. The pulls for the raw moments are shown in Tables 25 and 26.663

Figure 18: 68% confidence belt obtained using MC method.
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(a) MFS
(b) MFL

(c) MS3

(d) MS4
(e) MS5

(f) MS6

(g) MS7
(h) MS8

(i) MS9

(j) MS1 (k) MS2 (l) MS3

(m) MS4 (n) MS5

Figure 19: Pull plots of raw moments defined in (79). These toys were generated with SM
predictions for the P wave observables and FS = 0.05.
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Table 27: Pull distribution for Fs extracted with the m(K+π−) mass fit. The toy study has
been done including a linear background with parameters taken from data. Toy studyes
are here reported for FS = 0.1.

q2 ( GeV2/c4) mean sigma
[0.1, 0.98] 0.038± 0.029 0.918± 0.021
[1.1, 2.0] −0.024± 0.031 0.998± 0.022
[2.0, 3.0] −0.025± 0.029 0.942± 0.021
[3.0, 4.0] −0.069± 0.030 0.971± 0.022
[4.0, 5.0] 0.062± 0.030 0.955± 0.021
[5.0, 6.0] 0.081± 0.032 0.992± 0.022
[6.0, 7.0] −0.031± 0.031 0.992± 0.022
[7.0, 8.0] −0.054± 0.030 0.962± 0.021

[11.0, 11.75] 0.002± 0.030 0.947± 0.021
[11.75, 12.50] −0.027± 0.031 0.979± 0.022

[15.0, 16.0] 0.011± 0.029 0.933± 0.021
[16.0, 17.0] 0.02± 0.029 0.929± 0.020
[17.0, 18.0] −0.054± 0.030 0.962± 0.021
[18.0, 19.0] −0.075± 0.030 0.964± 0.021

In data Fs fraction will be determined from a fit to mKπ mass spectrum with the same664

method as the likelihood fit. The method is described in Sec. 6.2.12. We performed a665

toy study to check if the method is stable in 1 GeV2/c4 q2 bins. The mKπ distribution666

is generated with a linear background (with parameters taken from data). The results667

of the pulls are shown in Tab. 27 for FS = 0.1. As can be seen no bias is observed. We668

observed a small overestimation of the error, however this has negligible effect on the669

P-wave observables.670

6.3.9 Method of moments applied to B0→ J/ψK∗0671

In order to check our method with data, we use the decay B0→ J/ψK∗0 as a control672

channel. In additional to preselection cuts described in [13] we required that the dimuon673

mass to be within 60 MeV/c2 around the J/ψ nominal invariant mass. The measured674

angular observables are presented in Tab. 28. In general we observe agreement in the675

P-wave angular observables between these measurements and the angular parameters676

determined in Ref. [20], small discrepancies are negligible with respect to the expected677

statistical uncertainty in the B0 → K∗0µ+µ− decay.678

6.3.10 Measuring asymmetries with the method of moments679

The method described here is also used to measure the CP -asymmetries (the Ai). These680

observables are defined as the asymmetries of the corresponding Ji for B0 and B0, nor-681
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Table 28: Results of the angular fit of the decay B0→ J/ψK∗0 in different bins of m(K+π−),
using the full available data set corresponding to 3 fb−1. The angular terms that have
been previously determined in Ref. [20] are given in Tab. 20.

mKπ range in MeV/c2

parameter [795.9, 995.9] [825.9, 965.9] [826.0, 861.0] [861.0, 896.0] [896.0, 931.0] [931.0, 966.0]

FL 0.558± 0.003 0.558± 0.003 0.566± 0.006 0.561± 0.004 0.549± 0.004 0.562± 0.005
S3 0.000± 0.002 0.001± 0.002 −0.006± 0.006 0.000± 0.004 0.001± 0.003 0.004± 0.006
S4 −0.280± 0.003 −0.282± 0.004 −0.278± 0.007 −0.288± 0.005 −0.279± 0.004 −0.275± 0.006
S5 −0.002± 0.003 −0.002± 0.003 −0.004± 0.007 0.000± 0.005 −0.006± 0.003 0.003± 0.006
Ss6 0.001± 0.003 0.002± 0.003 −0.004± 0.008 0.001± 0.003 0.003± 0.004 0.003± 0.005
S7 0.001± 0.003 0.001± 0.003 −0.003± 0.007 0.001± 0.004 0.001± 0.004 0.007± 0.006
S8 −0.053± 0.003 −0.054± 0.003 −0.072± 0.008 −0.058± 0.004 −0.051± 0.004 −0.047± 0.006
S9 −0.089± 0.003 −0.088± 0.004 −0.089± 0.008 −0.086± 0.004 −0.091± 0.004 −0.086± 0.006
FS 0.080± 0.004 0.068± 0.003 0.10± 0.012 0.053± 0.006 0.061± 0.005 0.108± 0.009
SS1 −0.240± 0.004 −0.245± 0.004 −0.70± 0.01 −0.387± 0.007 −0.109± 0.006 0.160± 0.010
SS2 0.003± 0.003 0.007± 0.003 0.140± 0.008 0.045± 0.004 −0.028± 0.004 −0.108± 0.006
SS3 0.004± 0.003 0.004± 0.003 −0.005± 0.007 0.003± 0.003 0.004± 0.003 0.012± 0.006
SS4 0.001± 0.003 0.001± 0.003 0.014± 0.008 −0.003± 0.003 0.000± 0.004 0.005± 0.006
SS5 −0.065± 0.003 −0.061± 0.003 0.040± 0.008 −0.027± 0.004 −0.091± 0.004 −0.157± 0.007

malised with respect to the total width Γtot as defined in Eq. 18. In order to measure these682

observables, B0 candidates (only) are multiplied by a factor −1 for the angular terms683

fi=4...9 when determining the moments.684

6.3.11 Determination of FS using BW phase shift685

The value of FS obtained from the mass fit can be cross-checked using the method described686

in Ref [17]. This method exploits the phase change of A0 between the left- and right-hand687

side of the Breit-Wigner and its interference with the S-wave. Assuming Re(A0
0) and688

Im(A0
0) to be constant (or slowly varying) in ±100 MeV mass window, then FS can be689

written as a function of the θK forward-backward asymmetry (SS1). Defining S−S1 and S+
S1690

as the value of the moment SS1 respectively at the left and the right of the Breit-Wigner691

pole, we can write FS as692

FS =
[(S+

S1 + S−S1)2/16 + (S+
S1 − S−S1)2/(16× 1.23)]

3.24

3FL

1− [(S+
S1 + S−S1)2/16 + (S+

S1 − S−S1)2/(16× 1.23)]
3.24

3FL

(81)

Applying this procedure to the B0→ J/ψK∗0 dataset, yields693

S+
S1 = −0.046± 0.006 , (82)

S−S1 = −0.506± 0.006 (83)

(84)
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and694

FS = 0.060± 0.003 (85)

The result is consistent with the one obtained using the procedure described in Sec. 6.3.7.695

6.3.12 Expected difference between the likelihood fit and the method of mo-696

ments697

The method of moments estimator is strongly, but not completely, correlated to the698

maximum likelihood estimator. This correlation between the two estimators was studied699

using the EOS SM toy MC. Example scatter plots for S5 and FL in one q2 bin are given in700

Fig. 21. Whilst the distributions are strongly correlated the spread of the data points is701

larger than one might naively expect (approximately 50% of the statistical uncertainty).702

This effect is mainly statistical is largely independent on the level of background and on703

the acceptance.704

Small differences between the two estimators are also seen in the data. For a global705

comparison, we calculate the difference between the two estimates of each observable in706

every q2 bin, then divide it by the expected difference from toy MC. The result is shown707

in Fig. 22. The resulting distribution is consistent with having a mean of zero and a width708

of one, i.e. the moments/likelihood fit are consistent with each other when accounting for709

the expected differences between the two methods.710

6.3.13 Determination of the Pi observables with the MoM711

The less form factor dependent observables (Pi) are related to the measured observables712

via relations defined in Sec 6.1.5. As can be seen in the denominator in all the equations713

a factor of 1− FL appears. If FL is sufficiently large the normal error propagation does714

not work as the first derivative in the Taylor expansion is insufficient to describe the715

transformation. Due to this we used bootstrap technique to determine the appropriate716

intervals using quantiles. For each of the Pi bootstrap distribution a interval from −∞717

to Pmin
i is constructed in a way that it contains 16 % of events. In the same manner the718

interval (Pmax
i ,∞) is constructed. The error that will be quoted is simply (Pmin

i , Pmax
i ).719

We decided to use this method as the quantiles are invariant under PDF re-parametrization.720
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(a) Fl (b) S3 (c) S4

(d) S5 (e) S6 (f) S7

(g) S8 (h) S9 (i) Fs

(j) S1s (k) S2s (l) S3s

(m) S4s (n) S5s

Figure 20: 68.3% belt on measured FS, FL, Si. Error is propagated using MC method.
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Figure 21: An example illustration of difference between the maximum likelihood and
method of moments, when applied to SM MC.
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6.4 Fitting for the K∗0 amplitudes721

6.4.1 Introduction722

The main goal of this method is to perform a measurement of the q2 dependent K∗0 spin723

amplitudes using a three-coefficient ansatz per real amplitude component. In princple, the724

values of these coefficients as well as their correlations can be provided. Theorists can725

then be able to construct observables of their choice out of these amplitude coefficients726

and compare to their predictions. In reality, as will be discussed in Sec. 9.4, the best fit727

point of the fit to the 3 fb−1 data results in multiple closely separated minima. These728

multiple solutions make the approximation of the likelihood surface using an error matrix729

invalid and therefore will require a more sophisticated treatment.730

One of the main benefits for fitting for the q2 dependent K∗0 spin amplitudes is that731

we make use of all the possible relations between the angular coefficients (Ji) thus reducing732

the number of degrees of freedom we extract. In addition, the angular distribution remains733

positive definite for any amplitude value and there are consequently no boundary issues.734

Finally, the fact that the amplitudes are extracted continuously in q2 can increase the735

sensitivity to the effects of physics beyond the SM. This is because new physics can change736

the q2 dependence of the angular observables. This q2 dependence also means that the737

zero-crossing point of observables can be analytically extracted.738

The S-wave amplitude components are included in the signal angular pdf as will be739

discussed below. However the S-wave amplitude components will be treated as nuisance740

parameters and not parameters of interest. That means that it will be made clear to741

theorists that they will need to marginalise over these when performing their studies.742

6.4.2 Infinitesimal symmetries of the angular distribution743

As discussed in Sec. 6.1.2, the angular distribution of the decay can be described by eleven744

parameters Ji (J̄i) for each B0 flavour. These Ji (J̄i) are made up of bilinear combinations745

of the K∗0 spin amplitudes and represent the “experimental” degrees of freedom. Then the746

experimental degrees of freedom should match the number of real amplitude components747

which represent the “theoretical” degrees of freedom. Another way of saying this is that748

the amount of independent information that one can extract from the angular distribution749

should be independent of whether one parametrises the distribution using the angular750

coefficients or the spin amplitudes. Just like the case of the B0→ J/ψK∗0 analysis of751

Ref. [20], where the amplitudes could only be obtained up to a global phase rotation of all752

the amplitudes, there are continuous symmetry transformations of the amplitudes that753

leave the decay rate invariant. In order for the degrees of freedom to match we require754

nj − nd = na − ns, (86)

where nj is the number of Ji terms, nd the number of relations between the Ji, na is755

the number of real amplitude components and ns is a number of continuous symmetry756

transformations of the amplitudes that leave the decay rate invariant. In contrast to757

the B0→ J/ψK∗0 analysis of Ref. [20], we now have both Left- and Right-handed spin758
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amplitudes which can introduce additional symmetries under certain conditions. In759

particular, in the massless limit (q2 � 4m(µ)2), and ignoring scalar contributions to the760

dimuon system, there are four continuous symmetry transformations of the amplitudes761

(ns = 4) that leave each of the Ji and therefore the decay rate invariant [35]. More on the762

continuous symmetry transformation can be found in Appendix I.763

The existence of these symmetries means that a likelihood function including all twelve764

real amplitude components, would therefore exhibit a “valley” of continuous maxima in765

amplitude space, rendering minimisation techniques for the determination of the amplitude766

components from data impossible. The symmetries of the angular distribution allow for767

the transformation of the amplitudes to a particular basis where four of the amplitude768

components are fixed to some arbitrary value at every point in q2. The choice of the769

basis, referred to as “basis-fixing”, is exactly what lifts the degeneracy. This basis-fixing770

has two requirements: firstly that values for transformation exists for every point in q2,771

and secondly the amplitudes in this transformed basis are slowly varying in q2 such that772

they can be described by a simple functional form. This second requirement restricts773

the q2 range where the amplitudes can be extracted. The presence of potential light774

resonances below ∼ 1 GeV2/c4 and of cc̄ resonances above 8 GeV2/c4 motivates the use of775

the resonance-free and theoretically preferred region of 1 < q2 < 6 GeV2/c4.776

A previous study described in [35] used the following basis-fixing,777

Re(AL‖ ) = Im(AL‖ ) = Im(AR‖ ) = Im(AR⊥) = 0. (87)

This basis however suffers from a discontinuity in Re(AL0 ) at q2 ∼ 2 GeV2/c4. In Ref. [35],778

the problems caused by this discontinuity where avoided by ignoring the q2 region below779

2.5 GeV2/c4. This is clearly highly undesirable. For the present analysis a better basis-fixing780

was devised,781

Re(AR0 ) = Im(AR0 ) = Im(AL0 ) = Im(AR⊥) = 0. (88)

The amplitudes in the improved fixed-basis exhibit a smooth behaviour in q2 both in the782

SM as well as in a range of new physics models, including ones discussed in [35]. Figure 24783

shows the effect of the improved basis-fixing for SM amplitudes calculated using the EOS784

package [16].785

6.4.3 Exact discrete symmetries786

In addition to the continuous transformations of the amplitudes that leave the angular787

distribution invariant, there are is also the discrete symmetry transformation, Ai → −Ai,788

that leaves the angular distribution invariant, even after the basis-fixing transformation789

has been applied. This symmetry can be seen simply by inspecting Eq. 13 and noting790

that even after the conditions of Eq. 88 have been applied, all angular observables are791

still constructed out of products of spin-amplitudes in the fixed-basis. Note that in the792

SM, the statistical precision of the amplitudes means that this discrete symmetry can793

be broken by requiring Re(AL0 ) < 0 at any q2 value for the left-handed amplitudes, and794

Re(AR⊥) > 0 at q2 = 2.0 GeV2/c4 for the right-handed amplitudes.795
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6.4.4 Accidental discrete symmetries796

The limited amount of signal candidates available in experiment data, can also give rise797

to approximate symmetries under discrete transformations of the amplitudes. The exact798

form of these approximate symmetries can depend on the basis-fixing transformations799

discussed in Sec. 6.4.2. Given the basis-fixing condition of Eq. 88, a clear example occurs800

in the transformed basis of the SM, where the lack of right handed currents can give rise801

to an approximate symmetry under the transformation802

AL‖ → −AL⊥

AL⊥ → −
AL‖
2
. (89)

The effect of this accidental approximate symmetry can be demonstrated by generating803

samples based on the SM and in a model with large right handed Wilson coefficients, with804

a size equivalent to that of the LHCb Run-I dataset. Figure 23 shows the effect of the805

discrete transformation of Eq. 89 cos θ`, both in the SM and in a model with large right806

handed currents. It is clear that the aforementioned transformation is an approximate807

discrete symmetry of the angular distribution in the SM and models with no right handed808

currents.809
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Figure 23: Demonstration of the effect of the transformation of Eq. 89 in the SM (left) and in

a model with large right handed Wilson Coefficients (right). The amount of data corresponds

to the expected number of B0→ K∗0µ+µ− candidates in LHCb’s Run-I dataset. The blue line

denotes the model that the data is generated from. The right line denotes the model with the

aforementioned transformation applied. The difference in χ2 of the two curves with respect to

the data are 0.01 for the SM and 0.1 for the model with right handed currents.

An additional approximate discrete symmetry exists under the transformation of the810

right handed amplitudes in the transformed basis811

AR‖ ↔ −AR⊥. (90)
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As for the left-handed amplitudes, the transformation of Eq. (90) is an approximate812

discrete symmetry of the angular distribution only in the SM and in other models with no813

right-handed currents.814

6.4.5 Parameterised amplitudes815

The second ingredient in performing a q2 dependent fit to extract the K∗0 spin amplitudes816

is the choice of the q2 parametrisation of the amplitudes in the transformed basis. A three817

parameter ansatz of the form818

AL,Ri = αL,Ri + βL,Ri q2 + γL,Ri /q2 (91)

for both real and imaginary amplitude parameters is chosen. No attempt is made to819

interpret these α, β and γ coefficients in terms of short- or long-distance parameters. The820

choice of this ansatz is justified by fitting the transformed spin amplitudes, as provided by821

EOS in the SM as well as numerous physics models, using the parametrisation described822

above. Figure 24 shows the result of this fit. It is clear that this ansatz is a reasonable823

choice and any bias coming from this choice will be dwarfed by the statistical uncertainty824

of our current data sample.825

The basis-fixing reduces the number of amplitude components that need to be deter-826

mined to eight per B0 flavour. Considering that each such component is described by three827

parameters to account for the q2 dependence, in total there are twenty-four amplitude828

parameters per B0 flavour that need to be extracted. This parameter counting ignores829

any S-wave amplitudes. Such amplitudes are discused further in Sec. 6.4.6. Alternatively,830

one can make the model dependent assumption that the only weak phases present in the831

amplitudes come from the CKM matrix elements, which are negligibly small. This assump-832

tion leads to the B0 and B0 amplitudes being identical. Accounting for the experimental833

angular convention of the decay rate described in Sec. 6.1.2, the decay distribution of834

both the B0 and B0 decays can be described using a single set of amplitude parameters.835

The approaches with separate and identical B0 and B0 amplitude parameters are both836

discussed below.837

6.4.6 S-wave contribution838

Previous studies have discussed both the potential size as well as the impact of the S-wave839

contribution in the angular analysis of B0→ K∗0µ+µ− decays [36–39]. In particular, it840

has been shown that with 3 fb−1 of LHCb data, ignoring the S-wave contribution can841

have a significant effect on some angular observables. It is therefore critical that the q2
842

dependent S-wave amplitude components are also accounted for in the fit to the angular843

distribution of B0→ K∗0µ+µ− decays.844

The S-wave amplitudes are included in the angular distribution of the signal by default845

based on Eq. 21 and are treated as nuisance parameters. The K+π− mass range considered846

corresponds to 100 MeV/c2 around the K∗0(892) pole mass. The mKπ dependence is847
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Figure 24: Distribution of transformed SM amplitudes and their fit to the q2 depen-

dent ansatz. Only the non-zero amplitude components in the transformed basis are shown.

“pr”=A‖,“tr”=A⊥,“zr”=A0, “zzr”=A00.

accounted for by modifying each Ji term in Eq. 21 by848

Jij = AiA
∗
j → AiA

∗
j

∫
gi(mKπ)g∗j (mKπ)dmKπ, (92)

where gi(mKπ) represents the mKπ line-shape of either a P-wave or an S-wave amplitude.849

For the fit to actual data, the K∗0(892) is modelled using a relativistic Breit-Wigner850

with a running width, including phase space and Blatt-Weiskopff factors both for the851

breakup of the Kπ system and the decay of the B0, as shown in Eq. 37. For the S-wave,852

two models are considered. The default model used is the LASS parametrisation, as853

described in Eqn. 38. The Isobar model is used as a systematic variation, including854
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Table 29: Table summarising the various integrals of the S and P wave line shapes that
are used both in the generation of the toys and in the fit for the amplitudes

Term Value Toys Isobar LASS∫ 996

796

|gK∗0|2dmKπ 0.70 0.87 0.87∫ 996

796

|gS−wave|2dmKπ 0.16 0.10 0.08∫ 996

796

gS−waveg
∗
K∗0dmKπ 0.19− 0.2i −0.12 + 0.16i 0.09− 0.11i

relativistic Breit-Wigners with running widths, for the κ(600) and the K∗0(1430) with855

mass and width parameters as given in Ref. [40]. The relative phase and magnitude these856

two S-wave resonances is set to 0.51e3.127, as obtained from a fit to the mKπ spectrum of857

B0→ J/ψK∗0 data in the region of 644 < mKπ < 1200 MeV/c2.858

For both the nominal and systematically varied models, the integrals859 ∫
gi(mKπ)g∗j (mKπ)dmKπ are computed 100 MeV around the K∗0(892) pole mass, and860

their values are insterted into the angular distribution. The values of these integrals are861

summarised in Tab. 29862

6.4.7 The S-wave in the simulation studies863

The q2 dependence of the S-wave amplitudes used in the generation of the simulated events864

are calculated following Ref. [41]. Given the lack of form factor predictions for the S-wave,865

in the simulations studies, only the κ(600) is considered to contribute to the S-wave in866

the K+π− mass range considered. This means that for the simulations studies only the867

line-shape of the κ is considered to contribute to the S-wave gi(mKπ) of Eq. 92. The868

line-shape of both the κ(600) and the K∗0(892), are taken as relativistic Breit-Wigner869

distributions with mass and width parameters as given in Ref. [40]. The form-factor of the870

κ(600) is taken from Ref. [42]. The values of the corresponding
∫
gi(mKπ)g∗j (mKπ)dmKπ871

are shown in Tab. 29. The resulting value of FS as a function of q2 in the SM is shown in872

Fig. 25. Using this simplistic approach, the predicted value of FS is approximately ≤ 10%873

which is similar to the values obtained using a more sophisticated treatment such as that874

of Refs. [37,38].875

Given the size of the data sample in hand and the fact that the S-wave fraction is876

expected to be small (O(10%)), one can approximate the q2 dependence of the S-wave877

amplitudes to be flat in q2. This is a good approximation since the q2 shape of the S-wave878

amplitude is expected to be the same as that of AL,R0 which approximately flat in the879

region 1 < q2 < 6 GeV2/c4.880
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Figure 25: Estimate of the S-wave fraction FS in the SM as a function of q2 using the simplistic

approach as described in the text.

6.4.8 Extracting the amplitudes881

The stability and sensitivity of a fit for the q2 dependent amplitudes is determined using882

simulated data with sample sizes equivalent to those expected at LHCb with 3 fb−1.883

The angular distribution of the signal is described using Eq. 13 where the q2 dependent884

amplitudes are again calculated using the EOS package for both the SM and new physics885

models. Similar to the method of fitting the observables directly, the angular distribution of886

the background is described by a product of three Chebyshev polynomials of second order.887

An additional first order Chebyshev polynomial is used to describe the q2 dependence. The888

B0 mass line-shape of the signal and background candidates is described using functional889

forms discussed in Sec. 5. Equation 93 shows the total background model.890

d5Γ[Bkg]

d cos θ` d cos θK dφ dq2dmB

= f(cos θ`)× g(cos θK)× h(φ)× l(q2) × k(mB), (93)

where f, g, h, l are polynomials and k are the B0 and B0 mass line-shapes. The effects891

that the trigger, reconstruction and selection criteria have on the angular distribution of892

the signal, are accounted for by multiplying the angular distribution of the signal by the893

four dimensional (unfactorised) acceptance correction discussed in Sec. 8. Writing this894

explicitly we have:895

d5Γ′[Sig]

d cos θ` d cos θK dφ dq2dmB

=
d5Γ[Sig]

d cos θ` d cos θK dφ dq2dmB

× ε(cos θ`, cos θK , φ, q
2), (94)

where ε(cos θ`, cos θK , φ, q
2) denotes the efficiency to trigger, reconstruct and select a896

B0→ K∗0µ+µ− decay.897
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For each simulated dataset, the amplitude coefficients α, β and γ (see Eq. 91) are898

determined using an extended maximum likelihood fit. The probability distribution899

functions for the signal and background, PSig(Bkg), are formed from the decay rate functions900

of Eq. 94, where the signal amplitudes are written in terms of the three-parameter ansatz901

of Eq. 91. The likelihood function used is shown in Eq. 95,902

− logL =

NDat∑
i

− log[NSig(αj, βj, γj)PSig(cos θ`, cos θK , φ, q
2|αj, βj, γj) +

NBkgPBkg(cos θ`, cos θK , φ, q
2)] +

−NDat log[NSig(αj, βj, γj) +NBkg] + [NSig(αj, βj, γj) +NBkg], (95)

where NDat is the total number of events in the dataset, NBkg is a parameter in the fit903

that gives the number of background events, and NSig(αj, βj, γj) is the number of signal904

events written in terms of the integrated signal decay rate:905

NSig(αj, βj, γj) =
N̄sig

∆q2
×
∫ 1

−1

∫ 1

−1

∫ π

−π

∫ 6 GeV2/c4

1 GeV2/c4

d4Γ[Sig]

d cos θ` d cos θK dφ dq2
d cos θ` d cos θK dφ dq2,

(96)
where ∆q2 = 5 GeV2/c4 representing the size of the q2 range considered and N̄sig/∆q

2 is906

just a constant scaling which for simplicitly is chosen to be related to the expected number907

of signal events in 3 fb−1 of data multiplied by the q2 interval in question.908

The last term of Eq. 95 denotes the extended term in the likelihood where the signal909

yield is explicitely related to the integral of the angular distribution of the signal. This910

term is what sets the overall scale of the amplitudes4.911

6.4.9 Validation of amplitude fits using EOS toys912

An ensemble of 104 simulated data sets is generated containing signal and background913

events as described in Sec. 6.4.8. A maximum likelihood fit is performed to each of the914

data sets, to extract the q2 dependent P - and S-wave spin amplitudes. Therefore at a915

given value of q2, 104 determinations of each amplitude and thus of each angular observable916

are performed. The starting point for each fit is randomised, such that the amplitude917

coefficients are fluctuated around their SM values, according to a Gaussian distribution918

centred at their SM values with a width of 300 times the SM value. The fits exhibit a919

very stable behaviour, with > 97% converging succesfully with a positive definite error920

4One could in principle set the overall scale of the amplitudes by fixing a component to a value such as
unity, as the normalisation of the angular distribution to convert into a probability density function allows
to cancel the dependence to a single component, or equivalently reparametrise all amplitude coefficients
relative to a particular one. However practically this does not work as well as having an explicit extended
term to set the scale, due to the large correlations between the α, β and γ coefficients of each of the
amplitudes.
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matrix. The remaining 3% of the fits succesfully converge if a different random starting921

value is chosen.922

Originally the plan was to fit for B0 and B0 amplitudes separately, which would allow923

for the simultaneous extraction of both the CP averaged and CP-asymmetric observables924

Si and Ai. the limited signal candidates expected in 3 fb−1 however would not guarantee925

a correct statistical coverage. The analysis therefore is de-scoped and the assumption926

that B0 and B0 amplitudes are the same, which it turn means that all weak-phases are927

assumed to be negligible (ie only effectively only considering real Wilson coefficients).928

6.4.10 Fits to combined B0 and B0 decays929

Assuming B0 and B0 amplitudes are the same, there are 8 real amplitude P-wave compo-930

nents each of which is parametrised using the α, β, γ ansatz. In addition there are 4 real931

amplitude S-wave components, each parametrised as a constant in q2. This gives a total932

of 8× 3 + 4× 1 = 28 signal parameters. In what follows, amplitudes obtained from933

fits to combined B0 and B0 decays assuming no weak-phases, will be referred934

to as B0 amplitudes. In addition there are 7 Chebyshev coefficients used to describe the935

angular and q2 dependence of the background. These background parameters are common936

between B0 and B0. Finally the B0 mass shape parameters are fixed in the fits to the937

toy data to the values obtained from fits to B0→ J/ψK∗0 accounting for the correction to938

the resolution of the lineshpae due to the q2 dependence of the resolution. A correction939

factor of 0.995, constantin the q2 range between 1.1 and 6 GeV2/c4 is used. This value is940

obtained by inspecting Fig. 5.941

The results of the fits for the q2 dependent B0 amplitudes are shown in Fig. 26. A clear942

degeneracy is observed under reflections about the x-axis. This is effect is a consequence943

of the discrete symmetry Ai → −Ai as discussed in Sec. 6.4.3. When making plots of the944

amplitudes resulting from an ensemble of toys, the median and mean of the distribution of945

the toys would be zero for every point in q2 due to this symmetry. Therefore in order to946

be able to make sensible comparisons in the plots, the degeneracy is broken by requiring947

the Re(AL0 ) < 0 and Re(ARe⊥ ) < 0 at q2 = 2.6 GeV2/c4.948

The resulting angular observables, as defined in Secs 6.1.2 and 6.1.4, from fits to toy949

data are shown in Fig. 27. By looking at the point where 34% and 47.5% of results lie950

within either side of the most likely value of the ensembles at a given q2 point (peak951

position), asymmetric 1 σ and 2 σ errors can be computed. Connecting these at different952

q2 values gives us the 1 σ and 2 σ bands for the experimental errors on the observable.953
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Figure 26: Two dimensional histograms of the amplitudes as a function of q2 resulting from 104

fits to generated signal and background toy data as described in the text. A discrete symmetry

of reflections about zero is observed due to the fact that the Ji terms are bilinear coefficients of

the amplitudes. “pr”=A‖,“tr”=A⊥,“zr”=A0.

79



)4/c2 (GeV2q
2 4 6

2cS

-1.5

-1

-0.5

0

0.5

68% C.L.
95% C.L.
Expected peak
True

)4/c2 (GeV2q
2 4 6

2sS

-0.1

0

0.1

0.2

0.3
68% C.L.
95% C.L.
Expected peak
True

)4/c2 (GeV2q
2 4 6

3S

-0.6

-0.4

-0.2

0

0.2

0.4

0.6 68% C.L.
95% C.L.
Expected peak
True

)4/c2 (GeV2q
2 4 6

4S

-1

-0.5

0

0.5

1
68% C.L.
95% C.L.
Expected peak
True

)4/c2 (GeV2q
2 4 6

5S

-2

-1.5

-1

-0.5

0

0.5

1

1.5 68% C.L.
95% C.L.
Expected peak
True

)4/c2 (GeV2q
2 4 6

6sS

-1.5

-1

-0.5

0

0.5

1

1.5

2
68% C.L.
95% C.L.
Expected peak
True

)4/c2 (GeV2q
2 4 6

7S

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1
68% C.L.
95% C.L.
Expected peak
True

)4/c2 (GeV2q
2 4 6

8S

-0.6

-0.4

-0.2

0

0.2

0.4

0.6 68% C.L.
95% C.L.
Expected peak
True

)4/c2 (GeV2q
2 4 6

9S

-0.6

-0.4

-0.2

0

0.2

0.4

0.6 68% C.L.
95% C.L.
Expected peak
True

Figure 27: Resulting CP averaged observables as functions of q2 from simulataneous fits to B0

and B0 amplitudes in ensembles of simulated data generated according to the SM with.
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A bias at the level of 0.5σ is apparent in some observables, most notably S4, S2s and955

S2c. All of these observables contain the amplitude Re(AL‖ ). For example the S4 observable956

is related to J4 which in turn can be written in terms of the amplitudes in the fixed-basis957

as J4 = Re(AL‖ )Re(AL0 ). As such it is instructive to look for potential biases in AL‖ and958

AL0 . Fig. 28 shows the peak position, 1 and 2 σ bands of these two amplitudes resulting959

from the ensemble of fits to the simulated data. It is evident that the bias in S4 is arising960

from the bias in AL‖ .961

The main reason behind this bias arises from an accidental approximate discrete962

symmetry of Eq. 89, as discussed in Sec. 6.4.4. This accidental symmetry is most evident in963

models where the right handed Wilson Coefficients are zero, such as the SM. A systematic964

uncertainty given by the difference between the peak position of the ensemble fits and the965

true value derived from the SM, is a conservative estimate of this uncertainty. Fig. 29966

shows the comparison of the results of Re(AL‖ ) from fits to ensembles of simulated data967

generated according to the SM and to a model with large right handed Wilson coefficients.968

However since this bias arises due to a genuine degenaracy of the angular distribution,969

such a systematic uncertainty would not be required if all the two-dimensional profiles970

between all the parameterers of interest where provided, as the likelihood surface itself971

would encode the second solution.972

973
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Figure 28: Resulting amplitudes as a functions of q2 from fits to ensembles of simulated data

generated according the SM which enter int the calculation of J4 and therefore S4. Left for

Re(AL‖ ) and right for Re(AL0 ). There is a clear bias in Re(AL‖ ) as discussed in the text.

975

976

977

81



)4/c2 (GeV2q
2 4 6

)
L

R
e(

A

-0.4

-0.2

0

0.2

0.4
68% C.L.
95% C.L.
Expected peak
True

)4/c2 (GeV2q
2 4 6

)
L

R
e(

A

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4 68% C.L.
95% C.L.
Expected peak
True

Figure 29: Resulting Re(AL‖ ) amplitudes as a functions of q2 from fits to ensembles of simulated

data generated according the SM (left) to a model with large right handed Wilson coefficients

(right). The level of bias is reduced in models with non-zero right handed Wilson coefficients.
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6.4.11 Uncertainty estimation981

Table 30 summarises the pull mean and width of the amplitudes at a point in q2. In order982

to discern any statistical bias from the bias originating from the approximate symmetries983

discussed in Sec. 6.4.4, a point in q2 is chosen such that minimises the bias from the984

approximate symmetries.985

The pull means and widths are largely consistent with zero and unity, respectively,986

indicating that the likelihood is a good estimator of the uncertainty of the amplitudes.987

The residual bias in AR‖ arises from the additional approximate symmetry between AR‖988

and AR⊥ discussed in Sec. 6.4.4.989

The one dimensional profile likelihoods of the individual B0 amplitude coefficients from990

a fit to B0 amplitudes to a single toy dataset, are shown in Figs. 30 and 31 . The red lines991

indicate the 1,2 and 3 σ intervals as given by the HESSE error.992

The two dimensional profile likelihoods for Im(AL‖ ) of the B̄ are shown in Figs. 32, 33,993

34 . More can be found in Appendix J. The ellipse corresponds to the one standard deviation994

value provided by HESSE. It is clear that the HESSE matrix gives a good approximation995

to the likelihood surface. However there are cases where the error is asymmetric. As996

long as the shape of the likelihood surface faithfully represents the statistical uncertainty997

obtained from fits to ensembles of toy-data, these profiles an be used to determine the998

uncertainty of the amplitude parameters. Otherwise a technique such as Feldman-Cousins999

will need to be employed in order to guarantee correct statistical coverage. Given the1000

large correlations between the parameters of interest, a multidimensional Feldman-Cousins1001

technique would have to be employed, which can be computationally expensive.1002

Unfortunately post unblinding has revealed multiple minima closely sepa-1003

rated. This fact makes the use of the correlations obtained from 2D likelihood1004

surfaces close to a single minimum a bad approximation. Techniques such as1005

bootstraping the data in order to obtain the coverage of the observables is1006
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Table 30: Means and widths of the pull distributions of the P-wave amplitudes at q2 =
2.4 GeV2/c4, obtained from fits to ensembles of simulated data samples in Scenario-I. The pull is
defined as (Fit-SM)/σMeas. where σMeas. is the error on the measured quantity obtained using
the error matrix of the fit. The deviation of the pull mean of Re(AR‖ ) from zero arises due to the
residual bias from the approximate symmetry of the angular distribution.

Parameter Pull mean Pull width

Re(AL0 )B0 −0.03± 0.02 0.97± 0.03

Re(AL‖ )B0 0.00± 0.02 1.01± 0.03

Im(AL‖ )B0 0.01± 0.02 1.02± 0.03

Re(AR‖ )B0 0.22± 0.02 0.90± 0.03

Im(AR‖ )B0 −0.02± 0.02 0.94± 0.03

Re(AL⊥)B0 0.02± 0.02 0.97± 0.03

Im(AL⊥)B0 −0.04± 0.02 0.95± 0.03

Re(AR⊥)B0 −0.05± 0.02 0.94± 0.03

under investigation1007

6.4.12 Sensitivity to new physics1008

The expected sensitivity to the effects of new physics is estimated by generating a large1009

number of simulated data samples according to the SM (null dataset) and a NP model1010

(test dataset) where CNP
9 = −1.5. The EOS program is used to generate these two models1011

using their central value predictions. Two fits are then performed to each of these two1012

separate ensembles. One where all the amplitude parameters are fixed to their SM values1013

(null hypothesis) and one where the amplitude parameters are fixed to the values given1014

by the model with CNP
9 = −1.5 (test hypothesis). The background components, yields1015

and S-wave amplitude parameters are treated as nuisances and are left floating in each fit.1016

The test statistics are defined as1017

QNP = −2(NLLNP1 − NLLNP0 )

QSM = −2(NLLSM1 − NLLSM0 ), (97)

where NLLSM,NP
0,1 corresponds to the negative log likelihood value of the test or null1018

hypothesis on a test or null dataset. The expected sensitivity to a model with CNP
9 = −1.51019

is then estimated by counting the fraction of the toys with a value of QSM ≤ Q̄NP , where1020

Q̄NP is the median of the QNP distribution. Figure 35 shows the distribution of the test1021

statistic for both the null and test hypotheses in simultaneous fits to B and B̄ candidates.1022

The probability for the null hypothesis to fluctuate such that it gives a test statistic as1023

83



)L Re(Aα B
-0.5 0 0.5

N
L

L
∆

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

)L Re(Aγ B
-0.5 0 0.5

N
L

L
∆

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

)L Im(Aα B
-0.2 0 0.2

N
L

L
∆

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

)L Im(Aβ B
-0.05 0 0.05

N
L

L
∆

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

)L Im(Aγ B
-0.4 -0.2 0 0.2

N
L

L
∆

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

)L Re(Aα B
-0.4 -0.2 0 0.2

N
L

L
∆

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

)L Re(Aβ B
0 0.05

N
L

L
∆

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

)L Re(Aγ B
-0.2 0 0.2 0.4

N
L

L
∆

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

)L Im(Aα B
-0.2 0 0.2 0.4

N
L

L
∆

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

)L Im(Aβ B
-0.05 0 0.05

N
L

L
∆

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

)L Im(Aγ B
-0.5 0

N
L

L
∆

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

)L
0

 Re(Aα B
-0.2 0

N
L

L
∆

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

)L

0
 Re(Aβ B

-0.04 -0.02 0 0.02

N
L

L
∆

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

)L
0

 Re(Aγ B
-0.2 0 0.2

N
L

L
∆

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

Figure 30: One dimensional profile likelihoods of left handed B0 amplitude coefficients from

a fit to a single toy dataset. A good agreement between the HESSE errors (red lines) and the

likelihood profile is observed up to at least 2 standard deviations.

low or lower than the median of the test hypothesis (i.e QSM ≤ Q̄NP ) corresponds to a1024

significance of ∼ 6.5σ. It must be stressed at this point that the theory uncertainties1025

related to each model are not accounted for. Including these theory uncertainties is beyond1026
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Figure 31: One dimensional profile likelihoods of right handed B0 amplitude coefficients from

a fit to a single toy dataset. A good agreement between the HESSE errors (red lines) and the

likelihood profile is observed up to at least 2 standard deviations.

the scope of the current analysis. In order to maximise the sensitivity to models that have1027

real Wilson coefficients, the B and B̄ candidats could be combined doubling the available1028

statistical precision and thus, increasing the statistical sensitivity by a factor of
√

2.1029

6.4.13 Fit validation on data using B0→ J/ψK∗01030

Just as in Sec. 6.2.11, the fit model is validated by fitting B0 → J/ψK∗0 data and1031

comparing to the published LHCb result [20]. The q2 parametrisation of the amplitudes1032

cannot describe the J/ψ line-shape. In order to maintain the q2 parametrisation of the1033

fit without having to integrate over q2, a flat q2 distribution is generated to replace the1034

J/ψ lineshape. The results of the fit in the region 796 < mKπ < 996 GeV2/c4 to angular1035

observables according to Eqs. 13 and 22. The uncertainties are estimated by propagating1036

the error matrix of the fit to the expresion of the angular observables. Fig. 36 shows the1037

mass and angular distribution projections of the data. The small descrepancy observed in1038

cos θK around -0.5 is compatible with the presence of an exotic Z state decaying to J/ψπ.1039

Table 31 summarises the results of fits to B0→ J/ψK∗0 data obtained from fits to1040

observables taken from Tab. 31 and from fits to spin amplitudes. Both methods are in good1041
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Table 31: Comparison of results of the angular fit of the decay B0→ J/ψK∗0 from fits to
observables taken from Tab. ??, with the results obtained from fits to the spin amplitudes.

mKπ range [796, 996] MeV/c2

parameter Observables Amplitudes
Ss1 0.331± 0.001 0.330± 0.001
S3 0.000± 0.002 0.000± 0.002
S4 −0.256± 0.002 −0.245± 0.001
S5 −0.002± 0.002 −0.002± 0.002
Ss6 0.000± 0.002 0.000± 0.002
S7 0.001± 0.002 0.001± 0.002
S8 −0.053± 0.002 −0.052± 0.002
S9 −0.090± 0.002 −0.092± 0.002
FS 0.087± 0.003 0.089± 0.002
SS1 −0.234± 0.003 −0.302± 0.002
SS2 0.023± 0.002 0.022± 0.002
SS3 0.003± 0.002 0.002± 0.002
SS4 0.001± 0.002 0.001± 0.002
SS5 −0.068± 0.002 −0.051± 0.002

agreement. Some small descrepancy remains in S1s however this is a nuisance parameter1042

in our fit.1043
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1.23863 0.755696 0.420516 0.218538 0.125674 0.128444 0.221749 0.405094 0.678098 1.04456

1.34792 0.891562 0.586295 0.410283 0.32401 0.322099 0.406379 0.578524 0.843521 1.20512

1.55701 1.12348 0.844094 0.695529 0.614153 0.607369 0.685137 0.853024 1.11577 1.47851

1.86699 1.44778 1.181 1.05188 0.98785 0.983552 1.06224 1.23301 1.50197 1.87066
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2.6111 2.0406 1.60414 1.30103 1.13024 1.09011 1.17864 1.39283 1.72852 2.18019

2.13905 1.57055 1.13863 0.842867 0.680868 0.649868 0.747137 0.966194 1.30169 1.74584

1.76866 1.20648 0.784513 0.500088 0.350479 0.330665 0.434917 0.655884 0.984973 1.41424

1.49318 0.943818 0.536509 0.268479 0.133359 0.12455 0.233033 0.450198 0.767773 1.17838

1.31238 0.780832 0.393542 0.144894 0.0258617 0.0254568 0.133584 0.342162 0.644311 1.03641

1.2275 0.718071 0.355207 0.128775 0.0246829 0.0284829 0.131065 0.327211 0.613055 0.989706

1.23863 0.755696 0.420516 0.218538 0.125674 0.128444 0.221749 0.405094 0.678098 1.04456

1.34792 0.891562 0.586295 0.410283 0.32401 0.322099 0.406379 0.578524 0.843521 1.20512

1.55701 1.12348 0.844094 0.695529 0.614153 0.607369 0.685137 0.853024 1.11577 1.47851

1.86699 1.44778 1.181 1.05188 0.98785 0.983552 1.06224 1.23301 1.50197 1.87066

1.96029 1.55574 1.30624 1.17935 1.10975 1.12202 1.22428 1.42148 1.71705 2.11413

1.60475 1.17739 0.901215 0.742721 0.665879 0.67514 0.774375 0.966724 1.2551 1.64279

1.36895 0.914188 0.606541 0.423609 0.340099 0.348685 0.448268 0.639955 0.925032 1.30643

1.24488 0.762834 0.426264 0.221189 0.127638 0.135238 0.23735 0.431564 0.716654 1.09462

1.2244 0.718063 0.355512 0.129566 0.024998 0.0288803 0.133869 0.332909 0.620725 0.998213

1.29758 0.771119 0.388621 0.143196 0.0256762 0.0250511 0.131248 0.335391 0.628919 1.00818

1.45588 0.915334 0.517148 0.256779 0.12669 0.119266 0.225021 0.43367 0.73442 1.11897

1.6916 1.14318 0.734987 0.463109 0.323038 0.30886 0.412646 0.62451 0.933596 1.32813

2.00371 1.45258 1.03892 0.760166 0.612987 0.593155 0.694346 0.909647 1.22711 1.63482

2.39612 1.84707 1.43306 1.15187 1.00148 0.977631 1.07773 1.2947 1.62119 2.04532
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1.96029 1.55574 1.30624 1.17935 1.10975 1.12202 1.22428 1.42148 1.71705 2.11413

1.60475 1.17739 0.901215 0.742721 0.665879 0.67514 0.774375 0.966724 1.2551 1.64279

1.36895 0.914188 0.606541 0.423609 0.340099 0.348685 0.448268 0.639955 0.925032 1.30643

1.24488 0.762834 0.426264 0.221189 0.127638 0.135238 0.23735 0.431564 0.716654 1.09462

1.2244 0.718063 0.355512 0.129566 0.024998 0.0288803 0.133869 0.332909 0.620725 0.998213

1.29758 0.771119 0.388621 0.143196 0.0256762 0.0250511 0.131248 0.335391 0.628919 1.00818

1.45588 0.915334 0.517148 0.256779 0.12669 0.119266 0.225021 0.43367 0.73442 1.11897

1.6916 1.14318 0.734987 0.463109 0.323038 0.30886 0.412646 0.62451 0.933596 1.32813

2.00371 1.45258 1.03892 0.760166 0.612987 0.593155 0.694346 0.909647 1.22711 1.63482

2.39612 1.84707 1.43306 1.15187 1.00148 0.977631 1.07773 1.2947 1.62119 2.04532

1.76855 1.32016 1.01985 0.853381 0.76977 0.747217 0.799883 0.939289 1.1743 1.50911

1.49697 1.04907 0.755144 0.601064 0.514378 0.485182 0.534519 0.673252 0.90733 1.2426

1.31838 0.856776 0.549903 0.382385 0.294892 0.275541 0.336813 0.486715 0.731421 1.07529

1.22892 0.743695 0.409387 0.213181 0.122276 0.118027 0.198959 0.37011 0.635238 0.997716

1.23577 0.720929 0.354981 0.128779 0.0248883 0.0275824 0.127729 0.322361 0.613499 1.00128

1.34711 0.803259 0.405745 0.14963 0.0271033 0.0259485 0.135729 0.350496 0.666228 1.08151

1.57264 1.00293 0.577524 0.293766 0.148198 0.132926 0.241495 0.465796 0.799875 1.24011

1.92128 1.33052 0.881518 0.572998 0.403044 0.369114 0.465174 0.687275 1.02894 1.48459

2.40406 1.79686 1.32896 0.999304 0.807107 0.751438 0.829497 1.03863 1.37474 1.83357

3.03302 2.41467 1.93258 1.58601 1.37489 1.29869 1.35648 1.54687 1.86766 2.31576
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1.76855 1.32016 1.01985 0.853381 0.76977 0.747217 0.799883 0.939289 1.1743 1.50911

1.49697 1.04907 0.755144 0.601064 0.514378 0.485182 0.534519 0.673252 0.90733 1.2426

1.31838 0.856776 0.549903 0.382385 0.294892 0.275541 0.336813 0.486715 0.731421 1.07529

1.22892 0.743695 0.409387 0.213181 0.122276 0.118027 0.198959 0.37011 0.635238 0.997716

1.23577 0.720929 0.354981 0.128779 0.0248883 0.0275824 0.127729 0.322361 0.613499 1.00128

1.34711 0.803259 0.405745 0.14963 0.0271033 0.0259485 0.135729 0.350496 0.666228 1.08151

1.57264 1.00293 0.577524 0.293766 0.148198 0.132926 0.241495 0.465796 0.799875 1.24011

1.92128 1.33052 0.881518 0.572998 0.403044 0.369114 0.465174 0.687275 1.02894 1.48459

2.40406 1.79686 1.32896 0.999304 0.807107 0.751438 0.829497 1.03863 1.37474 1.83357

3.03302 2.41467 1.93258 1.58601 1.37489 1.29869 1.35648 1.54687 1.86766 2.31576

2.11217 1.62076 1.26628 1.04754 0.962349 1.00818 1.18097 1.47673 1.8898 2.41457

1.68342 1.19341 0.845256 0.636535 0.565104 0.626317 0.814804 1.12937 1.56615 2.12221

1.39149 0.903137 0.559437 0.356369 0.29021 0.355694 0.548855 0.865753 1.30094 1.85514

1.24029 0.746424 0.396615 0.186539 0.11041 0.162448 0.335916 0.624125 1.01668 1.49865

1.23772 0.726306 0.356251 0.122453 0.0191593 0.0406056 0.177189 0.418789 0.746599 1.13809

1.39868 0.857496 0.454577 0.185004 0.0438777 0.0251849 0.121811 0.322344 0.615463 0.993672

1.75505 1.17631 0.733767 0.42376 0.2418 0.183031 0.241867 0.411987 0.686111 1.06215

2.356 1.73715 1.25428 0.904287 0.683628 0.588698 0.61564 0.760109 1.01965 1.39073

3.25813 2.6004 2.07951 1.69293 1.43814 1.31219 1.31302 1.4382 1.68479 2.05102

4.51439 3.82123 3.2662 2.84762 2.56426 2.41243 2.39254 2.50155 2.73807 3.1007
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2.11217 1.62076 1.26628 1.04754 0.962349 1.00818 1.18097 1.47673 1.8898 2.41457

1.68342 1.19341 0.845256 0.636535 0.565104 0.626317 0.814804 1.12937 1.56615 2.12221

1.39149 0.903137 0.559437 0.356369 0.29021 0.355694 0.548855 0.865753 1.30094 1.85514

1.24029 0.746424 0.396615 0.186539 0.11041 0.162448 0.335916 0.624125 1.01668 1.49865

1.23772 0.726306 0.356251 0.122453 0.0191593 0.0406056 0.177189 0.418789 0.746599 1.13809

1.39868 0.857496 0.454577 0.185004 0.0438777 0.0251849 0.121811 0.322344 0.615463 0.993672

1.75505 1.17631 0.733767 0.42376 0.2418 0.183031 0.241867 0.411987 0.686111 1.06215

2.356 1.73715 1.25428 0.904287 0.683628 0.588698 0.61564 0.760109 1.01965 1.39073

3.25813 2.6004 2.07951 1.69293 1.43814 1.31219 1.31302 1.4382 1.68479 2.05102

4.51439 3.82123 3.2662 2.84762 2.56426 2.41243 2.39254 2.50155 2.73807 3.1007

3.86199 3.23806 2.75017 2.39584 2.17213 2.07802 2.11098 2.26923 2.55034 2.9536

2.80302 2.20708 1.74602 1.4159 1.21474 1.13902 1.1858 1.35246 1.63675 2.03606

2.05836 1.49094 1.05773 0.754112 0.577063 0.521952 0.58467 0.761815 1.04864 1.4443

1.5783 1.03746 0.6312 0.355131 0.20339 0.170662 0.251128 0.439111 0.729357 1.1198

1.31343 0.79458 0.413099 0.162856 0.0360884 0.0272076 0.126226 0.324708 0.615305 0.996506

1.22143 0.717865 0.354298 0.125544 0.0216854 0.0349804 0.153405 0.363224 0.651343 1.01997

1.26713 0.771231 0.418475 0.203628 0.116963 0.150972 0.292901 0.525912 0.826577 1.18922

1.42855 0.933925 0.58324 0.372229 0.295029 0.344805 0.513593 0.792112 1.16216 1.55982

1.69369 1.19661 0.842729 0.62903 0.551536 0.605618 0.7872 1.09309 1.52107 2.06761

2.06918 1.56965 1.21074 0.990617 0.90618 0.953659 1.12967 1.42948 1.85086 2.38815
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3.86199 3.23806 2.75017 2.39584 2.17213 2.07802 2.11098 2.26923 2.55034 2.9536

2.80302 2.20708 1.74602 1.4159 1.21474 1.13902 1.1858 1.35246 1.63675 2.03606

2.05836 1.49094 1.05773 0.754112 0.577063 0.521952 0.58467 0.761815 1.04864 1.4443

1.5783 1.03746 0.6312 0.355131 0.20339 0.170662 0.251128 0.439111 0.729357 1.1198

1.31343 0.79458 0.413099 0.162856 0.0360884 0.0272076 0.126226 0.324708 0.615305 0.996506

1.22143 0.717865 0.354298 0.125544 0.0216854 0.0349804 0.153405 0.363224 0.651343 1.01997

1.26713 0.771231 0.418475 0.203628 0.116963 0.150972 0.292901 0.525912 0.826577 1.18922

1.42855 0.933925 0.58324 0.372229 0.295029 0.344805 0.513593 0.792112 1.16216 1.55982

1.69369 1.19661 0.842729 0.62903 0.551536 0.605618 0.7872 1.09309 1.52107 2.06761

2.06918 1.56965 1.21074 0.990617 0.90618 0.953659 1.12967 1.42948 1.85086 2.38815

6.04721 5.25763 4.60767 4.09605 3.72248 3.48469 3.38221 3.41389 3.57741 3.87248

4.16122 3.41934 2.81543 2.34856 2.01696 1.8179 1.75001 1.81173 2.00047 2.31454

2.83633 2.14972 1.6011 1.18752 0.9068 0.756136 0.732141 0.831535 1.05091 1.38794

1.98632 1.35948 0.871679 0.519269 0.299176 0.207547 0.239185 0.388347 0.648137 1.0126

1.49737 0.928472 0.500293 0.209314 0.0519504 0.02382 0.120282 0.334518 0.656529 1.07016

1.26518 0.742366 0.362855 0.122526 0.0174309 0.0433091 0.19634 0.471905 0.8648 1.36772

1.22815 0.733359 0.384283 0.175903 0.104297 0.165243 0.354652 0.670258 1.10825 1.66513

1.38696 0.898104 0.55402 0.352819 0.290262 0.360743 0.561648 0.888839 1.33969 1.91196

1.77308 1.27328 0.915498 0.698169 0.618454 0.673234 0.857173 1.16677 1.59494 2.13713

2.40818 1.89663 1.51975 1.27767 1.16902 1.19152 1.34187 1.61596 2.00767 2.51033
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6.04721 5.25763 4.60767 4.09605 3.72248 3.48469 3.38221 3.41389 3.57741 3.87248

4.16122 3.41934 2.81543 2.34856 2.01696 1.8179 1.75001 1.81173 2.00047 2.31454

2.83633 2.14972 1.6011 1.18752 0.9068 0.756136 0.732141 0.831535 1.05091 1.38794

1.98632 1.35948 0.871679 0.519269 0.299176 0.207547 0.239185 0.388347 0.648137 1.0126

1.49737 0.928472 0.500293 0.209314 0.0519504 0.02382 0.120282 0.334518 0.656529 1.07016

1.26518 0.742366 0.362855 0.122526 0.0174309 0.0433091 0.19634 0.471905 0.8648 1.36772

1.22815 0.733359 0.384283 0.175903 0.104297 0.165243 0.354652 0.670258 1.10825 1.66513

1.38696 0.898104 0.55402 0.352819 0.290262 0.360743 0.561648 0.888839 1.33969 1.91196

1.77308 1.27328 0.915498 0.698169 0.618454 0.673234 0.857173 1.16677 1.59494 2.13713

2.40818 1.89663 1.51975 1.27767 1.16902 1.19152 1.34187 1.61596 2.00767 2.51033

2.31435 1.80005 1.40166 1.1169 0.942729 0.876859 0.915358 1.05762 1.30203 1.648

1.91219 1.40804 1.02324 0.75269 0.592424 0.539202 0.590205 0.742646 0.994917 1.34637

1.59406 1.09516 0.722151 0.465602 0.320969 0.282573 0.347267 0.512635 0.774773 1.13314

1.36785 0.870733 0.505331 0.261027 0.130635 0.10914 0.190458 0.370311 0.645284 1.01344

1.24318 0.743394 0.380761 0.145476 0.0285359 0.0228329 0.122934 0.321467 0.61339 0.995247

1.22746 0.723354 0.359138 0.128019 0.0211671 0.0307342 0.14972 0.370861 0.685014 1.08512

1.33104 0.819727 0.450321 0.219734 0.118909 0.139769 0.276886 0.522128 0.864302 1.28844

1.56214 1.04244 0.66732 0.432324 0.331945 0.359736 0.511712 0.778578 1.15219 1.60956

1.93421 1.40428 1.02013 0.778321 0.674639 0.704818 0.863223 1.14613 1.5463 2.04989

2.4581 1.91695 1.52299 1.27269 1.16243 1.18933 1.34955 1.63907 2.05429 2.59108
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2.31435 1.80005 1.40166 1.1169 0.942729 0.876859 0.915358 1.05762 1.30203 1.648

1.91219 1.40804 1.02324 0.75269 0.592424 0.539202 0.590205 0.742646 0.994917 1.34637

1.59406 1.09516 0.722151 0.465602 0.320969 0.282573 0.347267 0.512635 0.774773 1.13314

1.36785 0.870733 0.505331 0.261027 0.130635 0.10914 0.190458 0.370311 0.645284 1.01344

1.24318 0.743394 0.380761 0.145476 0.0285359 0.0228329 0.122934 0.321467 0.61339 0.995247

1.22746 0.723354 0.359138 0.128019 0.0211671 0.0307342 0.14972 0.370861 0.685014 1.08512

1.33104 0.819727 0.450321 0.219734 0.118909 0.139769 0.276886 0.522128 0.864302 1.28844

1.56214 1.04244 0.66732 0.432324 0.331945 0.359736 0.511712 0.778578 1.15219 1.60956

1.93421 1.40428 1.02013 0.778321 0.674639 0.704818 0.863223 1.14613 1.5463 2.04989

2.4581 1.91695 1.52299 1.27269 1.16243 1.18933 1.34955 1.63907 2.05429 2.59108

2.41069 1.87783 1.49121 1.24686 1.14323 1.1746 1.33722 1.62592 2.03424 2.5247

1.91703 1.39037 1.00983 0.770496 0.669174 0.698709 0.855407 1.12875 1.50766 1.95761

1.56284 1.04275 0.668355 0.434118 0.331811 0.357175 0.500694 0.754577 1.10206 1.52561

1.33838 0.825478 0.456297 0.224526 0.120207 0.137628 0.266266 0.498337 0.819458 1.22357

1.23204 0.726738 0.361792 0.130859 0.0222622 0.0294806 0.143565 0.356149 0.658259 1.04687

1.2337 0.733868 0.372567 0.139962 0.0264458 0.0247366 0.125566 0.32318 0.611985 0.989597

1.33222 0.837705 0.477673 0.242248 0.123057 0.110612 0.202042 0.390639 0.671229 1.0432

1.52082 1.02914 0.668261 0.428076 0.301102 0.281457 0.364894 0.546635 0.8231 1.19392

1.7922 1.30115 0.937072 0.691895 0.557468 0.530904 0.606976 0.783639 1.05756 1.42875

2.1415 1.64849 1.27942 1.0277 0.886769 0.85291 0.924093 1.09664 1.36897 1.73963
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2.41069 1.87783 1.49121 1.24686 1.14323 1.1746 1.33722 1.62592 2.03424 2.5247

1.91703 1.39037 1.00983 0.770496 0.669174 0.698709 0.855407 1.12875 1.50766 1.95761

1.56284 1.04275 0.668355 0.434118 0.331811 0.357175 0.500694 0.754577 1.10206 1.52561

1.33838 0.825478 0.456297 0.224526 0.120207 0.137628 0.266266 0.498337 0.819458 1.22357

1.23204 0.726738 0.361792 0.130859 0.0222622 0.0294806 0.143565 0.356149 0.658259 1.04687

1.2337 0.733868 0.372567 0.139962 0.0264458 0.0247366 0.125566 0.32318 0.611985 0.989597

1.33222 0.837705 0.477673 0.242248 0.123057 0.110612 0.202042 0.390639 0.671229 1.0432

1.52082 1.02914 0.668261 0.428076 0.301102 0.281457 0.364894 0.546635 0.8231 1.19392

1.7922 1.30115 0.937072 0.691895 0.557468 0.530904 0.606976 0.783639 1.05756 1.42875

2.1415 1.64849 1.27942 1.0277 0.886769 0.85291 0.924093 1.09664 1.36897 1.73963

2.79054 2.21751 1.79008 1.50718 1.36671 1.36596 1.50201 1.77313 2.17465 2.70197

2.11441 1.56164 1.15493 0.892143 0.77138 0.786656 0.935821 1.21571 1.62139 2.14961

1.64067 1.1073 0.719061 0.473274 0.366618 0.392203 0.544437 0.822091 1.21794 1.72748

1.35166 0.834259 0.460943 0.226496 0.125259 0.149581 0.294361 0.555006 0.926685 1.40204

1.22721 0.721824 0.357643 0.12676 0.0205361 0.0332072 0.158139 0.392542 0.730384 1.16234

1.25245 0.754712 0.391544 0.153143 0.0321881 0.0217954 0.120659 0.324069 0.627341 1.02378

1.40848 0.913074 0.542126 0.286302 0.140912 0.105008 0.175372 0.348702 0.621639 0.991905

1.67497 1.17838 0.78936 0.508979 0.338211 0.27574 0.319325 0.466682 0.715841 1.06604

2.02455 1.52593 1.11418 0.810518 0.615461 0.529507 0.550788 0.677 0.907914 1.24298

2.43646 1.9118 1.50112 1.17962 0.967401 0.863141 0.86736 0.978691 1.1959 1.51973
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2.79054 2.21751 1.79008 1.50718 1.36671 1.36596 1.50201 1.77313 2.17465 2.70197

2.11441 1.56164 1.15493 0.892143 0.77138 0.786656 0.935821 1.21571 1.62139 2.14961

1.64067 1.1073 0.719061 0.473274 0.366618 0.392203 0.544437 0.822091 1.21794 1.72748

1.35166 0.834259 0.460943 0.226496 0.125259 0.149581 0.294361 0.555006 0.926685 1.40204

1.22721 0.721824 0.357643 0.12676 0.0205361 0.0332072 0.158139 0.392542 0.730384 1.16234

1.25245 0.754712 0.391544 0.153143 0.0321881 0.0217954 0.120659 0.324069 0.627341 1.02378

1.40848 0.913074 0.542126 0.286302 0.140912 0.105008 0.175372 0.348702 0.621639 0.991905

1.67497 1.17838 0.78936 0.508979 0.338211 0.27574 0.319325 0.466682 0.715841 1.06604

2.02455 1.52593 1.11418 0.810518 0.615461 0.529507 0.550788 0.677 0.907914 1.24298

2.43646 1.9118 1.50112 1.17962 0.967401 0.863141 0.86736 0.978691 1.1959 1.51973

1.98735 1.56652 1.293 1.16275 1.1699 1.30821 1.57118 1.95984 2.47259 3.10145

1.58717 1.14536 0.853124 0.705715 0.695999 0.818309 1.06695 1.4367 1.91983 2.51644

1.33187 0.867186 0.551527 0.378172 0.344874 0.441947 0.665405 1.00779 1.45964 2.01993

1.22386 0.73185 0.38754 0.185317 0.118902 0.183228 0.371424 0.676377 1.09216 1.61417

1.26297 0.739106 0.361374 0.122891 0.0178948 0.041712 0.188144 0.45156 0.824267 1.30407

1.44726 0.887031 0.46991 0.190117 0.0421307 0.0206618 0.120722 0.336519 0.662967 1.09716

1.77197 1.17106 0.710306 0.384959 0.189664 0.119036 0.169621 0.335764 0.61179 0.998405

2.23123 1.58563 1.07742 0.70284 0.456903 0.336448 0.335964 0.449353 0.674456 1.01041

2.81889 2.12521 1.56777 1.14138 0.844419 0.672136 0.618874 0.678717 0.849511 1.13393

3.52785 2.78466 2.17589 1.69848 1.34925 1.12397 1.01665 1.02118 1.1368 1.36869
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1.98735 1.56652 1.293 1.16275 1.1699 1.30821 1.57118 1.95984 2.47259 3.10145

1.58717 1.14536 0.853124 0.705715 0.695999 0.818309 1.06695 1.4367 1.91983 2.51644

1.33187 0.867186 0.551527 0.378172 0.344874 0.441947 0.665405 1.00779 1.45964 2.01993

1.22386 0.73185 0.38754 0.185317 0.118902 0.183228 0.371424 0.676377 1.09216 1.61417

1.26297 0.739106 0.361374 0.122891 0.0178948 0.041712 0.188144 0.45156 0.824267 1.30407

1.44726 0.887031 0.46991 0.190117 0.0421307 0.0206618 0.120722 0.336519 0.662967 1.09716

1.77197 1.17106 0.710306 0.384959 0.189664 0.119036 0.169621 0.335764 0.61179 0.998405

2.23123 1.58563 1.07742 0.70284 0.456903 0.336448 0.335964 0.449353 0.674456 1.01041

2.81889 2.12521 1.56777 1.14138 0.844419 0.672136 0.618874 0.678717 0.849511 1.13393

3.52785 2.78466 2.17589 1.69848 1.34925 1.12397 1.01665 1.02118 1.1368 1.36869

3.29253 2.60438 2.04786 1.61943 1.3152 1.13096 1.06096 1.0972 1.2343 1.47747

2.62035 1.97376 1.46035 1.07561 0.815258 0.674602 0.6482 0.729354 0.912388 1.20059

2.07569 1.46823 0.995969 0.653553 0.435914 0.33811 0.354643 0.479468 0.70678 1.03837

1.66224 1.09028 0.656189 0.353791 0.177131 0.120863 0.179279 0.346666 0.616561 0.989935

1.38308 0.842457 0.442474 0.176717 0.038506 0.0215934 0.120262 0.328022 0.639476 1.05257

1.24052 0.726443 0.356041 0.123554 0.0187836 0.0383678 0.17468 0.421009 0.771041 1.22085

1.23413 0.743026 0.397466 0.190929 0.116738 0.169029 0.339368 0.618215 1.00238 1.48691

1.36181 0.890783 0.565385 0.380193 0.329952 0.405853 0.602747 0.910213 1.32352 1.83865

1.62096 1.16552 0.855581 0.686282 0.652167 0.745565 0.959542 1.28712 1.72626 2.27118

2.00439 1.56022 1.26054 1.10011 1.07332 1.17472 1.39859 1.74509 2.20622 2.78091
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3.29253 2.60438 2.04786 1.61943 1.3152 1.13096 1.06096 1.0972 1.2343 1.47747

2.62035 1.97376 1.46035 1.07561 0.815258 0.674602 0.6482 0.729354 0.912388 1.20059

2.07569 1.46823 0.995969 0.653553 0.435914 0.33811 0.354643 0.479468 0.70678 1.03837

1.66224 1.09028 0.656189 0.353791 0.177131 0.120863 0.179279 0.346666 0.616561 0.989935

1.38308 0.842457 0.442474 0.176717 0.038506 0.0215934 0.120262 0.328022 0.639476 1.05257

1.24052 0.726443 0.356041 0.123554 0.0187836 0.0383678 0.17468 0.421009 0.771041 1.22085

1.23413 0.743026 0.397466 0.190929 0.116738 0.169029 0.339368 0.618215 1.00238 1.48691

1.36181 0.890783 0.565385 0.380193 0.329952 0.405853 0.602747 0.910213 1.32352 1.83865

1.62096 1.16552 0.855581 0.686282 0.652167 0.745565 0.959542 1.28712 1.72626 2.27118

2.00439 1.56022 1.26054 1.10011 1.07332 1.17472 1.39859 1.74509 2.20622 2.78091

3.43898 2.70168 2.0963 1.62189 1.27478 1.05131 0.945212 0.952796 1.07333 1.31252

2.76439 2.0785 1.52492 1.10177 0.806679 0.635766 0.583988 0.646478 0.820708 1.11043

2.1949 1.55921 1.05756 0.685281 0.441845 0.322776 0.323581 0.438951 0.666034 1.00513

1.74383 1.15395 0.699995 0.378072 0.184806 0.116185 0.167649 0.334441 0.612115 0.999761

1.42574 0.874889 0.463845 0.187703 0.0420293 0.0207006 0.120522 0.336071 0.661948 1.09698

1.25212 0.733517 0.358783 0.123273 0.0182639 0.0415471 0.185967 0.447044 0.818708 1.29836

1.22989 0.738117 0.393546 0.1904 0.122127 0.184034 0.368712 0.669396 1.08357 1.60428

1.36126 0.893968 0.574799 0.398335 0.359406 0.452486 0.669292 1.00632 1.45474 2.01392

1.64965 1.20172 0.902563 0.747725 0.731514 0.84814 1.09097 1.45303 1.93184 2.52315

2.09469 1.66292 1.37974 1.24097 1.24059 1.37461 1.63181 2.01305 2.51458 3.13311
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3.43898 2.70168 2.0963 1.62189 1.27478 1.05131 0.945212 0.952796 1.07333 1.31252

2.76439 2.0785 1.52492 1.10177 0.806679 0.635766 0.583988 0.646478 0.820708 1.11043

2.1949 1.55921 1.05756 0.685281 0.441845 0.322776 0.323581 0.438951 0.666034 1.00513

1.74383 1.15395 0.699995 0.378072 0.184806 0.116185 0.167649 0.334441 0.612115 0.999761

1.42574 0.874889 0.463845 0.187703 0.0420293 0.0207006 0.120522 0.336071 0.661948 1.09698

1.25212 0.733517 0.358783 0.123273 0.0182639 0.0415471 0.185967 0.447044 0.818708 1.29836

1.22989 0.738117 0.393546 0.1904 0.122127 0.184034 0.368712 0.669396 1.08357 1.60428

1.36126 0.893968 0.574799 0.398335 0.359406 0.452486 0.669292 1.00632 1.45474 2.01392

1.64965 1.20172 0.902563 0.747725 0.731514 0.84814 1.09097 1.45303 1.93184 2.52315

2.09469 1.66292 1.37974 1.24097 1.24059 1.37461 1.63181 2.01305 2.51458 3.13311

3.28192 2.55548 1.96982 1.52027 1.20174 1.0089 0.938226 0.986876 1.15264 1.43584

2.62167 1.93879 1.39796 0.994113 0.72137 0.573983 0.547635 0.637705 0.84035 1.15544

2.10834 1.46808 0.971072 0.611663 0.383565 0.281814 0.298874 0.431159 0.67124 1.01873

1.72068 1.12093 0.664709 0.347262 0.160624 0.101627 0.160688 0.333299 0.612167 0.992557

1.44441 0.881194 0.46341 0.185065 0.0387565 0.0195561 0.121225 0.335203 0.655297 1.0731

1.27613 0.747473 0.365022 0.122951 0.0156342 0.0371312 0.181689 0.442773 0.811875 1.27837

1.21957 0.721176 0.368855 0.159499 0.0870391 0.146526 0.333406 0.643437 1.07067 1.60441

1.278 0.802596 0.474877 0.289125 0.24109 0.325963 0.53956 0.878249 1.34092 1.92521

1.45642 0.999182 0.685783 0.513602 0.476447 0.568776 0.785283 1.12159 1.57153 2.12808

1.76204 1.31728 1.01459 0.849093 0.81477 0.905486 1.11489 1.43661 1.86337 2.38768
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3.28192 2.55548 1.96982 1.52027 1.20174 1.0089 0.938226 0.986876 1.15264 1.43584

2.62167 1.93879 1.39796 0.994113 0.72137 0.573983 0.547635 0.637705 0.84035 1.15544

2.10834 1.46808 0.971072 0.611663 0.383565 0.281814 0.298874 0.431159 0.67124 1.01873

1.72068 1.12093 0.664709 0.347262 0.160624 0.101627 0.160688 0.333299 0.612167 0.992557

1.44441 0.881194 0.46341 0.185065 0.0387565 0.0195561 0.121225 0.335203 0.655297 1.0731

1.27613 0.747473 0.365022 0.122951 0.0156342 0.0371312 0.181689 0.442773 0.811875 1.27837

1.21957 0.721176 0.368855 0.159499 0.0870391 0.146526 0.333406 0.643437 1.07067 1.60441

1.278 0.802596 0.474877 0.289125 0.24109 0.325963 0.53956 0.878249 1.34092 1.92521

1.45642 0.999182 0.685783 0.513602 0.476447 0.568776 0.785283 1.12159 1.57153 2.12808

1.76204 1.31728 1.01459 0.849093 0.81477 0.905486 1.11489 1.43661 1.86337 2.38768

1.93458 1.47584 1.15992 0.982379 0.937858 1.02024 1.22329 1.5407 1.96447 2.48701

1.55836 1.09162 0.770069 0.58906 0.543819 0.629431 0.840686 1.17339 1.62233 2.17848

1.3259 0.848204 0.516085 0.325398 0.270892 0.347912 0.553034 0.881275 1.33013 1.88156

1.2257 0.731561 0.382232 0.172297 0.0957997 0.146542 0.317958 0.601772 0.986244 1.45713

1.24678 0.730128 0.357753 0.122261 0.0167933 0.0345541 0.167514 0.408553 0.747119 1.1753

1.37416 0.832566 0.434362 0.170455 0.0344476 0.0202494 0.120193 0.326592 0.6316 1.03033

1.60069 1.0298 0.60218 0.308098 0.141091 0.0964551 0.16404 0.33964 0.615814 0.989882

1.92772 1.32403 0.861882 0.532828 0.333554 0.254476 0.290325 0.433483 0.681106 1.03068

2.37075 1.73079 1.23101 0.866223 0.628451 0.51137 0.510834 0.62091 0.837741 1.16261

2.95385 2.27672 1.73777 1.33288 1.05565 0.899758 0.861157 0.936186 1.12248 1.42237
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1.93458 1.47584 1.15992 0.982379 0.937858 1.02024 1.22329 1.5407 1.96447 2.48701

1.55836 1.09162 0.770069 0.58906 0.543819 0.629431 0.840686 1.17339 1.62233 2.17848

1.3259 0.848204 0.516085 0.325398 0.270892 0.347912 0.553034 0.881275 1.33013 1.88156

1.2257 0.731561 0.382232 0.172297 0.0957997 0.146542 0.317958 0.601772 0.986244 1.45713

1.24678 0.730128 0.357753 0.122261 0.0167933 0.0345541 0.167514 0.408553 0.747119 1.1753

1.37416 0.832566 0.434362 0.170455 0.0344476 0.0202494 0.120193 0.326592 0.6316 1.03033

1.60069 1.0298 0.60218 0.308098 0.141091 0.0964551 0.16404 0.33964 0.615814 0.989882

1.92772 1.32403 0.861882 0.532828 0.333554 0.254476 0.290325 0.433483 0.681106 1.03068

2.37075 1.73079 1.23101 0.866223 0.628451 0.51137 0.510834 0.62091 0.837741 1.16261

2.95385 2.27672 1.73777 1.33288 1.05565 0.899758 0.861157 0.936186 1.12248 1.42237

1.7538 1.30468 0.995635 0.822274 0.778677 0.858695 1.05581 1.36486 1.77997 2.29482

1.44009 0.980127 0.665128 0.489949 0.448808 0.53596 0.746335 1.07527 1.51853 2.07226

1.2667 0.789941 0.461113 0.27521 0.227232 0.311123 0.523313 0.86073 1.32059 1.90011

1.22082 0.718112 0.364268 0.154311 0.0831746 0.146141 0.339632 0.66105 1.10744 1.67728

1.29883 0.761032 0.371005 0.124129 0.0150994 0.0394714 0.193405 0.471894 0.871759 1.3872

1.50559 0.925519 0.491707 0.199788 0.0437197 0.019482 0.122441 0.345488 0.684433 1.13122

1.84929 1.22186 0.739815 0.398988 0.19141 0.11496 0.163341 0.330909 0.61178 1.00063

2.33916 1.66269 1.12861 0.734955 0.474241 0.343462 0.337013 0.45 0.678107 1.01845

2.99466 2.26602 1.67958 1.23124 0.916059 0.729281 0.667707 0.727302 0.905554 1.20169

3.84067 3.0622 2.42284 1.92148 1.55231 1.31238 1.19865 1.20852 1.34159 1.59597
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1.7538 1.30468 0.995635 0.822274 0.778677 0.858695 1.05581 1.36486 1.77997 2.29482

1.44009 0.980127 0.665128 0.489949 0.448808 0.53596 0.746335 1.07527 1.51853 2.07226

1.2667 0.789941 0.461113 0.27521 0.227232 0.311123 0.523313 0.86073 1.32059 1.90011

1.22082 0.718112 0.364268 0.154311 0.0831746 0.146141 0.339632 0.66105 1.10744 1.67728

1.29883 0.761032 0.371005 0.124129 0.0150994 0.0394714 0.193405 0.471894 0.871759 1.3872

1.50559 0.925519 0.491707 0.199788 0.0437197 0.019482 0.122441 0.345488 0.684433 1.13122

1.84929 1.22186 0.739815 0.398988 0.19141 0.11496 0.163341 0.330909 0.61178 1.00063

2.33916 1.66269 1.12861 0.734955 0.474241 0.343462 0.337013 0.45 0.678107 1.01845

2.99466 2.26602 1.67958 1.23124 0.916059 0.729281 0.667707 0.727302 0.905554 1.20169

3.84067 3.0622 2.42284 1.92148 1.55231 1.31238 1.19865 1.20852 1.34159 1.59597

2.4514 1.93889 1.55729 1.28576 1.11605 1.04375 1.06772 1.18794 1.40732 1.72806

1.97268 9.89092 1.09529 0.839118 0.688672 0.636904 0.680781 0.819644 1.05499 1.38938

1.61078 1.10815 0.741981 0.497934 0.363436 0.330475 0.39423 0.552045 0.804769 1.15293

1.36479 0.864143 0.501357 0.26474 0.143137 0.126702 0.209172 0.386149 0.656316 1.02031

1.23837 0.737402 0.374823 0.142065 0.0286895 0.0257844 0.125234 0.322285 0.611997 0.992675

1.23158 0.727915 0.363621 0.131876 0.0234879 0.0301477 0.144622 0.361076 0.670924 1.07066

1.34617 0.837469 0.469419 0.235543 0.128719 0.141715 0.268355 0.499754 0.831345 1.25321

1.58082 1.06703 0.692669 0.454272 0.345621 0.360806 0.49439 0.739062 1.08987 1.53705

1.93688 1.41519 1.03423 0.788794 0.675482 0.688675 0.823941 1.07697 1.44294 1.91265

2.41358 1.88318 1.4925 1.23833 1.11683 1.12493 1.25761 1.51357 1.88594 2.3723
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2.4514 1.93889 1.55729 1.28576 1.11605 1.04375 1.06772 1.18794 1.40732 1.72806

1.97268 9.89092 1.09529 0.839118 0.688672 0.636904 0.680781 0.819644 1.05499 1.38938

1.61078 1.10815 0.741981 0.497934 0.363436 0.330475 0.39423 0.552045 0.804769 1.15293

1.36479 0.864143 0.501357 0.26474 0.143137 0.126702 0.209172 0.386149 0.656316 1.02031

1.23837 0.737402 0.374823 0.142065 0.0286895 0.0257844 0.125234 0.322285 0.611997 0.992675

1.23158 0.727915 0.363621 0.131876 0.0234879 0.0301477 0.144622 0.361076 0.670924 1.07066

1.34617 0.837469 0.469419 0.235543 0.128719 0.141715 0.268355 0.499754 0.831345 1.25321

1.58082 1.06703 0.692669 0.454272 0.345621 0.360806 0.49439 0.739062 1.08987 1.53705

1.93688 1.41519 1.03423 0.788794 0.675482 0.688675 0.823941 1.07697 1.44294 1.91265

2.41358 1.88318 1.4925 1.23833 1.11683 1.12493 1.25761 1.51357 1.88594 2.3723

2.31493 1.79796 1.42132 1.18074 1.0725 1.09232 1.2367 1.49865 1.87521 2.358

1.87446 1.36298 0.99195 0.75698 0.652898 0.674507 0.816456 1.0731 1.43796 1.90185

1.5455 1.03829 0.671486 0.439812 0.337533 0.357115 0.493257 0.7392 1.08758 1.52899

1.32952 0.825184 0.460936 0.230636 0.126757 0.141543 0.268223 0.499709 0.828909 1.24607

1.22804 0.725168 0.362313 0.130983 0.0234155 0.0308255 0.14459 0.359775 0.667638 1.0643

1.24236 0.739991 0.376339 0.142693 0.0294286 0.0256294 0.125726 0.322738 0.611733 0.991205

1.37354 0.870657 0.504654 0.266489 0.144211 0.129325 0.213185 0.392504 0.663769 1.02798

1.62176 1.11591 0.747028 0.502165 0.369634 0.340143 0.407521 0.56936 0.824127 1.17429

1.98504 1.4768 1.10275 0.848766 0.703392 0.657449 0.708037 0.852763 1.09221 1.42892

2.4651 1.95188 1.57132 1.30456 1.14418 1.0809 1.11396 1.24203 1.46653 1.79086
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2.31493 1.79796 1.42132 1.18074 1.0725 1.09232 1.2367 1.49865 1.87521 2.358

1.87446 1.36298 0.99195 0.75698 0.652898 0.674507 0.816456 1.0731 1.43796 1.90185

1.5455 1.03829 0.671486 0.439812 0.337533 0.357115 0.493257 0.7392 1.08758 1.52899

1.32952 0.825184 0.460936 0.230636 0.126757 0.141543 0.268223 0.499709 0.828909 1.24607

1.22804 0.725168 0.362313 0.130983 0.0234155 0.0308255 0.14459 0.359775 0.667638 1.0643

1.24236 0.739991 0.376339 0.142693 0.0294286 0.0256294 0.125726 0.322738 0.611733 0.991205

1.37354 0.870657 0.504654 0.266489 0.144211 0.129325 0.213185 0.392504 0.663769 1.02798

1.62176 1.11591 0.747028 0.502165 0.369634 0.340143 0.407521 0.56936 0.824127 1.17429

1.98504 1.4768 1.10275 0.848766 0.703392 0.657449 0.708037 0.852763 1.09221 1.42892

2.4651 1.95188 1.57132 1.30456 1.14418 1.0809 1.11396 1.24203 1.46653 1.79086

2.59626 2.03767 1.61824 1.33528 1.18545 1.1665 1.27515 1.50856 1.86335 2.33712

2.05725 1.51403 1.11086 0.843889 0.709774 0.705152 0.82388 1.06392 1.42075 1.89022

1.65307 1.12365 0.73471 0.482205 0.360878 0.364232 0.489302 0.728056 1.0781 1.53282

1.382 0.864796 0.48816 0.246528 0.133324 0.141659 0.263496 0.495118 0.830284 1.26222

1.24196 0.734901 0.368082 0.133963 0.0242696 0.0297113 0.143819 0.360718 0.67499 1.08141

1.2304 0.730988 0.371096 0.140184 0.0288087 0.0255917 0.124808 0.32186 0.612881 0.99624

1.34488 0.849481 0.4926 0.26072 0.140449 0.122881 0.202787 0.377431 0.645991 1.00968

1.58062 1.0869 0.729601 0.490637 0.3555 0.317861 0.375255 0.527297 0.77533 1.12207

1.93543 1.43861 1.07688 0.824451 0.668172 0.606684 0.640586 0.771046 1.00086 1.33215

2.40477 1.89701 1.52764 1.2557 1.07323 0.986457 0.996605 1.10742 1.32045 1.6377
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2.59626 2.03767 1.61824 1.33528 1.18545 1.1665 1.27515 1.50856 1.86335 2.33712

2.05725 1.51403 1.11086 0.843889 0.709774 0.705152 0.82388 1.06392 1.42075 1.89022

1.65307 1.12365 0.73471 0.482205 0.360878 0.364232 0.489302 0.728056 1.0781 1.53282

1.382 0.864796 0.48816 0.246528 0.133324 0.141659 0.263496 0.495118 0.830284 1.26222

1.24196 0.734901 0.368082 0.133963 0.0242696 0.0297113 0.143819 0.360718 0.67499 1.08141

1.2304 0.730988 0.371096 0.140184 0.0288087 0.0255917 0.124808 0.32186 0.612881 0.99624

1.34488 0.849481 0.4926 0.26072 0.140449 0.122881 0.202787 0.377431 0.645991 1.00968

1.58062 1.0869 0.729601 0.490637 0.3555 0.317861 0.375255 0.527297 0.77533 1.12207

1.93543 1.43861 1.07688 0.824451 0.668172 0.606684 0.640586 0.771046 1.00086 1.33215

2.40477 1.89701 1.52764 1.2557 1.07323 0.986457 0.996605 1.10742 1.32045 1.6377

2.24614 1.75033 1.40326 1.1991 1.12928 1.18327 1.35135 1.62236 1.98604 2.43374

1.81594 1.31922 0.969604 0.76065 0.683301 0.72774 0.884147 1.14106 1.49015 1.92404

1.50184 1.00363 0.650841 0.436271 0.350299 0.383972 0.526561 0.769625 1.10381 1.52395

1.3035 0.803799 0.447246 0.225962 0.130425 0.152003 0.280811 0.509035 0.828174 1.23368

1.22221 0.72052 0.358843 0.129672 0.0232431 0.0330668 0.147385 0.359914 0.663677 1.05557

1.25744 0.753243 0.385065 0.147016 0.0298724 0.0253649 0.125642 0.323173 0.61176 0.989974

1.40925 0.901132 0.526747 0.27901 0.149907 0.131654 0.217135 0.399343 0.673128 1.03788

1.67668 1.16428 0.7825 0.52454 0.383102 0.350972 0.42163 0.588729 0.847944 1.19967

2.05853 1.54122 1.15149 0.88295 0.728993 0.683136 0.739207 0.891625 1.13675 1.47579

2.55335 2.03071 1.63271 1.35351 1.18717 1.12793 1.1696 1.30774 1.53947 1.86638
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2.24614 1.75033 1.40326 1.1991 1.12928 1.18327 1.35135 1.62236 1.98604 2.43374

1.81594 1.31922 0.969604 0.76065 0.683301 0.72774 0.884147 1.14106 1.49015 1.92404

1.50184 1.00363 0.650841 0.436271 0.350299 0.383972 0.526561 0.769625 1.10381 1.52395

1.3035 0.803799 0.447246 0.225962 0.130425 0.152003 0.280811 0.509035 0.828174 1.23368

1.22221 0.72052 0.358843 0.129672 0.0232431 0.0330668 0.147385 0.359914 0.663677 1.05557

1.25744 0.753243 0.385065 0.147016 0.0298724 0.0253649 0.125642 0.323173 0.61176 0.989974

1.40925 0.901132 0.526747 0.27901 0.149907 0.131654 0.217135 0.399343 0.673128 1.03788

1.67668 1.16428 0.7825 0.52454 0.383102 0.350972 0.42163 0.588729 0.847944 1.19967

2.05853 1.54122 1.15149 0.88295 0.728993 0.683136 0.739207 0.891625 1.13675 1.47579

2.55335 2.03071 1.63271 1.35351 1.18717 1.12793 1.1696 1.30774 1.53947 1.86638

2.4708 1.96134 1.57819 1.31682 1.16833 1.12775 1.18834 1.34273 1.58793 1.92483

1.99531 1.48839 1.11014 0.855882 0.715958 0.684906 0.755738 0.920402 1.17636 1.52219

1.63208 1.12705 0.754159 0.505769 0.375903 0.353453 0.434664 0.609995 0.876358 1.23276

1.38224 0.878652 0.510321 0.26818 0.146581 0.133785 0.225397 0.411715 0.688731 1.05474

1.24656 0.743998 0.378402 0.143526 0.0285937 0.026645 0.12835 0.325554 0.613573 0.990534

1.22541 0.723056 0.360921 0.131992 0.024097 0.0308279 0.143136 0.351481 0.650444 1.03782

1.31948 0.817141 0.458081 0.231973 0.132056 0.14827 0.269473 0.489251 0.799419 1.19704

1.52828 1.02553 0.667169 0.445897 0.352333 0.376046 0.507701 0.738267 1.05957 1.46769

1.85123 1.34796 0.990634 0.772625 0.684442 0.715859 0.856766 1.09768 1.43003 1.84859

2.28744 1.78367 1.42694 1.2114 1.12794 1.16618 1.31571 1.56666 1.90964 2.33855
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2.4708 1.96134 1.57819 1.31682 1.16833 1.12775 1.18834 1.34273 1.58793 1.92483

1.99531 1.48839 1.11014 0.855882 0.715958 0.684906 0.755738 0.920402 1.17636 1.52219

1.63208 1.12705 0.754159 0.505769 0.375903 0.353453 0.434664 0.609995 0.876358 1.23276

1.38224 0.878652 0.510321 0.26818 0.146581 0.133785 0.225397 0.411715 0.688731 1.05474

1.24656 0.743998 0.378402 0.143526 0.0285937 0.026645 0.12835 0.325554 0.613573 0.990534

1.22541 0.723056 0.360921 0.131992 0.024097 0.0308279 0.143136 0.351481 0.650444 1.03782

1.31948 0.817141 0.458081 0.231973 0.132056 0.14827 0.269473 0.489251 0.799419 1.19704

1.52828 1.02553 0.667169 0.445897 0.352333 0.376046 0.507701 0.738267 1.05957 1.46769

1.85123 1.34796 0.990634 0.772625 0.684442 0.715859 0.856766 1.09768 1.43003 1.84859

2.28744 1.78367 1.42694 1.2114 1.12794 1.16618 1.31571 1.56666 1.90964 2.33855

2.67209 2.12829 1.70698 1.40382 1.21201 1.1288 1.14905 1.26798 1.4853 1.80138

2.14723 1.61512 1.2072 0.919658 0.746897 0.68183 0.721088 0.858407 1.09267 1.42356

1.73796 1.21552 0.820862 0.550283 0.394779 0.348579 0.407825 0.564572 0.81667 1.16347

1.44527 0.931527 0.55006 0.293803 0.155672 0.12952 0.208879 0.385888 0.65696 1.02097

1.27216 0.765255 0.39431 0.152619 0.0315447 0.0249641 0.12416 0.321708 0.612597 0.994349

1.21993 0.718525 0.355967 0.127564 0.0226884 0.0336852 0.152754 0.371716 0.682887 1.08244

1.28989 0.791602 0.436572 0.218394 0.128314 0.157407 0.295563 0.535168 0.866973 1.28558

1.48219 0.986205 0.636634 0.427369 0.349958 0.394615 0.551591 0.811429 1.16361 1.60115

1.79677 1.30281 0.956651 0.754328 0.687442 0.746302 0.920476 1.19926 1.57172 2.02773

2.23255 1.73914 1.39607 1.19902 1.14078 1.21178 1.40133 1.69814 2.08975 2.56438
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2.67209 2.12829 1.70698 1.40382 1.21201 1.1288 1.14905 1.26798 1.4853 1.80138

2.14723 1.61512 1.2072 0.919658 0.746897 0.68183 0.721088 0.858407 1.09267 1.42356

1.73796 1.21552 0.820862 0.550283 0.394779 0.348579 0.407825 0.564572 0.81667 1.16347

1.44527 0.931527 0.55006 0.293803 0.155672 0.12952 0.208879 0.385888 0.65696 1.02097

1.27216 0.765255 0.39431 0.152619 0.0315447 0.0249641 0.12416 0.321708 0.612597 0.994349

1.21993 0.718525 0.355967 0.127564 0.0226884 0.0336852 0.152754 0.371716 0.682887 1.08244

1.28989 0.791602 0.436572 0.218394 0.128314 0.157407 0.295563 0.535168 0.866973 1.28558

1.48219 0.986205 0.636634 0.427369 0.349958 0.394615 0.551591 0.811429 1.16361 1.60115

1.79677 1.30281 0.956651 0.754328 0.687442 0.746302 0.920476 1.19926 1.57172 2.02773

2.23255 1.73914 1.39607 1.19902 1.14078 1.21178 1.40133 1.69814 2.08975 2.56438

2.00172 1.50084 1.14266 0.923983 0.840527 0.887158 1.05844 1.3492 1.75525 2.27347

1.71345 1.21296 0.855023 0.635594 0.549593 0.591387 0.755363 1.03643 1.4307 1.93478

1.46946 0.96949 0.611244 0.389821 0.299368 0.33423 0.487371 0.754155 1.13129 1.61482

1.29837 0.797863 0.438101 0.21314 0.116639 0.140584 0.278993 0.52802 0.882697 1.33872

1.22244 0.720082 0.357555 0.128089 0.0213586 0.0322153 0.152625 0.378009 0.704439 1.12631

1.25741 0.753868 0.387475 0.151108 0.0322667 0.0253001 0.12345 0.32151 0.616435 1.00452

1.41927 0.913239 0.5431 0.297454 0.163324 0.135683 0.209422 0.380426 0.648096 1.01217

1.72287 1.21497 0.839038 0.581627 0.43063 0.382149 0.433478 0.582804 0.832161 1.18264

2.18418 1.67393 1.29067 1.0205 0.853518 0.787459 0.821718 0.957257 1.19535 1.53837

2.81875 2.30598 1.91493 1.63352 1.45361 1.37489 1.39822 1.5249 1.75602 2.09381
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2.00172 1.50084 1.14266 0.923983 0.840527 0.887158 1.05844 1.3492 1.75525 2.27347

1.71345 1.21296 0.855023 0.635594 0.549593 0.591387 0.755363 1.03643 1.4307 1.93478

1.46946 0.96949 0.611244 0.389821 0.299368 0.33423 0.487371 0.754155 1.13129 1.61482

1.29837 0.797863 0.438101 0.21314 0.116639 0.140584 0.278993 0.52802 0.882697 1.33872

1.22244 0.720082 0.357555 0.128089 0.0213586 0.0322153 0.152625 0.378009 0.704439 1.12631

1.25741 0.753868 0.387475 0.151108 0.0322667 0.0253001 0.12345 0.32151 0.616435 1.00452

1.41927 0.913239 0.5431 0.297454 0.163324 0.135683 0.209422 0.380426 0.648096 1.01217

1.72287 1.21497 0.839038 0.581627 0.43063 0.382149 0.433478 0.582804 0.832161 1.18264

2.18418 1.67393 1.29067 1.0205 0.853518 0.787459 0.821718 0.957257 1.19535 1.53837

2.81875 2.30598 1.91493 1.63352 1.45361 1.37489 1.39822 1.5249 1.75602 2.09381

1.96973 1.49499 1.16805 0.986482 0.946462 1.04403 1.26995 1.55741 1.81454 2.14673

1.68947 1.19686 0.851313 0.64966 0.586536 0.654037 0.835794 1.07477 1.33994 1.67566

1.47009 0.966759 0.608944 0.392131 0.309143 0.348155 0.491871 0.709387 0.984017 1.32988

1.31524 0.807789 0.443875 0.217064 0.118448 0.136683 0.258153 0.465316 0.746298 1.10436

1.23199 0.727298 0.362032 0.130669 0.0232514 0.0289127 0.137698 0.339727 0.626284 0.998887

1.22838 0.730171 0.370099 0.139081 0.0276873 0.0277461 0.132444 0.333785 0.62787 1.01433

1.31263 0.826293 0.475176 0.24872 0.139896 0.139589 0.244955 0.451323 0.755637 1.15765

1.49305 1.02256 0.683847 0.467071 0.364533 0.371429 0.484809 0.700861 1.01803 1.4381

1.77966 1.32863 1.00701 0.804682 0.714973 0.734208 0.859924 1.09114 1.42681 1.86677

2.18508 1.75819 1.45766 1.27538 1.2046 1.24264 1.38857 1.63918 1.99569 2.45743
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1.96973 1.49499 1.16805 0.986482 0.946462 1.04403 1.26995 1.55741 1.81454 2.14673

1.68947 1.19686 0.851313 0.64966 0.586536 0.654037 0.835794 1.07477 1.33994 1.67566

1.47009 0.966759 0.608944 0.392131 0.309143 0.348155 0.491871 0.709387 0.984017 1.32988

1.31524 0.807789 0.443875 0.217064 0.118448 0.136683 0.258153 0.465316 0.746298 1.10436

1.23199 0.727298 0.362032 0.130669 0.0232514 0.0289127 0.137698 0.339727 0.626284 0.998887

1.22838 0.730171 0.370099 0.139081 0.0276873 0.0277461 0.132444 0.333785 0.62787 1.01433

1.31263 0.826293 0.475176 0.24872 0.139896 0.139589 0.244955 0.451323 0.755637 1.15765

1.49305 1.02256 0.683847 0.467071 0.364533 0.371429 0.484809 0.700861 1.01803 1.4381

1.77966 1.32863 1.00701 0.804682 0.714973 0.734208 0.859924 1.09114 1.42681 1.86677

2.18508 1.75819 1.45766 1.27538 1.2046 1.24264 1.38857 1.63918 1.99569 2.45743

2.36395 1.8166 1.39763 1.081 0.853843 0.719252 0.683634 0.753964 0.933139 1.22453

2.0217 1.48521 1.07884 0.780046 0.57449 0.463956 0.454884 0.551079 0.756397 1.07311

1.72739 1.19586 0.799311 0.517143 0.337777 0.259376 0.282626 0.412491 0.650836 0.999917

1.48568 0.959573 0.570734 0.305164 0.151207 0.105331 0.166588 0.335165 0.612154 0.99795

1.31049 0.79281 0.413448 0.165384 0.0357019 0.0219826 0.120808 0.328889 0.646919 1.07385

1.22387 0.719002 0.354058 0.123859 0.0200573 0.0376113 0.170323 0.41734 0.775665 1.24332

1.26051 0.773287 0.428033 0.21831 0.139353 0.184337 0.349882 0.631959 1.02601 1.5313
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Figure 32: Two dimensional profile likelihoods of a of Im(AL‖ ) of B̄ with other amplitude

parameters. The ellipse corresponds to the one standard deviation value provided by HESSE.

Values at -0.5 denote failed fits which need to be rerun with a different starting value.
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3.91172 3.60651 3.42842 3.37863 3.45771 3.66636 4.006 4.47569 5.07752 5.81018

2.3529 2.02851 1.82735 1.75075 1.79976 1.9759 2.27947 2.71245 3.2753 3.96872

1.4253 1.07785 0.847638 0.73749 0.747706 0.881313 1.14102 1.52818 2.04456 2.69044

1.04582 0.66961 0.401117 0.245626 0.205836 0.287747 0.494336 0.827747 1.29049 1.88373

1.08217 0.658793 0.335705 0.121196 0.0244263 0.0495242 0.2005 0.479192 0.888638 1.43027

1.33019 0.838101 0.455399 0.188317 0.0411244 0.0177223 0.121768 0.355076 0.720339 1.21862

1.60269 1.06517 0.643665 0.34078 0.160149 0.104501 0.177001 0.378971 0.714917 1.18596

1.8622 1.30504 0.867291 0.550676 0.357404 0.289464 0.351133 0.544301 0.87112 1.33301

2.12906 1.58461 1.15868 0.853467 0.672739 0.618307 0.692776 0.897259 1.23324 1.70023

2.52691 2.01566 1.62129 1.34684 1.19435 1.16711 1.26614 1.4909 1.84214 2.31843
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3.91172 3.60651 3.42842 3.37863 3.45771 3.66636 4.006 4.47569 5.07752 5.81018

2.3529 2.02851 1.82735 1.75075 1.79976 1.9759 2.27947 2.71245 3.2753 3.96872

1.4253 1.07785 0.847638 0.73749 0.747706 0.881313 1.14102 1.52818 2.04456 2.69044

1.04582 0.66961 0.401117 0.245626 0.205836 0.287747 0.494336 0.827747 1.29049 1.88373

1.08217 0.658793 0.335705 0.121196 0.0244263 0.0495242 0.2005 0.479192 0.888638 1.43027

1.33019 0.838101 0.455399 0.188317 0.0411244 0.0177223 0.121768 0.355076 0.720339 1.21862

1.60269 1.06517 0.643665 0.34078 0.160149 0.104501 0.177001 0.378971 0.714917 1.18596

1.8622 1.30504 0.867291 0.550676 0.357404 0.289464 0.351133 0.544301 0.87112 1.33301

2.12906 1.58461 1.15868 0.853467 0.672739 0.618307 0.692776 0.897259 1.23324 1.70023

2.52691 2.01566 1.62129 1.34684 1.19435 1.16711 1.26614 1.4909 1.84214 2.31843

1.6807 1.32363 1.0703 0.920662 0.876319 0.936899 1.10536 1.38271 1.77041 2.26856

1.37945 1.01599 0.754416 0.59582 0.539538 0.589083 0.744565 1.00964 1.38451 1.8718

1.16574 0.794891 0.5228 0.351658 0.283043 0.318352 0.460406 0.712064 1.07562 1.55532

1.04453 0.663013 0.379476 0.193801 0.109683 0.129603 0.257952 0.497834 0.852753 1.32968

1.0235 0.627703 0.327607 0.124032 0.0230182 0.0283124 0.144031 0.374661 0.725792 1.2035

1.1092 0.694116 0.372158 0.148851 0.0311056 0.0213651 0.127124 0.352566 0.703504 1.18459

1.30632 0.866264 0.518998 0.274317 0.13876 0.118474 0.218516 0.442795 0.79686 1.28388

1.61719 1.14436 0.769468 0.506302 0.358181 0.332296 0.430543 0.657817 1.0176 1.51214

2.03713 1.53001 1.13477 0.857677 0.703268 0.674766 0.775497 1.0081 1.375 1.87791

2.56306 2.03481 1.62755 1.34458 1.18861 1.16225 1.26782 1.50657 1.88185 2.39423
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1.6807 1.32363 1.0703 0.920662 0.876319 0.936899 1.10536 1.38271 1.77041 2.26856

1.37945 1.01599 0.754416 0.59582 0.539538 0.589083 0.744565 1.00964 1.38451 1.8718

1.16574 0.794891 0.5228 0.351658 0.283043 0.318352 0.460406 0.712064 1.07562 1.55532

1.04453 0.663013 0.379476 0.193801 0.109683 0.129603 0.257952 0.497834 0.852753 1.32968

1.0235 0.627703 0.327607 0.124032 0.0230182 0.0283124 0.144031 0.374661 0.725792 1.2035

1.1092 0.694116 0.372158 0.148851 0.0311056 0.0213651 0.127124 0.352566 0.703504 1.18459

1.30632 0.866264 0.518998 0.274317 0.13876 0.118474 0.218516 0.442795 0.79686 1.28388

1.61719 1.14436 0.769468 0.506302 0.358181 0.332296 0.430543 0.657817 1.0176 1.51214

2.03713 1.53001 1.13477 0.857677 0.703268 0.674766 0.775497 1.0081 1.375 1.87791

2.56306 2.03481 1.62755 1.34458 1.18861 1.16225 1.26782 1.50657 1.88185 2.39423

2.90457 2.32017 1.85112 1.50184 1.27187 1.15967 1.17121 1.31076 1.5827 1.98921

2.36229 1.80073 1.35217 1.01423 0.791733 0.689966 0.712598 0.866559 1.15307 1.57606

1.90993 1.37544 0.946336 0.629108 0.424911 0.341451 0.384473 0.55798 0.865158 1.30772

1.54557 1.03982 0.639626 0.348917 0.174719 0.119247 0.188002 0.387011 0.719374 1.18634

1.27185 0.800028 0.434663 0.179868 0.0392351 0.0184252 0.121427 0.351843 0.713709 1.21024

1.09532 0.661475 0.336287 0.121223 0.0211624 0.0404583 0.181486 0.449165 0.846503 1.37678

1.02117 0.628879 0.34628 0.175194 0.118646 0.180492 0.364513 0.673989 1.112 1.68092

1.05243 0.703395 0.466705 0.342083 0.331028 0.438119 0.667702 1.02205 1.50312 2.11489

1.19016 0.886092 0.697082 0.620262 0.657036 0.811306 1.08686 1.48748 2.01593 2.67174

1.4337 1.17565 1.03543 1.00898 1.09514 1.29756 1.62091 2.06857 2.64297 3.34592
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2.90457 2.32017 1.85112 1.50184 1.27187 1.15967 1.17121 1.31076 1.5827 1.98921

2.36229 1.80073 1.35217 1.01423 0.791733 0.689966 0.712598 0.866559 1.15307 1.57606

1.90993 1.37544 0.946336 0.629108 0.424911 0.341451 0.384473 0.55798 0.865158 1.30772

1.54557 1.03982 0.639626 0.348917 0.174719 0.119247 0.188002 0.387011 0.719374 1.18634

1.27185 0.800028 0.434663 0.179868 0.0392351 0.0184252 0.121427 0.351843 0.713709 1.21024

1.09532 0.661475 0.336287 0.121223 0.0211624 0.0404583 0.181486 0.449165 0.846503 1.37678

1.02117 0.628879 0.34628 0.175194 0.118646 0.180492 0.364513 0.673989 1.112 1.68092

1.05243 0.703395 0.466705 0.342083 0.331028 0.438119 0.667702 1.02205 1.50312 2.11489

1.19016 0.886092 0.697082 0.620262 0.657036 0.811306 1.08686 1.48748 2.01593 2.67174

1.4337 1.17565 1.03543 1.00898 1.09514 1.29756 1.62091 2.06857 2.64297 3.34592

1.5482 1.27757 1.11639 1.05976 1.11003 1.27303 1.55374 1.95564 2.48122 3.13256

1.26215 0.952531 0.750503 0.653325 0.664146 0.787902 1.02914 1.3913 1.87784 2.48938

1.08635 0.739483 0.498317 0.362349 0.334733 0.4203 0.62393 0.946919 1.39492 1.97012

1.02009 0.636953 0.359054 0.185767 0.12116 0.169969 0.337055 0.623985 1.03679 1.57817

1.05961 0.643216 0.330126 0.121529 0.0222081 0.0366484 0.16936 0.424072 0.805689 1.31758

1.20033 0.753829 0.408107 0.16742 0.0361588 0.0193826 0.122444 0.348515 0.703575 1.19116

1.43299 0.960178 0.587251 0.318906 0.161114 0.117877 0.195327 0.398772 0.732416 1.2

1.74862 1.25283 0.858599 0.571193 0.391182 0.328834 0.388121 0.575025 0.892004 1.34235

2.14245 1.62407 1.21336 0.911876 0.72216 0.65027 0.697322 0.8721 1.17733 1.61557

2.61112 2.07448 1.64986 1.33894 1.14602 1.06934 1.11523 1.28382 1.58275 2.01298
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1.5482 1.27757 1.11639 1.05976 1.11003 1.27303 1.55374 1.95564 2.48122 3.13256

1.26215 0.952531 0.750503 0.653325 0.664146 0.787902 1.02914 1.3913 1.87784 2.48938

1.08635 0.739483 0.498317 0.362349 0.334733 0.4203 0.62393 0.946919 1.39492 1.97012

1.02009 0.636953 0.359054 0.185767 0.12116 0.169969 0.337055 0.623985 1.03679 1.57817

1.05961 0.643216 0.330126 0.121529 0.0222081 0.0366484 0.16936 0.424072 0.805689 1.31758

1.20033 0.753829 0.408107 0.16742 0.0361588 0.0193826 0.122444 0.348515 0.703575 1.19116

1.43299 0.960178 0.587251 0.318906 0.161114 0.117877 0.195327 0.398772 0.732416 1.2

1.74862 1.25283 0.858599 0.571193 0.391182 0.328834 0.388121 0.575025 0.892004 1.34235

2.14245 1.62407 1.21336 0.911876 0.72216 0.65027 0.697322 0.8721 1.17733 1.61557

2.61112 2.07448 1.64986 1.33894 1.14602 1.06934 1.11523 1.28382 1.58275 2.01298

1.37739 1.1132 0.968148 0.937809 1.02091 1.21997 1.53757 1.97898 2.54577 3.23901

1.16589 0.857922 0.665661 0.586535 0.620547 0.771848 1.04369 1.4391 1.95999 2.60779

1.04647 0.695259 0.456722 0.330237 0.317398 0.422461 0.648342 0.998295 1.47281 2.07427

1.02223 0.628363 0.3453 0.173413 0.115933 0.17624 0.357882 0.662681 1.09373 1.65248

1.0958 0.661167 0.335661 0.121238 0.0212393 0.0393794 0.178962 0.44325 0.834973 1.35699

1.26832 0.796029 0.431402 0.177779 0.0388419 0.0188028 0.121501 0.350402 0.709256 1.2011

1.54192 1.0346 0.635497 0.347378 0.175797 0.122713 0.194049 0.394063 0.726153 1.19331

1.91232 1.37823 0.950253 0.63468 0.434899 0.356572 0.404188 0.581882 0.891709 1.33853

2.38217 1.82388 1.3761 1.04152 0.824232 0.726394 0.755912 0.915241 1.2087 1.6397

2.95386 2.37689 1.91371 1.56784 1.34037 1.23199 1.25041 1.39683 1.67772 2.0957
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1.37739 1.1132 0.968148 0.937809 1.02091 1.21997 1.53757 1.97898 2.54577 3.23901

1.16589 0.857922 0.665661 0.586535 0.620547 0.771848 1.04369 1.4391 1.95999 2.60779

1.04647 0.695259 0.456722 0.330237 0.317398 0.422461 0.648342 0.998295 1.47281 2.07427

1.02223 0.628363 0.3453 0.173413 0.115933 0.17624 0.357882 0.662681 1.09373 1.65248

1.0958 0.661167 0.335661 0.121238 0.0212393 0.0393794 0.178962 0.44325 0.834973 1.35699

1.26832 0.796029 0.431402 0.177779 0.0388419 0.0188028 0.121501 0.350402 0.709256 1.2011

1.54192 1.0346 0.635497 0.347378 0.175797 0.122713 0.194049 0.394063 0.726153 1.19331

1.91232 1.37823 0.950253 0.63468 0.434899 0.356572 0.404188 0.581882 0.891709 1.33853

2.38217 1.82388 1.3761 1.04152 0.824232 0.726394 0.755912 0.915241 1.2087 1.6397

2.95386 2.37689 1.91371 1.56784 1.34037 1.23199 1.25041 1.39683 1.67772 2.0957

1.46983 1.17249 0.995475 0.937763 1.0014 1.18769 1.49952 1.93873 2.50825 3.2097

1.18941 0.860699 0.647192 0.549467 0.570316 0.712862 0.979424 1.37385 1.89843 2.55788

1.0514 0.690493 0.440631 0.301877 0.280461 0.378347 0.601077 0.952026 1.43328 2.04906

1.02031 0.627795 0.340914 0.163611 0.101537 0.157997 0.339394 0.648511 1.08911 1.66405

1.08892 0.662026 0.337488 0.121398 0.0197856 0.037866 0.180278 0.451691 0.855058 1.3923

1.27437 0.803543 0.435231 0.17785 0.0358261 0.0158987 0.121659 0.357068 0.725451 1.22988

1.57135 1.04282 0.624278 0.322734 0.142542 0.0871777 0.160017 0.364664 0.702682 1.17827

1.88569 1.3121 0.859038 0.52752 0.320956 0.240972 0.28978 0.471382 0.786009 1.23834

2.13382 1.56833 1.11634 0.78125 0.566903 0.476535 0.513003 0.679488 0.979511 1.41536

2.43055 1.88638 1.4478 1.12023 0.907934 0.815331 0.846436 1.005 1.29409 1.71642
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1.46983 1.17249 0.995475 0.937763 1.0014 1.18769 1.49952 1.93873 2.50825 3.2097

1.18941 0.860699 0.647192 0.549467 0.570316 0.712862 0.979424 1.37385 1.89843 2.55788

1.0514 0.690493 0.440631 0.301877 0.280461 0.378347 0.601077 0.952026 1.43328 2.04906

1.02031 0.627795 0.340914 0.163611 0.101537 0.157997 0.339394 0.648511 1.08911 1.66405

1.08892 0.662026 0.337488 0.121398 0.0197856 0.037866 0.180278 0.451691 0.855058 1.3923

1.27437 0.803543 0.435231 0.17785 0.0358261 0.0158987 0.121659 0.357068 0.725451 1.22988

1.57135 1.04282 0.624278 0.322734 0.142542 0.0871777 0.160017 0.364664 0.702682 1.17827

1.88569 1.3121 0.859038 0.52752 0.320956 0.240972 0.28978 0.471382 0.786009 1.23834

2.13382 1.56833 1.11634 0.78125 0.566903 0.476535 0.513003 0.679488 0.979511 1.41536

2.43055 1.88638 1.4478 1.12023 0.907934 0.815331 0.846436 1.005 1.29409 1.71642

2.522 1.98004 1.54557 1.2241 1.02026 0.937869 0.981145 1.15318 1.45698 1.89444

2.17565 1.61087 1.16208 0.832882 0.62593 0.543516 0.589234 0.765631 1.07518 1.5199

1.83862 1.29408 0.857649 0.539167 0.342495 0.270639 0.326418 0.512742 0.832379 1.28749

1.44863 0.971026 0.587577 0.30925 0.142999 0.0960972 0.174041 0.378851 0.71516 1.18633

1.18569 0.747959 0.405438 0.164913 0.0333949 0.0170484 0.12126 0.351573 0.710094 1.20231

1.05331 0.642943 0.330756 0.12124 0.0203935 0.0340202 0.168257 0.425365 0.811341 1.32914

1.01906 0.631816 0.346585 0.166147 0.0964198 0.140047 0.303818 0.592369 1.00936 1.55824

1.06113 0.697637 0.440714 0.291596 0.254208 0.332536 0.53061 0.854196 1.30619 1.89012

1.1915 0.853627 0.627075 0.512117 0.510804 0.62635 0.863304 1.2258 1.71606 2.33855

1.44895 1.13713 0.942314 0.862139 0.898129 1.05406 1.3301 1.73247 2.26341 2.92552
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2.522 1.98004 1.54557 1.2241 1.02026 0.937869 0.981145 1.15318 1.45698 1.89444

2.17565 1.61087 1.16208 0.832882 0.62593 0.543516 0.589234 0.765631 1.07518 1.5199

1.83862 1.29408 0.857649 0.539167 0.342495 0.270639 0.326418 0.512742 0.832379 1.28749

1.44863 0.971026 0.587577 0.30925 0.142999 0.0960972 0.174041 0.378851 0.71516 1.18633

1.18569 0.747959 0.405438 0.164913 0.0333949 0.0170484 0.12126 0.351573 0.710094 1.20231

1.05331 0.642943 0.330756 0.12124 0.0203935 0.0340202 0.168257 0.425365 0.811341 1.32914

1.01906 0.631816 0.346585 0.166147 0.0964198 0.140047 0.303818 0.592369 1.00936 1.55824

1.06113 0.697637 0.440714 0.291596 0.254208 0.332536 0.53061 0.854196 1.30619 1.89012

1.1915 0.853627 0.627075 0.512117 0.510804 0.62635 0.863304 1.2258 1.71606 2.33855

1.44895 1.13713 0.942314 0.862139 0.898129 1.05406 1.3301 1.73247 2.26341 2.92552

2.34533 1.81176 1.38475 1.0674 0.864186 0.779583 0.817361 0.981087 1.27416 1.69997

2.08164 1.52212 1.07589 0.746143 0.536003 0.448986 0.48784 0.656518 0.957777 1.39477

1.87118 1.29819 0.846113 0.515197 0.307125 0.226924 0.275553 0.456114 0.772205 1.22588

1.6336 1.07645 0.640846 0.328728 0.142081 0.0832088 0.154907 0.359734 0.700748 1.17934

1.3618 0.852654 0.459679 0.187148 0.0382047 0.0153767 0.122535 0.362394 0.736784 1.24946

1.13494 0.684635 0.3452 0.122055 0.0197836 0.0422215 0.192874 0.474722 0.890609 1.44275

1.02509 0.626692 0.33928 0.167585 0.114562 0.185667 0.384397 0.71252 1.17407 1.77071

1.05373 0.70045 0.462007 0.341441 0.340076 0.461962 0.711076 1.08983 1.60122 2.24556

1.24151 0.930631 0.739262 0.6683 0.719639 0.894221 1.19587 1.62704 2.18818 2.88269

1.63724 1.36605 1.2179 1.1938 1.29344 1.51898 1.87159 2.35309 2.96499 3.70891
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2.34533 1.81176 1.38475 1.0674 0.864186 0.779583 0.817361 0.981087 1.27416 1.69997

2.08164 1.52212 1.07589 0.746143 0.536003 0.448986 0.48784 0.656518 0.957777 1.39477

1.87118 1.29819 0.846113 0.515197 0.307125 0.226924 0.275553 0.456114 0.772205 1.22588

1.6336 1.07645 0.640846 0.328728 0.142081 0.0832088 0.154907 0.359734 0.700748 1.17934

1.3618 0.852654 0.459679 0.187148 0.0382047 0.0153767 0.122535 0.362394 0.736784 1.24946

1.13494 0.684635 0.3452 0.122055 0.0197836 0.0422215 0.192874 0.474722 0.890609 1.44275

1.02509 0.626692 0.33928 0.167585 0.114562 0.185667 0.384397 0.71252 1.17407 1.77071

1.05373 0.70045 0.462007 0.341441 0.340076 0.461962 0.711076 1.08983 1.60122 2.24556

1.24151 0.930631 0.739262 0.6683 0.719639 0.894221 1.19587 1.62704 2.18818 2.88269

1.63724 1.36605 1.2179 1.1938 1.29344 1.51898 1.87159 2.35309 2.96499 3.70891

1.76203 1.42679 1.19666 1.06946 1.04357 1.1179 1.29263 1.56915 1.95148 2.45097

1.4222 1.0733 0.827979 0.682893 0.636947 0.690956 0.846069 1.10569 1.47613 1.96783

1.18466 0.821523 0.559056 0.395399 0.330359 0.365395 0.503684 0.749924 1.11233 1.5977

1.05072 0.672459 0.392588 0.210033 0.126322 0.143996 0.268417 0.504802 0.860381 1.34328

1.02185 0.626809 0.32783 0.126274 0.0254832 0.0291445 0.142901 0.373377 0.7247 1.20456

1.09731 0.684174 0.365781 0.146193 0.030718 0.0232172 0.130302 0.355929 0.705048 1.18472

1.27708 0.843411 0.505742 0.270565 0.143041 0.127684 0.229508 0.453773 0.804258 1.28433

1.55698 1.10166 0.747033 0.499493 0.363536 0.343689 0.443924 0.668334 1.02046 1.50315

1.92936 1.45551 1.08847 0.832608 0.692577 0.671725 0.773301 1.00055 1.35612 1.84223

2.38862 1.90259 1.52842 1.26998 1.13029 1.11215 1.21783 1.44991 1.81115 2.30208
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1.76203 1.42679 1.19666 1.06946 1.04357 1.1179 1.29263 1.56915 1.95148 2.45097

1.4222 1.0733 0.827979 0.682893 0.636947 0.690956 0.846069 1.10569 1.47613 1.96783

1.18466 0.821523 0.559056 0.395399 0.330359 0.365395 0.503684 0.749924 1.11233 1.5977

1.05072 0.672459 0.392588 0.210033 0.126322 0.143996 0.268417 0.504802 0.860381 1.34328

1.02185 0.626809 0.32783 0.126274 0.0254832 0.0291445 0.142901 0.373377 0.7247 1.20456

1.09731 0.684174 0.365781 0.146193 0.030718 0.0232172 0.130302 0.355929 0.705048 1.18472

1.27708 0.843411 0.505742 0.270565 0.143041 0.127684 0.229508 0.453773 0.804258 1.28433

1.55698 1.10166 0.747033 0.499493 0.363536 0.343689 0.443924 0.668334 1.02046 1.50315

1.92936 1.45551 1.08847 0.832608 0.692577 0.671725 0.773301 1.00055 1.35612 1.84223

2.38862 1.90259 1.52842 1.26998 1.13029 1.11215 1.21783 1.44991 1.81115 2.30208

2.48636 1.88649 1.50974 1.24539 1.09749 1.06966 1.16487 1.38609 1.73585 2.216

1.91842 1.44934 1.08218 0.823565 0.678303 0.650704 0.744646 0.963808 1.31098 1.7891

1.55135 1.10016 0.746924 0.498275 0.36027 0.33629 0.431423 0.650045 0.996397 1.47357

1.27293 0.842283 0.506464 0.271394 0.142814 0.126009 0.225268 0.446271 0.793775 1.27133

1.09304 0.682961 0.365473 0.146364 0.0305889 0.0229685 0.129105 0.354459 0.703423 1.18232

1.02044 0.62668 0.328084 0.126517 0.0253358 0.0293465 0.143629 0.374674 0.727684 1.20893

1.05776 0.678697 0.397571 0.213397 0.128836 0.145727 0.270396 0.508897 0.866851 1.35234

1.20298 0.838813 0.57424 0.407585 0.339269 0.372266 0.508781 0.756553 1.12131 1.60956

1.45709 1.10664 0.857744 0.708284 0.657375 0.706287 0.85762 1.11658 1.4889 1.98434

1.81808 1.48088 1.24703 1.11433 1.08114 1.14762 1.31509 1.58752 1.96953 2.47105
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2.48636 1.88649 1.50974 1.24539 1.09749 1.06966 1.16487 1.38609 1.73585 2.216

1.91842 1.44934 1.08218 0.823565 0.678303 0.650704 0.744646 0.963808 1.31098 1.7891

1.55135 1.10016 0.746924 0.498275 0.36027 0.33629 0.431423 0.650045 0.996397 1.47357

1.27293 0.842283 0.506464 0.271394 0.142814 0.126009 0.225268 0.446271 0.793775 1.27133

1.09304 0.682961 0.365473 0.146364 0.0305889 0.0229685 0.129105 0.354459 0.703423 1.18232

1.02044 0.62668 0.328084 0.126517 0.0253358 0.0293465 0.143629 0.374674 0.727684 1.20893

1.05776 0.678697 0.397571 0.213397 0.128836 0.145727 0.270396 0.508897 0.866851 1.35234

1.20298 0.838813 0.57424 0.407585 0.339269 0.372266 0.508781 0.756553 1.12131 1.60956

1.45709 1.10664 0.857744 0.708284 0.657375 0.706287 0.85762 1.11658 1.4889 1.98434

1.81808 1.48088 1.24703 1.11433 1.08114 1.14762 1.31509 1.58752 1.96953 2.47105

2.36522 1.89015 1.53158 1.29099 1.17201 1.17637 1.3054 1.56053 1.94425 2.45833

1.91058 1.43986 1.07969 0.835417 0.709799 0.704651 0.822457 1.06714 1.44082 1.94395

1.55057 1.091 0.737968 0.496164 0.367674 0.357673 0.468152 0.704151 1.0685 1.56291

1.28187 0.841697 0.501803 0.268061 0.143097 0.132261 0.238819 0.469825 0.825764 1.31285

1.10532 0.686944 0.365622 0.146056 0.0304146 0.024114 0.131551 0.358093 0.709943 1.19153

1.02423 0.627429 0.32742 0.126117 0.025123 0.0293598 0.141182 0.368912 0.718062 1.19594

1.04117 0.663355 0.384646 0.204256 0.122706 0.141709 0.264538 0.496837 0.846504 1.32281

1.15673 0.795472 0.536442 0.377677 0.317859 0.356946 0.495911 0.737923 1.09103 1.56813

1.37002 1.02366 0.782104 0.643719 0.606448 0.668712 0.829205 1.08687 1.44592 1.92654

1.67914 1.34612 1.12035 1.00037 0.984542 1.07084 1.257 1.53595 1.9005 2.39094
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2.36522 1.89015 1.53158 1.29099 1.17201 1.17637 1.3054 1.56053 1.94425 2.45833

1.91058 1.43986 1.07969 0.835417 0.709799 0.704651 0.822457 1.06714 1.44082 1.94395

1.55057 1.091 0.737968 0.496164 0.367674 0.357673 0.468152 0.704151 1.0685 1.56291

1.28187 0.841697 0.501803 0.268061 0.143097 0.132261 0.238819 0.469825 0.825764 1.31285

1.10532 0.686944 0.365622 0.146056 0.0304146 0.024114 0.131551 0.358093 0.709943 1.19153

1.02423 0.627429 0.32742 0.126117 0.025123 0.0293598 0.141182 0.368912 0.718062 1.19594

1.04117 0.663355 0.384646 0.204256 0.122706 0.141709 0.264538 0.496837 0.846504 1.32281

1.15673 0.795472 0.536442 0.377677 0.317859 0.356946 0.495911 0.737923 1.09103 1.56813

1.37002 1.02366 0.782104 0.643719 0.606448 0.668712 0.829205 1.08687 1.44592 1.92654

1.67914 1.34612 1.12035 1.00037 0.984542 1.07084 1.257 1.53595 1.9005 2.39094

2.39271 1.942 1.5833 1.32363 1.17016 1.13064 1.2117 1.41976 1.76003 2.23542

1.8994 1.46007 1.11268 0.863599 0.718243 0.685111 0.77074 0.98172 1.32321 1.7987

1.51392 1.08659 0.751395 0.513246 0.377728 0.352026 0.443479 0.657315 1.0006 1.47722

1.23815 0.823216 0.500057 0.27397 0.148449 0.13189 0.229303 0.449049 0.79397 1.27194

1.07278 0.669487 0.359345 0.144811 0.0310904 0.023854 0.129384 0.35384 0.703256 1.18243

1.0189 0.627437 0.330646 0.128093 0.0259135 0.0290943 0.143232 0.374265 0.727919 1.20913

1.07719 0.697303 0.412564 0.223279 0.13315 0.147127 0.270558 0.508844 0.867617 1.35157

1.24831 0.879679 0.607325 0.430663 0.352591 0.37763 0.510763 0.757 1.12149 1.60888

1.53254 1.17478 0.914415 0.750145 0.68414 0.720437 0.863498 1.1179 1.48851 1.97985

1.93 1.58286 1.33394 1.18172 1.1275 1.17479 1.3278 1.59058 1.96766 2.46322
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2.39271 1.942 1.5833 1.32363 1.17016 1.13064 1.2117 1.41976 1.76003 2.23542

1.8994 1.46007 1.11268 0.863599 0.718243 0.685111 0.77074 0.98172 1.32321 1.7987

1.51392 1.08659 0.751395 0.513246 0.377728 0.352026 0.443479 0.657315 1.0006 1.47722

1.23815 0.823216 0.500057 0.27397 0.148449 0.13189 0.229303 0.449049 0.79397 1.27194

1.07278 0.669487 0.359345 0.144811 0.0310904 0.023854 0.129384 0.35384 0.703256 1.18243

1.0189 0.627437 0.330646 0.128093 0.0259135 0.0290943 0.143232 0.374265 0.727919 1.20913

1.07719 0.697303 0.412564 0.223279 0.13315 0.147127 0.270558 0.508844 0.867617 1.35157

1.24831 0.879679 0.607325 0.430663 0.352591 0.37763 0.510763 0.757 1.12149 1.60888

1.53254 1.17478 0.914415 0.750145 0.68414 0.720437 0.863498 1.1179 1.48851 1.97985

1.93 1.58286 1.33394 1.18172 1.1275 1.17479 1.3278 1.59058 1.96766 2.46322

1.98518 1.6286 1.36728 1.20018 1.12931 1.15996 1.29764 1.54464 1.9088 2.39329

1.57662 1.21181 0.941667 0.765863 0.686726 0.710896 0.840342 1.08342 1.44387 1.92653

1.27949 0.906222 0.627844 0.442611 0.355337 0.371792 0.495001 0.733202 1.0905 1.57135

1.09407 0.712206 0.424735 0.23053 0.135098 0.143542 0.261354 0.494658 0.848662 1.32926

1.0204 0.629774 0.333149 0.13015 0.0267525 0.028003 0.140007 0.368909 0.720731 1.20057

1.05804 0.65872 0.352485 0.141272 0.0300075 0.0246474 0.131367 0.356572 0.707039 1.1872

1.20656 0.798574 0.483405 0.263743 0.14569 0.133397 0.236377 0.457718 0.806427 1.28643

1.46535 1.04875 0.725057 0.497127 0.371418 0.354246 0.452379 0.672312 1.02041 1.50079

1.8335 1.4085 1.07619 0.840902 0.708852 0.686787 0.781605 1.00017 1.34789 1.82903

2.30991 1.87678 1.53648 1.29425 1.15666 1.13046 1.22287 1.44033 1.7883 2.27022
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1.98518 1.6286 1.36728 1.20018 1.12931 1.15996 1.29764 1.54464 1.9088 2.39329

1.57662 1.21181 0.941667 0.765863 0.686726 0.710896 0.840342 1.08342 1.44387 1.92653

1.27949 0.906222 0.627844 0.442611 0.355337 0.371792 0.495001 0.733202 1.0905 1.57135

1.09407 0.712206 0.424735 0.23053 0.135098 0.143542 0.261354 0.494658 0.848662 1.32926

1.0204 0.629774 0.333149 0.13015 0.0267525 0.028003 0.140007 0.368909 0.720731 1.20057

1.05804 0.65872 0.352485 0.141272 0.0300075 0.0246474 0.131367 0.356572 0.707039 1.1872

1.20656 0.798574 0.483405 0.263743 0.14569 0.133397 0.236377 0.457718 0.806427 1.28643

1.46535 1.04875 0.725057 0.497127 0.371418 0.354246 0.452379 0.672312 1.02041 1.50079

1.8335 1.4085 1.07619 0.840902 0.708852 0.686787 0.781605 1.00017 1.34789 1.82903

2.30991 1.87678 1.53648 1.29425 1.15666 1.13046 1.22287 1.44033 1.7883 2.27022

1.86868 1.53129 1.29575 1.16066 1.1254 1.19339 1.36761 1.65149 2.04935 2.56261

1.48293 1.13286 0.882936 0.732197 0.681168 0.734247 0.893932 1.16375 1.55023 2.05449

1.21349 0.849754 0.584456 0.417186 0.349526 0.386693 0.531208 0.788734 1.16349 1.66032

1.05956 0.681325 0.399674 0.215363 0.130859 0.152347 0.282359 0.528262 0.89248 1.3819

1.02022 0.626635 0.327949 0.126017 0.0251741 0.0304867 0.147475 0.381669 0.737558 1.22125

1.09445 0.684719 0.368773 0.149417 0.032259 0.0234536 0.127422 0.351845 0.700588 1.1804

1.2809 0.854767 0.521313 0.285156 0.1526 0.129784 0.22319 0.438987 0.782961 1.26036

1.57843 1.1356 0.785233 0.533031 0.386152 0.351388 0.435585 0.645185 0.985536 1.46034

1.98568 1.52648 1.15976 0.892863 0.733235 0.688321 0.765394 0.970442 1.30857 1.78265

2.50121 2.02637 1.64452 1.36425 1.19375 1.14078 1.21249 1.4147 1.75165 2.22563
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1.86868 1.53129 1.29575 1.16066 1.1254 1.19339 1.36761 1.65149 2.04935 2.56261

1.48293 1.13286 0.882936 0.732197 0.681168 0.734247 0.893932 1.16375 1.55023 2.05449

1.21349 0.849754 0.584456 0.417186 0.349526 0.386693 0.531208 0.788734 1.16349 1.66032

1.05956 0.681325 0.399674 0.215363 0.130859 0.152347 0.282359 0.528262 0.89248 1.3819

1.02022 0.626635 0.327949 0.126017 0.0251741 0.0304867 0.147475 0.381669 0.737558 1.22125

1.09445 0.684719 0.368773 0.149417 0.032259 0.0234536 0.127422 0.351845 0.700588 1.1804

1.2809 0.854767 0.521313 0.285156 0.1526 0.129784 0.22319 0.438987 0.782961 1.26036

1.57843 1.1356 0.785233 0.533031 0.386152 0.351388 0.435585 0.645185 0.985536 1.46034

1.98568 1.52648 1.15976 0.892863 0.733235 0.688321 0.765394 0.970442 1.30857 1.78265

2.50121 2.02637 1.64452 1.36425 1.19375 1.14078 1.21249 1.4147 1.75165 2.22563

2.20287 1.70318 1.31434 1.03885 0.880032 0.84141 0.926771 1.13885 1.48021 1.95317

1.87897 1.38955 1.00897 0.740051 0.586761 0.550365 0.637284 0.85082 1.19199 1.66517

1.57575 1.10197 0.73432 0.475857 0.329872 0.300098 0.390673 0.606116 0.949329 1.42313

1.31805 0.865822 0.515968 0.272103 0.137763 0.11675 0.213372 0.432382 0.778171 1.25428

1.12648 0.701342 0.374435 0.149707 0.0307883 0.0216702 0.126921 0.352097 0.701131 1.18031

1.02611 0.628154 0.327041 0.125135 0.0254152 0.0317312 0.149405 0.381009 0.734358 1.21636

1.05243 0.673361 0.394497 0.215344 0.136686 0.160872 0.292206 0.533873 0.892603 1.37715

1.23936 0.869755 0.604747 0.442997 0.382548 0.424816 0.570933 0.823328 1.18949 1.67708

1.60971 1.24423 0.986136 0.834245 0.786476 0.842376 1.00258 1.26699 1.63957 2.13034

2.17929 1.81533 1.5602 1.41316 1.372 1.43607 1.60487 1.87928 2.26012 2.75256
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2.20287 1.70318 1.31434 1.03885 0.880032 0.84141 0.926771 1.13885 1.48021 1.95317

1.87897 1.38955 1.00897 0.740051 0.586761 0.550365 0.637284 0.85082 1.19199 1.66517

1.57575 1.10197 0.73432 0.475857 0.329872 0.300098 0.390673 0.606116 0.949329 1.42313

1.31805 0.865822 0.515968 0.272103 0.137763 0.11675 0.213372 0.432382 0.778171 1.25428

1.12648 0.701342 0.374435 0.149707 0.0307883 0.0216702 0.126921 0.352097 0.701131 1.18031

1.02611 0.628154 0.327041 0.125135 0.0254152 0.0317312 0.149405 0.381009 0.734358 1.21636

1.05243 0.673361 0.394497 0.215344 0.136686 0.160872 0.292206 0.533873 0.892603 1.37715

1.23936 0.869755 0.604747 0.442997 0.382548 0.424816 0.570933 0.823328 1.18949 1.67708

1.60971 1.24423 0.986136 0.834245 0.786476 0.842376 1.00258 1.26699 1.63957 2.13034

2.17929 1.81533 1.5602 1.41316 1.372 1.43607 1.60487 1.87928 2.26012 2.75256

1.28313 0.972029 0.773703 0.687039 0.709026 0.837354 1.06385 1.3852 1.79972 2.32651

1.12211 0.78904 0.568755 0.460865 0.460224 0.564511 0.770631 1.07394 1.47523 1.993

1.03679 0.676097 0.426917 0.288747 0.257446 0.332659 0.512598 0.797002 1.18804 1.70079

1.02185 0.627987 0.344302 0.170248 0.105363 0.150127 0.302753 0.56775 0.949515 1.45661

1.08253 0.652367 0.331773 0.121418 0.0222553 0.0355263 0.164469 0.410347 0.778966 1.27684

1.23592 0.769855 0.413303 0.168201 0.0363483 0.0203656 0.122783 0.348633 0.700542 1.18405

1.50828 1.00975 0.621582 0.34452 0.183078 0.139322 0.216249 0.418939 0.749685 1.21323

1.93107 1.40618 0.991533 0.688477 0.501537 0.432362 0.485361 0.663865 0.970632 1.4085

2.54021 1.99667 1.56215 1.24018 1.03202 0.941663 0.971957 1.12584 1.40665 1.81645
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Figure 33: Two dimensional profile likelihoods of b of Im(AL‖ ) of B̄ with other amplitude

parameters. The ellipse corresponds to the one standard deviation value provided by HESSE.

Values at -0.5 denote failed fits which need to be rerun with a different starting value.
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1.59779 1.27223 1.04295 0.910446 0.877337 0.945555 1.12029 1.40635 1.81106 2.34731

1.30155 0.969346 0.730753 0.587192 0.539271 0.593123 0.752871 1.02432 1.41647 1.9464

1.09265 0.753396 0.503422 0.344774 0.282145 0.320076 0.465012 0.722909 1.10587 1.63295

0.977766 0.627562 0.363759 0.188718 0.109123 0.13013 0.260132 0.507194 0.885706 1.41465

0.964099 0.599613 0.317398 0.122119 0.0229743 0.0283418 0.146578 0.386616 0.76519 1.29915

1.0584 0.674902 0.368199 0.148972 0.030439 0.0216635 0.131346 0.370364 0.753661 1.29446

1.2657 0.856649 0.518301 0.27329 0.137907 0.120167 0.228046 0.469046 0.859458 1.40998

1.59047 1.14072 0.765816 0.501246 0.355073 0.334496 0.445305 0.69592 1.0952 1.65625

2.02752 1.51435 1.11757 0.84342 0.696114 0.679133 0.798048 1.05954 1.47267 2.04525

2.51751 1.99129 1.59074 1.31808 1.17743 1.16972 1.29933 1.57461 2.00159 2.58762
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1.59779 1.27223 1.04295 0.910446 0.877337 0.945555 1.12029 1.40635 1.81106 2.34731

1.30155 0.969346 0.730753 0.587192 0.539271 0.593123 0.752871 1.02432 1.41647 1.9464

1.09265 0.753396 0.503422 0.344774 0.282145 0.320076 0.465012 0.722909 1.10587 1.63295

0.977766 0.627562 0.363759 0.188718 0.109123 0.13013 0.260132 0.507194 0.885706 1.41465

0.964099 0.599613 0.317398 0.122119 0.0229743 0.0283418 0.146578 0.386616 0.76519 1.29915

1.0584 0.674902 0.368199 0.148972 0.030439 0.0216635 0.131346 0.370364 0.753661 1.29446

1.2657 0.856649 0.518301 0.27329 0.137907 0.120167 0.228046 0.469046 0.859458 1.40998

1.59047 1.14072 0.765816 0.501246 0.355073 0.334496 0.445305 0.69592 1.0952 1.65625

2.02752 1.51435 1.11757 0.84342 0.696114 0.679133 0.798048 1.05954 1.47267 2.04525

2.51751 1.99129 1.59074 1.31808 1.17743 1.16972 1.29933 1.57461 2.00159 2.58762

2.50244 1.99867 1.59499 1.31615 1.16583 1.14695 1.26412 1.52538 1.93677 2.5091

1.93362 1.49679 1.11385 0.842354 0.693142 0.671424 0.782842 1.03627 1.43933 2.00351

1.49953 1.09354 0.749695 0.49676 0.353989 0.333391 0.441322 0.688835 1.08266 1.63898

1.19546 0.809584 0.495821 0.266446 0.136645 0.12249 0.230075 0.470342 0.858989 1.40791

1.01654 0.646037 0.353405 0.143409 0.0298239 0.022593 0.133832 0.372239 0.755154 1.29653

0.957008 0.597279 0.318803 0.124909 0.024847 0.0265073 0.142021 0.380695 0.759413 1.29386

1.00807 0.65396 0.38388 0.200778 0.110569 0.122171 0.243293 0.484211 0.859885 1.38811

1.15675 0.803843 0.538662 0.362357 0.281904 0.301202 0.429489 0.673646 1.04867 1.57248

1.38944 1.0364 0.773856 0.60374 0.530732 0.557766 0.692284 0.942019 1.31858 1.83896

1.69889 1.3462 1.08599 0.920113 0.852569 0.887373 1.02927 1.28445 1.66408 2.1834
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2.50244 1.99867 1.59499 1.31615 1.16583 1.14695 1.26412 1.52538 1.93677 2.5091

1.93362 1.49679 1.11385 0.842354 0.693142 0.671424 0.782842 1.03627 1.43933 2.00351

1.49953 1.09354 0.749695 0.49676 0.353989 0.333391 0.441322 0.688835 1.08266 1.63898

1.19546 0.809584 0.495821 0.266446 0.136645 0.12249 0.230075 0.470342 0.858989 1.40791

1.01654 0.646037 0.353405 0.143409 0.0298239 0.022593 0.133832 0.372239 0.755154 1.29653

0.957008 0.597279 0.318803 0.124909 0.024847 0.0265073 0.142021 0.380695 0.759413 1.29386

1.00807 0.65396 0.38388 0.200778 0.110569 0.122171 0.243293 0.484211 0.859885 1.38811

1.15675 0.803843 0.538662 0.362357 0.281904 0.301202 0.429489 0.673646 1.04867 1.57248

1.38944 1.0364 0.773856 0.60374 0.530732 0.557766 0.692284 0.942019 1.31858 1.83896

1.69889 1.3462 1.08599 0.920113 0.852569 0.887373 1.02927 1.28445 1.66408 2.1834

2.57492 2.07738 1.70374 1.46134 1.35428 1.38598 1.56154 1.88621 2.36513 3.00146

2.07056 1.55751 1.16671 0.905184 0.775437 0.781639 0.929412 1.22463 1.67311 2.28347

1.69112 1.18431 0.795598 0.525812 0.382942 0.371224 0.495864 0.765547 1.18707 1.77119

1.38815 0.915099 0.544795 0.288181 0.146112 0.126647 0.238027 0.48669 0.887101 1.44908

1.14665 0.724163 0.38963 0.156655 0.0323003 0.02118 0.131182 0.370126 0.754782 1.29854

0.999022 0.616568 0.320821 0.120279 0.0228791 0.0317479 0.152876 0.394409 0.77222 1.3032

0.957611 0.603903 0.342012 0.174282 0.104948 0.140378 0.283955 0.540333 0.92071 1.44653

1.02132 0.68998 0.454945 0.315361 0.276553 0.340019 0.509554 0.789218 1.18313 1.71218

1.18702 0.873754 0.66011 0.545359 0.531756 0.621852 0.818535 1.12385 1.53886 2.08011

1.45184 1.15361 0.956197 0.861123 0.869015 0.981952 1.2021 1.53082 1.96799 2.53639
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2.57492 2.07738 1.70374 1.46134 1.35428 1.38598 1.56154 1.88621 2.36513 3.00146

2.07056 1.55751 1.16671 0.905184 0.775437 0.781639 0.929412 1.22463 1.67311 2.28347

1.69112 1.18431 0.795598 0.525812 0.382942 0.371224 0.495864 0.765547 1.18707 1.77119

1.38815 0.915099 0.544795 0.288181 0.146112 0.126647 0.238027 0.48669 0.887101 1.44908

1.14665 0.724163 0.38963 0.156655 0.0323003 0.02118 0.131182 0.370126 0.754782 1.29854

0.999022 0.616568 0.320821 0.120279 0.0228791 0.0317479 0.152876 0.394409 0.77222 1.3032

0.957611 0.603903 0.342012 0.174282 0.104948 0.140378 0.283955 0.540333 0.92071 1.44653

1.02132 0.68998 0.454945 0.315361 0.276553 0.340019 0.509554 0.789218 1.18313 1.71218

1.18702 0.873754 0.66011 0.545359 0.531756 0.621852 0.818535 1.12385 1.53886 2.08011

1.45184 1.15361 0.956197 0.861123 0.869015 0.981952 1.2021 1.53082 1.96799 2.53639

2.97901 2.36224 1.87168 1.50659 1.26836 1.15692 1.17848 1.34154 1.65635 2.13339

2.42463 1.845 1.37111 1.01784 0.789026 0.688459 0.720282 0.894549 1.22173 1.71129

1.94249 1.40311 0.961713 0.63171 0.423709 0.341825 0.392138 0.583013 0.926202 1.43246

1.54838 1.04985 0.648037 0.352968 0.174963 0.119148 0.193742 0.407462 0.769999 1.2965

1.2492 0.793332 0.435239 0.18095 0.0395841 0.0186004 0.124627 0.36703 0.755109 1.30465

1.05266 0.641318 0.329162 0.119982 0.0211304 0.0400167 0.183192 0.458638 0.878001 1.45459

0.962562 0.597739 0.333772 0.171976 0.118654 0.181798 0.366221 0.680354 1.13546 1.74317

0.982301 0.665323 0.450937 0.338431 0.332476 0.440783 0.670348 1.02808 1.52223 2.16605

1.11213 0.844327 0.681119 0.61899 0.662072 0.817891 1.09354 1.49691 2.03426 2.71767

1.35163 1.13414 1.02353 1.01306 1.10615 1.31061 1.63414 2.08417 2.66731 3.39252
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2.97901 2.36224 1.87168 1.50659 1.26836 1.15692 1.17848 1.34154 1.65635 2.13339

2.42463 1.845 1.37111 1.01784 0.789026 0.688459 0.720282 0.894549 1.22173 1.71129

1.94249 1.40311 0.961713 0.63171 0.423709 0.341825 0.392138 0.583013 0.926202 1.43246

1.54838 1.04985 0.648037 0.352968 0.174963 0.119148 0.193742 0.407462 0.769999 1.2965

1.2492 0.793332 0.435239 0.18095 0.0395841 0.0186004 0.124627 0.36703 0.755109 1.30465

1.05266 0.641318 0.329162 0.119982 0.0211304 0.0400167 0.183192 0.458638 0.878001 1.45459

0.962562 0.597739 0.333772 0.171976 0.118654 0.181798 0.366221 0.680354 1.13546 1.74317

0.982301 0.665323 0.450937 0.338431 0.332476 0.440783 0.670348 1.02808 1.52223 2.16605

1.11213 0.844327 0.681119 0.61899 0.662072 0.817891 1.09354 1.49691 2.03426 2.71767

1.35163 1.13414 1.02353 1.01306 1.10615 1.31061 1.63414 2.08417 2.66731 3.39252

1.46039 1.23201 1.10011 1.05999 1.11835 1.28512 1.56819 1.97345 2.5098 3.188

1.17902 0.907636 0.732073 0.650033 0.668005 0.794859 1.03827 1.40439 1.90366 2.54768

1.01149 0.698433 0.480748 0.357577 0.335882 0.424129 0.628396 0.958678 1.4226 2.03564

0.957117 0.603724 0.34488 0.181597 0.121021 0.171308 0.339692 0.634768 1.06862 1.65379

1.01325 0.621007 0.322354 0.119988 0.0221004 0.0373751 0.172012 0.436469 0.842702 1.40521

1.17501 0.746052 0.409128 0.169629 0.0369097 0.0195027 0.126335 0.363977 0.747838 1.29074

1.43459 0.970736 0.598851 0.325339 0.163308 0.117803 0.200077 0.417628 0.783334 1.30995

1.78178 1.28555 0.881601 0.580585 0.39353 0.329766 0.393699 0.596165 0.948524 1.46112

2.20799 1.67818 1.24724 0.92707 0.726122 0.649946 0.703247 0.894239 1.23678 1.74077

2.70675 2.14207 1.69011 1.35829 1.15053 1.06924 1.11866 1.30675 1.64432 2.14149
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1.46039 1.23201 1.10011 1.05999 1.11835 1.28512 1.56819 1.97345 2.5098 3.188

1.17902 0.907636 0.732073 0.650033 0.668005 0.794859 1.03827 1.40439 1.90366 2.54768

1.01149 0.698433 0.480748 0.357577 0.335882 0.424129 0.628396 0.958678 1.4226 2.03564

0.957117 0.603724 0.34488 0.181597 0.121021 0.171308 0.339692 0.634768 1.06862 1.65379

1.01325 0.621007 0.322354 0.119988 0.0221004 0.0373751 0.172012 0.436469 0.842702 1.40521

1.17501 0.746052 0.409128 0.169629 0.0369097 0.0195027 0.126335 0.363977 0.747838 1.29074

1.43459 0.970736 0.598851 0.325339 0.163308 0.117803 0.200077 0.417628 0.783334 1.30995

1.78178 1.28555 0.881601 0.580585 0.39353 0.329766 0.393699 0.596165 0.948524 1.46112

2.20799 1.67818 1.24724 0.92707 0.726122 0.649946 0.703247 0.894239 1.23678 1.74077

2.70675 2.14207 1.69011 1.35829 1.15053 1.06924 1.11866 1.30675 1.64432 2.14149

1.28475 1.06314 0.951109 0.944687 1.0448 1.25931 1.59437 2.05614 2.65015 3.38192

1.08146 0.809295 0.644509 0.58415 0.631608 0.794806 1.07867 1.49 2.03504 2.71944

0.973972 0.653194 0.437285 0.324811 0.320797 0.433116 0.668381 1.03034 1.52758 2.16863

0.965767 0.597218 0.331233 0.168749 0.116055 0.180118 0.367224 0.683742 1.13832 1.74133

1.05842 0.643745 0.330063 0.120048 0.0210357 0.040602 0.183762 0.459763 0.877163 1.44882

1.25349 0.794316 0.435253 0.181011 0.039779 0.018817 0.124675 0.366649 0.753759 1.30046

1.55019 1.04922 0.64803 0.354658 0.178183 0.122572 0.197568 0.411321 0.775531 1.30266

1.94794 1.40765 0.970802 0.64371 0.437732 0.357145 0.408118 0.601183 0.947178 1.457

2.44112 1.86583 1.40059 1.05233 0.824799 0.725954 0.761251 0.937013 1.26922 1.76699

3.0273 2.42472 1.94199 1.58091 1.3415 1.23133 1.25537 1.42099 1.7435 2.23208
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1.28475 1.06314 0.951109 0.944687 1.0448 1.25931 1.59437 2.05614 2.65015 3.38192

1.08146 0.809295 0.644509 0.58415 0.631608 0.794806 1.07867 1.49 2.03504 2.71944

0.973972 0.653194 0.437285 0.324811 0.320797 0.433116 0.668381 1.03034 1.52758 2.16863

0.965767 0.597218 0.331233 0.168749 0.116055 0.180118 0.367224 0.683742 1.13832 1.74133

1.05842 0.643745 0.330063 0.120048 0.0210357 0.040602 0.183762 0.459763 0.877163 1.44882

1.25349 0.794316 0.435253 0.181011 0.039779 0.018817 0.124675 0.366649 0.753759 1.30046

1.55019 1.04922 0.64803 0.354658 0.178183 0.122572 0.197568 0.411321 0.775531 1.30266

1.94794 1.40765 0.970802 0.64371 0.437732 0.357145 0.408118 0.601183 0.947178 1.457

2.44112 1.86583 1.40059 1.05233 0.824799 0.725954 0.761251 0.937013 1.26922 1.76699

3.0273 2.42472 1.94199 1.58091 1.3415 1.23133 1.25537 1.42099 1.7435 2.23208

1.40087 1.13656 0.982633 0.938281 1.00504 1.18599 1.48766 1.91793 2.48802 3.21047

1.11983 0.823411 0.632829 0.547602 0.571516 0.709789 0.968448 1.35709 1.88691 2.57097

0.983725 0.65439 0.425919 0.298877 0.280742 0.376605 0.594021 0.942643 1.43405 2.08023

0.961283 0.597312 0.328634 0.160628 0.101589 0.156914 0.336731 0.648103 1.10385 1.71711

1.05016 0.64505 0.33183 0.120269 0.0198013 0.03761 0.180597 0.457515 0.880683 1.46265

1.26709 0.805453 0.437397 0.177997 0.03577 0.0167329 0.124708 0.370118 0.763118 1.31718

1.58177 1.03897 0.615393 0.314543 0.13794 0.0876785 0.16798 0.386497 0.754815 1.28543

1.73379 1.20984 0.791757 0.487304 0.30206 0.239971 0.306228 0.509704 0.862881 1.37683

1.84179 1.36562 0.982388 0.700771 0.529249 0.473583 0.541612 0.743535 1.09131 1.59695

2.0533 1.61376 1.26187 1.0058 0.853626 0.812612 0.891166 1.0995 1.44928 1.95199
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1.40087 1.13656 0.982633 0.938281 1.00504 1.18599 1.48766 1.91793 2.48802 3.21047

1.11983 0.823411 0.632829 0.547602 0.571516 0.709789 0.968448 1.35709 1.88691 2.57097

0.983725 0.65439 0.425919 0.298877 0.280742 0.376605 0.594021 0.942643 1.43405 2.08023

0.961283 0.597312 0.328634 0.160628 0.101589 0.156914 0.336731 0.648103 1.10385 1.71711

1.05016 0.64505 0.33183 0.120269 0.0198013 0.03761 0.180597 0.457515 0.880683 1.46265

1.26709 0.805453 0.437397 0.177997 0.03577 0.0167329 0.124708 0.370118 0.763118 1.31718

1.58177 1.03897 0.615393 0.314543 0.13794 0.0876785 0.16798 0.386497 0.754815 1.28543

1.73379 1.20984 0.791757 0.487304 0.30206 0.239971 0.306228 0.509704 0.862881 1.37683

1.84179 1.36562 0.982388 0.700771 0.529249 0.473583 0.541612 0.743535 1.09131 1.59695

2.0533 1.61376 1.26187 1.0058 0.853626 0.812612 0.891166 1.0995 1.44928 1.95199

2.16388 1.72693 1.37708 1.12378 0.975008 0.938354 1.02309 1.23971 1.59999 2.11517

1.89701 1.42528 1.04398 0.76411 0.594828 0.542483 0.6156 0.823926 1.17952 1.69438

1.7582 1.2354 0.816253 0.512272 0.329123 0.270445 0.341031 0.549298 0.906891 1.42552

1.455 0.983752 0.59326 0.308624 0.141106 0.0966229 0.180265 0.400251 0.768517 1.29759

1.15882 0.74136 0.406135 0.166084 0.033877 0.0172807 0.124642 0.365765 0.751774 1.2967

1.00314 0.619833 0.32298 0.119851 0.0205038 0.0337111 0.168129 0.432087 0.839894 1.40502

0.956934 0.600591 0.335073 0.164112 0.096504 0.138197 0.299819 0.589446 1.02128 1.60892

0.996328 0.664886 0.429165 0.290177 0.253389 0.327124 0.517423 0.836202 1.29553 1.91094

1.12903 0.82244 0.616784 0.51139 0.509182 0.617339 0.840549 1.19172 1.68214 2.32656

1.39054 1.10859 0.93272 0.861199 0.895464 1.03959 1.29915 1.68465 2.20859 2.88474
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2.16388 1.72693 1.37708 1.12378 0.975008 0.938354 1.02309 1.23971 1.59999 2.11517

1.89701 1.42528 1.04398 0.76411 0.594828 0.542483 0.6156 0.823926 1.17952 1.69438

1.7582 1.2354 0.816253 0.512272 0.329123 0.270445 0.341031 0.549298 0.906891 1.42552

1.455 0.983752 0.59326 0.308624 0.141106 0.0966229 0.180265 0.400251 0.768517 1.29759

1.15882 0.74136 0.406135 0.166084 0.033877 0.0172807 0.124642 0.365765 0.751774 1.2967

1.00314 0.619833 0.32298 0.119851 0.0205038 0.0337111 0.168129 0.432087 0.839894 1.40502

0.956934 0.600591 0.335073 0.164112 0.096504 0.138197 0.299819 0.589446 1.02128 1.60892

0.996328 0.664886 0.429165 0.290177 0.253389 0.327124 0.517423 0.836202 1.29553 1.91094

1.12903 0.82244 0.616784 0.51139 0.509182 0.617339 0.840549 1.19172 1.68214 2.32656

1.39054 1.10859 0.93272 0.861199 0.895464 1.03959 1.29915 1.68465 2.20859 2.88474

1.96317 1.53158 1.19047 0.947756 0.809009 0.780908 0.871354 1.09011 1.44772 1.95742

1.79393 1.31484 0.934613 0.659787 0.495438 0.447068 0.521075 0.727661 1.07824 1.58621

1.70845 1.18202 0.766718 0.466758 0.285109 0.226002 0.293389 0.497562 0.850506 1.36495

1.5931 1.0439 0.617146 0.314018 0.135484 0.0837298 0.162974 0.381245 0.750343 1.28275

1.36891 0.856089 0.460491 0.186816 0.0375983 0.0156404 0.125358 0.374366 0.773773 1.33575

1.11461 0.6764 0.3423 0.121326 0.0196972 0.0424453 0.195476 0.485978 0.926572 1.52652

0.971702 0.597604 0.325848 0.162754 0.11486 0.188234 0.39015 0.728139 1.21315 1.85513

0.981861 0.659184 0.4438 0.336766 0.343537 0.469766 0.722882 1.11112 1.64415 2.33327

1.16123 0.885092 0.720379 0.668553 0.730301 0.911219 1.21792 1.65839 2.24247 2.97934

1.55386 1.32108 1.20329 1.20214 1.31661 1.55038 1.90955 2.40147 3.03505 3.81976

)L Im(Aγ B
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1.96317 1.53158 1.19047 0.947756 0.809009 0.780908 0.871354 1.09011 1.44772 1.95742

1.79393 1.31484 0.934613 0.659787 0.495438 0.447068 0.521075 0.727661 1.07824 1.58621

1.70845 1.18202 0.766718 0.466758 0.285109 0.226002 0.293389 0.497562 0.850506 1.36495

1.5931 1.0439 0.617146 0.314018 0.135484 0.0837298 0.162974 0.381245 0.750343 1.28275

1.36891 0.856089 0.460491 0.186816 0.0375983 0.0156404 0.125358 0.374366 0.773773 1.33575

1.11461 0.6764 0.3423 0.121326 0.0196972 0.0424453 0.195476 0.485978 0.926572 1.52652

0.971702 0.597604 0.325848 0.162754 0.11486 0.188234 0.39015 0.728139 1.21315 1.85513

0.981861 0.659184 0.4438 0.336766 0.343537 0.469766 0.722882 1.11112 1.64415 2.33327

1.16123 0.885092 0.720379 0.668553 0.730301 0.911219 1.21792 1.65839 2.24247 2.97934

1.55386 1.32108 1.20329 1.20214 1.31661 1.55038 1.90955 2.40147 3.03505 3.81976

1.68575 1.38683 1.18285 1.06823 1.04256 1.10509 1.25966 1.51612 1.89687 2.43241

1.35159 1.03791 0.816226 0.683047 0.636945 0.67961 0.817025 1.06109 1.43466 1.96477

1.11815 0.789823 0.550083 0.397366 0.331617 0.35696 0.48136 0.718112 1.08913 1.61719

0.987201 0.642346 0.38429 0.21215 0.128141 0.138938 0.254815 0.490025 0.862651 1.39178

0.959834 0.597335 0.31901 0.126228 0.026369 0.0275271 0.139678 0.376113 0.754431 1.29003

1.0365 0.653182 0.352143 0.140883 0.0288913 0.0251655 0.138565 0.381732 0.766428 1.3092

1.21566 0.806771 0.482542 0.256082 0.136936 0.132857 0.252206 0.504088 0.900734 1.4533

1.49098 1.05169 0.707993 0.4723 0.352078 0.353273 0.482115 0.74726 1.15647 1.72045

1.84707 1.38192 1.02742 0.790577 0.675974 0.687399 0.829576 1.10878 1.5336 2.11116

2.27064 1.7959 1.44241 1.21319 1.11033 1.13684 1.2947 1.59086 2.03186 2.62397
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1.68575 1.38683 1.18285 1.06823 1.04256 1.10509 1.25966 1.51612 1.89687 2.43241

1.35159 1.03791 0.816226 0.683047 0.636945 0.67961 0.817025 1.06109 1.43466 1.96477

1.11815 0.789823 0.550083 0.397366 0.331617 0.35696 0.48136 0.718112 1.08913 1.61719

0.987201 0.642346 0.38429 0.21215 0.128141 0.138938 0.254815 0.490025 0.862651 1.39178

0.959834 0.597335 0.31901 0.126228 0.026369 0.0275271 0.139678 0.376113 0.754431 1.29003

1.0365 0.653182 0.352143 0.140883 0.0288913 0.0251655 0.138565 0.381732 0.766428 1.3092

1.21566 0.806771 0.482542 0.256082 0.136936 0.132857 0.252206 0.504088 0.900734 1.4533

1.49098 1.05169 0.707993 0.4723 0.352078 0.353273 0.482115 0.74726 1.15647 1.72045

1.84707 1.38192 1.02742 0.790577 0.675974 0.687399 0.829576 1.10878 1.5336 2.11116

2.27064 1.7959 1.44241 1.21319 1.11033 1.13684 1.2947 1.59086 2.03186 2.62397

2.28575 1.80468 1.43962 1.19619 1.07727 1.08571 1.22499 1.50101 1.92133 2.49423

1.85087 1.39034 1.03227 0.787447 0.662591 0.661775 0.790178 1.05441 1.46325 2.02606

1.48692 1.05518 0.712884 0.474487 0.349699 0.343289 0.463246 0.717409 1.11671 1.67037

1.20803 0.805419 0.484568 0.258137 0.137258 0.130308 0.244891 0.491275 0.881635 1.42812

1.02924 0.649788 0.351443 0.141216 0.029096 0.0246502 0.137066 0.378372 0.761921 1.30164

0.958157 0.59713 0.319607 0.126901 0.0266953 0.0277603 0.140641 0.3792 0.756689 1.29291

0.996187 0.650965 0.391398 0.216485 0.130932 0.140954 0.257214 0.493789 0.869137 1.40235

1.14281 0.812003 0.569115 0.411696 0.341097 0.36345 0.486941 0.724739 1.09935 1.63064

1.39687 1.07963 0.852512 0.712087 0.657971 0.693731 0.827377 1.07023 1.44617 1.97801

1.75664 1.45269 1.2406 1.11699 1.08006 1.13156 1.27739 1.52939 1.9093 2.44369
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2.28575 1.80468 1.43962 1.19619 1.07727 1.08571 1.22499 1.50101 1.92133 2.49423

1.85087 1.39034 1.03227 0.787447 0.662591 0.661775 0.790178 1.05441 1.46325 2.02606

1.48692 1.05518 0.712884 0.474487 0.349699 0.343289 0.463246 0.717409 1.11671 1.67037

1.20803 0.805419 0.484568 0.258137 0.137258 0.130308 0.244891 0.491275 0.881635 1.42812

1.02924 0.649788 0.351443 0.141216 0.029096 0.0246502 0.137066 0.378372 0.761921 1.30164

0.958157 0.59713 0.319607 0.126901 0.0266953 0.0277603 0.140641 0.3792 0.756689 1.29291

0.996187 0.650965 0.391398 0.216485 0.130932 0.140954 0.257214 0.493789 0.869137 1.40235

1.14281 0.812003 0.569115 0.411696 0.341097 0.36345 0.486941 0.724739 1.09935 1.63064

1.39687 1.07963 0.852512 0.712087 0.657971 0.693731 0.827377 1.07023 1.44617 1.97801

1.75664 1.45269 1.2406 1.11699 1.08006 1.13156 1.27739 1.52939 1.9093 2.44369

2.20247 1.75247 1.42692 1.22822 1.15851 1.22039 1.4173 1.75482 2.23792 2.87273

1.79931 1.34318 1.00408 0.787023 0.694865 0.731153 0.901865 1.21226 1.66881 2.28

1.47409 1.02907 0.689679 0.463141 0.356296 0.372157 0.519624 0.805058 1.23832 1.82634

1.22121 0.801731 0.474344 0.249952 0.136256 0.139134 0.26805 0.532261 0.942113 1.50956

1.04762 0.656543 0.351567 0.139556 0.0288116 0.0259248 0.141616 0.389137 0.78047 1.32945

0.963883 0.598155 0.318133 0.12627 0.0263648 0.0268988 0.137425 0.371992 0.748877 1.28407

0.975321 0.630644 0.374617 0.205412 0.124431 0.136466 0.249677 0.478594 0.845196 1.37063

1.08287 0.756813 0.522541 0.376932 0.318574 0.348907 0.473237 0.704032 1.06622 1.58717

1.28543 0.976663 0.762648 0.640084 0.606257 0.659936 0.803584 1.04359 1.40846 1.9306

1.58063 1.28873 1.09421 0.994176 0.985856 1.06647 1.23528 1.4934 1.86879 2.40118
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2.20247 1.75247 1.42692 1.22822 1.15851 1.22039 1.4173 1.75482 2.23792 2.87273

1.79931 1.34318 1.00408 0.787023 0.694865 0.731153 0.901865 1.21226 1.66881 2.28

1.47409 1.02907 0.689679 0.463141 0.356296 0.372157 0.519624 0.805058 1.23832 1.82634

1.22121 0.801731 0.474344 0.249952 0.136256 0.139134 0.26805 0.532261 0.942113 1.50956

1.04762 0.656543 0.351567 0.139556 0.0288116 0.0259248 0.141616 0.389137 0.78047 1.32945

0.963883 0.598155 0.318133 0.12627 0.0263648 0.0268988 0.137425 0.371992 0.748877 1.28407

0.975321 0.630644 0.374617 0.205412 0.124431 0.136466 0.249677 0.478594 0.845196 1.37063

1.08287 0.756813 0.522541 0.376932 0.318574 0.348907 0.473237 0.704032 1.06622 1.58717

1.28543 0.976663 0.762648 0.640084 0.606257 0.659936 0.803584 1.04359 1.40846 1.9306

1.58063 1.28873 1.09421 0.994176 0.985856 1.06647 1.23528 1.4934 1.86879 2.40118

2.48297 2.04715 1.68055 1.39434 1.20596 1.13009 1.17982 1.37076 1.71831 2.23418

1.95467 1.53372 1.1843 0.915881 0.743884 0.682516 0.744734 0.945198 1.29963 1.82051

1.53714 1.13087 0.799115 0.548562 0.394291 0.348303 0.424292 0.635519 0.997758 1.52404

1.23146 0.839804 0.525318 0.293541 0.156958 0.128363 0.219237 0.442557 0.811876 1.34377

1.038 0.661983 0.364709 0.151653 0.0336672 0.0225955 0.129651 0.364938 0.744917 1.2825

0.958957 0.597321 0.317845 0.123559 0.0244969 0.032235 0.155414 0.406307 0.79548 1.33886

0.994778 0.64772 0.385347 0.209694 0.129716 0.15552 0.296332 0.561427 0.962865 1.5139

1.14589 0.813136 0.567544 0.410336 0.349424 0.394047 0.552774 0.833698 1.24747 1.80652

1.41273 1.09396 0.864628 0.725455 0.683322 0.746846 0.923481 1.2209 1.64784 2.21569

1.79517 1.48998 1.27644 1.15484 1.13111 1.21316 1.40797 1.72195 2.16267 2.74008
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2.48297 2.04715 1.68055 1.39434 1.20596 1.13009 1.17982 1.37076 1.71831 2.23418

1.95467 1.53372 1.1843 0.915881 0.743884 0.682516 0.744734 0.945198 1.29963 1.82051

1.53714 1.13087 0.799115 0.548562 0.394291 0.348303 0.424292 0.635519 0.997758 1.52404

1.23146 0.839804 0.525318 0.293541 0.156958 0.128363 0.219237 0.442557 0.811876 1.34377

1.038 0.661983 0.364709 0.151653 0.0336672 0.0225955 0.129651 0.364938 0.744917 1.2825

0.958957 0.597321 0.317845 0.123559 0.0244969 0.032235 0.155414 0.406307 0.79548 1.33886

0.994778 0.64772 0.385347 0.209694 0.129716 0.15552 0.296332 0.561427 0.962865 1.5139

1.14589 0.813136 0.567544 0.410336 0.349424 0.394047 0.552774 0.833698 1.24747 1.80652

1.41273 1.09396 0.864628 0.725455 0.683322 0.746846 0.923481 1.2209 1.64784 2.21569

1.79517 1.48998 1.27644 1.15484 1.13111 1.21316 1.40797 1.72195 2.16267 2.74008

1.85915 1.54327 1.31399 1.1727 1.12731 1.18674 1.35915 1.64983 2.06868 2.62631

1.46317 1.13701 0.896195 0.741907 0.683089 0.728808 0.887833 1.16645 1.57598 2.12816

1.18082 0.843437 0.590595 0.42359 0.351127 0.383009 0.528803 0.795729 1.19659 1.74418

1.01201 0.663745 0.398494 0.218106 0.131708 0.149925 0.282225 0.538559 0.931493 1.475

0.956927 0.597504 0.319596 0.125617 0.0253995 0.0299991 0.150329 0.395555 0.781565 1.32179

1.01528 0.644544 0.353765 0.14609 0.0321152 0.0234126 0.131682 0.367157 0.74717 1.28446

1.18661 0.80442 0.500629 0.279266 0.15171 0.130172 0.22697 0.454421 0.827419 1.3621

1.46996 1.0764 0.759646 0.524637 0.383798 0.349923 0.435338 0.654611 1.02364 1.55611

1.86455 1.45962 1.12977 0.881446 0.727758 0.682108 0.757866 0.96987 1.33472 1.86499

2.36899 1.95277 1.61013 1.3488 1.18276 1.12617 1.19288 1.39867 1.75972 2.28795
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1.85915 1.54327 1.31399 1.1727 1.12731 1.18674 1.35915 1.64983 2.06868 2.62631

1.46317 1.13701 0.896195 0.741907 0.683089 0.728808 0.887833 1.16645 1.57598 2.12816

1.18082 0.843437 0.590595 0.42359 0.351127 0.383009 0.528803 0.795729 1.19659 1.74418

1.01201 0.663745 0.398494 0.218106 0.131708 0.149925 0.282225 0.538559 0.931493 1.475

0.956927 0.597504 0.319596 0.125617 0.0253995 0.0299991 0.150329 0.395555 0.781565 1.32179

1.01528 0.644544 0.353765 0.14609 0.0321152 0.0234126 0.131682 0.367157 0.74717 1.28446

1.18661 0.80442 0.500629 0.279266 0.15171 0.130172 0.22697 0.454421 0.827419 1.3621

1.46996 1.0764 0.759646 0.524637 0.383798 0.349923 0.435338 0.654611 1.02364 1.55611

1.86455 1.45962 1.12977 0.881446 0.727758 0.682108 0.757866 0.96987 1.33472 1.86499

2.36899 1.95277 1.61013 1.3488 1.18276 1.12617 1.19288 1.39867 1.75972 2.28795

1.71974 1.42812 1.23374 1.13561 1.13925 1.25164 1.47925 1.82524 2.29673 2.90057

1.35262 1.04337 0.828446 0.706742 0.685706 0.77295 0.974997 1.29779 1.7481 2.33515

1.10517 0.777484 0.540913 0.394957 0.348597 0.410852 0.587018 0.886476 1.31694 1.88883

0.976932 0.630159 0.370776 0.199854 0.127696 0.164171 0.315811 0.592822 1.00489 1.56374

0.96724 0.60078 0.317535 0.121611 0.02347 0.033865 0.162973 0.418182 0.813545 1.36179

1.0752 0.688608 0.38146 0.159761 0.0358469 0.0217612 0.127669 0.363632 0.745007 1.28375

1.29953 0.892578 0.561206 0.313865 0.164735 0.126554 0.211593 0.431353 0.799084 1.32946

1.63879 1.21146 0.855692 0.582873 0.409445 0.349048 0.414598 0.61811 0.97599 1.49984

2.09136 1.64366 1.26365 0.966088 0.769687 0.688835 0.736558 0.927558 1.27647 1.79446

2.65485 2.18744 1.78337 1.46224 1.24453 1.14528 1.17808 1.35785 1.69899 2.21108
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1.71974 1.42812 1.23374 1.13561 1.13925 1.25164 1.47925 1.82524 2.29673 2.90057

1.35262 1.04337 0.828446 0.706742 0.685706 0.77295 0.974997 1.29779 1.7481 2.33515

1.10517 0.777484 0.540913 0.394957 0.348597 0.410852 0.587018 0.886476 1.31694 1.88883

0.976932 0.630159 0.370776 0.199854 0.127696 0.164171 0.315811 0.592822 1.00489 1.56374

0.96724 0.60078 0.317535 0.121611 0.02347 0.033865 0.162973 0.418182 0.813545 1.36179

1.0752 0.688608 0.38146 0.159761 0.0358469 0.0217612 0.127669 0.363632 0.745007 1.28375

1.29953 0.892578 0.561206 0.313865 0.164735 0.126554 0.211593 0.431353 0.799084 1.32946

1.63879 1.21146 0.855692 0.582873 0.409445 0.349048 0.414598 0.61811 0.97599 1.49984

2.09136 1.64366 1.26365 0.966088 0.769687 0.688835 0.736558 0.927558 1.27647 1.79446

2.65485 2.18744 1.78337 1.46224 1.24453 1.14528 1.17808 1.35785 1.69899 2.21108

2.28915 1.76126 1.34789 1.05342 0.882965 0.841727 0.935616 1.17181 1.55741 2.09723

1.96039 1.44395 1.04034 0.753803 0.588891 0.550598 0.645438 0.879515 1.26237 1.8013

1.63973 1.1461 0.760273 0.487504 0.332375 0.300229 0.397299 0.631582 1.01262 1.54969

1.35351 0.893647 0.533672 0.280453 0.139636 0.116744 0.218411 0.453754 0.83424 1.37141

1.12369 0.706521 0.380328 0.153237 0.0316539 0.0219038 0.130517 0.368267 0.74882 1.28668

0.981921 0.606168 0.317838 0.122137 0.0252504 0.0322778 0.152041 0.393618 0.775705 1.31436
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Figure 34: Two dimensional profile likelihoods of c of Im(AL‖ ) of B̄ with other amplitude

parameters. The ellipse corresponds to the one standard deviation value provided by HESSE.

Values at -0.5 denote failed fits which need to be rerun with a different starting value.
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distribution of the test statistic from fits to the null hypothesis. The left and right plot are for a

linear and log y-axis scale respectively.
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7 Correlations1044

The correlation between two random variables X,Y is defined as1045

cor(X, Y ) =
cov(X, Y )

σXσY
=
〈(X − 〈X〉)(Y − 〈Y 〉)〉

σXσY
(98)

where cov is the covariance between the two random variables, σ the standard deviation1046

and 〈〉 the expectation value operator. Although most of the angular terms in Eq. 13 are1047

orthogonal this does not mean that they are also uncorrelated. The correlation of the1048

different angular terms can be calculated analytically using their moments:1049

cor(Si, Sk) =
〈fifk〉 − 〈fi〉〈fk〉√

〈f 2
i 〉 − 〈fi〉2

√
〈f 2
k 〉 − 〈fk〉2

(99)

The correlation matrix of the angular terms for the different q2 bins is shown in Figs. 37-39.1050

A detailed calculation can be found in appendix W.1051

The correlation can also be determined performing toy studies. The mean correlation1052

of multiple toys can be calculated from the individual results. The process is separated in1053

two steps. In a first step the mean value of the observable is calculated. Afterwards the1054

correlation can be calculated via the following formula:1055

cor(Si, Sk) =
1

Ntoys

∑
toys

(Si − 〈Si〉)(Sk − 〈Sk〉)
σSiσSk

(100)

The toy studies performed to measure the correlation are based on the official MC sample1056

and the nominal observable fit. In Fig. 40 the correlation for two sets of variables which1057

have a significant correlation is shown, using signal decays only. Besides the analytical1058

calculation from the PDF also the correlation determined with toy studies using the1059

method of moments and the likelihood fit is shown. The method of moments seems to1060

better reproduce the analystical predictions, possibly due to the presence of the physical1061

boundaries for the likelihood fit of the observables.1062

The correlation of background and signal events is different. Thus including background1063

in the toy studies modifies also the measured correlation, as can be seen in Fig. 41. The1064

background is mainly uncorrelated which makes the total correlations smaller.1065

There is an intrinsic correlation between the angular terms which originates directly1066

from the PDF. However, there can be also an additional correlation introduced in the1067

measurement by the angular acceptance and statistical fluctuations of the data set.1068

7.1 Measuring Correlation with the Fit Likelihood profile1069

A correlation matrix is provided by Hesse. This matrix is the inverse of the second derivate1070

matrix at the minimum. However, if the minimum is near a (physical) boundary the1071

likelihood becomes highly non-Gaussian and the calculation by Minuit via the second1072

derivatives no longer accurately reflects the correlations.1073
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A possibility to take the boundaries into account is to scan the 2D likelihood profile.1074

For each set of two parameters the 2D likelihood profile is sampled and the correlation is1075

calculated via the following formula:1076

cor(Si, Sk) =
1∑
ppoint

∑
point

ppoint
(Si,point − Si)(Sk,point − Sk)

σSiσSk
(101)

where ppoint is the likelihood at the sampled point.1077

In Fig. 42 the different methods are compared in a toy study. The mean of the1078

correlation factors of Hesse and the likelihood scan method are compared to the measured1079

correlation of the fit (as explained in the previous chapter). Whereas in some regions the1080

mean of the matrix from Hesse shows deviations from the measured correlation of the fit,1081

the likelihood scan method performs significantly better.1082

7.2 Measuring Correlation with the Bootstrapping Method1083

The full covariance matrix and therefore the correlation between observables can be easily1084

determined with the Bootstrapping method. Detailed information on this method can be1085

found in Ref. [34]. The ensamble of pseudo-experiments determined with the bootstrapping1086

method can be used to estimate the experimental covariance matrix statistically according1087

with the following formula:1088

cor(Si, Sk) =
1

Nsamples

∑
samples

(Si,sample − S])(Sk,sample − Sk)
σSi,sample

σSk,sample

. (102)

The result of a toy study comparing this method to the measured correlation can be seen1089

in Fig. 43. There is a good agreement between the mean of the Bootstrap results and the1090

measured correlation of the results from the Method of Moments.1091
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Figure 37: Correlation Matrix for the different angular terms calculated analytically from
the pdf for 0.1 GeV2/c4 < q2 < 0.98 GeV2/c4.
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Figure 38: Correlation matrix for the different angular terms calculated analytically from
the pdf for 1.1 GeV2/c4 < q2 < 2.5 GeV2/c4.
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Figure 39: Correlation Matrix for the different angular terms calculated analytically from
the pdf for 17 GeV2/c4 < q2 < 19 GeV2/c4.
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Figure 40: Correlation between two sets of variables which have a significant correlation,
in bins of q2. Both the analytical calculation and the toy studies (MoM, Fit) are signal
only.
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Figure 41: Correlation between two sets of variables which have a significant correlation,
in bins of q2. The toys are done including background, in the analytical calculation the
effect of background is ignored.
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Figure 42: Correlation between two sets of variables which have a significant correlation,
in bins of q2. Shown is the measured correlation of the fit and the mean of the Hesse
matrix and the Likelihood scan method.
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Figure 43: Correlation between two sets of variables which have a significant correlation,
in bins of q2. Shown is the measured correlation of the Method of Moments (over all toys)
and the mean of correlations calculated with the Bootstrapping method.
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8 Efficiencies1092

8.1 Acceptance parametrisation1093

To correct for the distortion caused by reconstruction and selection of the signal decay,1094

Monte Carlo simulated signal events are used. The acceptance effect can be parameterised1095

using Legendre polynomials. While in the previous analyses [1, 2], the acceptance effect1096

was assumed to factorise in the three decay angles, i.e. ε(cos θl, cos θK , φ) = ε(cos θl) ×1097

ε(cos θK) × ε(φ), in this iteration of the angular analysis, factorisation in the angles is1098

not assumed. Instead, the acceptance can be parameterised in four dimensions, q2, cos θl,1099

cos θl and φ according to1100

ε(cos θ`, cos θK , φ, q
2) =

∑
k,l,m,n

ck,l,m,nP (cos θ`, k)P (cos θK , l)P (φ,m)P (q2, n). (103)

where P (x,m) are Legendre polynomials in x of order m and −1 ≤ x ≤ 1. The coefficicients1101

ck,l,m,n are determined from a moment analysis of B0 → K∗0µ+µ− phase-space MC1102

ck,l,m,n =
1

N ′

N∑
i=1

wi

[(
2k + 1

2

)(
2l + 1

2

)(
2m+ 1

2

)(
2n+ 1

2

)
× P (cos θ`, k)P (cos θK , l)P (φ,m)P (q2, n)

] (104)

where N is the number of candidates in the MC sample, wi is a per-candidate weight1103

used to correct for the non-flat phasespace distribution of events in q2 and the data-driven1104

corrections for pT(B0), χ2
Vtx and track multiplicity. The normalisation is given by1105

N ′ =
N∑
i=1

wi . (105)

The factors of (2k + 1)/2 etc. arise from the orthogonality of the Legendre Polynomials,1106 ∫ +1

−1

P (x,m)P (x,m′)dx =
2

2m+ 1
δmm′ . (106)

8.2 Four-dimensional acceptance1107

The acceptance is modeled using Legendre polynomials of the lowest order that show good1108

description of the angular acceptance effect. For q2, Legendre polynomials of order five1109

and lower are used. For the decay angles polynomials of order four and lower are used for1110

cos θl, order five and lower for cos θK and order six and lower for the angle φ.1111

This results in a total of 720 coefficients that are determined according to Sec. 8.11112

using a total of 1.406 M reconstructed and selected Monte Carlo simulated signal events.1113

The resulting one-dimensional projections of the efficiency on q2 and the three decay1114
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Figure 44: One-dimensional projections of the four-dimensional efficiency parametrisation
on q2, cos θl, cos θK , and φ.
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angles is given in Fig. 44. Good agreement is seen for the one-dimensional projections.1115

Figs. 45, 46 and 47 show the one-dimensional projections in bins of q2 which illustrates1116

the change of the efficiency with q2. In addition, Fig. 48 gives two-dimensional projections1117

of the efficiency parameterisation and the two-dimensional efficiency determined from a1118

four-dimensional histogram. Again, the four-dimensional parametrisation seems to describe1119

the acceptance effect well. It should be noted that the efficiency drops towards zero for1120

some corners, visible for example in Fig. 48 for | cos θl| → 1 and very low q2. It is possible1121

that the parametrisation becomes negative which is problematic for an efficiency. For toy1122

events that are distributed flat in q2 and the three decay angles this is the case for less1123

than 0.2% of events.1124
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Figure 45: One-dimensional projections of the four-dimensional efficiency parametrisation
on cos θl in bins of q2.
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8.3 Further tests of the four-dimensional acceptance parametri-1125

sation1126

As already discussed in Sec. 6.2.3, the change of normalisation of the PDF is the main1127

effect of the acceptance and the quantities1128

ξi =

∫
ε(q2, ~Ω)fi(~Ω)d~Ω (107)

can be used to determine the changed normalisation. It is therefore important to crosscheck1129

these quantities for different acceptance parametrisations. In Fig. 49 the ξi determined1130
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Figure 46: One-dimensional projections of the four-dimensional efficiency parametrisation
on cos θK in bins of q2.
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from the four-dimensional acceptance parametrisation (black line) are compared to ξi1131

determined using four-dimensional histograms (black histogram) and ξi determined using1132

the so-called unbinned method (blue histogram). The unbinned method determines the ξi1133

according to1134

ξi =
23π

Nevents e

∑
e

fi(~Ωe). (108)

The results from all approaches are in very good agreement.1135

In addition, it is useful to compare the performance of the four-dimensional Legendre1136

parametrisation with other parametrisations. To determine wether the parametrisation1137
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Figure 47: One-dimensional projections of the four-dimensional efficiency parametrisation
on φ in bins of q2.
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describes the efficiency in simulation well, the modified χ2 given by1138

χ2

Nbins

=
∑
bin i

(Nsel i − εbin iNtot)
2

Nbins

(109)

is a helpful quantity. Here, Nbins gives the number of bins which is Nbins = 19q2 × 10cos θl ×1139

10cos θK × 10φ = 19 000. For the four-dimensional efficiency this yields χ2/Nbins = 1.53.1140

This compares favourably with the assumption of factorisation in 19 q2 which results in1141

χ2/Nbins = 1.64.1142
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Figure 48: Two-dimensional projections of the four-dimensional efficiency parametrisation
on q2, cos θl, cos θK , and φ and comparison with the corresponding efficiency projection
determined from histograms.
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9 Results1143

This section will contain the results of the angular analysis on data. It will be filled when1144

blinded results from the different methods of angular analysis become available.1145

9.1 Results of the fits for the observables1146

The angular observables are determined using an angular maximum likelihood fit as1147

described in Sec. 6.2, including the simulaneous fit of the mKπ distribution as described1148

in Sec. 6.2.12. The varied parameters for every q2 bin are the signal fraction fsig, the1149

parameter τm describing the exponential slope of the mass distribution of the combinatorial1150

background, six coefficients to describe the background angular distribution, one parame-1151

ter to describe the background distribution in mKπ and finally the P-wave observables1152

FL, AFB, S3,4,5,7,8,9 and the S-wave parameters FS, SS1,...,S5. The four dimensional accep-1153

tance correction described in Sec. 8 is included. For the two large q2 bins [1.1, 6.0] GeV2/c4
1154

and [15.0, 19.0] GeV2/c4 a weighted fit approach is used, since the acceptance significantly1155

varies over these large bins. For all other bins, the acceptance is evaluated at the bin1156

center as described in Sec. 6.2.3. The projections of the probability density function on1157

the decay angles, the reconstructed B0 mass and mKπ are given in Figs. 50-54 for the1158

signal region, ±50 MeV/c2 around the nominal B0
s mass. The results for the CP-averaged1159

observables from the likelihood fit method are given in Tab. 32. The first given uncertainty1160

is statistical, determined using the Feldman-cousing method [24], with 4 000 toys for each1161

point. The corresponding Feldman-Cousins confidence intervals are shown in Figs. 117-1241162

in Appendix D. The second uncertainty is the quadratic sum of the systematic uncer-1163

tainties, which are detailed in Sec. 10.1. The linear correlations are given in Tab. 119 in1164

Appendix E.1165

The CP asymmetries Ai are given in Tab. 33 with the corresponding Feldman-Cousins1166

confidence intervals in Figs. 125-131 in Appendix D. For the Feldman-Cousins method1167

4 000 toys are generated at each point. The linear correlations between these observables1168

are given in Tab. 120 in Appendix E. Finally, the results for the P
(′)
i basis described1169

in Sec. 6.1.5 are given in Tab. 34, with Feldman-Cousins confidence intervals given in1170

Figs. 132-138 in Appendix D. For the Feldman-Cousins method 4 000 toys are generated at1171

each point, with the exception of P ′5, where 10 000 toys are generated. Linear correlations1172

are available in Tab. 121 in Appendix E.1173
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Figure 50: Projections of the fitted probability density function on the decay angles, mKπ

and the reconstructed B0 mass in bins of q2.
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Figure 51: Projections of the fitted probability density function on the decay angles, mKπ

and the reconstructed B0 mass in bins of q2.

106



6.0 < q2 < 8.0 GeV2/c4

L
Θcos

­1 ­0.8 ­0.6 ­0.4 ­0.2 0 0.2 0.4 0.6 0.8 1

E
v
e
n
ts

 /
 0

.1

0

5

10

15

20

25

30

35

40

45

­1
LHCb 3 fb

K
Θcos

­1 ­0.8 ­0.6 ­0.4 ­0.2 0 0.2 0.4 0.6 0.8 1

E
v
e
n
ts

 /
 0

.1

0

5

10

15

20

25

30

35

40

45 ­1
LHCb 3 fb

 [rad]φ
­3 ­2 ­1 0 1 2 3

E
v
e
n
ts

 /
 0

.3
1

0

5

10

15

20

25

30

35

­1LHCb 3 fb

]2c) [GeV/­
π

+
K(m

0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.98

4
c/

2
E

v
e
n
ts

 /
 0

.0
1

 G
e
V

0

10

20

30

40

50

60

70
­1LHCb 3 fb

]2c) [MeV/­
µ+µ

­
π

+
K(m

5200 5300 5400 5500 5600 5700

2
c

E
v
e
n
ts

 /
 5

.3
 M

e
V

/

0

10

20

30

40

50

60 ­1LHCb 3 fb

11.0 < q2 < 12.5 GeV2/c4

L
Θcos

­1 ­0.8 ­0.6 ­0.4 ­0.2 0 0.2 0.4 0.6 0.8 1

E
v
e
n
ts

 /
 0

.1

0

5

10

15

20

25

30

35

40
­1

LHCb 3 fb

K
Θcos

­1 ­0.8 ­0.6 ­0.4 ­0.2 0 0.2 0.4 0.6 0.8 1

E
v
e
n
ts

 /
 0

.1

0

5

10

15

20

25

30

35
­1

LHCb 3 fb

 [rad]φ
­3 ­2 ­1 0 1 2 3

E
v
e
n
ts

 /
 0

.3
1

0

5

10

15

20

25

30

35
­1LHCb 3 fb

]2c) [GeV/­
π

+
K(m

0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.98

4
c/

2
E

v
e
n
ts

 /
 0

.0
1

 G
e
V

0

10

20

30

40

50

60

70 ­1LHCb 3 fb

]2c) [MeV/­
µ+µ

­
π

+
K(m

5200 5300 5400 5500 5600 5700

2
c

E
v
e
n
ts

 /
 5

.3
 M

e
V

/

0

10

20

30

40

50 ­1LHCb 3 fb

Figure 52: Projections of the fitted probability density function on the decay angles, mKπ

and the reconstructed B0 mass in bins of q2.
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Figure 53: Projections of the fitted probability density function on the decay angles, mKπ

and the reconstructed B0 mass in bins of q2.
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Figure 54: Projections of the fitted probability density function on the decay angles, mKπ

and the reconstructed B0 mass in bins of q2.
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Table 32: Results for the CP -averaged observables Si.

0.1 < q2 < 0.98 GeV2/c4

Obs. Value

FL 0.263+0.045
−0.044 ± 0.017

S3 −0.036+0.063
−0.063 ± 0.005

S4 0.082+0.068
−0.069 ± 0.009

S5 0.170+0.059
−0.058 ± 0.018

AFB −0.003+0.058
−0.057 ± 0.009

S7 0.015+0.059
−0.059 ± 0.006

S8 0.079+0.076
−0.075 ± 0.007

S9 −0.083+0.058
−0.057 ± 0.004

1.1 < q2 < 2.5 GeV2/c4

Obs. Value

FL 0.660+0.083
−0.077 ± 0.022

S3 −0.077+0.087
−0.105 ± 0.005

S4 −0.077+0.111
−0.113 ± 0.005

S5 0.137+0.099
−0.094 ± 0.009

AFB −0.191+0.068
−0.080 ± 0.012

S7 −0.219+0.094
−0.104 ± 0.004

S8 −0.098+0.108
−0.123 ± 0.005

S9 −0.119+0.087
−0.104 ± 0.005

2.5 < q2 < 4.0 GeV2/c4

Obs. Value

FL 0.876+0.109
−0.097 ± 0.017

S3 0.035+0.098
−0.089 ± 0.007

S4 −0.234+0.127
−0.144 ± 0.006

S5 −0.022+0.110
−0.103 ± 0.008

AFB −0.118+0.082
−0.090 ± 0.007

S7 0.068+0.120
−0.112 ± 0.005

S8 0.030+0.129
−0.131 ± 0.006

S9 −0.092+0.105
−0.125 ± 0.007

4.0 < q2 < 6.0 GeV2/c4

Obs. Value

FL 0.611+0.052
−0.053 ± 0.017

S3 0.035+0.069
−0.068 ± 0.007

S4 −0.219+0.086
−0.084 ± 0.008

S5 −0.146+0.077
−0.078 ± 0.011

AFB 0.025+0.051
−0.052 ± 0.004

S7 −0.016+0.081
−0.080 ± 0.004

S8 0.167+0.094
−0.091 ± 0.004

S9 −0.032+0.071
−0.071 ± 0.004

6.0 < q2 < 8.0 GeV2/c4

Obs. Value

FL 0.579+0.046
−0.046 ± 0.015

S3 −0.042+0.058
−0.059 ± 0.011

S4 −0.296+0.063
−0.067 ± 0.011

S5 −0.249+0.059
−0.060 ± 0.012

AFB 0.152+0.041
−0.040 ± 0.008

S7 −0.047+0.068
−0.066 ± 0.003

S8 −0.085+0.072
−0.070 ± 0.006

S9 −0.024+0.059
−0.060 ± 0.005

11.0 < q2 < 12.5 GeV2/c4

Obs. Value

FL 0.493+0.049
−0.047 ± 0.013

S3 −0.189+0.054
−0.058 ± 0.005

S4 −0.283+0.084
−0.095 ± 0.009

S5 −0.327+0.076
−0.079 ± 0.009

AFB 0.318+0.044
−0.040 ± 0.009

S7 −0.141+0.072
−0.074 ± 0.005

S8 −0.007+0.070
−0.072 ± 0.005

S9 −0.004+0.070
−0.073 ± 0.006

15.0 < q2 < 17.0 GeV2/c4

Obs. Value

FL 0.349+0.039
−0.039 ± 0.009

S3 −0.142+0.044
−0.049 ± 0.007

S4 −0.321+0.055
−0.074 ± 0.007

S5 −0.316+0.051
−0.057 ± 0.009

AFB 0.411+0.041
−0.037 ± 0.008

S7 0.061+0.058
−0.058 ± 0.005

S8 0.003+0.061
−0.061 ± 0.003

S9 −0.019+0.054
−0.056 ± 0.004

17.0 < q2 < 19.0 GeV2/c4

Obs. Value

FL 0.354+0.049
−0.048 ± 0.025

S3 −0.188+0.074
−0.084 ± 0.017

S4 −0.266+0.063
−0.072 ± 0.010

S5 −0.323+0.063
−0.072 ± 0.009

AFB 0.305+0.049
−0.048 ± 0.013

S7 0.044+0.073
−0.072 ± 0.013

S8 0.013+0.071
−0.070 ± 0.005

S9 −0.094+0.065
−0.067 ± 0.004

1.1 < q2 < 6.0 GeV2/c4

Obs. Value

FL 0.690+0.035
−0.036 ± 0.017

S3 0.012+0.038
−0.038 ± 0.004

S4 −0.155+0.057
−0.056 ± 0.004

S5 −0.023+0.050
−0.049 ± 0.005

AFB −0.075+0.032
−0.034 ± 0.007

S7 −0.077+0.050
−0.049 ± 0.006

S8 0.028+0.058
−0.057 ± 0.008

S9 −0.064+0.042
−0.041 ± 0.004

15.0 < q2 < 19.0 GeV2/c4

Obs. Value

FL 0.344+0.028
−0.030 ± 0.008

S3 −0.163+0.033
−0.033 ± 0.009

S4 −0.284+0.038
−0.041 ± 0.007

S5 −0.325+0.036
−0.037 ± 0.009

AFB 0.355+0.027
−0.027 ± 0.009

S7 0.048+0.043
−0.043 ± 0.006

S8 0.028+0.044
−0.045 ± 0.003

S9 −0.053+0.039
−0.039 ± 0.002
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Table 33: Results for the CP asymmetries Ai.

0.1 < q2 < 0.98 GeV2/c4

Obs. Value

A3 0.006+0.064
−0.065 ± 0.005

A4 −0.068+0.071
−0.073 ± 0.009

A5 0.001+0.061
−0.059 ± 0.018

A6 0.122+0.076
−0.075 ± 0.011

A7 0.076+0.061
−0.060 ± 0.006

A8 −0.031+0.074
−0.074 ± 0.007

A9 0.030+0.062
−0.061 ± 0.004

1.1 < q2 < 2.5 GeV2/c4

Obs. Value

A3 0.042+0.097
−0.087 ± 0.005

A4 0.235+0.125
−0.109 ± 0.005

A5 −0.114+0.099
−0.105 ± 0.009

A6 0.037+0.102
−0.091 ± 0.016

A7 −0.087+0.091
−0.093 ± 0.004

A8 −0.044+0.108
−0.113 ± 0.005

A9 −0.004+0.092
−0.098 ± 0.005

2.5 < q2 < 4.0 GeV2/c4

Obs. Value

A3 −0.111+0.087
−0.109 ± 0.006

A4 −0.007+0.130
−0.135 ± 0.007

A5 −0.005+0.107
−0.106 ± 0.008

A6 0.022+0.115
−0.096 ± 0.010

A7 −0.032+0.109
−0.115 ± 0.005

A8 −0.071+0.124
−0.131 ± 0.006

A9 −0.228+0.114
−0.152 ± 0.007

4.0 < q2 < 6.0 GeV2/c4

Obs. Value

A3 −0.173+0.070
−0.079 ± 0.006

A4 −0.168+0.086
−0.085 ± 0.008

A5 −0.059+0.071
−0.073 ± 0.011

A6 −0.023+0.082
−0.075 ± 0.005

A7 0.041+0.083
−0.082 ± 0.004

A8 0.004+0.093
−0.095 ± 0.005

A9 0.062+0.078
−0.072 ± 0.004

6.0 < q2 < 8.0 GeV2/c4

Obs. Value

A3 0.064+0.067
−0.064 ± 0.011

A4 −0.037+0.073
−0.073 ± 0.011

A5 0.129+0.067
−0.066 ± 0.012

A6 0.047+0.062
−0.060 ± 0.011

A7 0.035+0.065
−0.067 ± 0.003

A8 −0.043+0.070
−0.069 ± 0.006

A9 0.110+0.061
−0.060 ± 0.005

11.0 < q2 < 12.5 GeV2/c4

Obs. Value

A3 0.132+0.075
−0.073 ± 0.005

A4 −0.100+0.082
−0.077 ± 0.009

A5 0.027+0.077
−0.076 ± 0.010

A6 0.024+0.069
−0.067 ± 0.013

A7 −0.008+0.073
−0.073 ± 0.005

A8 0.014+0.075
−0.073 ± 0.005

A9 −0.057+0.057
−0.059 ± 0.006

15.0 < q2 < 17.0 GeV2/c4

Obs. Value

A3 −0.034+0.056
−0.055 ± 0.007

A4 −0.071+0.064
−0.064 ± 0.008

A5 −0.076+0.065
−0.063 ± 0.010

A6 −0.085+0.062
−0.060 ± 0.012

A7 −0.105+0.058
−0.059 ± 0.005

A8 0.048+0.063
−0.063 ± 0.003

A9 0.091+0.059
−0.059 ± 0.004

17.0 < q2 < 19.0 GeV2/c4

Obs. Value

A3 −0.056+0.075
−0.073 ± 0.017

A4 −0.071+0.073
−0.073 ± 0.011

A5 0.008+0.073
−0.075 ± 0.010

A6 −0.127+0.080
−0.076 ± 0.018

A7 0.047+0.070
−0.069 ± 0.013

A8 0.022+0.072
−0.073 ± 0.005

A9 0.043+0.066
−0.067 ± 0.005

1.1 < q2 < 6.0 GeV2/c4

Obs. Value

A3 −0.072+0.038
−0.038 ± 0.004

A4 0.012+0.057
−0.056 ± 0.005

A5 −0.044+0.049
−0.047 ± 0.005

A6 0.020+0.061
−0.060 ± 0.009

A7 −0.045+0.050
−0.050 ± 0.006

A8 −0.047+0.058
−0.057 ± 0.008

A9 −0.033+0.040
−0.042 ± 0.004

15.0 < q2 < 19.0 GeV2/c4

Obs. Value

A3 −0.035+0.043
−0.042 ± 0.010

A4 −0.079+0.047
−0.048 ± 0.008

A5 −0.035+0.047
−0.047 ± 0.010

A6 −0.110+0.052
−0.051 ± 0.013

A7 −0.040+0.045
−0.044 ± 0.006

A8 0.025+0.048
−0.047 ± 0.003

A9 0.061+0.043
−0.044 ± 0.002
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Table 34: Results for the CP -averaged observables P
(′)
i .

0.1 < q2 < 0.98 GeV2/c4

Obs. Value

P1 −0.099+0.168
−0.163 ± 0.014

P2 −0.003+0.051
−0.052 ± 0.007

P3 0.113+0.079
−0.079 ± 0.006

P ′4 0.185+0.158
−0.154 ± 0.023

P ′5 0.387+0.132
−0.133 ± 0.052

P ′6 0.034+0.134
−0.135 ± 0.015

P ′8 0.180+0.174
−0.169 ± 0.007

1.1 < q2 < 2.5 GeV2/c4

Obs. Value

P1 −0.451+0.519
−0.636 ± 0.038

P2 −0.373+0.146
−0.199 ± 0.027

P3 0.350+0.330
−0.254 ± 0.015

P ′4 −0.163+0.232
−0.240 ± 0.021

P ′5 0.289+0.220
−0.202 ± 0.023

P ′6 −0.463+0.202
−0.221 ± 0.012

P ′8 −0.208+0.224
−0.270 ± 0.024

2.5 < q2 < 4.0 GeV2/c4

Obs. Value

P1 0.571+2.404
−1.714 ± 0.045

P2 −0.636+0.444
−1.735 ± 0.015

P3 0.745+2.587
−0.861 ± 0.030

P ′4 −0.713+0.410
−1.305 ± 0.024

P ′5 −0.066+0.343
−0.364 ± 0.023

P ′6 0.205+0.962
−0.341 ± 0.013

P ′8 0.091+0.650
−0.432 ± 0.025

4.0 < q2 < 6.0 GeV2/c4

Obs. Value

P1 0.180+0.364
−0.348 ± 0.027

P2 0.042+0.088
−0.087 ± 0.011

P3 0.083+0.187
−0.184 ± 0.023

P ′4 −0.448+0.169
−0.172 ± 0.020

P ′5 −0.300+0.158
−0.159 ± 0.023

P ′6 −0.032+0.167
−0.166 ± 0.007

P ′8 0.342+0.188
−0.185 ± 0.009

6.0 < q2 < 8.0 GeV2/c4

Obs. Value

P1 −0.199+0.281
−0.275 ± 0.025

P2 0.241+0.061
−0.062 ± 0.013

P3 0.057+0.148
−0.139 ± 0.013

P ′4 −0.599+0.131
−0.135 ± 0.010

P ′5 −0.505+0.122
−0.122 ± 0.024

P ′6 −0.095+0.135
−0.135 ± 0.011

P ′8 −0.171+0.142
−0.143 ± 0.006

11.0 < q2 < 12.5 GeV2/c4

Obs. Value

P1 −0.745+0.207
−0.230 ± 0.015

P2 0.418+0.053
−0.046 ± 0.005

P3 0.007+0.141
−0.138 ± 0.010

P ′4 −0.567+0.169
−0.187 ± 0.014

P ′5 −0.655+0.147
−0.160 ± 0.015

P ′6 −0.282+0.146
−0.151 ± 0.007

P ′8 −0.015+0.145
−0.142 ± 0.005

15.0 < q2 < 17.0 GeV2/c4

Obs. Value

P1 −0.436+0.134
−0.147 ± 0.018

P2 0.421+0.042
−0.035 ± 0.005

P3 0.029+0.082
−0.084 ± 0.006

P ′4 −0.672+0.113
−0.151 ± 0.016

P ′5 −0.662+0.109
−0.127 ± 0.017

P ′6 0.127+0.119
−0.122 ± 0.006

P ′8 0.007+0.125
−0.129 ± 0.005

17.0 < q2 < 19.0 GeV2/c4

Obs. Value

P1 −0.581+0.225
−0.263 ± 0.037

P2 0.314+0.046
−0.048 ± 0.007

P3 0.145+0.107
−0.102 ± 0.008

P ′4 −0.556+0.133
−0.156 ± 0.016

P ′5 −0.676+0.133
−0.152 ± 0.017

P ′6 0.092+0.148
−0.152 ± 0.025

P ′8 0.027+0.147
−0.147 ± 0.009

1.1 < q2 < 6.0 GeV2/c4

Obs. Value

P1 0.080+0.248
−0.245 ± 0.044

P2 −0.162+0.072
−0.073 ± 0.010

P3 0.205+0.135
−0.134 ± 0.017

P ′4 −0.336+0.124
−0.122 ± 0.012

P ′5 −0.049+0.107
−0.108 ± 0.014

P ′6 −0.166+0.108
−0.108 ± 0.021

P ′8 0.060+0.122
−0.124 ± 0.009

15.0 < q2 < 19.0 GeV2/c4

Obs. Value

P1 −0.497+0.102
−0.099 ± 0.027

P2 0.361+0.025
−0.026 ± 0.010

P3 0.081+0.060
−0.059 ± 0.005

P ′4 −0.597+0.080
−0.085 ± 0.015

P ′5 −0.684+0.078
−0.081 ± 0.020

P ′6 0.101+0.090
−0.092 ± 0.011

P ′8 0.059+0.094
−0.093 ± 0.008

112



9.2 Results of the method of moments1174

In this section, the results of the method of moments (described in Sec. 6.3) applied to1175

data are reported. The m(K+π−µ+µ−) mass fits are performed in the nominal range1176

5170 < m(K+π−µ+µ−) < 5700 MeV/c2. The m(K+π−) mass fit (described in Sec. 5) is1177

performed in the nominal range 795.9 < m(K+π−) < 995.9 MeV/c2 The fits to the mass1178

distributions are shown inn Figs. 55 to 75.1179

The results for the P-wave observables, Si and Pi, are shown in Tables 35,36 and 371180

for the narrow 1 GeV2/c4 q2-bins. Results are also presented in Tables 35,36 and 37 for the1181

same q2-binning (∼ 2 GeV2/c4) used in the likelihood fit. The errors are purely statistical1182

in nature, sources of systematic errors are discussed in Sec. 10.2. The distribution of the1183

pseudo-experiments obtained from bootstrapping the data is shown in Appendix L. The1184

correlation matrixes, obtained with the bootstrapping method for all q2 bins is shown in1185

Tables 128 through 185 in Appendix M.1186
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Figure 55: Results of the mass fit to m(K+π−µ+µ−) mass and m(K+π−) in 0.1 < q2 <
0.98 GeV2/c4. The red dashed component is the background, the green component is the
sum of the P and S-wave, the dark yellow component is the P-wave and the lighter yellow
component the S-wave.
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Figure 56: Results of the mass fit to m(K+π−µ+µ−) mass and m(K+π−) in 1.1 < q2 <
2.0 GeV2/c4. The red component is the background, the green component is the sum
of the P and S-wave, the dark yellow component is the P-wave and the lighter yellow
component the S-wave.
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Figure 57: Results of the mass fit to m(K+π−µ+µ−) mass and m(K+π−) in 2.0 < q2 <
3.0 GeV2/c4. The red component is the background, the green component is the sum
of the P and S-wave, the dark yellow component is the P-wave and the lighter yellow
component the S-wave.
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Figure 58: Results of the mass fit to m(K+π−µ+µ−) mass and m(K+π−) in 3.0 < q2 <
4.0 GeV2/c4. The red component is the background, the green component is the sum
of the P and S-wave, the dark yellow component is the P-wave and the lighter yellow
component the S-wave.
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Figure 59: Results of the mass fit to m(K+π−µ+µ−) mass and m(K+π−) in 4.0 < q2 <
5.0 GeV2/c4. The red component is the background, the green component is the sum
of the P and S-wave, the dark yellow component is the P-wave and the lighter yellow
component the S-wave.
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Figure 60: Results of the mass fit to m(K+π−µ+µ−) mass and m(K+π−) in 5.0 < q2 <
6.0 GeV2/c4. The red component is the background, the green component is the sum
of the P and S-wave, the dark yellow component is the P-wave and the lighter yellow
component the S-wave.
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Figure 61: Results of the mass fit to m(K+π−µ+µ−) mass and m(K+π−) in 6.0 < q2 <
7.0 GeV2/c4. The red component is the background, the green component is the sum
of the P and S-wave, the dark yellow component is the P-wave and the lighter yellow
component the S-wave.
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Figure 62: Results of the mass fit to m(K+π−µ+µ−) mass and m(K+π−) in 7.0 < q2 <
8.0 GeV2/c4. The red component is the background, the green component is the sum
of the P and S-wave, the dark yellow component is the P-wave and the lighter yellow
component the S-wave.
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Figure 63: Results of the mass fit to m(K+π−µ+µ−) mass and m(K+π−) in 11.0 < q2 <
11.75 GeV2/c4. The red component is the background, the green component is the sum
of the P and S-wave, the dark yellow component is the P-wave and the lighter yellow
component the S-wave.
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Figure 64: Results of the mass fit to m(K+π−µ+µ−) mass and m(K+π−) in 11.75 < q2 <
12.5 GeV2/c4. The red component is the background, the green component is the sum
of the P and S-wave, the dark yellow component is the P-wave and the lighter yellow
component the S-wave.
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Figure 65: Results of the mass fit to m(K+π−µ+µ−) mass and m(K+π−) in 15.0 < q2 <
16.0 GeV2/c4. The red component is the background, the green component is the sum
of the P and S-wave, the dark yellow component is the P-wave and the lighter yellow
component the S-wave.
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Figure 66: Results of the mass fit to m(K+π−µ+µ−) mass and m(K+π−) in 16.0 < q2 <
17.0 GeV2/c4. The red component is the background, the green component is the sum
of the P and S-wave, the dark yellow component is the P-wave and the lighter yellow
component the S-wave.
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Figure 67: Results of the mass fit to m(K+π−µ+µ−) mass and m(K+π−) in 17.0 < q2 <
18.0 GeV2/c4. The red component is the background, the green component is the sum
of the P and S-wave, the dark yellow component is the P-wave and the lighter yellow
component the S-wave.
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Figure 68: Results of the mass fit to m(K+π−µ+µ−) mass and m(K+π−) in 18.0 < q2 <
19.0 GeV2/c4. The red component is the background, the green component is the sum
of the P and S-wave, the dark yellow component is the P-wave and the lighter yellow
component the S-wave.
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Figure 69: Results of the mass fit to m(K+π−µ+µ−) mass and m(K+π−) in 1.1 < q2 <
2.5 GeV2/c4. The red component is the background, the green component is the sum
of the P and S-wave, the dark yellow component is the P-wave and the lighter yellow
component the S-wave.
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Figure 70: Results of the mass fit to m(K+π−µ+µ−) mass and m(K+π−) in 2.5 < q2 <
4.0 GeV2/c4. The red component is the background, the green component is the sum
of the P and S-wave, the dark yellow component is the P-wave and the lighter yellow
component the S-wave.
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Figure 71: Results of the mass fit to m(K+π−µ+µ−) mass and m(K+π−) in 4.0 < q2 <
6.0 GeV2/c4. The red component is the background, the green component is the sum
of the P and S-wave, the dark yellow component is the P-wave and the lighter yellow
component the S-wave.
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Figure 72: Results of the mass fit to m(K+π−µ+µ−) mass and m(K+π−) in 6.0 < q2 <
8.0 GeV2/c4. The red component is the background, the green component is the sum
of the P and S-wave, the dark yellow component is the P-wave and the lighter yellow
component the S-wave.
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Figure 73: Results of the mass fit to m(K+π−µ+µ−) mass and m(K+π−) in 11.0 < q2 <
12.5 GeV2/c4. The red component is the background, the green component is the sum
of the P and S-wave, the dark yellow component is the P-wave and the lighter yellow
component the S-wave.
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Figure 74: Results of the mass fit to m(K+π−µ+µ−) mass and m(K+π−) in 15.0 < q2 <
17.0 GeV2/c4. The red component is the background, the green component is the sum
of the P and S-wave, the dark yellow component is the P-wave and the lighter yellow
component the S-wave.
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Figure 75: Results of the mass fit to m(K+π−µ+µ−) mass and m(K+π−) in 17.0 < q2 <
19.0 GeV2/c4. The red component is the background, the green component is the sum
of the P and S-wave, the dark yellow component is the P-wave and the lighter yellow
component the S-wave.
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9.3 Comparison of results from likelihood fit and method of1187

moments1188

A comparison between the results of the likelihood fit (including the FC) and the moments1189

(including the interval from the bootstrapping) is provided for the Si and the Ai observables1190

in Figs. 76 and 77. Systematic uncertainties have been included for both the likelihood1191

fit and the method of moments. The difference between the observables is consistent1192

with expectation, given the typical differences between the two estimators (∼ 50% of the1193

statistical uncertainty in toys).1194
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Figure 76: Comparison of the results from the likelihood fit (black closed markers) to
the method of moments (red open markers) in the 2 GeV2/c4 binning scheme for the Si
observables.
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Figure 77: Comparison of the results from the likelihood fit (black closed markers) to
the method of moments (red open markers) in the 2 GeV2/c4 binning scheme for the Ai
observables..
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9.4 Results of the fits for the amplitudes1195

9.4.1 Direct fit to the data1196

The resulting projections of the pdf and the data are shown in Figs. 78 and 79, integrated1197

accross the full B0 mass region and 50 MeV/c2 around the nominal B0 mass respectively.1198

In order to ensure the fit converges at the global minimum, the fit is repeated fifty times1199

from a randomised starting point sampled from a Gaussian distribution centered at the SM1200

value with a width of ±500% of the SM value, and the lowest likelihood point is selected.1201

A good description of the data is observed.1202
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Figure 78: Mass and angular projections of the results of the fit to B0→ µ+µ−K∗0 data.
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Figure 79: Mass and angular projections of the results of the fit to B0 → µ+µ−K∗0 data,

50 MeV/c2 around the nominal B0 mass.
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9.4.2 One dimensional profile likelihoods1203

As briefly mentioned in Sec. 6.4.11, the result of the fit to the amplitude coefficients in the1204

data is unfortunately such that one cannot simply provide a best-fit point and an error1205

matrix of the amplitude coefficients. Figures 80 and 81 show the one-dimensional likelihood1206

profiles of the amplitude coefficients in the fit to the data. For each scanning point, the fit1207

is repeated fifty times as mentioned above, and the lowest likelihood point is selected. It1208

is clear that the exact symmetry Ai → −Ai described in Sec. ?? is apparent. The black1209

and red points correspond to cases where the fit landed at the original or the symmetric1210

solution respectively. This separation is exact for the left handed amplitudes, by requiring1211

that Re(AL0 ) is negative (positive). For the right-handed amplitudes the separation can be1212

performed by requiring that Re(AR‖ ) is negative (positive) at q2 = 2 GeV2/c4. However for1213

the right-handed amplitudes this separation is not exact.1214

The left-handed amplitudes exhibit a parabolic profile. The right-handed ones however1215

appear more problematic. Specifically, Im(AR‖ ) is clearly non-parabolic and Re(AR⊥) appears1216

to have a set of “horns” which signify the presence of a local minimum 0.8 likelihood units1217

away from the minimum. This will become more apparent in the following section. Given1218

the shape of the 1D profile likelihoods it is evident that a simple coveriance matrix is not1219

sufficient in order to convey the full information of the amplitude fit.1220

9.4.3 Bootstrapping the data1221

The Bootstrapping technique [34] can be employed to determine the intervals of measured1222

quantities when an analytic description is insufficient. Two dimensional histograms of1223

the distributions of the amplitudes vs q2, from fits of 11.5K bootstraps of the data, are1224

shown in Fig. 82. Each fit is repeated 50 times by randomizing the starting point 500%1225

around the SM values. The Ai → −Ai degeneracy is broken by requiring that the resulting1226

amplitudes from the fit satisfy Re(AL0 ) < 0 and φ(AR‖ ) < 1.57 at q2 = 2 GeV2/c4. It is1227

evident that a second solution exists for Re(AR⊥) and Re(AR⊥). This second solution is1228

consistent with the “horn” feature observed in the 1D profiles of Re(AR⊥) (see Fig. 81).1229

We can conclude therefore that this second solution corresponds to a local minimum 0.81230

NLL units from the minimum of the original LHCb dataset. The closeness of these two1231

solutions means that they cannot be separated and therefore if the bootstraps are used to1232

quote an interval, the spread of the boostraps including both solutions will be considered.1233

In principle intervals could be provided for the amplitude coefficients, however the1234

presence of the exact symmetry Ai → −Ai, makes the determination of whether the1235

coverage is correct difficult. However the angular observables (Si) are invariant under this1236

exact symmetry. Therefore testing the coverage of the bootraps for the observables Si is1237

indeed possible.1238

The bootstrap coverage is tested by generating 1000 signal and background toy datasets1239

using the model obtained from the best fit to the LHCb data. Each toy dataset is1240

bootstrapped 200 times. A fit is then performed to each bootstrapped dataset of each1241

generated toy dataset. Each fit is repeated fifty times with a randomized starting point as1242
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Figure 80: One dimensional profile likelihoods of left handed B0 amplitude coefficients from a

fit to the data. The black (red) points correspond to cases where the fit landed at a nominal

(symmetric) point under Ai → −Ai. For more details please see the text.

discussed in Sec. 9.4.1 and the fit with the lowest NLL is kept. This results in a total of1243

10M fits.1244

For each toy dataset the interval on an observable is constructed by calculating the1245
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Figure 81: One dimensional profile likelihoods of right handed B0 amplitude coefficients from a

fit to the data. The black (red) points correspond to cases where the fit landed at a nominal

(symmetric) point under Ai → −Ai. For more details please see the text.

Sis out of the amplitude coefficients. The 16th and 84th percentiles of the bootstraps for1246

each toy, of the Si observables at six points in q2, are then computed. If these intervals1247

contain the values of the observables, used in the generation of the toys, 68% of the time1248

then the coverage of the bootstrap technique is correct at the 1 σ level. The traditional1249

method of requiring the pull to be a normal distribution is insufficient as the observables1250

are non-gaussianly distributed both int the toys and in the bootstraps of the toys.1251

Tables 38 to 45 show the coverage of the bootstrap method. Overall the coverage at1252

the 1 σ level is correct. However there are some exeptions for S8 and S9 which are not1253

understood. This motivates the use of the bootstrap method to obtain the coverage for1254

S4, S5 and S6s as well as their corresponding zero-crossing points.1255

9.4.4 Results on observables using bootstraps1256

The results of S4, S5 and S6s as a function of q2 are shown in Fig. 83. The intervals1257

are determined from the bootstraps by calculating the 16th and 84th percentiles of the1258

distributions at each q2 point. The solid line corresponds to the best fit point of the1259

original dataset and the dashed line to the median of the distribution of the bootstraps.1260
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Figure 82: Distribution of amplitudes as a function of q2 as obtained by bootstrapping the

data 11.5K times and fitting it each time. The shadow seen at the high q2 region of Re(AR⊥)

and Im(AR‖ ) corresponds to the presence of the local minimum present in the likelihood of the

original LHCb dataset.

Systematic uncertainties are included, however their effect is negligible. These figures1261

are intended for publication but only for aesthetic purposes, as their correlations will1262

q2 value (GeV 2/c4) Frac. 68% of boots

S1c

1.104 0.650± 0.041(toys)± 0.021(boot.)
2.000 0.695± 0.043(toys)± 0.015(boot.)
3.000 0.577± 0.039(toys)± 0.013(boot.)
4.000 0.585± 0.039(toys)± 0.023(boot.)
5.000 0.621± 0.040(toys)± 0.013(boot.)
6.000 0.666± 0.042(toys)± 0.023(boot.)

Table 38: Bootstrap coverage of S1c
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q2 value (GeV 2/c4) Frac. 68% of boots

S3

1.104 0.650± 0.041(toys)± 0.016(boot.)
2.000 0.715± 0.043(toys)± 0.018(boot.)
3.000 0.671± 0.042(toys)± 0.018(boot.)
4.000 0.778± 0.045(toys)± 0.010(boot.)
5.000 0.736± 0.044(toys)± 0.003(boot.)
6.000 0.715± 0.043(toys)± 0.023(boot.)

Table 39: Bootstrap coverage of S3

q2 value (GeV 2/c4) Frac. 68% of boots

S4

1.104 0.658± 0.041(toys)± 0.005(boot.)
2.000 0.728± 0.044(toys)± 0.013(boot.)
3.000 0.627± 0.040(toys)± 0.018(boot.)
4.000 0.590± 0.039(toys)± 0.031(boot.)
5.000 0.705± 0.043(toys)± 0.023(boot.)
6.000 0.713± 0.043(toys)± 0.010(boot.)

Table 40: Bootstrap coverage of S4

not be provided. However we plan to provide results of the zero-crossing points of these1263

observables as will be discussed in the next section.1264

q2 value (GeV 2/c4) Frac. 68% of boots

S5

1.104 0.705± 0.043(toys)± 0.013(boot.)
2.000 0.658± 0.041(toys)± 0.015(boot.)
3.000 0.679± 0.042(toys)± 0.013(boot.)
4.000 0.689± 0.042(toys)± 0.010(boot.)
5.000 0.708± 0.043(toys)± 0.013(boot.)
6.000 0.676± 0.042(toys)± 0.016(boot.)

Table 41: Bootstrap coverage of S5
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q2 value (GeV 2/c4) Frac. 68% of boots

S6s

1.104 0.663± 0.042(toys)± 0.013(boot.)
2.000 0.598± 0.040(toys)± 0.034(boot.)
3.000 0.658± 0.041(toys)± 0.010(boot.)
4.000 0.731± 0.044(toys)± 0.015(boot.)
5.000 0.715± 0.043(toys)± 0.013(boot.)
6.000 0.728± 0.044(toys)± 0.018(boot.)

Table 42: Bootstrap coverage of S6s

q2 value (GeV 2/c4) Frac. 68% of boots

S7

1.104 0.582± 0.039(toys)± 0.029(boot.)
2.000 0.723± 0.043(toys)± 0.016(boot.)
3.000 0.692± 0.043(toys)± 0.005(boot.)
4.000 0.661± 0.042(toys)± 0.005(boot.)
5.000 0.674± 0.042(toys)± 0.005(boot.)
6.000 0.705± 0.043(toys)± 0.003(boot.)

Table 43: Bootstrap coverage of S7

9.4.5 Zero-Crossing Point measurements1265

The expression of the observables as a function of q2 enables the analytic determination of1266

the point at which the obervable crosses zero. Given the amplitude ansatz and the fact1267

q2 value (GeV 2/c4) Frac. 68% of boots

S8

1.104 0.648± 0.041(toys)± 0.016(boot.)
2.000 0.671± 0.042(toys)± 0.047(boot.)
3.000 0.731± 0.044(toys)± 0.018(boot.)
4.000 0.595± 0.039(toys)± 0.021(boot.)
5.000 0.535± 0.037(toys)± 0.039(boot.)
6.000 0.554± 0.038(toys)± 0.050(boot.)

Table 44: Bootstrap coverage of S8
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q2 value (GeV 2/c4) Frac. 68% of boots

S9

1.104 0.721± 0.043(toys)± 0.010(boot.)
2.000 0.520± 0.037(toys)± 0.016(boot.)
3.000 0.728± 0.044(toys)± 0.013(boot.)
4.000 0.548± 0.038(toys)± 0.018(boot.)
5.000 0.747± 0.044(toys)± 0.018(boot.)
6.000 0.661± 0.042(toys)± 0.016(boot.)

Table 45: Bootstrap coverage of S9
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Figure 83: Results of the amplitudes fits for S4, S5 and AFB. The solid line is the result

of the fit to the data and the dashed line is the median of the distribution of the bootstraps.

The green band corresponds to the 16th and 84th percentile obtained from bootstrapping the

data. Systematic uncertainties have been added in quadrature (red band) however their effect is

negligible

that the numerator of the Si observables are bilinear combinations of the amplitudes, the1268

determination of the ZCP reduces to solving a quartic equation. The sign of the slope in1269
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the viscinity of the ZCP helps to choose the solutions which are expected given theory1270

and experimental measurements in the q2 range in question.1271

The q2 parametrisation of the amplitudes is known not to hold below ∼ 1 GeV2/c4
1272

due to the presence of the φ resonance and also the effect the muon mass has on the1273

symmetries of the angular distribution. In addition, the choice to only fit up to 6 GeV2/c4
1274

in q2 restricts the range of ZCPs that can be quoted to the range 1.1− 6.0 GeV2/c4.1275

The bootstrap technique is chosen in order to quote the 68% interval of the ZCPs.1276

In order to guarantee the correct statistical coverage of the bootstraps, the ZCP will1277

only be given for S4, S5 and AFB(S6s). Out of these observables only the ZCP with the1278

correctly-signed slope in the viscinity of the ZCP will be quoted. If a ZCP is such that1279

a well defined 68% interval cannot be quoted, the point in q2 above which 5% of the1280

bootstraps lie, will be quoted.1281

Figure 84 shows the distributions the ZCPs with the correctly signed slope for observ-1282

ables S4 S5 and AFB. The fraction of bootstraps where there is correctly-signed ZCP1283

within the q2 range between 1.1 and 6.0 GeV2/c4 is ∼ 10%. This fraction is accounted for1284

when estimating the 16th and 84th percentiles of the bootstraps distributions, by randomly1285

assigning half of these 10% bootstraps to plus-infinity and the other half to minus-infinity.1286
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Figure 84: Distributions of the ZCPs with the correctly signed slope for observables S4

(left) S5 (right) and S6s (bottom) from the bootstraps.

For S4, a 68% interval cannot be defined within 1.1 and 6 GeV2/c4. However 5% of1287
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Observable interval ( GeV2/c4) syst. unc.
S4 < 2.65 at 95% 0.01
S5 (2.49, 3.95) 0.02
S6s (3.4, 4.87) 0.13

Table 46: Summary of intervals of the ZCP from bootstraps. For S4 a lower limit is quoted.

bootstraps have a ZCP above 2.65 GeV2/c4. Therefore this upper q2 limit will be quoted.1288

The summary of all the intervals along with the systematic uncertainty is shown in Tab. 46.1289
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10 Systematic uncertainties1290

The main systematic effects that need to be evaluated by all three angular analysis methods1291

are related to the acceptance correction. Here, the statistical uncertainty of the acceptance1292

correction from simulation as well as possible differences between simulation and data1293

need to be considered. In addition, possible biases from pollution by peaking backgrounds1294

and the background parametrization need to be determined.1295

The strategy for determining the aforementioned systematic uncertainties involves using1296

high statistics toy data generated by varying the parameters in question (e.g acceptance or1297

background parameters) and fitting/counting back these datasets using both the nominal1298

and systematically varied models. The spread of the variation of the parameter of interest1299

is then taken as the systematic uncertainty on that parameter.1300

10.1 Systematics for observable fits1301

10.1.1 Statistical uncertainty of the four-dimensional acceptance1302

The four-dimensional acceptance described in Sec. 8 relies on the determination of Legendre1303

coefficients from a sample of simulated B0 → K∗0µ+µ− phase-space events. To determine1304

the effect of the limited size of the simulated sample, the covariance matrix of the1305

coefficients is determined alongside their numerical values. High statistics toy studies are1306

then performed, where events are generated with an acceptance that is varied according to1307

the (inverse) covariance matrix. These simulated events are then fit using both the varied1308

and the nominal acceptance. Fig. 85 gives the distributions for 500 toy experiments for1309

the q2 bin in the range 0.1 < q2 < 1.0 GeV2/c4. The observed deviations of the parameters1310

are fit using Gaussian functions. The distributions are centered around 0, their widths1311

are used as systematic uncertainties due to the statistical uncertainty of the acceptance.1312

Tab. 47 gives the resulting systematic uncertainties for all q2 bins. They are negligible1313

compared to the expected statistical uncertainties.1314

10.1.2 Differences between data and simulation1315

The determination of the acceptance relies on accurate simulation of the signal decay1316

B0 → K∗0µ+µ−. The control decay B0 → J/ψK∗0 is used to cross-check if distributions1317

in data are reproduced properly. Ref. [13] describes the procedure used to correct the1318

unsatisfactory simulation of the transverse momentum of the signal B0, as well as the1319

B0 vertex χ2 and the track multiplicity in the event. The effect of these corrections1320

on the acceptance is evaluated by redetermining the acceptance correction without the1321

reweighting. Toy studies are performed to evaluate the effect on the observables. The1322

results are given in Tabs. 48, 49 and 50. All deviations seen are negligible.1323

In addition, there are small differences for the kinematic variables of the B0 daughter1324

particles. Fig. 86 shows the (transverse) momentum for the signal kaon and pion for1325

both truth-matched simulated events as well as B0 → J/ψK∗0 events from data. The1326

distributions for data are extracted using the sWeighting technique. To minimize the1327
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influence of pollution from an S-wave component which is not simulated in data, the1328

window for invariant mass of the K+π− system is reduced from the nominal ±100 MeV/c2 to1329

±20 MeV/c2. From the two-dimensional distributions of K+ and π− in data and simulation1330

a correction factor is determined. This correction factor, depending on the particles1331

momentum and transverse momentum is given in shown in Fig. 87. The systematic1332

uncertainty from the modeling of the signal decay is then evaluated using toy studies where1333

the acceptance is redetermined using the reweightings. Tabs. 51 and 52 give the resulting1334

systematic uncertainties for the reweighting of both kaon and pion. While the reweighting1335

of the kaon has a negligible effect, there is an, albeit small, systematic uncertainty for the1336

reweighting of the pion.1337

10.1.3 Fixing of q2 for four-dimensional acceptance1338

For the 2 GeV2/c4 bins, the efficiency is included in the PDF in the fit, since a weighted fit1339

of the data is less stable for the small statistics in these narrow bins5. The PDF used to1340

5The unfolding can be used for the larger q2 bins 1 < q2 < 6 GeV2/c4 and 15 < q2 < 19 GeV2/c4.

Figure 85: Distributions of deviations of observables from toy experiment for the first q2

bin in the range 0.1 < q2 < 1.0 GeV2/c4. Events are generated with an acceptance varied
according to its statistical uncertainty and fit back using the nominal acceptance.
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Table 47: Systematic uncertainties due to the statistical uncertainty on the four-dimensional
acceptance. Ranges of q2 bins are given in GeV2/c4.

0.1 < q2 < 1.0
param. σsyst.

FL 0.0029
S3 0.0038
S4 0.0040
S5 0.0045
AFB 0.0038
S7 0.0003
S8 0.0001
S9 0.0000

1.0 < q2 < 2.5
param. σsyst.

FL 0.0018
S3 0.0015
S4 0.0025
S5 0.0026
AFB 0.0013
S7 0.0002
S8 0.0001
S9 0.0001

2.5 < q2 < 4.0
param. σsyst.

FL 0.0013
S3 0.0012
S4 0.0018
S5 0.0022
AFB 0.0009
S7 0.0001
S8 0.0001
S9 0.0000

4.0 < q2 < 6.0
param. σsyst.

FL 0.0012
S3 0.0012
S4 0.0015
S5 0.0018
AFB 0.0008
S7 0.0001
S8 0.0000
S9 0.0000

6.0 < q2 < 8.0
param. σsyst.

FL 0.0013
S3 0.0013
S4 0.0012
S5 0.0018
AFB 0.0009
S7 0.0001
S8 0.0000
S9 0.0000

15.0 < q2 < 17.0
param. σsyst.

FL 0.0025
S3 0.0030
S4 0.0021
S5 0.0028
AFB 0.0020
S7 0.0000
S8 0.0000
S9 0.0000

17.0 < q2 < 19.0
param. σsyst.

FL 0.0044
S3 0.0067
S4 0.0037
S5 0.0046
AFB 0.0037
S7 0.0000
S8 0.0000
S9 0.0000

11.0 < q2 < 12.5
param. σsyst.

FL 0.0017
S3 0.0017
S4 0.0012
S5 0.0019
AFB 0.0012
S7 0.0000
S8 0.0000
S9 0.0000

1.1 < q2 < 6.0
param. σsyst.

FL 0.0012
S3 0.0011
S4 0.0016
S5 0.0018
AFB 0.0007
S7 0.0001
S8 0.0001
S9 0.0000

15.0 < q2 < 19.0
param. σsyst.

FL 0.0029
S3 0.0039
S4 0.0023
S5 0.0031
AFB 0.0022
S7 0.0001
S8 0.0001
S9 0.0000

fit the observables is in itself not q2 dependent, therefore the four-dimensional efficiency is1341

evaluated for a fixed q2. The nominal setting is to use the mean of the q2 bin to determine1342

the efficiency used for the specific bin. To evaluate a possible systematic bias from this1343

choice, toy experiments are used to determine the deviation for the observables seen for1344

fixing q2 for the mean of the bin, q2
mean, as well as q2

mean ± 3
4
∆q2, where the q2 bin is given1345

by [q2
mean−∆q2, q2

mean + ∆q2]. The largest deviation is taken as systematic uncertainty and1346

given in Tab. 53 for all observables and q2 bins. While this approach likely overestimates1347

the systematic effect, the resulting systematic uncertainties are small compared to the1348

expected statistical errors.1349

10.1.4 Higher order acceptance model1350

There is some choice in the maximum order of the Legendre polynomials used to model the1351

four-dimensional acceptance. While higher orders generaly will be able to describe details in1352

the acceptance better, more coefficients also will lead to higher computational requirements.1353

An additional potential drawback of higher order polynomials are oscillations at the borders1354

of the intervals (Runge phenomenon). Therefore the lowest order of polynomials that1355

describes the acceptance sufficiently well should be chosen. A higher order parametrisation1356

is used to determine a systematic uncertainty of this choice.1357
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Figure 86: Distribution of p and pT for (up)K+ and (down) π− for sWeighted B0 → J/ψK∗0

candidates from data (black) and truthmatched B0 → J/ψK∗0 decays from simulation
(red).
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The nominal choice is to include Legendre polynomials of order four and lower for1358

cos θl, order five for cos θK and q2, and order six for the angle φ as described in Sec. 8.2. In1359

addition, the acceptance is assumed to be even in φ resulting in only non-zero coefficients1360

of even order for these polynomials. The projections of the four-dimensional acceptance1361

determined with these settings show very good description of the angles cos θl and φ1362

(See Fig. 44). Small deviations are observed for low q2 and large cos θK . To estimate1363

the effect of these imperfections on the angular observables, we determine an acceptance1364

including higer order polynomials for the description of cos θK and q2, choosing a maximal1365

order of seven for both. Table 54 gives the result of the angular fit of the control decay1366

B0 → J/ψK∗0 using this higher order acceptance and for comparison the nominal result.1367

No deviation of a size sigificant for the angular analysis of the signal decay is seen. This1368

gives again confidence in the choice of the acceptance desciption.1369

To determine the systematic uncertainties properly, high statistics toys are performed,1370

where events are generated using the higher order acceptance model and fit with the1371

nominal one. The resulting deviations are given in Tab. 55, they are negligible for all bins.1372
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Figure 87: Correction factor for simulated events depending on p and pT for (left) K+ and
(right) π−.
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Table 48: Systematic uncertainties from neglecting the explicit reweighting of the B0 pT.
Ranges of q2 bins are given in GeV2/c4.

0.1 < q2 < 1.0
param. σsyst.

FL 0.0009
S3 0.0002
S4 0.0003
S5 0.0004
AFB 0.0003
S7 0.0000
S8 0.0001
S9 0.0000

1.0 < q2 < 2.5
param. σsyst.

FL 0.0028
S3 0.0000
S4 0.0002
S5 0.0005
AFB 0.0014
S7 0.0000
S8 0.0000
S9 0.0000

2.5 < q2 < 4.0
param. σsyst.

FL 0.0027
S3 0.0001
S4 0.0005
S5 0.0001
AFB 0.0009
S7 0.0001
S8 0.0001
S9 0.0000

4.0 < q2 < 6.0
param. σsyst.

FL 0.0032
S3 0.0001
S4 0.0004
S5 0.0005
AFB 0.0005
S7 0.0000
S8 0.0000
S9 0.0000

6.0 < q2 < 8.0
param. σsyst.

FL 0.0039
S3 0.0001
S4 0.0001
S5 0.0005
AFB 0.0016
S7 0.0000
S8 0.0000
S9 0.0000

15.0 < q2 < 17.0
param. σsyst.

FL 0.0032
S3 0.0001
S4 0.0001
S5 0.0005
AFB 0.0017
S7 0.0000
S8 0.0000
S9 0.0000

17.0 < q2 < 19.0
param. σsyst.

FL 0.0024
S3 0.0005
S4 0.0005
S5 0.0003
AFB 0.0011
S7 0.0000
S8 0.0000
S9 0.0000

11.0 < q2 < 12.5
param. σsyst.

FL 0.0046
S3 0.0005
S4 0.0006
S5 0.0009
AFB 0.0028
S7 0.0000
S8 0.0000
S9 0.0000

1.1 < q2 < 6.0
param. σsyst.

FL 0.0032
S3 0.0000
S4 0.0002
S5 0.0001
AFB 0.0005
S7 0.0000
S8 0.0000
S9 0.0000

15.0 < q2 < 19.0
param. σsyst.

FL 0.0029
S3 0.0002
S4 0.0003
S5 0.0004
AFB 0.0015
S7 0.0000
S8 0.0000
S9 0.0000
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Table 49: Systematic uncertainties form neglecting the explicit reweighting of the B0

vertex χ2. Ranges of q2 bins are given in GeV2/c4.

0.1 < q2 < 1.0
param. σsyst.

FL 0.0019
S3 0.0001
S4 0.0019
S5 0.0004
AFB 0.0019
S7 0.0002
S8 0.0000
S9 0.0001

1.0 < q2 < 2.5
param. σsyst.

FL 0.0004
S3 0.0001
S4 0.0001
S5 0.0006
AFB 0.0003
S7 0.0000
S8 0.0000
S9 0.0000

2.5 < q2 < 4.0
param. σsyst.

FL 0.0005
S3 0.0001
S4 0.0003
S5 0.0004
AFB 0.0001
S7 0.0000
S8 0.0000
S9 0.0000

4.0 < q2 < 6.0
param. σsyst.

FL 0.0004
S3 0.0001
S4 0.0002
S5 0.0000
AFB 0.0001
S7 0.0000
S8 0.0000
S9 0.0000

6.0 < q2 < 8.0
param. σsyst.

FL 0.0004
S3 0.0000
S4 0.0001
S5 0.0001
AFB 0.0002
S7 0.0000
S8 0.0000
S9 0.0000

15.0 < q2 < 17.0
param. σsyst.

FL 0.0010
S3 0.0002
S4 0.0003
S5 0.0004
AFB 0.0004
S7 0.0000
S8 0.0000
S9 0.0000

17.0 < q2 < 19.0
param. σsyst.

FL 0.0013
S3 0.0007
S4 0.0004
S5 0.0002
AFB 0.0002
S7 0.0000
S8 0.0000
S9 0.0000

11.0 < q2 < 12.5
param. σsyst.

FL 0.0010
S3 0.0000
S4 0.0001
S5 0.0001
AFB 0.0006
S7 0.0000
S8 0.0000
S9 0.0000

1.1 < q2 < 6.0
param. σsyst.

FL 0.0005
S3 0.0001
S4 0.0003
S5 0.0003
AFB 0.0000
S7 0.0000
S8 0.0000
S9 0.0000

15.0 < q2 < 19.0
param. σsyst.

FL 0.0011
S3 0.0004
S4 0.0003
S5 0.0003
AFB 0.0003
S7 0.0000
S8 0.0000
S9 0.0000

10.1.5 Peaking backgrounds1373

Several peaking backgrounds are able to mimic the signal decay. An overview is given1374

in Tab. 56 taken from [13], where the peaking background processes are discussed in1375

more detail. To determine the effect of neglecting the peaking backgrounds in the1376

angular analysis, high statistics toy studies are performed. In addition to the signal and1377

combinatorial background component, peaking background events are added according1378

to their expected fraction. The deviation of the fitted angular observables from their1379

nominal values when neglecting these peaking background events in the fit are then taken1380

as systematic uncertainties.1381

The distributions of the peaking background events in reconstructed B0 mass, decay1382

angles and q2 are taken from data. To select these peaking background events, specific1383

selections are applied. The explicit vetoes against the peaking backgrounds are removed1384

and the criteria listed in Tab. 57 are applied instead. Since the nominal BDT used to1385

suppress combinatorial background includes particle identification criteria, the nominal1386

BDT cut is removed. Instead, a new BDT, trained without particle identification criteria,1387

is applied to remove combinatorial backgrounds.1388

The selected peaking backgrounds Λ0
b → pKµ+µ−, B0

s → φµ+µ− andB0 → π+π−µ+µ−,1389

as well as Kπ swapped B0 → K∗0µ+µ− events, are given in Fig. 88. Here, the standard1390
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Table 50: Systematic uncertainties form neglecting the explicit reweighting of the track
multiplicity. Ranges of q2 bins are given in GeV2/c4.

0.1 < q2 < 1.0
param. σsyst.

FL 0.0010
S3 0.0000
S4 0.0005
S5 0.0003
AFB 0.0022
S7 0.0001
S8 0.0002
S9 0.0000

1.0 < q2 < 2.5
param. σsyst.

FL 0.0002
S3 0.0002
S4 0.0010
S5 0.0003
AFB 0.0000
S7 0.0000
S8 0.0000
S9 0.0000

2.5 < q2 < 4.0
param. σsyst.

FL 0.0003
S3 0.0002
S4 0.0010
S5 0.0001
AFB 0.0005
S7 0.0000
S8 0.0000
S9 0.0000

4.0 < q2 < 6.0
param. σsyst.

FL 0.0004
S3 0.0000
S4 0.0008
S5 0.0001
AFB 0.0006
S7 0.0000
S8 0.0000
S9 0.0000

6.0 < q2 < 8.0
param. σsyst.

FL 0.0007
S3 0.0001
S4 0.0006
S5 0.0001
AFB 0.0006
S7 0.0000
S8 0.0000
S9 0.0000

15.0 < q2 < 17.0
param. σsyst.

FL 0.0010
S3 0.0001
S4 0.0002
S5 0.0004
AFB 0.0006
S7 0.0000
S8 0.0000
S9 0.0000

17.0 < q2 < 19.0
param. σsyst.

FL 0.0015
S3 0.0001
S4 0.0009
S5 0.0001
AFB 0.0016
S7 0.0000
S8 0.0000
S9 0.0000

11.0 < q2 < 12.5
param. σsyst.

FL 0.0003
S3 0.0007
S4 0.0003
S5 0.0005
AFB 0.0002
S7 0.0000
S8 0.0000
S9 0.0000

1.1 < q2 < 6.0
param. σsyst.

FL 0.0000
S3 0.0002
S4 0.0011
S5 0.0003
AFB 0.0004
S7 0.0000
S8 0.0000
S9 0.0000

15.0 < q2 < 19.0
param. σsyst.

FL 0.0003
S3 0.0002
S4 0.0003
S5 0.0002
AFB 0.0005
S7 0.0000
S8 0.0000
S9 0.0000

charmonium vetoes are applied. In addition, Fig. 89 gives the corresponding high statistics1391

charmonium modes Λ0
b → J/ψpK, B0

s → J/ψφ, B0 → J/ψπ+π− and B0 → J/ψK∗01392

swaps, where q2 is in the range [8, 11] GeV2/c4. The selected peaking background yields1393

are 109 (Λ0
b → pKµ+µ−), 156 (B0

s → φµ+µ−) and 92 (B0 → π+π−µ+µ−) events. As1394

expected, the charmonium decays have much larger yields with 9, 000 (Λ0
b → J/ψpK),1395

24, 100 (B0
s → J/ψφ) and 9, 000 (B0 → J/ψπ+π−) events.1396

Two different methods are employed to determine the angular distributions of the1397

peaking background events. The first is to simply sample events randomly from the high1398

statistics b→ J/ψX decays, using the q2 distribution of the corresponding rare modes to1399

determine the fraction of background events expected in the different q2 bins. The second1400

approach is to use a kernel density method to describe the distributions, using only the1401
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Figure 88: Selected (first row) Λ0
b → pKµ+µ−, (second row) B0

s → φµ+µ− and (third row)
B0 → π+π−µ+µ− peaking background events, as well as (fourth row) B0 → K∗0µ+µ−

swaps. The left column gives the reconstructed mass of the b hadron, the right column
the reconstructed mass of the final state hadron.
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Figure 89: Selected (first row) Λ0
b → J/ψpK, (second row) B0

s → J/ψφ and (third row)
B0 → J/ψπ+π− peaking background events, as well as (fourth row) B0 → J/ψK∗0 swaps.
The left column gives the reconstructed mass of the b hadron, the right column the
reconstructed mass of the final state hadron.
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Table 51: Systematic uncertainties from reweighting depending on pion p and pT. Ranges
of q2 bins are given in GeV2/c4.

0.1 < q2 < 1.0
param. σsyst.

FL 0.0139
S3 0.0010
S4 0.0005
S5 0.0030
AFB 0.0003
S7 0.0003
S8 0.0000
S9 0.0001

1.0 < q2 < 2.5
param. σsyst.

FL 0.0149
S3 0.0002
S4 0.0017
S5 0.0006
AFB 0.0077
S7 0.0001
S8 0.0001
S9 0.0001

2.5 < q2 < 4.0
param. σsyst.

FL 0.0118
S3 0.0005
S4 0.0007
S5 0.0017
AFB 0.0043
S7 0.0003
S8 0.0002
S9 0.0002

4.0 < q2 < 6.0
param. σsyst.

FL 0.0126
S3 0.0011
S4 0.0021
S5 0.0020
AFB 0.0020
S7 0.0002
S8 0.0002
S9 0.0002

6.0 < q2 < 8.0
param. σsyst.

FL 0.0130
S3 0.0014
S4 0.0020
S5 0.0010
AFB 0.0058
S7 0.0001
S8 0.0001
S9 0.0001

15.0 < q2 < 17.0
param. σsyst.

FL 0.0059
S3 0.0020
S4 0.0006
S5 0.0018
AFB 0.0031
S7 0.0000
S8 0.0000
S9 0.0000

17.0 < q2 < 19.0
param. σsyst.

FL 0.0021
S3 0.0019
S4 0.0010
S5 0.0011
AFB 0.0005
S7 0.0000
S8 0.0000
S9 0.0000

11.0 < q2 < 12.5
param. σsyst.

FL 0.0108
S3 0.0015
S4 0.0002
S5 0.0016
AFB 0.0066
S7 0.0000
S8 0.0000
S9 0.0000

1.1 < q2 < 6.0
param. σsyst.

FL 0.0139
S3 0.0004
S4 0.0001
S5 0.0011
AFB 0.0023
S7 0.0002
S8 0.0001
S9 0.0001

15.0 < q2 < 19.0
param. σsyst.

FL 0.0040
S3 0.0021
S4 0.0009
S5 0.0015
AFB 0.0017
S7 0.0000
S8 0.0000
S9 0.0000

low statistics b→ Xµ+µ− modes. This method uses Gaussian kernels according to1402

Ppeaking(mKπµµ, cos θl, cos θK , φ) =
1

N

N∑
events i=1

1
√

2π
4
σ(cos θl)σ(cos θK)σ(φ)σ(mKπµµ)

× exp

[
−(mKπµµ −mKπµµ,i)

2

2σ2(mKπµµ)
− (cos θl − cos θl,i)

2

2σ2(cos θl)

]
× exp

[
−(cos θK − cos θK,i)

2

2σ2(cos θK)
− (φ− φi)2

2σ2(φ)

]
, (110)

where σ(cos θl) = σ(cos θK) = 0.2, σ(φ) = π/5 rad and σ(mKπµµ) = 10.6 MeV/c2. Events1403

near the borders of the cos θl and cos θK distributions are handled by folding back the1404

PDF. Fig. 90 shows the angular distributions for b→ Xµ+µ− decays in black. Overlayed1405

are the angular distributions of the b → J/ψX decays in blue and the results from the1406

kernel method in red. The results from the kernel method follow the data smoothly, the1407

angular distributions from the charmonium modes seem to be statistically compatible with1408

the rare decays. The most interesting feature is certainly the cos θK dependence of the1409

B0
s → φµ+µ− and B0

s → J/ψφ decays which strongly peak towards cos θK = −1. This is1410

due to the mass of the φ resonance being just above the K+K− threshold.1411
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Figure 90: The decay angles (left) cos θl, (middle) cos θK , and (right) φ for (black)
b→ Xµ+µ− decays, (blue) b→ J/ψX decays, and (red) from the kernel method described
in the text. The three peaking backgrounds studied are (first row) Λ0

b → pKµ+µ−, (second
row) B0

s → φµ+µ−, (third row) B0 → π+π−µ+µ− and (fourth row) B0 → K+π−µ+µ−

swaps.
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Table 52: Systematic uncertainties from reweighting depending on kaon p and pT. Ranges
of q2 bins are given in GeV2/c4.

0.1 < q2 < 1.0
param. σsyst.

FL 0.0035
S3 0.0010
S4 0.0003
S5 0.0010
AFB 0.0008
S7 0.0002
S8 0.0001
S9 0.0001

1.0 < q2 < 2.5
param. σsyst.

FL 0.0006
S3 0.0002
S4 0.0006
S5 0.0004
AFB 0.0004
S7 0.0000
S8 0.0000
S9 0.0000

2.5 < q2 < 4.0
param. σsyst.

FL 0.0001
S3 0.0001
S4 0.0010
S5 0.0000
AFB 0.0001
S7 0.0000
S8 0.0000
S9 0.0000

4.0 < q2 < 6.0
param. σsyst.

FL 0.0004
S3 0.0001
S4 0.0010
S5 0.0004
AFB 0.0001
S7 0.0000
S8 0.0000
S9 0.0000

6.0 < q2 < 8.0
param. σsyst.

FL 0.0008
S3 0.0002
S4 0.0008
S5 0.0004
AFB 0.0001
S7 0.0000
S8 0.0000
S9 0.0000

15.0 < q2 < 17.0
param. σsyst.

FL 0.0008
S3 0.0002
S4 0.0000
S5 0.0000
AFB 0.0005
S7 0.0000
S8 0.0000
S9 0.0000

17.0 < q2 < 19.0
param. σsyst.

FL 0.0002
S3 0.0006
S4 0.0001
S5 0.0002
AFB 0.0001
S7 0.0000
S8 0.0000
S9 0.0000

11.0 < q2 < 12.5
param. σsyst.

FL 0.0012
S3 0.0001
S4 0.0002
S5 0.0002
AFB 0.0008
S7 0.0000
S8 0.0000
S9 0.0000

1.1 < q2 < 6.0
param. σsyst.

FL 0.0000
S3 0.0000
S4 0.0013
S5 0.0000
AFB 0.0001
S7 0.0000
S8 0.0000
S9 0.0000

15.0 < q2 < 19.0
param. σsyst.

FL 0.0003
S3 0.0004
S4 0.0000
S5 0.0001
AFB 0.0003
S7 0.0000
S8 0.0000
S9 0.0000

In addition to the peaking backgrounds from misidentified Λ0
b → pKµ+µ−, B0

s →1412

K+K−µ+µ− and B0 → K+π−µ+µ− decays, 2% of B0 → K+π−rndµ
+µ− decays originating1413

from B0 → K∗0µ+µ− decays, where the π− was replaced by a random pion in the event.1414

The distributions of this background source are modelled using B0 → K∗+(→ K+π0)µ+µ−1415

decays.1416

The resulting deviations from high statistics toys containing the appropriate fraction of1417

Λ0
b → pKµ+µ−, B0

s → K+K−µ+µ− and B0 → K+π−µ+µ−, as well as B0 → K+π−rndµ
+µ−1418

peaking background events sampled from the charmonium decays are given in the Tab. 58.1419

The corresponding results from the kernel method are given in Tab. 59.1420

10.1.6 Angular background modeling1421

The nominal background parametrisation uses Chebyshev polynomials of second order1422

and lower to describe the decay angles. To estimate the systematic effect of this choice1423

of angular background model, the high mass sideband (mKπµµ ∈ [5355, 5700] MeV/c2)1424

is fit with Chebyshev polynomials of forth order and lower instead. To have enough1425

combinatorial background events to fit the Chebyshev coefficients, the BDT requirement1426

is removed for the fit. Fig. 91 shows the fitted angular distributions in bins of q2. To1427

determine the systematic effect of only fitting the background with polynomials of order1428
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Table 53: Systematic uncertainties from fixing q2 of the four-dimensional acceptance.
Ranges of q2 bins are given in GeV2/c4.

0.1 < q2 < 1.0
param. σsyst.

FL 0.0025
S3 0.0014
S4 0.0037
S5 0.0014
AFB 0.0028
S7 0.0001
S8 0.0003
S9 0.0000

1.0 < q2 < 2.5
param. σsyst.

FL 0.0088
S3 0.0005
S4 0.0029
S5 0.0005
AFB 0.0043
S7 0.0001
S8 0.0001
S9 0.0000

2.5 < q2 < 4.0
param. σsyst.

FL 0.0089
S3 0.0002
S4 0.0002
S5 0.0019
AFB 0.0034
S7 0.0002
S8 0.0002
S9 0.0001

4.0 < q2 < 6.0
param. σsyst.

FL 0.0089
S3 0.0005
S4 0.0009
S5 0.0020
AFB 0.0013
S7 0.0002
S8 0.0000
S9 0.0001

6.0 < q2 < 8.0
param. σsyst.

FL 0.0043
S3 0.0003
S4 0.0001
S5 0.0004
AFB 0.0020
S7 0.0001
S8 0.0001
S9 0.0001

15.0 < q2 < 17.0
param. σsyst.

FL 0.0034
S3 0.0033
S4 0.0030
S5 0.0024
AFB 0.0014
S7 0.0002
S8 0.0002
S9 0.0001

17.0 < q2 < 19.0
param. σsyst.

FL 0.0226
S3 0.0102
S4 0.0062
S5 0.0044
AFB 0.0063
S7 0.0000
S8 0.0000
S9 0.0000

11.0 < q2 < 12.5
param. σsyst.

FL 0.0013
S3 0.0009
S4 0.0005
S5 0.0005
AFB 0.0009
S7 0.0001
S8 0.0002
S9 0.0000

Table 54: Results from the angular fit of the control decay B0 → J/ψK∗0 using (left)
the higher order acceptance description detailed in Sec. 10.1.4 and (right) the nominal
acceptance correction.

parameter higher order result

S1s 0.330± 0.001
S3 0.001± 0.002
S4 −0.274± 0.002
S5 −0.005± 0.002
S6s 0.002± 0.002
S7 0.001± 0.002
S8 −0.050± 0.002
S9 −0.085± 0.002
FS 0.073± 0.003
SS1 −0.235± 0.003
SS2 0.002± 0.002
SS3 0.001± 0.002
SS4 0.001± 0.002
SS5 −0.065± 0.002

parameter nominal result

Ss1 0.331± 0.001
S3 0.000± 0.002
S4 −0.276± 0.002
S5 −0.002± 0.002
Ss6 0.002± 0.002
S7 0.001± 0.002
S8 −0.050± 0.002
S9 −0.087± 0.002
FS 0.083± 0.003
SS1 −0.229± 0.003
SS2 0.001± 0.002
SS3 0.003± 0.002
SS4 0.001± 0.002
SS5 −0.065± 0.002
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Table 55: The effect of using a the nominal instead of a higher order acceptance model.

0.1 < q2 < 1.0
param. σsyst.

FL 0.0037
S3 0.0007
S4 0.0042
S5 0.0162
AFB 0.0004
S7 0.0036
S8 0.0003
S9 0.0017

1.0 < q2 < 2.5
param. σsyst.

FL 0.0108
S3 0.0015
S4 0.0007
S5 0.0065
AFB 0.0020
S7 0.0030
S8 0.0030
S9 0.0013

2.5 < q2 < 4.0
param. σsyst.

FL 0.0022
S3 0.0003
S4 0.0017
S5 0.0025
AFB 0.0000
S7 0.0005
S8 0.0009
S9 0.0012

4.0 < q2 < 6.0
param. σsyst.

FL 0.0033
S3 0.0003
S4 0.0015
S5 0.0020
AFB 0.0011
S7 0.0001
S8 0.0006
S9 0.0008

6.0 < q2 < 8.0
param. σsyst.

FL 0.0034
S3 0.0010
S4 0.0014
S5 0.0021
AFB 0.0021
S7 0.0009
S8 0.0013
S9 0.0020

15.0 < q2 < 17.0
param. σsyst.

FL 0.0018
S3 0.0013
S4 0.0009
S5 0.0022
AFB 0.0004
S7 0.0016
S8 0.0018
S9 0.0024

17.0 < q2 < 19.0
param. σsyst.

FL 0.0084
S3 0.0025
S4 0.0002
S5 0.0031
AFB 0.0059
S7 0.0112
S8 0.0027
S9 0.0015

11.0 < q2 < 12.5
param. σsyst.

FL 0.0032
S3 0.0005
S4 0.0003
S5 0.0028
AFB 0.0018
S7 0.0014
S8 0.0023
S9 0.0008

1.1 < q2 < 6.0
param. σsyst.

FL 0.0001
S3 0.0000
S4 0.0006
S5 0.0001
AFB 0.0001
S7 0.0014
S8 0.0011
S9 0.0007

15.0 < q2 < 19.0
param. σsyst.

FL 0.0003
S3 0.0010
S4 0.0002
S5 0.0002
AFB 0.0004
S7 0.0050
S8 0.0003
S9 0.0002

Table 56: Estimated yields, and percentage relative to estimated signal yield, of peaking
background events before and after the vetoes. The dominant uncertainty contributing to
these numbers is in σbb and the estimate of B(Λ0

b→ Λ∗(1520)0µ+µ−).

after preselection, before vetoes after vetoes and selection
Channel Estimated events % signal Estimated events % signal

Λ0
b→ Λ∗(1520)0µ+µ− (1.0± 0.5)× 103 19± 8 51± 25 1.0± 0.4

Λ0
b→ pK−µ+µ− (1.0± 0.5)× 102 1.9± 0.8 5.7± 2.8 0.11± 0.05
B+→ K+µ+µ− 28± 7 0.55± 0.06 1.6± 0.5 0.031± 0.006
B0
s→ φµ+µ− (3.2± 1.3)× 102 6.2± 2.1 17± 7 0.33± 0.12

signal swaps (3.6± 0.9)× 102 6.9± 0.6 33± 9 0.64± 0.06
B0→ J/ψK∗0 swaps (1.3± 0.4)× 102 2.6± 0.4 2.7± 2.8 0.05± 0.05

B0→ J/ψK∗0 70± 22 1.35± 0.28 59± 19 1.14± 0.26
B+→ K∗+µ+µ− 0 0 0 0

two and lower, high statistics toy MC is used. The toy MC is generated using the forth1429

order angular backgorund description using the nominal signal fraction. Then the toys1430

are fitted once with the fourth order and one with the second order angular backgorund1431

description. The observed difference is taken as systematic uncertainty and is given in1432
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Table 57: Particle identification criteria and mass ranges to explicitly select specific peaking
backgrounds.

mode selection criteria

Λ0
b → pKµ+µ− ProbNNk(K) > 0.3

ProbNNp(π) > 0.3
|mpKµµ −mΛ0

b
| < 50 MeV/c2

B0
s → φµ+µ− ProbNNk(K, π) > 0.3

|mKK −mφ| < 20 MeV/c2

|mKKµµ −mB0
s
| < 50 MeV/c2

B0 → π+π−µ+µ− ProbNNpi(K, π) > 0.3
ProbNNk(K, π) < 0.1
|mππµµ −mB0| < 50 MeV/c2

Table 58: Deviations from the nominal observables due to the peaking backgrounds. The
background events have been sampled from the corresponding charmonium mode.

0.1 < q2 < 1.0
param. σsyst.

FL 0.0047
S3 0.0023
S4 0.0028
S5 0.0028
AFB 0.0062
S7 0.0038
S8 0.0020
S9 0.0030

1.0 < q2 < 2.5
param. σsyst.

FL 0.0018
S3 0.0008
S4 0.0012
S5 0.0032
AFB 0.0075
S7 0.0002
S8 0.0034
S9 0.0024

2.5 < q2 < 4.0
param. σsyst.

FL 0.0006
S3 0.0010
S4 0.0037
S5 0.0007
AFB 0.0018
S7 0.0050
S8 0.0048
S9 0.0060

4.0 < q2 < 6.0
param. σsyst.

FL 0.0006
S3 0.0036
S4 0.0034
S5 0.0018
AFB 0.0001
S7 0.0031
S8 0.0019
S9 0.0014

6.0 < q2 < 8.0
param. σsyst.

FL 0.0001
S3 0.0100
S4 0.0019
S5 0.0005
AFB 0.0022
S7 0.0001
S8 0.0057
S9 0.0016

15.0 < q2 < 17.0
param. σsyst.

FL 0.0030
S3 0.0018
S4 0.0018
S5 0.0014
AFB 0.0014
S7 0.0050
S8 0.0013
S9 0.0009

17.0 < q2 < 19.0
param. σsyst.

FL 0.0020
S3 0.0029
S4 0.0029
S5 0.0019
AFB 0.0032
S7 0.0037
S8 0.0043
S9 0.0004

11.0 < q2 < 12.5
param. σsyst.

FL 0.0018
S3 0.0000
S4 0.0080
S5 0.0058
AFB 0.0013
S7 0.0047
S8 0.0034
S9 0.0051

1.1 < q2 < 6.0
param. σsyst.

FL 0.0055
S3 0.0032
S4 0.0012
S5 0.0041
AFB 0.0058
S7 0.0005
S8 0.0042
S9 0.0021

15.0 < q2 < 19.0
param. σsyst.

FL 0.0046
S3 0.0050
S4 0.0037
S5 0.0032
AFB 0.0056
S7 0.0025
S8 0.0014
S9 0.0012

Tab. 60. The systematic effect is negligible.1433
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Figure 91: The angular distribution of combinatorial background events in the high mass
sideband (mKπµµ ∈ [5355, 5700] MeV/c2).
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Table 59: Deviations from the nominal observables due to the peaking backgrounds. The
background events have been generated using the kernel method described in the text.

0.1 < q2 < 1.0
param. σsyst.

FL 0.0064
S3 0.0015
S4 0.0039
S5 0.0040
AFB 0.0031
S7 0.0011
S8 0.0066
S9 0.0014

1.0 < q2 < 2.5
param. σsyst.

FL 0.0035
S3 0.0029
S4 0.0001
S5 0.0040
AFB 0.0005
S7 0.0011
S8 0.0005
S9 0.0042

2.5 < q2 < 4.0
param. σsyst.

FL 0.0024
S3 0.0048
S4 0.0052
S5 0.0051
AFB 0.0033
S7 0.0017
S8 0.0032
S9 0.0052

4.0 < q2 < 6.0
param. σsyst.

FL 0.0041
S3 0.0050
S4 0.0069
S5 0.0085
AFB 0.0013
S7 0.0037
S8 0.0032
S9 0.0009

6.0 < q2 < 8.0
param. σsyst.

FL 0.0023
S3 0.0064
S4 0.0097
S5 0.0082
AFB 0.0040
S7 0.0009
S8 0.0026
S9 0.0011

15.0 < q2 < 17.0
param. σsyst.

FL 0.0034
S3 0.0015
S4 0.0049
S5 0.0068
AFB 0.0054
S7 0.0014
S8 0.0025
S9 0.0034

17.0 < q2 < 19.0
param. σsyst.

FL 0.0037
S3 0.0049
S4 0.0061
S5 0.0038
AFB 0.0074
S7 0.0010
S8 0.0033
S9 0.0033

11.0 < q2 < 12.5
param. σsyst.

FL 0.0017
S3 0.0031
S4 0.0047
S5 0.0033
AFB 0.0022
S7 0.0016
S8 0.0042
S9 0.0032

1.1 < q2 < 6.0
param. σsyst.

FL 0.0063
S3 0.0005
S4 0.0009
S5 0.0010
AFB 0.0034
S7 0.0055
S8 0.0066
S9 0.0037

15.0 < q2 < 19.0
param. σsyst.

FL 0.0027
S3 0.0038
S4 0.0020
S5 0.0008
AFB 0.0055
S7 0.0002
S8 0.0003
S9 0.0012

10.1.7 Signal mass modeling1434

The signal mass peak is modelled using the sum of two Crystal Ball functions with common1435

mean and tail parameters and different widths. The nominal signal mass shape parameters1436

are determined from the control decay B0 → J/ψK∗0 and fixed in the nominal fit of the1437

signal decay. To determine the systematic effect of this choice of signal mass model, a1438

double Gaussian is used as alternative model. The parameters of the double Gaussian are1439

determined from a fit to B0 → J/ψK∗0 events. High statistics toy MC is then generated1440

using the double Gaussian mass model and fitted twice, once using the double Gaussian1441

and once using the nominal Crystal Ball parametrisation. The observed difference is given1442

in Tab. 61 and used as systematic uncertainty.1443

10.1.8 mKπ related systematic uncertainties1444

The nominal fit used the mKπ distribution to constrain FS as described in Sec. 6.2.12.1445

Three possible sources of systematic uncertainties connected to the mKπ distribution1446

are studied: The parametrisation of the S-wave component, the parametrisation of the1447

background in mKπ, and the effect of an mKπ dependent efficiency which is neglected in1448

the nominal fit.1449
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Table 60: Systematic effect due to the angular background modeling.

0.1 < q2 < 1.0
param. σsyst.

FL 0.0003
S3 0.0010
S4 0.0007
S5 0.0002
AFB 0.0001
S7 0.0001
S8 0.0000
S9 0.0006

1.0 < q2 < 2.5
param. σsyst.

FL 0.0033
S3 0.0031
S4 0.0004
S5 0.0010
AFB 0.0009
S7 0.0005
S8 0.0004
S9 0.0013

2.5 < q2 < 4.0
param. σsyst.

FL 0.0013
S3 0.0024
S4 0.0003
S5 0.0010
AFB 0.0014
S7 0.0002
S8 0.0002
S9 0.0019

4.0 < q2 < 6.0
param. σsyst.

FL 0.0010
S3 0.0022
S4 0.0010
S5 0.0010
AFB 0.0005
S7 0.0002
S8 0.0002
S9 0.0033

6.0 < q2 < 8.0
param. σsyst.

FL 0.0012
S3 0.0039
S4 0.0016
S5 0.0034
AFB 0.0008
S7 0.0003
S8 0.0001
S9 0.0018

15.0 < q2 < 17.0
param. σsyst.

FL 0.0011
S3 0.0002
S4 0.0012
S5 0.0005
AFB 0.0002
S7 0.0000
S8 0.0000
S9 0.0004

17.0 < q2 < 19.0
param. σsyst.

FL 0.0003
S3 0.0059
S4 0.0002
S5 0.0001
AFB 0.0002
S7 0.0001
S8 0.0002
S9 0.0018

11.0 < q2 < 12.5
param. σsyst.

FL 0.0007
S3 0.0011
S4 0.0014
S5 0.0024
AFB 0.0021
S7 0.0003
S8 0.0002
S9 0.0034

1.1 < q2 < 6.0
param. σsyst.

FL 0.0021
S3 0.0010
S4 0.0017
S5 0.0005
AFB 0.0013
S7 0.0002
S8 0.0001
S9 0.0004

15.0 < q2 < 19.0
param. σsyst.

FL 0.0005
S3 0.0008
S4 0.0015
S5 0.0010
AFB 0.0000
S7 0.0001
S8 0.0000
S9 0.0007

To evaluate the systematic uncertainty due to using the LASS shape as nominal model1450

for the S-wave contribution, the effect of using the ISOBAR model instead is evaluated.1451

The ISOBAR model consists of the sum of two amplitudes modelling the f800 and the1452

K∗00 (1430),1453

AISOBAR(mKπ) = |rf800|ei arg δf800Af800(mKπ) + (1− |rf800|)AK∗00 (1430)(mKπ),

where Af800(mKπ) and AK∗00 (1430)(mKπ) are Breit-Wigner amplitudes as in Eq. 37.1454

The masses and widths of the resonances are set to m(f800) = 682 MeV/c2 and1455

Γ(f800) = 547 MeV/c2 for the f800 contribution and m(K∗00 (1430)) = 1.425 GeV/c2 and1456

Γ(K∗00 (1430)) = 0.270 GeV/c2 for the K∗00 (1430) [40]. The parameters |r800| and δ800 are1457

determined from a fit to the mKπµµ and mKπ distributions of B0 → J/ψK∗0 decays. High1458

statistics toy Monte Carlo generated using the ISOBAR model and fit twice, once using1459

the ISOBAR, and once the nominal LASS model. The observed deviations for the angular1460

observables are used as systematic uncertainties and given in Tab. 62.1461

To evaluate the systematic uncertainty due to the background parametrisation of mKπ1462

a first order Chebyshev polynomial is compared to a fourth order parametrisation. The1463

fourth order coefficients are determined from B0 → J/ψK∗0. High statistics toy Monte1464

Carlo is generated using the fourth order parametrisation and fit using both the fourth1465

order and the nominal first order parametrisation. The observed deviations for the angular1466

observables are used as systematic uncertainties and given in Tab. 63.1467
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Table 61: Systematic effect of the signal mass model.

0.1 < q2 < 1.0
param. σsyst.

FL 0.0009
S3 0.0001
S4 0.0000
S5 0.0008
AFB 0.0005
S7 0.0000
S8 0.0000
S9 0.0000

1.0 < q2 < 2.5
param. σsyst.

FL 0.0021
S3 0.0001
S4 0.0001
S5 0.0006
AFB 0.0011
S7 0.0005
S8 0.0001
S9 0.0001

2.5 < q2 < 4.0
param. σsyst.

FL 0.0022
S3 0.0003
S4 0.0003
S5 0.0007
AFB 0.0003
S7 0.0001
S8 0.0000
S9 0.0002

4.0 < q2 < 6.0
param. σsyst.

FL 0.0013
S3 0.0004
S4 0.0004
S5 0.0013
AFB 0.0007
S7 0.0001
S8 0.0001
S9 0.0004

6.0 < q2 < 8.0
param. σsyst.

FL 0.0006
S3 0.0006
S4 0.0006
S5 0.0019
AFB 0.0011
S7 0.0002
S8 0.0002
S9 0.0002

15.0 < q2 < 17.0
param. σsyst.

FL 0.0013
S3 0.0039
S4 0.0003
S5 0.0019
AFB 0.0023
S7 0.0000
S8 0.0001
S9 0.0001

17.0 < q2 < 19.0
param. σsyst.

FL 0.0022
S3 0.0072
S4 0.0011
S5 0.0020
AFB 0.0034
S7 0.0003
S8 0.0000
S9 0.0001

11.0 < q2 < 12.5
param. σsyst.

FL 0.0011
S3 0.0014
S4 0.0005
S5 0.0019
AFB 0.0019
S7 0.0000
S8 0.0000
S9 0.0000

1.1 < q2 < 6.0
param. σsyst.

FL 0.0017
S3 0.0001
S4 0.0003
S5 0.0005
AFB 0.0001
S7 0.0003
S8 0.0002
S9 0.0001

15.0 < q2 < 19.0
param. σsyst.

FL 0.0017
S3 0.0037
S4 0.0005
S5 0.0019
AFB 0.0027
S7 0.0000
S8 0.0000
S9 0.0001

For the nominal fit the efficiency over the mKπ range of the angular analysis,1468

[795.9, 995.9] MeV/c2, is assumed to be flat. The systematic effect of this assumption1469

is quantified using high statistics toy Monte Carlo, including an additional mKπ dependent1470

efficiency. This efficiency is parametrised using a linearly rising or falling function with1471

a variation of ±5% at the borders of the mKπ mass range. The additional efficiency is1472

applied on top of the usual four-dimensional efficiency described in Sec. 8.2. The angular1473

observables are then determined using the nominal fit, and the largest deviations from the1474

generated values are taken as systematic uncertainties and given in Tab. 64.1475

10.1.9 Production asymmetry1476

The production of B0 and B0 mesons is known to be asymmetric at the LHC, due to1477

the non-charge symmetric initial state in pp collision. The production asymmetry Aprod,1478

defined as1479

Aprod =
N(B0)−N(B0)

N(B0)−N(B0)
,
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Table 62: Systematic deviations due to using the ISOBAR model instead of the nominal
LASS description of the S-wave.

0.1 < q2 < 1.0
param. σsyst.

FL 0.0002
S3 0.0000
S4 0.0001
S5 0.0004
AFB 0.0001
S7 0.0000
S8 0.0000
S9 0.0000

1.0 < q2 < 2.5
param. σsyst.

FL 0.0004
S3 0.0000
S4 0.0000
S5 0.0002
AFB 0.0001
S7 0.0001
S8 0.0000
S9 0.0000

2.5 < q2 < 4.0
param. σsyst.

FL 0.0004
S3 0.0000
S4 0.0001
S5 0.0002
AFB 0.0000
S7 0.0000
S8 0.0000
S9 0.0000

4.0 < q2 < 6.0
param. σsyst.

FL 0.0002
S3 0.0000
S4 0.0001
S5 0.0004
AFB 0.0000
S7 0.0000
S8 0.0000
S9 0.0000

6.0 < q2 < 8.0
param. σsyst.

FL 0.0001
S3 0.0000
S4 0.0002
S5 0.0004
AFB 0.0001
S7 0.0000
S8 0.0000
S9 0.0000

15.0 < q2 < 17.0
param. σsyst.

FL 0.0003
S3 0.0007
S4 0.0006
S5 0.0010
AFB 0.0008
S7 0.0000
S8 0.0000
S9 0.0000

17.0 < q2 < 19.0
param. σsyst.

FL 0.0010
S3 0.0035
S4 0.0024
S5 0.0026
AFB 0.0024
S7 0.0000
S8 0.0000
S9 0.0000

11.0 < q2 < 12.5
param. σsyst.

FL 0.0001
S3 0.0001
S4 0.0002
S5 0.0005
AFB 0.0003
S7 0.0000
S8 0.0000
S9 0.0000

1.1 < q2 < 6.0
param. σsyst.

FL 0.0003
S3 0.0000
S4 0.0001
S5 0.0002
AFB 0.0000
S7 0.0000
S8 0.0000
S9 0.0000

15.0 < q2 < 19.0
param. σsyst.

FL 0.0003
S3 0.0011
S4 0.0009
S5 0.0013
AFB 0.0011
S7 0.0000
S8 0.0000
S9 0.0000

is measured to be (−0.35 ± 0.76 ± 0.28)% [43]. This affects both the measured CP1480

asymmetries and the CP -averaged observables, according to1481

Ai
meas = Ai − Si(κAprod),

Si
meas = Si − Ai(κAprod),

where κ is a dilution factor due to B0 −B0 mixing. For B0 mixing, κ is calculated via1482

κ =

∫∞
0
ε(t)e−Γt cos(∆mdt)dt∫∞

0
ε(t)e−Γtdt

,

with Γ = 1/τd = 1/1.519 ps−1 and the mixing frequency ∆md = 0.510 ps−1 [40]. The decay1483

time dependent efficiency ε(t) is given in Fig. 92. The calculation results in a factor of1484

κ = 35.2%.1485
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Table 63: Systematic uncertainties due to the mKπ parametrisation of background events.

0.1 < q2 < 1.0
param. σsyst.

FL 0.0004
S3 0.0000
S4 0.0003
S5 0.0009
AFB 0.0003
S7 0.0001
S8 0.0000
S9 0.0000

1.0 < q2 < 2.5
param. σsyst.

FL 0.0024
S3 0.0000
S4 0.0002
S5 0.0011
AFB 0.0009
S7 0.0003
S8 0.0001
S9 0.0000

2.5 < q2 < 4.0
param. σsyst.

FL 0.0050
S3 0.0002
S4 0.0011
S5 0.0024
AFB 0.0006
S7 0.0005
S8 0.0001
S9 0.0001

4.0 < q2 < 6.0
param. σsyst.

FL 0.0035
S3 0.0003
S4 0.0020
S5 0.0047
AFB 0.0006
S7 0.0004
S8 0.0001
S9 0.0000

6.0 < q2 < 8.0
param. σsyst.

FL 0.0016
S3 0.0005
S4 0.0019
S5 0.0047
AFB 0.0014
S7 0.0003
S8 0.0001
S9 0.0000

15.0 < q2 < 17.0
param. σsyst.

FL 0.0006
S3 0.0013
S4 0.0012
S5 0.0018
AFB 0.0015
S7 0.0000
S8 0.0000
S9 0.0000

17.0 < q2 < 19.0
param. σsyst.

FL 0.0004
S3 0.0015
S4 0.0010
S5 0.0011
AFB 0.0010
S7 0.0000
S8 0.0000
S9 0.0000

11.0 < q2 < 12.5
param. σsyst.

FL 0.0006
S3 0.0012
S4 0.0021
S5 0.0044
AFB 0.0027
S7 0.0000
S8 0.0000
S9 0.0000

1.1 < q2 < 6.0
param. σsyst.

FL 0.0042
S3 0.0001
S4 0.0013
S5 0.0026
AFB 0.0004
S7 0.0006
S8 0.0001
S9 0.0000

15.0 < q2 < 19.0
param. σsyst.

FL 0.0013
S3 0.0042
S4 0.0035
S5 0.0048
AFB 0.0042
S7 0.0000
S8 0.0000
S9 0.0000
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Figure 92: The decay time dependent selection efficiency ε(t).
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Table 64: Systematic uncertainties due to the assumption of flat efficiency in mKπ.

0.1 < q2 < 1.0
param. σsyst.

FL 0.0007
S3 0.0008
S4 0.0025
S5 0.0011
AFB 0.0005
S7 0.0019
S8 0.0033
S9 0.0009

1.0 < q2 < 2.5
param. σsyst.

FL 0.0022
S3 0.0006
S4 0.0003
S5 0.0029
AFB 0.0006
S7 0.0009
S8 0.0008
S9 0.0003

2.5 < q2 < 4.0
param. σsyst.

FL 0.0010
S3 0.0034
S4 0.0023
S5 0.0025
AFB 0.0031
S7 0.0020
S8 0.0033
S9 0.0025

4.0 < q2 < 6.0
param. σsyst.

FL 0.0033
S3 0.0028
S4 0.0002
S5 0.0012
AFB 0.0012
S7 0.0023
S8 0.0031
S9 0.0016

6.0 < q2 < 8.0
param. σsyst.

FL 0.0031
S3 0.0016
S4 0.0030
S5 0.0054
AFB 0.0019
S7 0.0023
S8 0.0018
S9 0.0034

15.0 < q2 < 17.0
param. σsyst.

FL 0.0020
S3 0.0017
S4 0.0009
S5 0.0012
AFB 0.0007
S7 0.0010
S8 0.0010
S9 0.0013

17.0 < q2 < 19.0
param. σsyst.

FL 0.0008
S3 0.0015
S4 0.0014
S5 0.0009
AFB 0.0013
S7 0.0056
S8 0.0007
S9 0.0020

11.0 < q2 < 12.5
param. σsyst.

FL 0.0006
S3 0.0013
S4 0.0013
S5 0.0023
AFB 0.0005
S7 0.0017
S8 0.0020
S9 0.0019

1.1 < q2 < 6.0
param. σsyst.

FL 0.0001
S3 0.0017
S4 0.0027
S5 0.0002
AFB 0.0018
S7 0.0007
S8 0.0041
S9 0.0021

15.0 < q2 < 19.0
param. σsyst.

FL 0.0016
S3 0.0034
S4 0.0036
S5 0.0060
AFB 0.0036
S7 0.0031
S8 0.0026
S9 0.0008

10.1.10 Detection asymmetry1486

Similarly to the production asymmetry, the measurement can also be affected by the1487

K+π− detection asymmetry1488

Adet =
ε(K+π−)− ε(K−π+)

ε(K+π−) + ε(K−π+)
,

according to1489

Ai
meas = Ai − SiAdet,

Si
meas = Si − AiAdet.

The K+π− detection asymmetry is known to be driven by the kaon detection asymmetry,1490

which is momentum dependent. The kaon detection asymmetry, in bins of kaon momentum,1491

is given in Tab. 65, which is taken from Ref. [44] and was used in Ref. [45]. Since the1492

momentum spectra for the hadrons depend on q2, the detection asymmetry is determined1493

for all q2 bins, and given in Tab. 65.1494

10.1.11 Summary of systematic uncertainties1495

Tables 66, 67, 68, 69 and 70 give an overview of the systematic uncertainties for the1496

observables in bins of q2. The different systematic sources and their constribution to the1497
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Table 65: (Left) kaon detection asymmetry, depending on kaon momentum. (Right)
resulting K+π− detection asymmetry Adet for the different q2 bins.

p(K) [ GeV/c] Adet [%]

0 < p(K) < 10 −1.37± 0.11
10 < p(K) < 17.5 −1.2± 0.10

17.5 < p(K) < 22.5 −1.15± 0.11
22.5 < p(K) < 30 −1.09± 0.12

30 < p(K) < 50 −0.88± 0.16
50 < p(K) < 70 −0.71± 0.29

70 < p(K) < 100 −0.33± 0.30
100 < p(K) < 150 0.18± 0.45

q2 bin [ GeV2/c4] Adet [%]

0.1 < q2 < 0.98 -0.010
1.1 < q2 < 2.5 -0.011
2.5 < q2 < 4.0 -0.011
4.0 < q2 < 6.0 -0.011
6.0 < q2 < 8.0 -0.011

11.0 < q2 < 12.5 -0.011
15.0 < q2 < 17.0 -0.012
17.0 < q2 < 19.0 -0.012

1.1 < q2 < 6.0 -0.011
15.0 < q2 < 19.0 -0.012

total systematic uncertainty are shown. The total systematic uncertainty is calculated as1498

quadratic sum of the individual contributions. The statistical uncertainty from a fit of the1499

data, evaluated using HESSE, is given as well for comparison.1500

The Tables 71, 72, 73, 74 and 75 give the corresponding systematic uncertainties for1501

the P
(′)
i basis. Tables 76, 77, 78, 79 and 80 give the systematic uncertainties for the CP1502

asymmetries Ai.1503
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Table 66: Summary of systematic uncertainties for the CP -averaged observables Si in the
q2 bins 1.1 < q2 < 6.0 GeV2/c4 and 15.0 < q2 < 19.0 GeV2/c4.

1.1 < q2 < 6.0 GeV2/c4

σ FL S3 S4 S5 AFB S7 S8 S9

σstat. 0.0307 0.0375 0.0497 0.0457 0.0294 0.0460 0.0500 0.0405
π reweighting 0.0139 0.0004 0.0001 0.0011 0.0023 0.0002 0.0001 0.0001
K reweighting 0.0000 0.0000 0.0013 0.0000 0.0001 0.0000 0.0000 0.0000
pT(B0) reweighting 0.0032 0.0000 0.0002 0.0001 0.0005 0.0000 0.0000 0.0000
χ2
Vtx. reweighting 0.0005 0.0001 0.0003 0.0003 0.0000 0.0000 0.0000 0.0000
Ntracks reweighting 0.0000 0.0002 0.0011 0.0003 0.0004 0.0000 0.0000 0.0000
higher order acc. 0.0001 0.0000 0.0006 0.0001 0.0001 0.0014 0.0011 0.0007
ε(q2) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
peaking bkg. 0.0063 0.0032 0.0012 0.0041 0.0058 0.0055 0.0066 0.0037
angular bkg. model 0.0021 0.0010 0.0017 0.0005 0.0013 0.0002 0.0001 0.0004
sig. mass 0.0017 0.0001 0.0003 0.0005 0.0001 0.0003 0.0002 0.0001
mKπ isobar 0.0003 0.0000 0.0001 0.0002 0.0000 0.0000 0.0000 0.0000
mKπ bkg. 0.0042 0.0001 0.0013 0.0026 0.0004 0.0006 0.0001 0.0000
mKπ eff. 0.0001 0.0017 0.0027 0.0002 0.0018 0.0007 0.0041 0.0021
acc. stat. 0.0012 0.0011 0.0016 0.0018 0.0007 0.0001 0.0001 0.0000
Adet 0.0000 0.0008 0.0001 0.0005 0.0002 0.0005 0.0005 0.0004
Aprod 0.0000 0.0001 0.0000 0.0001 0.0000 0.0001 0.0001 0.0000
σsyst. 0.0165 0.0040 0.0044 0.0054 0.0067 0.0058 0.0079 0.0043

15.0 < q2 < 19.0 GeV2/c4

σ FL S3 S4 S5 AFB S7 S8 S9

σstat. 0.0267 0.0335 0.0364 0.0349 0.0279 0.0414 0.0425 0.0402
π reweighting 0.0040 0.0021 0.0009 0.0015 0.0017 0.0000 0.0000 0.0000
K reweighting 0.0003 0.0004 0.0000 0.0001 0.0003 0.0000 0.0000 0.0000
pT(B0) reweighting 0.0029 0.0002 0.0003 0.0004 0.0015 0.0000 0.0000 0.0000
χ2
Vtx. reweighting 0.0011 0.0004 0.0003 0.0003 0.0003 0.0000 0.0000 0.0000
Ntracks reweighting 0.0003 0.0002 0.0003 0.0002 0.0005 0.0000 0.0000 0.0000
higher order acc. 0.0003 0.0010 0.0002 0.0002 0.0004 0.0050 0.0003 0.0002
ε(q2) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
peaking bkg. 0.0046 0.0050 0.0037 0.0032 0.0056 0.0025 0.0014 0.0012
angular bkg. model 0.0005 0.0008 0.0015 0.0010 0.0000 0.0001 0.0000 0.0007
sig. mass 0.0017 0.0037 0.0005 0.0019 0.0027 0.0000 0.0000 0.0001
mKπ isobar 0.0003 0.0011 0.0009 0.0013 0.0011 0.0000 0.0000 0.0000
mKπ bkg. 0.0013 0.0042 0.0035 0.0048 0.0042 0.0000 0.0000 0.0000
mKπ eff. 0.0016 0.0034 0.0036 0.0060 0.0036 0.0031 0.0026 0.0008
acc. stat. 0.0029 0.0039 0.0023 0.0031 0.0022 0.0001 0.0001 0.0000
Adet 0.0000 0.0004 0.0009 0.0004 0.0013 0.0005 0.0003 0.0007
Aprod 0.0000 0.0000 0.0001 0.0000 0.0001 0.0000 0.0000 0.0001
σsyst. 0.0079 0.0095 0.0071 0.0094 0.0090 0.0065 0.0030 0.0018
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Table 67: Summary of systematic uncertainties for the CP -averaged observables Si in the
q2 bins 0.1 < q2 < 0.98 GeV2/c4 and 1.1 < q2 < 2.5 GeV2/c4.

0.1 < q2 < 0.98 GeV2/c4

σ FL S3 S4 S5 AFB S7 S8 S9

σstat. 0.0436 0.0608 0.0658 0.0569 0.0563 0.0580 0.0738 0.0576
π reweighting 0.0139 0.0010 0.0005 0.0030 0.0003 0.0003 0.0000 0.0001
K reweighting 0.0035 0.0010 0.0003 0.0010 0.0008 0.0002 0.0001 0.0001
pT(B0) reweighting 0.0009 0.0002 0.0003 0.0004 0.0003 0.0000 0.0001 0.0000
χ2
Vtx. reweighting 0.0019 0.0001 0.0019 0.0004 0.0019 0.0002 0.0000 0.0001
Ntracks reweighting 0.0010 0.0000 0.0005 0.0003 0.0022 0.0001 0.0002 0.0000
higher order acc. 0.0037 0.0007 0.0042 0.0162 0.0004 0.0036 0.0003 0.0017
ε(q2) 0.0025 0.0014 0.0037 0.0014 0.0028 0.0001 0.0003 0.0000
peaking bkg. 0.0064 0.0023 0.0039 0.0040 0.0062 0.0038 0.0066 0.0030
angular bkg. model 0.0003 0.0010 0.0007 0.0002 0.0001 0.0001 0.0000 0.0006
sig. mass 0.0009 0.0001 0.0000 0.0008 0.0005 0.0000 0.0000 0.0000
mKπ isobar 0.0002 0.0000 0.0001 0.0004 0.0001 0.0000 0.0000 0.0000
mKπ bkg. 0.0004 0.0000 0.0003 0.0009 0.0003 0.0001 0.0000 0.0000
mKπ eff. 0.0007 0.0008 0.0025 0.0011 0.0005 0.0019 0.0033 0.0009
acc. stat. 0.0029 0.0038 0.0040 0.0045 0.0038 0.0003 0.0001 0.0000
Adet 0.0000 0.0001 0.0007 0.0000 0.0013 0.0008 0.0003 0.0003
Aprod 0.0000 0.0000 0.0001 0.0000 0.0001 0.0001 0.0000 0.0000
σsyst. 0.0168 0.0051 0.0086 0.0177 0.0085 0.0057 0.0074 0.0036

1.1 < q2 < 2.5 GeV2/c4

σ FL S3 S4 S5 AFB S7 S8 S9

σstat. 0.0679 0.0744 0.0939 0.0872 0.0596 0.0883 0.0977 0.0741
π reweighting 0.0149 0.0002 0.0017 0.0006 0.0077 0.0001 0.0001 0.0001
K reweighting 0.0006 0.0002 0.0006 0.0004 0.0004 0.0000 0.0000 0.0000
pT(B0) reweighting 0.0028 0.0000 0.0002 0.0005 0.0014 0.0000 0.0000 0.0000
χ2
Vtx. reweighting 0.0004 0.0001 0.0001 0.0006 0.0003 0.0000 0.0000 0.0000
Ntracks reweighting 0.0002 0.0002 0.0010 0.0003 0.0000 0.0000 0.0000 0.0000
higher order acc. 0.0108 0.0015 0.0007 0.0065 0.0020 0.0030 0.0030 0.0013
ε(q2) 0.0088 0.0005 0.0029 0.0005 0.0043 0.0001 0.0001 0.0000
peaking bkg. 0.0035 0.0029 0.0012 0.0040 0.0075 0.0011 0.0034 0.0042
angular bkg. model 0.0033 0.0031 0.0004 0.0010 0.0009 0.0005 0.0004 0.0013
sig. mass 0.0021 0.0001 0.0001 0.0006 0.0011 0.0005 0.0001 0.0001
mKπ isobar 0.0004 0.0000 0.0000 0.0002 0.0001 0.0001 0.0000 0.0000
mKπ bkg. 0.0024 0.0000 0.0002 0.0011 0.0009 0.0003 0.0001 0.0000
mKπ eff. 0.0022 0.0006 0.0003 0.0029 0.0006 0.0009 0.0008 0.0003
acc. stat. 0.0018 0.0015 0.0025 0.0026 0.0013 0.0002 0.0001 0.0001
Adet 0.0000 0.0004 0.0025 0.0012 0.0004 0.0009 0.0005 0.0000
Aprod 0.0000 0.0001 0.0003 0.0001 0.0000 0.0001 0.0001 0.0000
σsyst. 0.0216 0.0049 0.0052 0.0089 0.0121 0.0036 0.0047 0.0047
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Table 68: Summary of systematic uncertainties for the CP -averaged observables Si in the
q2 bins 2.5 < q2 < 4.0 GeV2/c4 and 4.0 < q2 < 6.0 GeV2/c4.

2.5 < q2 < 4.0 GeV2/c4

σ FL S3 S4 S5 AFB S7 S8 S9

σstat. 0.0857 0.0694 0.1162 0.0952 0.0661 0.1017 0.1124 0.0847
π reweighting 0.0118 0.0005 0.0007 0.0017 0.0043 0.0003 0.0002 0.0002
K reweighting 0.0001 0.0001 0.0010 0.0000 0.0001 0.0000 0.0000 0.0000
pT(B0) reweighting 0.0027 0.0001 0.0005 0.0001 0.0009 0.0001 0.0001 0.0000
χ2
Vtx. reweighting 0.0005 0.0001 0.0003 0.0004 0.0001 0.0000 0.0000 0.0000
Ntracks reweighting 0.0003 0.0002 0.0010 0.0001 0.0005 0.0000 0.0000 0.0000
higher order acc. 0.0022 0.0003 0.0017 0.0025 0.0000 0.0005 0.0009 0.0012
ε(q2) 0.0089 0.0002 0.0002 0.0019 0.0034 0.0002 0.0002 0.0001
peaking bkg. 0.0024 0.0048 0.0052 0.0051 0.0033 0.0050 0.0048 0.0060
angular bkg. model 0.0013 0.0024 0.0003 0.0010 0.0014 0.0002 0.0002 0.0019
sig. mass 0.0022 0.0003 0.0003 0.0007 0.0003 0.0001 0.0000 0.0002
mKπ isobar 0.0004 0.0000 0.0001 0.0002 0.0000 0.0000 0.0000 0.0000
mKπ bkg. 0.0050 0.0002 0.0011 0.0024 0.0006 0.0005 0.0001 0.0001
mKπ eff. 0.0010 0.0034 0.0023 0.0025 0.0031 0.0020 0.0033 0.0025
acc. stat. 0.0013 0.0012 0.0018 0.0022 0.0009 0.0001 0.0001 0.0000
Adet 0.0000 0.0012 0.0001 0.0001 0.0002 0.0003 0.0008 0.0024
Aprod 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0001 0.0003
σsyst. 0.0165 0.0066 0.0065 0.0076 0.0074 0.0055 0.0059 0.0073

4.0 < q2 < 6.0 GeV2/c4

σ FL S3 S4 S5 AFB S7 S8 S9

σstat. 0.0513 0.0646 0.0802 0.0747 0.0493 0.0785 0.0878 0.0674
π reweighting 0.0126 0.0011 0.0021 0.0020 0.0020 0.0002 0.0002 0.0002
K reweighting 0.0004 0.0001 0.0010 0.0004 0.0001 0.0000 0.0000 0.0000
pT(B0) reweighting 0.0032 0.0001 0.0004 0.0005 0.0005 0.0000 0.0000 0.0000
χ2
Vtx. reweighting 0.0004 0.0001 0.0002 0.0000 0.0001 0.0000 0.0000 0.0000
Ntracks reweighting 0.0004 0.0000 0.0008 0.0001 0.0006 0.0000 0.0000 0.0000
higher order acc. 0.0033 0.0003 0.0015 0.0020 0.0011 0.0001 0.0006 0.0008
ε(q2) 0.0089 0.0005 0.0009 0.0020 0.0013 0.0002 0.0000 0.0001
peaking bkg. 0.0041 0.0050 0.0069 0.0085 0.0013 0.0037 0.0032 0.0014
angular bkg. model 0.0010 0.0022 0.0010 0.0010 0.0005 0.0002 0.0002 0.0033
sig. mass 0.0013 0.0004 0.0004 0.0013 0.0007 0.0001 0.0001 0.0004
mKπ isobar 0.0002 0.0000 0.0001 0.0004 0.0000 0.0000 0.0000 0.0000
mKπ bkg. 0.0035 0.0003 0.0020 0.0047 0.0006 0.0004 0.0001 0.0000
mKπ eff. 0.0033 0.0028 0.0002 0.0012 0.0012 0.0023 0.0031 0.0016
acc. stat. 0.0012 0.0012 0.0015 0.0018 0.0008 0.0001 0.0000 0.0000
Adet 0.0000 0.0018 0.0018 0.0006 0.0002 0.0004 0.0000 0.0007
Aprod 0.0000 0.0002 0.0002 0.0001 0.0000 0.0001 0.0000 0.0001
σsyst. 0.0174 0.0067 0.0082 0.0107 0.0035 0.0044 0.0045 0.0041
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Table 69: Summary of systematic uncertainties for the CP -averaged observables Si in the
q2 bins 6.0 < q2 < 8.0 GeV2/c4 and 11.0 < q2 < 12.5 GeV2/c4.

6.0 < q2 < 8.0 GeV2/c4

σ FL S3 S4 S5 AFB S7 S8 S9

σstat. 0.0442 0.0551 0.0606 0.0574 0.0390 0.0647 0.0682 0.0571
π reweighting 0.0130 0.0014 0.0020 0.0010 0.0058 0.0001 0.0001 0.0001
K reweighting 0.0008 0.0002 0.0008 0.0004 0.0001 0.0000 0.0000 0.0000
pT(B0) reweighting 0.0039 0.0001 0.0001 0.0005 0.0016 0.0000 0.0000 0.0000
χ2
Vtx. reweighting 0.0004 0.0000 0.0001 0.0001 0.0002 0.0000 0.0000 0.0000
Ntracks reweighting 0.0007 0.0001 0.0006 0.0001 0.0006 0.0000 0.0000 0.0000
higher order acc. 0.0034 0.0010 0.0014 0.0021 0.0021 0.0009 0.0013 0.0020
ε(q2) 0.0043 0.0003 0.0001 0.0004 0.0020 0.0001 0.0001 0.0001
peaking bkg. 0.0023 0.0100 0.0097 0.0082 0.0040 0.0009 0.0057 0.0016
angular bkg. model 0.0012 0.0039 0.0016 0.0034 0.0008 0.0003 0.0001 0.0018
sig. mass 0.0006 0.0006 0.0006 0.0019 0.0011 0.0002 0.0002 0.0002
mKπ isobar 0.0001 0.0000 0.0002 0.0004 0.0001 0.0000 0.0000 0.0000
mKπ bkg. 0.0016 0.0005 0.0019 0.0047 0.0014 0.0003 0.0001 0.0000
mKπ eff. 0.0031 0.0016 0.0030 0.0054 0.0019 0.0023 0.0018 0.0034
acc. stat. 0.0013 0.0013 0.0012 0.0018 0.0009 0.0001 0.0000 0.0000
Adet 0.0000 0.0007 0.0004 0.0014 0.0005 0.0004 0.0005 0.0012
Aprod 0.0000 0.0001 0.0000 0.0002 0.0001 0.0000 0.0001 0.0001
σsyst. 0.0153 0.0111 0.0109 0.0120 0.0083 0.0027 0.0061 0.0048

11.0 < q2 < 12.5 GeV2/c4

σ FL S3 S4 S5 AFB S7 S8 S9

σstat. 0.0420 0.0434 0.0676 0.0613 0.0363 0.0689 0.0636 0.0581
π reweighting 0.0108 0.0015 0.0002 0.0016 0.0066 0.0000 0.0000 0.0000
K reweighting 0.0012 0.0001 0.0002 0.0002 0.0008 0.0000 0.0000 0.0000
pT(B0) reweighting 0.0046 0.0005 0.0006 0.0009 0.0028 0.0000 0.0000 0.0000
χ2
Vtx. reweighting 0.0010 0.0000 0.0001 0.0001 0.0006 0.0000 0.0000 0.0000
Ntracks reweighting 0.0003 0.0007 0.0003 0.0005 0.0002 0.0000 0.0000 0.0000
higher order acc. 0.0032 0.0005 0.0003 0.0028 0.0018 0.0014 0.0023 0.0008
ε(q2) 0.0013 0.0009 0.0005 0.0005 0.0009 0.0001 0.0002 0.0000
peaking bkg. 0.0018 0.0031 0.0080 0.0058 0.0022 0.0047 0.0042 0.0051
angular bkg. model 0.0007 0.0011 0.0014 0.0024 0.0021 0.0003 0.0002 0.0034
sig. mass 0.0011 0.0014 0.0005 0.0019 0.0019 0.0000 0.0000 0.0000
mKπ isobar 0.0001 0.0001 0.0002 0.0005 0.0003 0.0000 0.0000 0.0000
mKπ bkg. 0.0006 0.0012 0.0021 0.0044 0.0027 0.0000 0.0000 0.0000
mKπ eff. 0.0006 0.0013 0.0013 0.0023 0.0005 0.0017 0.0020 0.0019
acc. stat. 0.0017 0.0017 0.0012 0.0019 0.0012 0.0000 0.0000 0.0000
Adet 0.0000 0.0015 0.0011 0.0003 0.0003 0.0001 0.0002 0.0006
Aprod 0.0000 0.0002 0.0001 0.0000 0.0000 0.0000 0.0000 0.0001
σsyst. 0.0126 0.0050 0.0087 0.0092 0.0089 0.0052 0.0052 0.0065
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Table 70: Summary of systematic uncertainties for the CP -averaged observables Si in the
q2 bins 15.0 < q2 < 17.0 GeV2/c4 and 17.0 < q2 < 19.0 GeV2/c4.

15.0 < q2 < 17.0 GeV2/c4

σ FL S3 S4 S5 AFB S7 S8 S9

σstat. 0.0371 0.0402 0.0475 0.0469 0.0351 0.0547 0.0552 0.0501
π reweighting 0.0059 0.0020 0.0006 0.0018 0.0031 0.0000 0.0000 0.0000
K reweighting 0.0008 0.0002 0.0000 0.0000 0.0005 0.0000 0.0000 0.0000
pT(B0) reweighting 0.0032 0.0001 0.0001 0.0005 0.0017 0.0000 0.0000 0.0000
χ2
Vtx. reweighting 0.0010 0.0002 0.0003 0.0004 0.0004 0.0000 0.0000 0.0000
Ntracks reweighting 0.0010 0.0001 0.0002 0.0004 0.0006 0.0000 0.0000 0.0000
higher order acc. 0.0018 0.0013 0.0009 0.0022 0.0004 0.0016 0.0018 0.0024
ε(q2) 0.0034 0.0033 0.0030 0.0024 0.0014 0.0002 0.0002 0.0001
peaking bkg. 0.0034 0.0018 0.0049 0.0068 0.0054 0.0050 0.0025 0.0034
angular bkg. model 0.0011 0.0002 0.0012 0.0005 0.0002 0.0000 0.0000 0.0004
sig. mass 0.0013 0.0039 0.0003 0.0019 0.0023 0.0000 0.0001 0.0001
mKπ isobar 0.0003 0.0007 0.0006 0.0010 0.0008 0.0000 0.0000 0.0000
mKπ bkg. 0.0006 0.0013 0.0012 0.0018 0.0015 0.0000 0.0000 0.0000
mKπ eff. 0.0020 0.0017 0.0009 0.0012 0.0007 0.0010 0.0010 0.0013
acc. stat. 0.0025 0.0030 0.0021 0.0028 0.0020 0.0000 0.0000 0.0000
Adet 0.0000 0.0004 0.0008 0.0009 0.0010 0.0012 0.0006 0.0011
Aprod 0.0000 0.0000 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
σsyst. 0.0093 0.0071 0.0066 0.0089 0.0076 0.0055 0.0033 0.0045

17.0 < q2 < 19.0 GeV2/c4

σ FL S3 S4 S5 AFB S7 S8 S9

σstat. 0.0453 0.0642 0.0538 0.0527 0.0445 0.0682 0.0656 0.0576
π reweighting 0.0021 0.0019 0.0010 0.0011 0.0005 0.0000 0.0000 0.0000
K reweighting 0.0002 0.0006 0.0001 0.0002 0.0001 0.0000 0.0000 0.0000
pT(B0) reweighting 0.0024 0.0005 0.0005 0.0003 0.0011 0.0000 0.0000 0.0000
χ2
Vtx. reweighting 0.0013 0.0007 0.0004 0.0002 0.0002 0.0000 0.0000 0.0000
Ntracks reweighting 0.0015 0.0001 0.0009 0.0001 0.0016 0.0000 0.0000 0.0000
higher order acc. 0.0084 0.0025 0.0002 0.0031 0.0059 0.0112 0.0027 0.0015
ε(q2) 0.0226 0.0102 0.0062 0.0044 0.0063 0.0000 0.0000 0.0000
peaking bkg. 0.0037 0.0049 0.0061 0.0038 0.0074 0.0037 0.0043 0.0033
angular bkg. model 0.0003 0.0059 0.0002 0.0001 0.0002 0.0001 0.0002 0.0018
sig. mass 0.0022 0.0072 0.0011 0.0020 0.0034 0.0003 0.0000 0.0001
mKπ isobar 0.0010 0.0035 0.0024 0.0026 0.0024 0.0000 0.0000 0.0000
mKπ bkg. 0.0004 0.0015 0.0010 0.0011 0.0010 0.0000 0.0000 0.0000
mKπ eff. 0.0008 0.0015 0.0014 0.0009 0.0013 0.0056 0.0007 0.0020
acc. stat. 0.0044 0.0067 0.0037 0.0046 0.0037 0.0000 0.0000 0.0000
Adet 0.0000 0.0007 0.0009 0.0001 0.0016 0.0006 0.0003 0.0005
Aprod 0.0000 0.0001 0.0001 0.0000 0.0002 0.0001 0.0000 0.0001
σsyst. 0.0252 0.0170 0.0102 0.0089 0.0130 0.0131 0.0051 0.0045
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Table 71: Summary of systematic uncertainties for the P
(′)
i in the q2 bins 1.1 < q2 <

6.0 GeV2/c4 and 15.0 < q2 < 19.0 GeV2/c4.

1.1 < q2 < 6.0 GeV2/c4

σ P1 P2 P3 P4 P5 P6 P8

σstat. 0.2418 0.0643 0.1307 0.1074 0.0987 0.0997 0.1081
π reweighting 0.0016 0.0008 0.0003 0.0040 0.0034 0.0009 0.0002
K reweighting 0.0004 0.0002 0.0001 0.0029 0.0001 0.0000 0.0000
pT(B0) reweighting 0.0004 0.0002 0.0001 0.0004 0.0014 0.0002 0.0000
χ2
Vtx. reweighting 0.0010 0.0001 0.0000 0.0005 0.0004 0.0001 0.0000
Ntracks reweighting 0.0014 0.0010 0.0000 0.0025 0.0006 0.0000 0.0000
higher order acc. 0.0007 0.0000 0.0026 0.0013 0.0000 0.0031 0.0030
ε(q2) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
peaking bkg. 0.0426 0.0076 0.0149 0.0076 0.0104 0.0199 0.0084
angular bkg. model 0.0022 0.0052 0.0019 0.0034 0.0002 0.0005 0.0005
sig. mass 0.0019 0.0020 0.0002 0.0010 0.0021 0.0006 0.0001
mKπ isobar 0.0001 0.0002 0.0000 0.0003 0.0005 0.0001 0.0000
mKπ bkg. 0.0021 0.0027 0.0002 0.0037 0.0065 0.0016 0.0002
mKπ eff. 0.0029 0.0007 0.0061 0.0035 0.0003 0.0035 0.0019
acc. stat. 0.0081 0.0018 0.0001 0.0036 0.0044 0.0002 0.0001
Adet 0.0049 0.0003 0.0011 0.0003 0.0010 0.0010 0.0011
Aprod 0.0006 0.0000 0.0001 0.0000 0.0001 0.0001 0.0001
σsyst. 0.0440 0.0100 0.0165 0.0119 0.0138 0.0205 0.0092

15.0 < q2 < 19.0 GeV2/c4

σ P1 P2 P3 P4 P5 P6 P8

σstat. 0.1006 0.0264 0.0611 0.0769 0.0743 0.0872 0.0896
π reweighting 0.0031 0.0008 0.0000 0.0001 0.0012 0.0000 0.0000
K reweighting 0.0016 0.0001 0.0000 0.0002 0.0004 0.0000 0.0000
pT(B0) reweighting 0.0031 0.0003 0.0000 0.0018 0.0006 0.0000 0.0000
χ2
Vtx. reweighting 0.0003 0.0004 0.0000 0.0002 0.0001 0.0000 0.0000
Ntracks reweighting 0.0008 0.0004 0.0000 0.0005 0.0005 0.0000 0.0000
higher order acc. 0.0036 0.0002 0.0002 0.0008 0.0003 0.0099 0.0005
ε(q2) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
peaking bkg. 0.0120 0.0077 0.0047 0.0035 0.0093 0.0047 0.0075
angular bkg. model 0.0016 0.0004 0.0015 0.0035 0.0021 0.0002 0.0001
sig. mass 0.0094 0.0022 0.0003 0.0018 0.0046 0.0000 0.0003
mKπ isobar 0.0031 0.0009 0.0000 0.0022 0.0030 0.0000 0.0000
mKπ bkg. 0.0134 0.0040 0.0000 0.0092 0.0127 0.0001 0.0000
mKπ eff. 0.0120 0.0033 0.0013 0.0081 0.0086 0.0028 0.0018
acc. stat. 0.0111 0.0013 0.0001 0.0049 0.0066 0.0002 0.0002
Adet 0.0013 0.0010 0.0011 0.0020 0.0009 0.0010 0.0006
Aprod 0.0001 0.0001 0.0001 0.0002 0.0001 0.0001 0.0001
σsyst. 0.0270 0.0098 0.0052 0.0147 0.0201 0.0114 0.0077
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Table 72: Summary of systematic uncertainties for the P
(′)
i in the q2 bins 0.1 < q2 <

0.98 GeV2/c4 and 1.1 < q2 < 2.5 GeV2/c4.

0.1 < q2 < 0.98 GeV2/c4

σ P1 P2 P3 P4 P5 P6 P8

σstat. 0.1649 0.0510 0.0780 0.1498 0.1302 0.1317 0.1673
π reweighting 0.0027 0.0017 0.0001 0.0055 0.0036 0.0003 0.0001
K reweighting 0.0028 0.0009 0.0000 0.0011 0.0002 0.0003 0.0002
pT(B0) reweighting 0.0005 0.0004 0.0000 0.0009 0.0001 0.0000 0.0001
χ2
Vtx. reweighting 0.0004 0.0015 0.0000 0.0014 0.0002 0.0004 0.0001
Ntracks reweighting 0.0000 0.0017 0.0000 0.0019 0.0001 0.0001 0.0002
higher order acc. 0.0025 0.0009 0.0021 0.0118 0.0435 0.0079 0.0007
ε(q2) 0.0038 0.0024 0.0000 0.0093 0.0031 0.0004 0.0007
peaking bkg. 0.0057 0.0041 0.0044 0.0127 0.0249 0.0114 0.0052
angular bkg. model 0.0028 0.0000 0.0006 0.0018 0.0008 0.0002 0.0000
sig. mass 0.0007 0.0000 0.0002 0.0005 0.0029 0.0002 0.0001
mKπ isobar 0.0000 0.0001 0.0000 0.0004 0.0012 0.0001 0.0000
mKπ bkg. 0.0000 0.0001 0.0000 0.0005 0.0015 0.0001 0.0000
mKπ eff. 0.0037 0.0022 0.0043 0.0026 0.0021 0.0042 0.0041
acc. stat. 0.0101 0.0035 0.0001 0.0097 0.0119 0.0008 0.0002
Adet 0.0002 0.0009 0.0004 0.0016 0.0000 0.0018 0.0007
Aprod 0.0000 0.0001 0.0001 0.0002 0.0000 0.0002 0.0001
σsyst. 0.0139 0.0070 0.0065 0.0231 0.0519 0.0147 0.0067

1.1 < q2 < 2.5 GeV2/c4

σ P1 P2 P3 P4 P5 P6 P8

σstat. 0.4388 0.1330 0.2237 0.1982 0.1858 0.1891 0.2071
π reweighting 0.0014 0.0035 0.0003 0.0032 0.0047 0.0009 0.0001
K reweighting 0.0012 0.0001 0.0001 0.0015 0.0010 0.0000 0.0000
pT(B0) reweighting 0.0000 0.0008 0.0000 0.0005 0.0004 0.0002 0.0000
χ2
Vtx. reweighting 0.0004 0.0001 0.0001 0.0003 0.0014 0.0000 0.0000
Ntracks reweighting 0.0013 0.0003 0.0001 0.0023 0.0007 0.0000 0.0000
higher order acc. 0.0103 0.0104 0.0046 0.0027 0.0170 0.0054 0.0069
ε(q2) 0.0032 0.0026 0.0001 0.0052 0.0029 0.0008 0.0003
peaking bkg. 0.0224 0.0214 0.0118 0.0175 0.0100 0.0093 0.0175
angular bkg. model 0.0233 0.0062 0.0042 0.0008 0.0013 0.0010 0.0004
sig. mass 0.0013 0.0059 0.0003 0.0005 0.0022 0.0005 0.0004
mKπ isobar 0.0000 0.0009 0.0000 0.0001 0.0005 0.0002 0.0000
mKπ bkg. 0.0004 0.0060 0.0000 0.0006 0.0032 0.0010 0.0002
mKπ eff. 0.0143 0.0056 0.0071 0.0034 0.0074 0.0039 0.0143
acc. stat. 0.0098 0.0020 0.0002 0.0054 0.0060 0.0004 0.0002
Adet 0.0026 0.0006 0.0001 0.0052 0.0026 0.0019 0.0010
Aprod 0.0003 0.0001 0.0000 0.0006 0.0003 0.0002 0.0001
σsyst. 0.0384 0.0270 0.0151 0.0207 0.0232 0.0117 0.0237
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Table 73: Summary of systematic uncertainties for the P
(′)
i in the q2 bins 2.5 < q2 <

4.0 GeV2/c4 and 4.0 < q2 < 6.0 GeV2/c4.

2.5 < q2 < 4.0 GeV2/c4

σ P1 P2 P3 P4 P5 P6 P8

σstat. 1.1432 0.5744 0.8633 0.4373 0.2902 0.3215 0.3429
π reweighting 0.0031 0.0013 0.0006 0.0047 0.0042 0.0013 0.0001
K reweighting 0.0007 0.0004 0.0001 0.0026 0.0000 0.0001 0.0001
pT(B0) reweighting 0.0004 0.0004 0.0001 0.0001 0.0021 0.0003 0.0000
χ2
Vtx. reweighting 0.0012 0.0003 0.0000 0.0006 0.0007 0.0001 0.0000
Ntracks reweighting 0.0023 0.0012 0.0001 0.0027 0.0006 0.0000 0.0000
higher order acc. 0.0022 0.0028 0.0056 0.0030 0.0077 0.0015 0.0021
ε(q2) 0.0001 0.0006 0.0004 0.0044 0.0013 0.0010 0.0005
peaking bkg. 0.0009 0.0103 0.0186 0.0214 0.0151 0.0111 0.0248
angular bkg. model 0.0248 0.0027 0.0090 0.0003 0.0022 0.0004 0.0003
sig. mass 0.0017 0.0046 0.0017 0.0022 0.0037 0.0009 0.0004
mKπ isobar 0.0002 0.0006 0.0000 0.0004 0.0007 0.0002 0.0001
mKπ bkg. 0.0023 0.0081 0.0004 0.0051 0.0091 0.0022 0.0007
mKπ eff. 0.0292 0.0042 0.0086 0.0021 0.0083 0.0056 0.0029
acc. stat. 0.0117 0.0023 0.0002 0.0046 0.0054 0.0004 0.0002
Adet 0.0192 0.0009 0.0197 0.0002 0.0002 0.0011 0.0023
Aprod 0.0022 0.0001 0.0023 0.0000 0.0000 0.0001 0.0003
σsyst. 0.0448 0.0154 0.0305 0.0241 0.0226 0.0129 0.0252

4.0 < q2 < 6.0 GeV2/c4

σ P1 P2 P3 P4 P5 P6 P8

σstat. 0.3327 0.0844 0.1737 0.1642 0.1528 0.1613 0.1808
π reweighting 0.0060 0.0040 0.0004 0.0021 0.0073 0.0006 0.0000
K reweighting 0.0006 0.0006 0.0000 0.0025 0.0006 0.0000 0.0000
pT(B0) reweighting 0.0001 0.0011 0.0001 0.0007 0.0017 0.0002 0.0000
χ2
Vtx. reweighting 0.0008 0.0000 0.0000 0.0003 0.0004 0.0000 0.0000
Ntracks reweighting 0.0002 0.0013 0.0000 0.0016 0.0002 0.0000 0.0000
higher order acc. 0.0025 0.0051 0.0031 0.0051 0.0074 0.0001 0.0013
ε(q2) 0.0020 0.0030 0.0003 0.0023 0.0032 0.0005 0.0004
peaking bkg. 0.0108 0.0017 0.0104 0.0152 0.0136 0.0068 0.0093
angular bkg. model 0.0184 0.0005 0.0124 0.0014 0.0011 0.0006 0.0008
sig. mass 0.0028 0.0002 0.0009 0.0016 0.0037 0.0001 0.0002
mKπ isobar 0.0003 0.0003 0.0000 0.0005 0.0011 0.0001 0.0000
mKπ bkg. 0.0033 0.0040 0.0001 0.0060 0.0137 0.0011 0.0004
mKπ eff. 0.0068 0.0057 0.0164 0.0072 0.0035 0.0024 0.0011
acc. stat. 0.0098 0.0020 0.0001 0.0031 0.0044 0.0002 0.0001
Adet 0.0094 0.0003 0.0017 0.0036 0.0013 0.0009 0.0001
Aprod 0.0011 0.0000 0.0002 0.0004 0.0001 0.0001 0.0000
σsyst. 0.0274 0.0105 0.0233 0.0198 0.0233 0.0074 0.0095
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Table 74: Summary of systematic uncertainties for the P
(′)
i in the q2 bins 6.0 < q2 <

8.0 GeV2/c4 and 11.0 < q2 < 12.5 GeV2/c4.

6.0 < q2 < 8.0 GeV2/c4

σ P1 P2 P3 P4 P5 P6 P8

σstat. 0.2626 0.0593 0.1362 0.1227 0.1164 0.1312 0.1383
π reweighting 0.0053 0.0034 0.0004 0.0002 0.0052 0.0003 0.0001
K reweighting 0.0013 0.0006 0.0000 0.0019 0.0005 0.0000 0.0000
pT(B0) reweighting 0.0000 0.0011 0.0001 0.0009 0.0010 0.0001 0.0000
χ2
Vtx. reweighting 0.0002 0.0000 0.0000 0.0002 0.0004 0.0000 0.0000
Ntracks reweighting 0.0001 0.0004 0.0000 0.0010 0.0002 0.0000 0.0000
higher order acc. 0.0048 0.0003 0.0056 0.0018 0.0063 0.0018 0.0027
ε(q2) 0.0009 0.0009 0.0001 0.0011 0.0015 0.0002 0.0002
peaking bkg. 0.0132 0.0094 0.0083 0.0074 0.0155 0.0108 0.0045
angular bkg. model 0.0164 0.0001 0.0061 0.0022 0.0058 0.0006 0.0003
sig. mass 0.0029 0.0031 0.0004 0.0010 0.0041 0.0006 0.0000
mKπ isobar 0.0002 0.0004 0.0000 0.0004 0.0010 0.0001 0.0000
mKπ bkg. 0.0029 0.0048 0.0002 0.0050 0.0121 0.0007 0.0004
mKπ eff. 0.0061 0.0046 0.0056 0.0006 0.0083 0.0022 0.0037
acc. stat. 0.0073 0.0011 0.0001 0.0025 0.0038 0.0002 0.0001
Adet 0.0033 0.0006 0.0028 0.0008 0.0028 0.0008 0.0009
Aprod 0.0004 0.0001 0.0003 0.0001 0.0003 0.0001 0.0001
σsyst. 0.0248 0.0126 0.0133 0.0101 0.0244 0.0113 0.0065

11.0 < q2 < 12.5 GeV2/c4

σ P1 P2 P3 P4 P5 P6 P8

σstat. 0.2808 0.0384 0.1152 0.1271 0.1162 0.1385 0.1285
π reweighting 0.0012 0.0012 0.0000 0.0021 0.0005 0.0000 0.0000
K reweighting 0.0007 0.0001 0.0000 0.0003 0.0001 0.0000 0.0000
pT(B0) reweighting 0.0000 0.0005 0.0000 0.0003 0.0005 0.0000 0.0000
χ2
Vtx. reweighting 0.0003 0.0001 0.0000 0.0003 0.0004 0.0000 0.0000
Ntracks reweighting 0.0025 0.0001 0.0000 0.0005 0.0009 0.0000 0.0000
higher order acc. 0.0005 0.0005 0.0013 0.0001 0.0047 0.0028 0.0047
ε(q2) 0.0035 0.0000 0.0001 0.0013 0.0015 0.0002 0.0002
peaking bkg. 0.0082 0.0014 0.0075 0.0127 0.0091 0.0055 0.0016
angular bkg. model 0.0040 0.0032 0.0058 0.0030 0.0049 0.0004 0.0005
sig. mass 0.0049 0.0013 0.0000 0.0007 0.0039 0.0001 0.0002
mKπ isobar 0.0005 0.0003 0.0000 0.0005 0.0011 0.0000 0.0000
mKπ bkg. 0.0033 0.0022 0.0001 0.0036 0.0077 0.0000 0.0000
mKπ eff. 0.0051 0.0018 0.0026 0.0013 0.0028 0.0025 0.0008
acc. stat. 0.0057 0.0005 0.0000 0.0024 0.0038 0.0000 0.0000
Adet 0.0059 0.0003 0.0013 0.0023 0.0006 0.0002 0.0003
Aprod 0.0006 0.0000 0.0001 0.0002 0.0001 0.0000 0.0000
σsyst. 0.0152 0.0049 0.0100 0.0143 0.0151 0.0067 0.0050
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Table 75: Summary of systematic uncertainties for the P
(′)
i in the q2 bins 15.0 < q2 <

17.0 GeV2/c4 and 17.0 < q2 < 19.0 GeV2/c4.

15.0 < q2 < 17.0 GeV2/c4

σ P1 P2 P3 P4 P5 P6 P8

σstat. 0.1196 0.0316 0.0768 0.0994 0.1012 0.1149 0.1158
π reweighting 0.0023 0.0008 0.0000 0.0010 0.0010 0.0000 0.0000
K reweighting 0.0013 0.0000 0.0000 0.0002 0.0003 0.0000 0.0000
pT(B0) reweighting 0.0018 0.0004 0.0000 0.0011 0.0005 0.0000 0.0000
χ2
Vtx. reweighting 0.0000 0.0002 0.0000 0.0001 0.0003 0.0000 0.0000
Ntracks reweighting 0.0003 0.0001 0.0000 0.0001 0.0003 0.0000 0.0000
higher order acc. 0.0028 0.0008 0.0036 0.0013 0.0037 0.0034 0.0038
ε(q2) 0.0078 0.0008 0.0000 0.0046 0.0029 0.0002 0.0001
peaking bkg. 0.0031 0.0042 0.0039 0.0123 0.0128 0.0042 0.0018
angular bkg. model 0.0004 0.0005 0.0011 0.0033 0.0021 0.0000 0.0000
sig. mass 0.0113 0.0015 0.0005 0.0012 0.0044 0.0000 0.0002
mKπ isobar 0.0020 0.0006 0.0000 0.0014 0.0022 0.0000 0.0000
mKπ bkg. 0.0049 0.0015 0.0000 0.0036 0.0055 0.0000 0.0000
mKπ eff. 0.0018 0.0016 0.0016 0.0056 0.0035 0.0025 0.0027
acc. stat. 0.0091 0.0010 0.0000 0.0043 0.0063 0.0000 0.0000
Adet 0.0012 0.0008 0.0017 0.0018 0.0019 0.0026 0.0012
Aprod 0.0001 0.0001 0.0002 0.0002 0.0002 0.0003 0.0001
σsyst. 0.0182 0.0054 0.0059 0.0160 0.0174 0.0065 0.0051

17.0 < q2 < 19.0 GeV2/c4

σ P1 P2 P3 P4 P5 P6 P8

σstat. 0.2002 0.0436 0.0890 0.1148 0.1127 0.1424 0.1371
π reweighting 0.0038 0.0007 0.0000 0.0011 0.0014 0.0000 0.0000
K reweighting 0.0016 0.0002 0.0000 0.0002 0.0004 0.0000 0.0000
pT(B0) reweighting 0.0040 0.0002 0.0000 0.0024 0.0005 0.0000 0.0000
χ2
Vtx. reweighting 0.0007 0.0005 0.0000 0.0002 0.0001 0.0000 0.0000
Ntracks reweighting 0.0019 0.0008 0.0000 0.0011 0.0009 0.0000 0.0000
higher order acc. 0.0012 0.0014 0.0022 0.0039 0.0031 0.0238 0.0058
ε(q2) 0.0079 0.0056 0.0001 0.0016 0.0016 0.0002 0.0002
peaking bkg. 0.0104 0.0016 0.0063 0.0094 0.0084 0.0081 0.0036
angular bkg. model 0.0162 0.0004 0.0028 0.0003 0.0001 0.0001 0.0003
sig. mass 0.0193 0.0020 0.0002 0.0036 0.0054 0.0003 0.0001
mKπ isobar 0.0095 0.0019 0.0000 0.0055 0.0059 0.0001 0.0000
mKπ bkg. 0.0070 0.0014 0.0000 0.0041 0.0044 0.0000 0.0000
mKπ eff. 0.0031 0.0007 0.0031 0.0039 0.0043 0.0006 0.0058
acc. stat. 0.0195 0.0025 0.0000 0.0080 0.0097 0.0001 0.0001
Adet 0.0021 0.0012 0.0008 0.0018 0.0002 0.0012 0.0006
Aprod 0.0002 0.0001 0.0001 0.0002 0.0000 0.0001 0.0001
σsyst. 0.0371 0.0074 0.0079 0.0161 0.0168 0.0252 0.0090
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Table 76: Summary of systematic uncertainties for the CP asymmetries Ai in the q2 bins
1.1 < q2 < 6.0 GeV2/c4 and 15.0 < q2 < 19.0 GeV2/c4.

1.1 < q2 < 6.0 GeV2/c4

σ A3 A4 A5 A6 A7 A8 A9

σstat. 0.0375 0.0497 0.0457 0.0294 0.0460 0.0500 0.0405
π reweighting 0.0004 0.0001 0.0011 0.0031 0.0002 0.0001 0.0001
K reweighting 0.0000 0.0013 0.0000 0.0001 0.0000 0.0000 0.0000
pT(B0) reweighting 0.0000 0.0002 0.0001 0.0007 0.0000 0.0000 0.0000
χ2
Vtx. reweighting 0.0001 0.0003 0.0003 0.0000 0.0000 0.0000 0.0000
Ntracks reweighting 0.0002 0.0011 0.0003 0.0005 0.0000 0.0000 0.0000
higher order acc. 0.0000 0.0006 0.0001 0.0001 0.0014 0.0011 0.0007
ε(q2) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
peaking bkg. 0.0032 0.0012 0.0041 0.0078 0.0055 0.0066 0.0037
angular bkg. model 0.0010 0.0017 0.0005 0.0018 0.0002 0.0001 0.0004
sig. mass 0.0001 0.0003 0.0005 0.0001 0.0003 0.0002 0.0001
mKπ isobar 0.0000 0.0001 0.0002 0.0000 0.0000 0.0000 0.0000
mKπ bkg. 0.0001 0.0013 0.0026 0.0006 0.0006 0.0001 0.0000
mKπ eff. 0.0017 0.0027 0.0002 0.0023 0.0007 0.0041 0.0021
acc. stat. 0.0011 0.0016 0.0018 0.0010 0.0001 0.0001 0.0000
Adet 0.0001 0.0016 0.0002 0.0011 0.0008 0.0003 0.0007
Aprod 0.0000 0.0002 0.0000 0.0001 0.0001 0.0000 0.0001
σsyst. 0.0039 0.0047 0.0054 0.0090 0.0058 0.0078 0.0044

15.0 < q2 < 19.0 GeV2/c4

σ A3 A4 A5 A6 A7 A8 A9

σstat. 0.0335 0.0364 0.0349 0.0279 0.0414 0.0425 0.0402
π reweighting 0.0021 0.0009 0.0015 0.0023 0.0000 0.0000 0.0000
K reweighting 0.0004 0.0000 0.0001 0.0004 0.0000 0.0000 0.0000
pT(B0) reweighting 0.0002 0.0003 0.0004 0.0019 0.0000 0.0000 0.0000
χ2
Vtx. reweighting 0.0004 0.0003 0.0003 0.0004 0.0000 0.0000 0.0000
Ntracks reweighting 0.0002 0.0003 0.0002 0.0007 0.0000 0.0000 0.0000
higher order acc. 0.0010 0.0002 0.0002 0.0006 0.0050 0.0003 0.0002
ε(q2) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
peaking bkg. 0.0050 0.0037 0.0032 0.0074 0.0025 0.0014 0.0012
angular bkg. model 0.0008 0.0015 0.0010 0.0000 0.0001 0.0000 0.0007
sig. mass 0.0037 0.0005 0.0019 0.0036 0.0000 0.0000 0.0001
mKπ isobar 0.0011 0.0009 0.0013 0.0015 0.0000 0.0000 0.0000
mKπ bkg. 0.0042 0.0035 0.0048 0.0056 0.0000 0.0000 0.0000
mKπ eff. 0.0034 0.0036 0.0060 0.0047 0.0031 0.0026 0.0008
acc. stat. 0.0039 0.0023 0.0031 0.0030 0.0001 0.0001 0.0000
Adet 0.0020 0.0034 0.0039 0.0057 0.0006 0.0003 0.0006
Aprod 0.0002 0.0003 0.0004 0.0006 0.0001 0.0000 0.0001
σsyst. 0.0097 0.0078 0.0102 0.0132 0.0065 0.0030 0.0018
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Table 77: Summary of systematic uncertainties for the CP asymmetries Ai in the q2 bins
0.1 < q2 < 0.98 GeV2/c4 and 1.1 < q2 < 2.5 GeV2/c4.

0.1 < q2 < 0.98 GeV2/c4

σ A3 A4 A5 A6 A7 A8 A9

σstat. 0.0608 0.0658 0.0569 0.0563 0.0580 0.0738 0.0576
π reweighting 0.0010 0.0005 0.0030 0.0005 0.0003 0.0000 0.0001
K reweighting 0.0010 0.0003 0.0010 0.0011 0.0002 0.0001 0.0001
pT(B0) reweighting 0.0002 0.0003 0.0004 0.0004 0.0000 0.0001 0.0000
χ2
Vtx. reweighting 0.0001 0.0019 0.0004 0.0025 0.0002 0.0000 0.0001
Ntracks reweighting 0.0000 0.0005 0.0003 0.0029 0.0001 0.0002 0.0000
higher order acc. 0.0007 0.0042 0.0162 0.0005 0.0036 0.0003 0.0017
ε(q2) 0.0014 0.0037 0.0014 0.0037 0.0001 0.0003 0.0000
peaking bkg. 0.0023 0.0039 0.0040 0.0082 0.0038 0.0066 0.0030
angular bkg. model 0.0010 0.0007 0.0002 0.0001 0.0001 0.0000 0.0006
sig. mass 0.0001 0.0000 0.0008 0.0007 0.0000 0.0000 0.0000
mKπ isobar 0.0000 0.0001 0.0004 0.0002 0.0000 0.0000 0.0000
mKπ bkg. 0.0000 0.0003 0.0009 0.0004 0.0001 0.0000 0.0000
mKπ eff. 0.0008 0.0025 0.0011 0.0007 0.0019 0.0033 0.0009
acc. stat. 0.0038 0.0040 0.0045 0.0051 0.0003 0.0001 0.0000
Adet 0.0004 0.0008 0.0018 0.0000 0.0002 0.0008 0.0009
Aprod 0.0000 0.0001 0.0002 0.0000 0.0000 0.0001 0.0001
σsyst. 0.0051 0.0086 0.0178 0.0112 0.0056 0.0074 0.0037

1.1 < q2 < 2.5 GeV2/c4

σ A3 A4 A5 A6 A7 A8 A9

σstat. 0.0744 0.0939 0.0872 0.0596 0.0883 0.0977 0.0741
π reweighting 0.0002 0.0017 0.0006 0.0103 0.0001 0.0001 0.0001
K reweighting 0.0002 0.0006 0.0004 0.0005 0.0000 0.0000 0.0000
pT(B0) reweighting 0.0000 0.0002 0.0005 0.0018 0.0000 0.0000 0.0000
χ2
Vtx. reweighting 0.0001 0.0001 0.0006 0.0004 0.0000 0.0000 0.0000
Ntracks reweighting 0.0002 0.0010 0.0003 0.0001 0.0000 0.0000 0.0000
higher order acc. 0.0015 0.0007 0.0065 0.0027 0.0030 0.0030 0.0013
ε(q2) 0.0005 0.0029 0.0005 0.0057 0.0001 0.0001 0.0000
peaking bkg. 0.0029 0.0012 0.0040 0.0100 0.0011 0.0034 0.0042
angular bkg. model 0.0031 0.0004 0.0010 0.0011 0.0005 0.0004 0.0013
sig. mass 0.0001 0.0001 0.0006 0.0014 0.0005 0.0001 0.0001
mKπ isobar 0.0000 0.0000 0.0002 0.0002 0.0001 0.0000 0.0000
mKπ bkg. 0.0000 0.0002 0.0011 0.0012 0.0003 0.0001 0.0000
mKπ eff. 0.0006 0.0003 0.0029 0.0008 0.0009 0.0008 0.0003
acc. stat. 0.0015 0.0025 0.0026 0.0017 0.0002 0.0001 0.0001
Adet 0.0008 0.0008 0.0014 0.0027 0.0023 0.0010 0.0013
Aprod 0.0001 0.0001 0.0002 0.0003 0.0003 0.0001 0.0001
σsyst. 0.0049 0.0046 0.0089 0.0163 0.0042 0.0048 0.0048
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Table 78: Summary of systematic uncertainties for the CP asymmetries Ai in the q2 bins
2.5 < q2 < 4.0 GeV2/c4 and 4.0 < q2 < 6.0 GeV2/c4.

2.5 < q2 < 4.0 GeV2/c4

σ A3 A4 A5 A6 A7 A8 A9

σstat. 0.0694 0.1162 0.0952 0.0661 0.1017 0.1124 0.0847
π reweighting 0.0005 0.0007 0.0017 0.0057 0.0003 0.0002 0.0002
K reweighting 0.0001 0.0010 0.0000 0.0001 0.0000 0.0000 0.0000
pT(B0) reweighting 0.0001 0.0005 0.0001 0.0013 0.0001 0.0001 0.0000
χ2
Vtx. reweighting 0.0001 0.0003 0.0004 0.0001 0.0000 0.0000 0.0000
Ntracks reweighting 0.0002 0.0010 0.0001 0.0006 0.0000 0.0000 0.0000
higher order acc. 0.0003 0.0017 0.0025 0.0000 0.0005 0.0009 0.0012
ε(q2) 0.0002 0.0002 0.0019 0.0045 0.0002 0.0002 0.0001
peaking bkg. 0.0048 0.0052 0.0051 0.0044 0.0050 0.0048 0.0060
angular bkg. model 0.0024 0.0003 0.0010 0.0019 0.0002 0.0002 0.0019
sig. mass 0.0003 0.0003 0.0007 0.0003 0.0001 0.0000 0.0002
mKπ isobar 0.0000 0.0001 0.0002 0.0001 0.0000 0.0000 0.0000
mKπ bkg. 0.0002 0.0011 0.0024 0.0008 0.0005 0.0001 0.0001
mKπ eff. 0.0034 0.0023 0.0025 0.0042 0.0020 0.0033 0.0025
acc. stat. 0.0012 0.0018 0.0022 0.0012 0.0001 0.0001 0.0000
Adet 0.0004 0.0025 0.0002 0.0017 0.0007 0.0003 0.0010
Aprod 0.0000 0.0003 0.0000 0.0002 0.0001 0.0000 0.0001
σsyst. 0.0065 0.0070 0.0076 0.0100 0.0055 0.0059 0.0070

4.0 < q2 < 6.0 GeV2/c4

σ A3 A4 A5 A6 A7 A8 A9

σstat. 0.0646 0.0802 0.0747 0.0493 0.0785 0.0878 0.0674
π reweighting 0.0011 0.0021 0.0020 0.0027 0.0002 0.0002 0.0002
K reweighting 0.0001 0.0010 0.0004 0.0002 0.0000 0.0000 0.0000
pT(B0) reweighting 0.0001 0.0004 0.0005 0.0006 0.0000 0.0000 0.0000
χ2
Vtx. reweighting 0.0001 0.0002 0.0000 0.0002 0.0000 0.0000 0.0000
Ntracks reweighting 0.0000 0.0008 0.0001 0.0008 0.0000 0.0000 0.0000
higher order acc. 0.0003 0.0015 0.0020 0.0015 0.0001 0.0006 0.0008
ε(q2) 0.0005 0.0009 0.0020 0.0017 0.0002 0.0000 0.0001
peaking bkg. 0.0050 0.0069 0.0085 0.0017 0.0037 0.0032 0.0014
angular bkg. model 0.0022 0.0010 0.0010 0.0006 0.0002 0.0002 0.0033
sig. mass 0.0004 0.0004 0.0013 0.0009 0.0001 0.0001 0.0004
mKπ isobar 0.0000 0.0001 0.0004 0.0001 0.0000 0.0000 0.0000
mKπ bkg. 0.0003 0.0020 0.0047 0.0008 0.0004 0.0001 0.0000
mKπ eff. 0.0028 0.0002 0.0012 0.0015 0.0023 0.0031 0.0016
acc. stat. 0.0012 0.0015 0.0018 0.0011 0.0001 0.0000 0.0000
Adet 0.0004 0.0023 0.0015 0.0003 0.0002 0.0018 0.0003
Aprod 0.0000 0.0003 0.0002 0.0000 0.0000 0.0002 0.0000
σsyst. 0.0064 0.0083 0.0108 0.0047 0.0044 0.0048 0.0041
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Table 79: Summary of systematic uncertainties for the CP asymmetries Ai in the q2 bins
6.0 < q2 < 8.0 GeV2/c4 and 11.0 < q2 < 12.5 GeV2/c4.

6.0 < q2 < 8.0 GeV2/c4

σ A3 A4 A5 A6 A7 A8 A9

σstat. 0.0551 0.0606 0.0574 0.0390 0.0647 0.0682 0.0571
π reweighting 0.0014 0.0020 0.0010 0.0077 0.0001 0.0001 0.0001
K reweighting 0.0002 0.0008 0.0004 0.0002 0.0000 0.0000 0.0000
pT(B0) reweighting 0.0001 0.0001 0.0005 0.0022 0.0000 0.0000 0.0000
χ2
Vtx. reweighting 0.0000 0.0001 0.0001 0.0003 0.0000 0.0000 0.0000
Ntracks reweighting 0.0001 0.0006 0.0001 0.0008 0.0000 0.0000 0.0000
higher order acc. 0.0010 0.0014 0.0021 0.0028 0.0009 0.0013 0.0020
ε(q2) 0.0003 0.0001 0.0004 0.0027 0.0001 0.0001 0.0001
peaking bkg. 0.0100 0.0097 0.0082 0.0053 0.0009 0.0057 0.0016
angular bkg. model 0.0039 0.0016 0.0034 0.0010 0.0003 0.0001 0.0018
sig. mass 0.0006 0.0006 0.0019 0.0015 0.0002 0.0002 0.0002
mKπ isobar 0.0000 0.0002 0.0004 0.0002 0.0000 0.0000 0.0000
mKπ bkg. 0.0005 0.0019 0.0047 0.0018 0.0003 0.0001 0.0000
mKπ eff. 0.0016 0.0030 0.0054 0.0025 0.0023 0.0018 0.0034
acc. stat. 0.0013 0.0012 0.0018 0.0012 0.0001 0.0000 0.0000
Adet 0.0005 0.0032 0.0027 0.0022 0.0005 0.0009 0.0003
Aprod 0.0001 0.0004 0.0003 0.0002 0.0001 0.0001 0.0000
σsyst. 0.0111 0.0113 0.0123 0.0113 0.0027 0.0062 0.0047

11.0 < q2 < 12.5 GeV2/c4

σ A3 A4 A5 A6 A7 A8 A9

σstat. 0.0434 0.0676 0.0613 0.0363 0.0689 0.0636 0.0581
π reweighting 0.0015 0.0002 0.0016 0.0088 0.0000 0.0000 0.0000
K reweighting 0.0001 0.0002 0.0002 0.0010 0.0000 0.0000 0.0000
pT(B0) reweighting 0.0005 0.0006 0.0009 0.0038 0.0000 0.0000 0.0000
χ2
Vtx. reweighting 0.0000 0.0001 0.0001 0.0009 0.0000 0.0000 0.0000
Ntracks reweighting 0.0007 0.0003 0.0005 0.0002 0.0000 0.0000 0.0000
higher order acc. 0.0005 0.0003 0.0028 0.0024 0.0014 0.0023 0.0008
ε(q2) 0.0009 0.0005 0.0005 0.0012 0.0001 0.0002 0.0000
peaking bkg. 0.0031 0.0080 0.0058 0.0030 0.0047 0.0042 0.0051
angular bkg. model 0.0011 0.0014 0.0024 0.0028 0.0003 0.0002 0.0034
sig. mass 0.0014 0.0005 0.0019 0.0025 0.0000 0.0000 0.0000
mKπ isobar 0.0001 0.0002 0.0005 0.0004 0.0000 0.0000 0.0000
mKπ bkg. 0.0012 0.0021 0.0044 0.0037 0.0000 0.0000 0.0000
mKπ eff. 0.0013 0.0013 0.0023 0.0007 0.0017 0.0020 0.0019
acc. stat. 0.0017 0.0012 0.0019 0.0016 0.0000 0.0000 0.0000
Adet 0.0021 0.0032 0.0037 0.0048 0.0016 0.0001 0.0000
Aprod 0.0002 0.0003 0.0004 0.0005 0.0002 0.0000 0.0000
σsyst. 0.0052 0.0092 0.0099 0.0128 0.0055 0.0052 0.0065
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Table 80: Summary of systematic uncertainties for the CP asymmetries Ai in the q2 bins
15.0 < q2 < 17.0 GeV2/c4 and 17.0 < q2 < 19.0 GeV2/c4.

15.0 < q2 < 17.0 GeV2/c4

σ A3 A4 A5 A6 A7 A8 A9

σstat. 0.0402 0.0475 0.0469 0.0351 0.0547 0.0552 0.0501
π reweighting 0.0020 0.0006 0.0018 0.0042 0.0000 0.0000 0.0000
K reweighting 0.0002 0.0000 0.0000 0.0007 0.0000 0.0000 0.0000
pT(B0) reweighting 0.0001 0.0001 0.0005 0.0023 0.0000 0.0000 0.0000
χ2
Vtx. reweighting 0.0002 0.0003 0.0004 0.0006 0.0000 0.0000 0.0000
Ntracks reweighting 0.0001 0.0002 0.0004 0.0007 0.0000 0.0000 0.0000
higher order acc. 0.0013 0.0009 0.0022 0.0005 0.0016 0.0018 0.0024
ε(q2) 0.0033 0.0030 0.0024 0.0019 0.0002 0.0002 0.0001
peaking bkg. 0.0018 0.0049 0.0068 0.0072 0.0050 0.0025 0.0034
angular bkg. model 0.0002 0.0012 0.0005 0.0003 0.0000 0.0000 0.0004
sig. mass 0.0039 0.0003 0.0019 0.0031 0.0000 0.0001 0.0001
mKπ isobar 0.0007 0.0006 0.0010 0.0010 0.0000 0.0000 0.0000
mKπ bkg. 0.0013 0.0012 0.0018 0.0020 0.0000 0.0000 0.0000
mKπ eff. 0.0017 0.0009 0.0012 0.0009 0.0010 0.0010 0.0013
acc. stat. 0.0030 0.0021 0.0028 0.0026 0.0000 0.0000 0.0000
Adet 0.0017 0.0038 0.0037 0.0065 0.0007 0.0000 0.0002
Aprod 0.0002 0.0004 0.0004 0.0007 0.0001 0.0000 0.0000
σsyst. 0.0072 0.0076 0.0096 0.0120 0.0054 0.0032 0.0043

17.0 < q2 < 19.0 GeV2/c4

σ A3 A4 A5 A6 A7 A8 A9

σstat. 0.0642 0.0538 0.0527 0.0445 0.0682 0.0656 0.0576
π reweighting 0.0019 0.0010 0.0011 0.0006 0.0000 0.0000 0.0000
K reweighting 0.0006 0.0001 0.0002 0.0001 0.0000 0.0000 0.0000
pT(B0) reweighting 0.0005 0.0005 0.0003 0.0015 0.0000 0.0000 0.0000
χ2
Vtx. reweighting 0.0007 0.0004 0.0002 0.0002 0.0000 0.0000 0.0000
Ntracks reweighting 0.0001 0.0009 0.0001 0.0021 0.0000 0.0000 0.0000
higher order acc. 0.0025 0.0002 0.0031 0.0079 0.0112 0.0027 0.0015
ε(q2) 0.0102 0.0062 0.0044 0.0084 0.0000 0.0000 0.0000
peaking bkg. 0.0049 0.0061 0.0038 0.0098 0.0037 0.0043 0.0033
angular bkg. model 0.0059 0.0002 0.0001 0.0003 0.0001 0.0002 0.0018
sig. mass 0.0072 0.0011 0.0020 0.0045 0.0003 0.0000 0.0001
mKπ isobar 0.0035 0.0024 0.0026 0.0032 0.0000 0.0000 0.0000
mKπ bkg. 0.0015 0.0010 0.0011 0.0013 0.0000 0.0000 0.0000
mKπ eff. 0.0015 0.0014 0.0009 0.0018 0.0056 0.0007 0.0020
acc. stat. 0.0067 0.0037 0.0046 0.0049 0.0000 0.0000 0.0000
Adet 0.0023 0.0032 0.0039 0.0050 0.0005 0.0002 0.0011
Aprod 0.0002 0.0003 0.0004 0.0005 0.0001 0.0000 0.0001
σsyst. 0.0171 0.0106 0.0097 0.0179 0.0131 0.0051 0.0046
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10.2 Systematics for the method of moments1504

For the method of moments a similar strategy as the one described for the likelihood fit1505

(Sec. 10.1.1) is used to evaluate the systematics. The same procudere is used to determine1506

the systematic uncertainty on the observables Si, Ai and Pi. The following sources of1507

systematic uncertainty are evaluated for the moments:1508

• Statistical uncertainty of the four-dimensional acceptance1509

• Difference between data and simulation1510

• Higher order acceptance model1511

• Peaking backgrounds1512

• Signal mass modelling1513

• mKπ invariant mass model1514

10.2.1 Statistical uncertainty of the four-dimensional acceptance1515

In order to evaluate the systematics due to the limited knowledge of the acceptance,1516

the same procedure described in Sec. 10.1 is applied. We have generated 500 pseudo-1517

experiments, varying the acceptance according with its statistical uncertainty and fit back1518

with the nominal acceptance correction. The distribution of the fit results is shown in1519

Fig 93 for the last q2-bin, where the statistical uncertainty on the acceptance is largest..1520

Numerical results for all q2 bins are summarized in Tables 81, 83 and 82.1521
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Table 81: Systematic uncertainties due to the statistical uncertainty on the four-dimensional
acceptance on the Si observables. Ranges of q2 bins are given in GeV2/c4.

q2 FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

0.1 < q2 < 0.98 0.0002 0.0004 0.0003 0.0003 0.0002 0.0003 0.0003 0.0004 0.0001 0.0
1.1 < q2 < 2.0 0.0004 0.0003 0.0006 0.0007 0.0003 0.0004 0.0004 0.0002 0.0001 0.0
2.0 < q2 < 3.0 0.0004 0.0004 0.0005 0.0006 0.0002 0.0005 0.0005 0.0003 0.0 0.0
3.0 < q2 < 4.0 0.0003 0.0003 0.0003 0.0004 0.0002 0.0004 0.0004 0.0003 0.0001 0.0
4.0 < q2 < 5.0 0.0002 0.0002 0.0003 0.0004 0.0002 0.0003 0.0002 0.0003 0.0 0.0
5.0 < q2 < 6.0 0.0003 0.0002 0.0004 0.0004 0.0002 0.0003 0.0002 0.0002 0.0001 0.0
6.0 < q2 < 7.0 0.0002 0.0002 0.0003 0.0003 0.0002 0.0003 0.0002 0.0002 0.0 0.0
7.0 < q2 < 8.0 0.0003 0.0002 0.0003 0.0002 0.0002 0.0003 0.0002 0.0001 0.0 0.0

11.0 < q2 < 11.75 0.0002 0.0001 0.0002 0.0002 0.0002 0.0001 0.0001 0.0001 0.0 0.0
11.75 < q2 < 12.5 0.0002 0.0002 0.0002 0.0002 0.0003 0.0001 0.0001 0.0001 0.0001 0.0
15.0 < q2 < 16.0 0.0003 0.0003 0.0004 0.0003 0.0004 0.0002 0.0002 0.0002 0.0001 0.0
16.0 < q2 < 17.0 0.0003 0.0003 0.0004 0.0003 0.0004 0.0002 0.0002 0.0002 0.0001 0.0
17.0 < q2 < 18.0 0.0004 0.0004 0.0004 0.0004 0.0004 0.0003 0.0002 0.0003 0.0001 0.0
18.0 < q2 < 19.0 0.0011 0.0006 0.0007 0.0005 0.001 0.0005 0.0004 0.0005 0.0002 0.0001
15.0 < q2 < 19.0 0.0003 0.0002 0.0003 0.0002 0.0003 0.0001 0.0001 0.0001 0.0001 0.0

1.1 < q2 < 2.5 0.0003 0.0003 0.0005 0.0005 0.0002 0.0003 0.0003 0.0003 0.0001 0.0
2.5 < q2 < 4.0 0.0002 0.0002 0.0003 0.0003 0.0002 0.0003 0.0004 0.0002 0.0 0.0
4.0 < q2 < 6.0 0.0002 0.0002 0.0002 0.0003 0.0002 0.0002 0.0002 0.0002 0.0 0.0
6.0 < q2 < 8.0 0.0002 0.0002 0.0002 0.0002 0.0001 0.0002 0.0002 0.0001 0.0 0.0

11.0 < q2 < 12.5 0.0002 0.0001 0.0002 0.0002 0.0002 0.0001 0.0001 0.0001 0.0001 0.0
15.0 < q2 < 17.0 0.0003 0.0002 0.0004 0.0003 0.0003 0.0001 0.0001 0.0001 0.0001 0.0
17.0 < q2 < 19.0 0.0005 0.0004 0.0004 0.0003 0.0005 0.0002 0.0002 0.0002 0.0001 0.0
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Table 82: Systematic uncertainties due to the statistical uncertainty on the four-dimensional
acceptance on the Pi observables. Ranges of q2 bins are given in GeV2/c4.

q2 FL P1 P2 P3 P ′4 P ′5 P ′6 P8

0.1 < q2 < 0.98 0.0002 0.0009 0.0002 0.0005 0.0011 0.001 0.0011 0.0009
1.1 < q2 < 2.0 0.0004 0.0014 0.0005 0.0006 0.0012 0.0013 0.0007 0.0008
2.0 < q2 < 3.0 0.0004 0.0028 0.0005 0.0013 0.001 0.0014 0.0011 0.001
3.0 < q2 < 4.0 0.0003 0.0022 0.0006 0.0011 0.0008 0.0009 0.001 0.001
4.0 < q2 < 5.0 0.0002 0.0016 0.0005 0.0008 0.0007 0.0009 0.0006 0.0005
5.0 < q2 < 6.0 0.0003 0.0013 0.0005 0.0006 0.0007 0.0008 0.0006 0.0005
6.0 < q2 < 7.0 0.0002 0.0008 0.0003 0.0004 0.0006 0.0006 0.0005 0.0005
7.0 < q2 < 8.0 0.0003 0.001 0.0003 0.0002 0.0005 0.0005 0.0006 0.0004

11.0 < q2 < 11.75 0.0002 0.0005 0.0001 0.0002 0.0004 0.0003 0.0002 0.0002
11.75 < q2 < 12.5 0.0002 0.0005 0.0002 0.0002 0.0005 0.0004 0.0002 0.0002
15.0 < q2 < 16.0 0.0003 0.0008 0.0003 0.0003 0.0008 0.0007 0.0005 0.0004
16.0 < q2 < 17.0 0.0003 0.0009 0.0003 0.0002 0.0009 0.0007 0.0004 0.0003
17.0 < q2 < 18.0 0.0004 0.0011 0.0004 0.0005 0.0008 0.0008 0.0006 0.0004
18.0 < q2 < 19.0 0.0011 0.0023 0.0009 0.0007 0.0015 0.0012 0.001 0.0009
15.0 < q2 < 19.0 0.0003 0.0007 0.0002 0.0002 0.0006 0.0005 0.0003 0.0002

1.1 < q2 < 2.5 0.0003 0.0015 0.0004 0.0007 0.001 0.0011 0.0007 0.0007
2.5 < q2 < 4.0 0.0002 0.0019 0.0005 0.0009 0.0006 0.0008 0.0008 0.0008
4.0 < q2 < 6.0 0.0002 0.0011 0.0004 0.0005 0.0005 0.0006 0.0004 0.0004
6.0 < q2 < 8.0 0.0002 0.0007 0.0002 0.0002 0.0004 0.0004 0.0004 0.0003

11.0 < q2 < 12.5 0.0002 0.0004 0.0001 0.0001 0.0004 0.0003 0.0002 0.0001
15.0 < q2 < 17.0 0.0003 0.0007 0.0002 0.0002 0.0007 0.0006 0.0003 0.0003
17.0 < q2 < 19.0 0.0005 0.0012 0.0005 0.0003 0.0009 0.0007 0.0005 0.0004

10.2.2 Difference between data and simulation1522

The acceptance is determined as a function of the three angles θ`, θK , φ and q2. This1523

approach relies on having a good agreement between data and Monte-Carlo for what1524

concerns detector description and B-meson production mechanism. The control channel1525

B0 → J/ψK∗0 is used to evaluate the data/MC agreement. Known data/MC discrepancies1526

are corrected for, as described in Ref. [13]. These discrepancies are in the following1527

observables: the transverse momentum of the signal B0, as well as the B0 vertex χ2 and1528

the track multiplicity in the event. The effect of these corrections on the acceptance is1529

evaluated by redetermining the acceptance correction without the reweighting. Toy studies1530

are performed to evaluate the effect on the observables. These effects are negligibly small1531

and are shown in Tables 90, 91, 92 for the vertex χ2 reweight, Tab. 93, 94 and 95 for the1532

B-meson momentum reweight. The systematic uncertainty due to the reweighting for the1533

track multiplicity is shown in Tab. 96, 98 and ??.1534

In addition, small differences in the momentum and transverse momentum of the1535

daughter of the B-meson is observed. The distributions for data are extracted using the1536

sWeighting technique. To minimize the influence of pollution from an S-wave component1537

which is not simulated in data, the window for invariant mass of the K+π− system1538

is reduced from the nominal ±100 MeV/c2 to ±20 MeV/c2. From the two-dimensional1539
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Table 83: Systematic uncertainties due to the statistical uncertainty on the four-dimensional
acceptance on the Ai observables. Ranges of q2 bins are given in GeV2/c4.

q2 A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

0.1 < q2 < 0.98 0.0004 0.0003 0.0003 0.0002 0.0003 0.0003 0.0004 0.0001 0.0
1.1 < q2 < 2.0 0.0003 0.0006 0.0007 0.0003 0.0004 0.0004 0.0002 0.0001 0.0
2.0 < q2 < 3.0 0.0004 0.0005 0.0006 0.0002 0.0005 0.0005 0.0003 0.0 0.0
3.0 < q2 < 4.0 0.0003 0.0003 0.0004 0.0002 0.0004 0.0004 0.0003 0.0001 0.0
4.0 < q2 < 5.0 0.0002 0.0003 0.0004 0.0002 0.0003 0.0002 0.0003 0.0 0.0
5.0 < q2 < 6.0 0.0002 0.0004 0.0004 0.0002 0.0003 0.0002 0.0002 0.0001 0.0
6.0 < q2 < 7.0 0.0002 0.0003 0.0003 0.0002 0.0003 0.0002 0.0002 0.0 0.0
7.0 < q2 < 8.0 0.0002 0.0003 0.0002 0.0002 0.0003 0.0002 0.0001 0.0 0.0

11.0 < q2 < 11.75 0.0001 0.0002 0.0002 0.0002 0.0001 0.0001 0.0001 0.0 0.0
11.75 < q2 < 12.5 0.0002 0.0002 0.0002 0.0003 0.0001 0.0001 0.0001 0.0001 0.0
15.0 < q2 < 16.0 0.0003 0.0004 0.0003 0.0004 0.0002 0.0002 0.0002 0.0001 0.0
16.0 < q2 < 17.0 0.0003 0.0004 0.0003 0.0004 0.0002 0.0002 0.0002 0.0001 0.0
17.0 < q2 < 18.0 0.0004 0.0004 0.0004 0.0004 0.0003 0.0002 0.0003 0.0001 0.0
18.0 < q2 < 19.0 0.0006 0.0007 0.0005 0.001 0.0005 0.0004 0.0005 0.0002 0.0001
15.0 < q2 < 19.0 0.0002 0.0003 0.0002 0.0003 0.0001 0.0001 0.0001 0.0001 0.0

1.1 < q2 < 2.5 0.0003 0.0005 0.0005 0.0002 0.0003 0.0003 0.0003 0.0001 0.0
2.5 < q2 < 4.0 0.0002 0.0003 0.0003 0.0002 0.0003 0.0004 0.0002 0.0 0.0
4.0 < q2 < 6.0 0.0002 0.0002 0.0003 0.0002 0.0002 0.0002 0.0002 0.0 0.0
6.0 < q2 < 8.0 0.0002 0.0002 0.0002 0.0001 0.0002 0.0002 0.0001 0.0 0.0

11.0 < q2 < 12.5 0.0001 0.0002 0.0002 0.0002 0.0001 0.0001 0.0001 0.0001 0.0
15.0 < q2 < 17.0 0.0002 0.0004 0.0003 0.0003 0.0001 0.0001 0.0001 0.0001 0.0
17.0 < q2 < 19.0 0.0004 0.0004 0.0003 0.0005 0.0002 0.0002 0.0002 0.0001 0.0

distributions of K+ and π− in data and simulation a correction factor is determined. This1540

correction factor, depending on the particles momentum and transverse momentum is1541

given in shown in Fig. 87. The systematic uncertainty from the modeling of the signal1542

decay is then evaluated using toy studies where the acceptance is redetermined using the1543

reweightings. The systematics uncertainty for the pion and kaon momentum reweighting1544

are shown in Tables 84, 85, 86, 87, 88 and 89.1545

10.2.3 Higher order acceptance model1546

As discussed in Sec. 10.1.4, the systematic uncertainty due to the maximum order of1547

the Legendre polynomials used to model the four-dimensional acceptance are studied1548

by including higer order polynomials for the description of cos θK and q2, choosing a1549

maximal order of seven for both. High statistics toys are performed, where events are1550

generated using the higher order acceptance model and fit with the nominal one. Since a1551

high order acceptance is used to weight than to reject events, we find in the toys a small1552

numbers of events with very high weight. Event with large weight are instead not present1553

in the dataset. We therefore remove these few events with large weights and they are1554

not considered in the toys. The bias obtained when the low order acceptance is used to1555
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generate and the high order acceptance is used to weight, is assigned as systematics. The1556

resulting deviations are given in Tab. 99 - 101, they are negligible for all bins.1557

Figure 93: Distributions of deviations of observables from toy experiment for the first q2

bin in the last q2 bin. Events are generated with an acceptance varied according to its
statistical uncertainty and fit back using the nominal acceptance.
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Table 84: Systematic uncertainties from reweighting depending on kaon p and pT on the
Si observables. Ranges of q2 bins are given in GeV2/c4.

q2 FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

0.1 < q2 < 0.98 0.0006 0.0012 0.0033 0.0003 0.0112 0.0008 0.0017 0.0002 0.0025 0.0008
1.1 < q2 < 2.0 0.003 0.0002 0.0117 0.0019 0.002 0.0001 0.0001 0.0001 0.0006 0.0003
2.0 < q2 < 3.0 0.0027 0.0001 0.0182 0.0012 0.0011 0.0001 0.0002 0.0001 0.0004 0.0003
3.0 < q2 < 4.0 0.0029 0.0009 0.02 0.0007 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
4.0 < q2 < 5.0 0.0028 0.0014 0.0205 0.0003 0.001 0.0001 0.0002 0.0001 0.0003 0.0002
5.0 < q2 < 6.0 0.0026 0.0018 0.0211 0.0004 0.0018 0.0001 0.0002 0.0001 0.0005 0.0003
6.0 < q2 < 7.0 0.0026 0.0021 0.0229 0.0011 0.0028 0.0001 0.0002 0.0001 0.0008 0.0004
7.0 < q2 < 8.0 0.0027 0.0023 0.0259 0.0019 0.0038 0.0001 0.0002 0.0001 0.001 0.0005

11.0 < q2 < 11.75 0.0034 0.0035 0.0279 0.0055 0.0057 0.0001 0.0001 0.0001 0.0013 0.0004
11.75 < q2 < 12.5 0.0036 0.0036 0.025 0.0053 0.0053 0.0001 0.0001 0.0001 0.0012 0.0004
15.0 < q2 < 16.0 0.0034 0.0011 0.0025 0.0003 0.0009 0.0001 0.0001 0.0001 0.0002 0.0001
16.0 < q2 < 17.0 0.0032 0.0002 0.0119 0.0026 0.0005 0.0001 0.0001 0.0001 0.0001 0.0001
17.0 < q2 < 18.0 0.0034 0.0011 0.0197 0.0052 0.0002 0.0001 0.0001 0.0001 0.0001 0.0001
18.0 < q2 < 19.0 0.0054 0.0018 0.0256 0.0051 0.006 0.0001 0.0003 0.0002 0.0012 0.0003
17.0 < q2 < 19.0 0.0042 0.0014 0.022 0.0051 0.0025 0.0001 0.0001 0.0001 0.0005 0.0001

1.1 < q2 < 2.5 0.0029 0.0002 0.0134 0.0017 0.0018 0.0001 0.0001 0.0001 0.0005 0.0003
2.5 < q2 < 4.0 0.0028 0.0007 0.0199 0.0008 0.0002 0.0001 0.0002 0.0001 0.0001 0.0001
4.0 < q2 < 6.0 0.0027 0.0016 0.0208 0.0001 0.0015 0.0001 0.0002 0.0001 0.0004 0.0002
6.0 < q2 < 8.0 0.0027 0.0022 0.0245 0.0016 0.0033 0.0001 0.0002 0.0001 0.0009 0.0005

11.0 < q2 < 12.5 0.0035 0.0036 0.0264 0.0054 0.0055 0.0001 0.0001 0.0001 0.0012 0.0004
15.0 < q2 < 17.0 0.0033 0.0005 0.007 0.0011 0.0003 0.0001 0.0001 0.0001 0.0001 0.0001
17.0 < q2 < 19.0 0.0042 0.0014 0.022 0.0051 0.0025 0.0001 0.0001 0.0001 0.0005 0.0001
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Table 85: Systematic uncertainties from reweighting depending on kaon p and pT on the
Pi observables. Ranges of q2 bins are given in GeV2/c4.

q2 FL P1 P2 P3 P ′4 P ′5 P ′6 P ′8
0.1 < q2 < 0.98 0.0006 0.003 0.0097 0.0003 0.0075 0.0012 0.0019 0.004
1.1 < q2 < 2.0 0.003 0.0012 0.0005 0.0001 0.0249 0.0032 0.0001 0.0003
2.0 < q2 < 3.0 0.0027 0.0013 0.0022 0.0002 0.0439 0.0033 0.0003 0.0006
3.0 < q2 < 4.0 0.0029 0.0087 0.0028 0.0004 0.048 0.0044 0.0006 0.0005
4.0 < q2 < 5.0 0.0028 0.0127 0.0018 0.0005 0.0466 0.0035 0.0005 0.0006
5.0 < q2 < 6.0 0.0026 0.0133 0.0018 0.0005 0.0453 0.0014 0.0004 0.0004
6.0 < q2 < 7.0 0.0026 0.0131 0.0028 0.0003 0.0477 0.0007 0.0004 0.0006
7.0 < q2 < 8.0 0.0027 0.0126 0.0036 0.0003 0.0526 0.0028 0.0003 0.0005

11.0 < q2 < 11.75 0.0034 0.0135 0.0038 0.0001 0.0571 0.0121 0.0001 0.0001
11.75 < q2 < 12.5 0.0036 0.0138 0.0032 0.0001 0.0512 0.0117 0.0001 0.0002
15.0 < q2 < 16.0 0.0034 0.0055 0.0015 0.0001 0.0039 0.0022 0.0001 0.0002
16.0 < q2 < 17.0 0.0032 0.0017 0.0026 0.0001 0.0237 0.004 0.0001 0.0001
17.0 < q2 < 18.0 0.0034 0.0004 0.0019 0.0001 0.04 0.0094 0.0001 0.0002
18.0 < q2 < 19.0 0.0054 0.001 0.0036 0.0002 0.0516 0.009 0.0002 0.0006
17.0 < q2 < 19.0 0.0042 0.0002 0.0003 0.0002 0.0446 0.0091 0.0002 0.0001

1.1 < q2 < 2.5 0.0029 0.0011 0.0001 0.0001 0.0293 0.0031 0.0001 0.0003
2.5 < q2 < 4.0 0.0028 0.0065 0.0029 0.0003 0.0479 0.0039 0.0005 0.0006
4.0 < q2 < 6.0 0.0027 0.0131 0.0018 0.0005 0.0458 0.0023 0.0005 0.0005
6.0 < q2 < 8.0 0.0027 0.0128 0.0033 0.0003 0.0502 0.0018 0.0003 0.0005

11.0 < q2 < 12.5 0.0035 0.0137 0.0035 0.0001 0.0542 0.0119 0.0001 0.0001
15.0 < q2 < 17.0 0.0033 0.0038 0.002 0.0001 0.0133 0.0007 0.0001 0.0001
17.0 < q2 < 19.0 0.0042 0.0002 0.0003 0.0002 0.0446 0.0091 0.0002 0.0001
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Table 86: Systematic uncertainties from reweighting depending on kaon p and pT on the
Ai observables. Ranges of q2 bins are given in GeV2/c4.

q2 A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

0.1 < q2 < 0.98 0.0012 0.0033 0.0003 0.0112 0.0008 0.0017 0.0002 0.0025 0.0008
1.1 < q2 < 2.0 0.0002 0.0117 0.0019 0.002 0.0001 0.0001 0.0001 0.0006 0.0003
2.0 < q2 < 3.0 0.0001 0.0182 0.0012 0.0011 0.0001 0.0002 0.0001 0.0004 0.0003
3.0 < q2 < 4.0 0.0009 0.02 0.0007 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
4.0 < q2 < 5.0 0.0014 0.0205 0.0003 0.001 0.0001 0.0002 0.0001 0.0003 0.0002
5.0 < q2 < 6.0 0.0018 0.0211 0.0004 0.0018 0.0001 0.0002 0.0001 0.0005 0.0003
6.0 < q2 < 7.0 0.0021 0.0229 0.0011 0.0028 0.0001 0.0002 0.0001 0.0008 0.0004
7.0 < q2 < 8.0 0.0023 0.0259 0.0019 0.0038 0.0001 0.0002 0.0001 0.001 0.0005

11.0 < q2 < 11.75 0.0035 0.0279 0.0055 0.0057 0.0001 0.0001 0.0001 0.0013 0.0004
11.75 < q2 < 12.5 0.0036 0.025 0.0053 0.0053 0.0001 0.0001 0.0001 0.0012 0.0004
15.0 < q2 < 16.0 0.0011 0.0025 0.0003 0.0009 0.0001 0.0001 0.0001 0.0002 0.0001
16.0 < q2 < 17.0 0.0002 0.0119 0.0026 0.0005 0.0001 0.0001 0.0001 0.0001 0.0001
17.0 < q2 < 18.0 0.0011 0.0197 0.0052 0.0002 0.0001 0.0001 0.0001 0.0001 0.0001
18.0 < q2 < 19.0 0.0018 0.0256 0.0051 0.006 0.0001 0.0003 0.0002 0.0012 0.0003
17.0 < q2 < 19.0 0.0014 0.022 0.0051 0.0025 0.0001 0.0001 0.0001 0.0005 0.0001

1.1 < q2 < 2.5 0.0002 0.0134 0.0017 0.0018 0.0001 0.0001 0.0001 0.0005 0.0003
2.5 < q2 < 4.0 0.0007 0.0199 0.0008 0.0002 0.0001 0.0002 0.0001 0.0001 0.0001
4.0 < q2 < 6.0 0.0016 0.0208 0.0001 0.0015 0.0001 0.0002 0.0001 0.0004 0.0002
6.0 < q2 < 8.0 0.0022 0.0245 0.0016 0.0033 0.0001 0.0002 0.0001 0.0009 0.0005

11.0 < q2 < 12.5 0.0036 0.0264 0.0054 0.0055 0.0001 0.0001 0.0001 0.0012 0.0004
15.0 < q2 < 17.0 0.0005 0.007 0.0011 0.0003 0.0001 0.0001 0.0001 0.0001 0.0001
17.0 < q2 < 19.0 0.0014 0.022 0.0051 0.0025 0.0001 0.0001 0.0001 0.0005 0.0001
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Table 87: Systematic uncertainties from reweighting depending on pion p and pT for the
Si observables. Ranges of q2 bins are given in GeV2/c4.

q2 FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

0.1 < q2 < 0.98 0.0131 0.0011 0.0008 0.0031 0.0058 0.0006 0.0033 0.0005 0.0013 0.0004
1.1 < q2 < 2.0 0.0232 0.0002 0.0124 0.0029 0.0086 0.0002 0.0001 0.0001 0.002 0.0007
2.0 < q2 < 3.0 0.0215 0.0003 0.0202 0.0024 0.0063 0.0004 0.0002 0.0001 0.0015 0.0006
3.0 < q2 < 4.0 0.0211 0.0007 0.0225 0.0004 0.0019 0.0001 0.0001 0.0002 0.0005 0.0002
4.0 < q2 < 5.0 0.0209 0.001 0.0239 0.0012 0.0023 0.0001 0.0001 0.0001 0.0006 0.0003
5.0 < q2 < 6.0 0.0211 0.0009 0.024 0.0024 0.0052 0.0001 0.0001 0.0001 0.0013 0.0006
6.0 < q2 < 7.0 0.0209 0.0011 0.0256 0.0026 0.0075 0.0002 0.0003 0.0003 0.0018 0.0007
7.0 < q2 < 8.0 0.0203 0.0013 0.0285 0.003 0.0092 0.0004 0.0005 0.0002 0.0022 0.0009

11.0 < q2 < 11.75 0.0178 0.0017 0.0285 0.0039 0.0106 0.0003 0.0001 0.0001 0.0023 0.0006
11.75 < q2 < 12.5 0.017 0.0016 0.0251 0.0038 0.0099 0.0003 0.0003 0.0001 0.0021 0.0006
15.0 < q2 < 16.0 0.011 0.0027 0.0043 0.0018 0.0035 0.0001 0.0001 0.0001 0.0007 0.0001
16.0 < q2 < 17.0 0.0089 0.0047 0.0141 0.0047 0.0014 0.0002 0.0001 0.0001 0.0003 0.0001
17.0 < q2 < 18.0 0.0071 0.006 0.0216 0.007 0.0011 0.0001 0.0001 0.0001 0.0002 0.0001
18.0 < q2 < 19.0 0.0061 0.0063 0.0269 0.0062 0.0056 0.0001 0.0003 0.0003 0.0012 0.0003
15.0 < q2 < 19.0 0.0086 0.0042 0.0149 0.004 0.0031 0.0001 0.0001 0.0001 0.0006 0.0001

1.1 < q2 < 2.5 0.0229 0.0002 0.0144 0.0032 0.0082 0.0002 0.0001 0.0001 0.002 0.0007
2.5 < q2 < 4.0 0.0211 0.0004 0.0223 0.0008 0.003 0.0003 0.0001 0.0002 0.0007 0.0003
4.0 < q2 < 6.0 0.021 0.001 0.0239 0.0018 0.0038 0.0001 0.0001 0.0001 0.001 0.0004
6.0 < q2 < 8.0 0.0206 0.0012 0.0271 0.0028 0.0084 0.0003 0.0004 0.0002 0.002 0.0008

11.0 < q2 < 12.5 0.0174 0.0016 0.0268 0.0038 0.0102 0.0001 0.0002 0.0001 0.0022 0.0006
15.0 < q2 < 17.0 0.01 0.0036 0.009 0.0031 0.0025 0.0001 0.0001 0.0001 0.0005 0.0001
17.0 < q2 < 19.0 0.0067 0.006 0.0237 0.0065 0.0031 0.0001 0.0001 0.0001 0.0006 0.0001
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Table 88: Systematic uncertainties from reweighting depending on pion p and pT for the
Pi observables. Ranges of q2 bins are given in GeV2/c4.

q2 FL P1 P2 P3 P ′4 P ′5 P ′6 P ′8
0.1 < q2 < 0.98 0.0131 0.003 0.0037 0.0007 0.0019 0.0026 0.0024 0.0075
1.1 < q2 < 2.0 0.0232 0.0015 0.0099 0.0003 0.0282 0.0001 0.001 0.0003
2.0 < q2 < 3.0 0.0215 0.0001 0.0283 0.0001 0.0464 0.0087 0.0024 0.0002
3.0 < q2 < 4.0 0.0211 0.0072 0.0138 0.0012 0.0447 0.0208 0.003 0.0009
4.0 < q2 < 5.0 0.0209 0.0148 0.0024 0.0014 0.0445 0.0199 0.0026 0.0014
5.0 < q2 < 6.0 0.0211 0.0121 0.0081 0.0012 0.0431 0.0136 0.0013 0.0006
6.0 < q2 < 7.0 0.0209 0.0119 0.0079 0.0006 0.047 0.0089 0.0006 0.001
7.0 < q2 < 8.0 0.0203 0.0105 0.006 0.0002 0.0537 0.0037 0.0001 0.0013

11.0 < q2 < 11.75 0.0178 0.0123 0.0024 0.0001 0.0603 0.0123 0.0006 0.0002
11.75 < q2 < 12.5 0.017 0.0123 0.0026 0.0002 0.0533 0.012 0.0007 0.0006
15.0 < q2 < 16.0 0.011 0.0015 0.0042 0.0001 0.0051 0.0013 0.0002 0.0001
16.0 < q2 < 17.0 0.0089 0.0079 0.0045 0.0001 0.0259 0.0056 0.0004 0.0002
17.0 < q2 < 18.0 0.0071 0.0117 0.0032 0.0001 0.0423 0.0116 0.0003 0.0001
18.0 < q2 < 19.0 0.0061 0.0119 0.0028 0.0005 0.0539 0.0111 0.0002 0.0006
15.0 < q2 < 19.0 0.0086 0.0058 0.0023 0.0001 0.0277 0.0046 0.0001 0.0001

1.1 < q2 < 2.5 0.0229 0.0012 0.0137 0.0001 0.0329 0.001 0.0014 0.0001
2.5 < q2 < 4.0 0.0211 0.0047 0.0184 0.0006 0.0461 0.018 0.0026 0.001
4.0 < q2 < 6.0 0.021 0.0133 0.0062 0.0013 0.0436 0.0165 0.0018 0.0009
6.0 < q2 < 8.0 0.0206 0.0111 0.007 0.0004 0.0505 0.0061 0.0002 0.0012

11.0 < q2 < 12.5 0.0174 0.0123 0.0025 0.0002 0.0568 0.0122 0.0001 0.0004
15.0 < q2 < 17.0 0.01 0.0043 0.0043 0.0001 0.015 0.0018 0.0001 0.0001
17.0 < q2 < 19.0 0.0067 0.0113 0.0005 0.0002 0.0469 0.011 0.0001 0.0002
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Table 89: Systematic uncertainties from reweighting depending on pion p and pT for the
Ai observables. Ranges of q2 bins are given in GeV2/c4.

q2 A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

0.1 < q2 < 0.98 0.0011 0.0008 0.0031 0.0058 0.0006 0.0033 0.0005 0.0013 0.0004
1.1 < q2 < 2.0 0.0002 0.0124 0.0029 0.0086 0.0002 0.0001 0.0001 0.002 0.0007
2.0 < q2 < 3.0 0.0003 0.0202 0.0024 0.0063 0.0004 0.0002 0.0001 0.0015 0.0006
3.0 < q2 < 4.0 0.0007 0.0225 0.0004 0.0019 0.0001 0.0001 0.0002 0.0005 0.0002
4.0 < q2 < 5.0 0.001 0.0239 0.0012 0.0023 0.0001 0.0001 0.0001 0.0006 0.0003
5.0 < q2 < 6.0 0.0009 0.024 0.0024 0.0052 0.0001 0.0001 0.0001 0.0013 0.0006
6.0 < q2 < 7.0 0.0011 0.0256 0.0026 0.0075 0.0002 0.0003 0.0003 0.0018 0.0007
7.0 < q2 < 8.0 0.0013 0.0285 0.003 0.0092 0.0004 0.0005 0.0002 0.0022 0.0009

11.0 < q2 < 11.75 0.0017 0.0285 0.0039 0.0106 0.0003 0.0001 0.0001 0.0023 0.0006
11.75 < q2 < 12.5 0.0016 0.0251 0.0038 0.0099 0.0003 0.0003 0.0001 0.0021 0.0006
15.0 < q2 < 16.0 0.0027 0.0043 0.0018 0.0035 0.0001 0.0001 0.0001 0.0007 0.0001
16.0 < q2 < 17.0 0.0047 0.0141 0.0047 0.0014 0.0002 0.0001 0.0001 0.0003 0.0001
17.0 < q2 < 18.0 0.006 0.0216 0.007 0.0011 0.0001 0.0001 0.0001 0.0002 0.0001
18.0 < q2 < 19.0 0.0063 0.0269 0.0062 0.0056 0.0001 0.0003 0.0003 0.0012 0.0003
15.0 < q2 < 19.0 0.0042 0.0149 0.004 0.0031 0.0001 0.0001 0.0001 0.0006 0.0001

1.1 < q2 < 2.5 0.0002 0.0144 0.0032 0.0082 0.0002 0.0001 0.0001 0.002 0.0007
2.5 < q2 < 4.0 0.0004 0.0223 0.0008 0.003 0.0003 0.0001 0.0002 0.0007 0.0003
4.0 < q2 < 6.0 0.001 0.0239 0.0018 0.0038 0.0001 0.0001 0.0001 0.001 0.0004
6.0 < q2 < 8.0 0.0012 0.0271 0.0028 0.0084 0.0003 0.0004 0.0002 0.002 0.0008

11.0 < q2 < 12.5 0.0016 0.0268 0.0038 0.0102 0.0001 0.0002 0.0001 0.0022 0.0006
15.0 < q2 < 17.0 0.0036 0.009 0.0031 0.0025 0.0001 0.0001 0.0001 0.0005 0.0001
17.0 < q2 < 19.0 0.006 0.0237 0.0065 0.0031 0.0001 0.0001 0.0001 0.0006 0.0001
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Table 90: Systematic uncertainties form neglecting the explicit reweighting of the B0

vertex χ2 for Si observables. Ranges of q2 bins are given in GeV2/c4.

q2 FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

0.1 < q2 < 0.98 0.0062 0.0016 0.0016 0.005 0.0704 0.002 0.0006 0.0423 0.0151 0.0039
1.1 < q2 < 2.0 0.0009 0.0003 0.0117 0.003 0.0014 0.0003 0.0003 0.0006 0.0005 0.0003
2.0 < q2 < 3.0 0.0012 0.0003 0.0181 0.0027 0.0006 0.0003 0.0003 0.0006 0.0003 0.0003
3.0 < q2 < 4.0 0.0016 0.0006 0.0198 0.0017 0.0002 0.0003 0.0003 0.0014 0.0001 0.0001
4.0 < q2 < 5.0 0.0012 0.0012 0.02 0.0007 0.0008 0.0003 0.0003 0.0019 0.0002 0.0001
5.0 < q2 < 6.0 0.0007 0.0017 0.0206 0.0005 0.0013 0.0003 0.0003 0.002 0.0004 0.0003
6.0 < q2 < 7.0 0.0006 0.002 0.0224 0.0015 0.002 0.0003 0.0003 0.0022 0.0006 0.0004
7.0 < q2 < 8.0 0.0009 0.0022 0.0255 0.0023 0.0028 0.0003 0.0003 0.0027 0.0008 0.0004

11.0 < q2 < 11.75 0.0026 0.0028 0.0278 0.0057 0.0045 0.0003 0.0003 0.0042 0.001 0.0003
11.75 < q2 < 12.5 0.003 0.0029 0.0248 0.0054 0.0043 0.0003 0.0003 0.0035 0.001 0.0003
15.0 < q2 < 16.0 0.0033 0.0005 0.0025 0.0004 0.0007 0.0003 0.0003 0.0005 0.0002 0.0001
16.0 < q2 < 17.0 0.0035 0.0009 0.012 0.0028 0.0003 0.0003 0.0003 0.001 0.0001 0.0
17.0 < q2 < 18.0 0.0047 0.0023 0.0198 0.0062 0.0006 0.0003 0.0003 0.0003 0.0001 0.0
18.0 < q2 < 19.0 0.007 0.0039 0.0256 0.0075 0.006 0.0003 0.0003 0.0026 0.0013 0.0003
15.0 < q2 < 19.0 0.0028 0.0099 0.003 0.0021 0.0008 0.0126 0.0088 0.014 0.0002 0.0001

1.1 < q2 < 2.5 0.001 0.0003 0.0133 0.0029 0.0012 0.0003 0.0003 0.0003 0.0004 0.0003
2.5 < q2 < 4.0 0.0015 0.0004 0.0196 0.0019 0.0002 0.0003 0.0003 0.0012 0.0001 0.0001
4.0 < q2 < 6.0 0.001 0.0015 0.0203 0.0003 0.0011 0.0003 0.0003 0.0019 0.0003 0.0002
6.0 < q2 < 8.0 0.0008 0.0021 0.024 0.0019 0.0024 0.0003 0.0003 0.0025 0.0007 0.0004

11.0 < q2 < 12.5 0.0028 0.0029 0.0263 0.0056 0.0044 0.0003 0.0003 0.0039 0.001 0.0003
15.0 < q2 < 17.0 0.0034 0.0003 0.007 0.0011 0.0002 0.0003 0.0003 0.0007 0.0001 0.0
17.0 < q2 < 19.0 0.0056 0.0029 0.0221 0.0067 0.0027 0.0003 0.0003 0.0009 0.0006 0.0002
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Table 91: Systematic uncertainties form neglecting the explicit reweighting of the B0

vertex χ2 for the Pi observables. Ranges of q2 bins are given in GeV2/c4.

q2 FL P1 P2 P3 P ′4 P ′5 P ′6 P ′8
0.1 < q2 < 0.98 0.0062 0.0042 0.0614 0.0008 0.0058 0.0068 0.0052 0.0173
1.1 < q2 < 2.0 0.0009 0.0002 0.0018 0.0001 0.0246 0.006 0.0001 0.0004
2.0 < q2 < 3.0 0.0012 0.0008 0.0008 0.0002 0.0436 0.0067 0.0001 0.0006
3.0 < q2 < 4.0 0.0016 0.006 0.0022 0.0002 0.048 0.0056 0.0004 0.0004
4.0 < q2 < 5.0 0.0012 0.0105 0.0019 0.0003 0.0463 0.0028 0.0003 0.0005
5.0 < q2 < 6.0 0.0007 0.0123 0.0023 0.0004 0.0451 0.0004 0.0003 0.0004
6.0 < q2 < 7.0 0.0006 0.0122 0.0033 0.0002 0.0473 0.0027 0.0003 0.0005
7.0 < q2 < 8.0 0.0009 0.0115 0.0039 0.0003 0.0522 0.0043 0.0002 0.0004

11.0 < q2 < 11.75 0.0026 0.0108 0.0031 0.0001 0.0567 0.0123 0.0001 0.0001
11.75 < q2 < 12.5 0.003 0.011 0.0025 0.0001 0.0508 0.0118 0.0001 0.0001
15.0 < q2 < 16.0 0.0033 0.0036 0.0016 0.0001 0.0041 0.0024 0.0001 0.0001
16.0 < q2 < 17.0 0.0035 0.0001 0.0027 0.0001 0.0238 0.0042 0.0001 0.0001
17.0 < q2 < 18.0 0.0047 0.0026 0.0022 0.0001 0.0397 0.011 0.0002 0.0002
18.0 < q2 < 19.0 0.007 0.0034 0.0028 0.0003 0.0507 0.0135 0.0001 0.0006
15.0 < q2 < 19.0 0.0028 0.0248 0.0007 0.0183 0.01 0.0081 0.0297 0.0208

1.1 < q2 < 2.5 0.001 0.0005 0.0014 0.0001 0.029 0.0061 0.0001 0.0004
2.5 < q2 < 4.0 0.0015 0.004 0.0021 0.0003 0.0478 0.0058 0.0003 0.0005
4.0 < q2 < 6.0 0.001 0.0115 0.002 0.0004 0.0456 0.0011 0.0003 0.0004
6.0 < q2 < 8.0 0.0008 0.0118 0.0037 0.0003 0.0498 0.0035 0.0003 0.0004

11.0 < q2 < 12.5 0.0028 0.0109 0.0028 0.0001 0.0537 0.012 0.0001 0.0001
15.0 < q2 < 17.0 0.0034 0.0019 0.0021 0.0001 0.0134 0.0007 0.0001 0.0001
17.0 < q2 < 19.0 0.0056 0.003 0.0003 0.0002 0.044 0.0119 0.0001 0.0001
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Table 92: Systematic uncertainties form neglecting the explicit reweighting of the B0

vertex χ2 for the Ai observables. Ranges of q2 bins are given in GeV2/c4.

q2 A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

0.1 < q2 < 0.98 0.0016 0.0016 0.005 0.0704 0.002 0.0072 0.0006 0.0151 0.0039
1.1 < q2 < 2.0 0.0001 0.0117 0.003 0.0014 0.0001 0.0002 0.0001 0.0005 0.0003
2.0 < q2 < 3.0 0.0001 0.0181 0.0027 0.0006 0.0001 0.0002 0.0001 0.0003 0.0003
3.0 < q2 < 4.0 0.0006 0.0198 0.0017 0.0002 0.0001 0.0001 0.0001 0.0001 0.0001
4.0 < q2 < 5.0 0.0012 0.02 0.0007 0.0008 0.0001 0.0002 0.0001 0.0002 0.0001
5.0 < q2 < 6.0 0.0017 0.0206 0.0005 0.0013 0.0001 0.0002 0.0001 0.0004 0.0003
6.0 < q2 < 7.0 0.002 0.0224 0.0015 0.002 0.0001 0.0002 0.0001 0.0006 0.0004
7.0 < q2 < 8.0 0.0022 0.0255 0.0023 0.0028 0.0001 0.0002 0.0001 0.0008 0.0004

11.0 < q2 < 11.75 0.0028 0.0278 0.0057 0.0045 0.0001 0.0001 0.0001 0.001 0.0003
11.75 < q2 < 12.5 0.0029 0.0248 0.0054 0.0043 0.0001 0.0001 0.0001 0.001 0.0003
15.0 < q2 < 16.0 0.0005 0.0025 0.0004 0.0007 0.0001 0.0001 0.0001 0.0001 0.0001
16.0 < q2 < 17.0 0.0009 0.012 0.0028 0.0003 0.0001 0.0001 0.0001 0.0001 0.0001
17.0 < q2 < 18.0 0.0023 0.0198 0.0062 0.0006 0.0001 0.0001 0.0001 0.0001 0.0001
18.0 < q2 < 19.0 0.0039 0.0256 0.0075 0.006 0.0001 0.0003 0.0002 0.0013 0.0003
15.0 < q2 < 19.0 0.0099 0.003 0.0021 0.0008 0.0126 0.0088 0.014 0.0002 0.0001

1.1 < q2 < 2.5 0.0001 0.0133 0.0029 0.0012 0.0001 0.0002 0.0001 0.0004 0.0003
2.5 < q2 < 4.0 0.0004 0.0196 0.0019 0.0001 0.0001 0.0002 0.0001 0.0001 0.0001
4.0 < q2 < 6.0 0.0015 0.0203 0.0001 0.0011 0.0001 0.0002 0.0001 0.0003 0.0002
6.0 < q2 < 8.0 0.0021 0.024 0.0019 0.0024 0.0001 0.0002 0.0001 0.0007 0.0004

11.0 < q2 < 12.5 0.0029 0.0263 0.0056 0.0044 0.0001 0.0001 0.0001 0.001 0.0003
15.0 < q2 < 17.0 0.0001 0.007 0.0011 0.0002 0.0001 0.0001 0.0001 0.0001 0.0001
17.0 < q2 < 19.0 0.0029 0.0221 0.0067 0.0027 0.0001 0.0001 0.0001 0.0006 0.0001
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Table 93: Systematic uncertainties from neglecting the explicit reweighting of the B0 pT

for the Si observables. Ranges of q2 bins are given in GeV2/c4.

q2 FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

0.1 < q2 < 0.98 0.0077 0.0006 0.0016 0.0026 0.003 0.001 0.0007 0.0003 0.0007 0.0003
1.1 < q2 < 2.0 0.006 0.0002 0.0118 0.0018 0.0011 0.0001 0.0002 0.0001 0.0004 0.0003
2.0 < q2 < 3.0 0.0065 0.0001 0.0178 0.0025 0.0002 0.0002 0.0003 0.0001 0.0001 0.0002
3.0 < q2 < 4.0 0.0059 0.0004 0.0193 0.0026 0.0006 0.0002 0.0002 0.0001 0.0001 0.0001
4.0 < q2 < 5.0 0.0059 0.0007 0.0194 0.0021 0.0006 0.0002 0.0002 0.0001 0.0002 0.0001
5.0 < q2 < 6.0 0.0063 0.001 0.02 0.0012 0.0004 0.0001 0.0002 0.0001 0.0002 0.0002
6.0 < q2 < 7.0 0.0065 0.0012 0.0218 0.0001 0.0005 0.0002 0.0002 0.0001 0.0003 0.0003
7.0 < q2 < 8.0 0.0064 0.0014 0.0248 0.0011 0.0008 0.0002 0.0001 0.0001 0.0003 0.0003

11.0 < q2 < 11.75 0.0054 0.0028 0.0276 0.0059 0.0011 0.0001 0.0001 0.0001 0.0003 0.0001
11.75 < q2 < 12.5 0.0049 0.0027 0.0248 0.0056 0.0008 0.0001 0.0001 0.0001 0.0002 0.0001
15.0 < q2 < 16.0 0.0031 0.0008 0.0021 0.0005 0.0025 0.0001 0.0001 0.0001 0.0005 0.0001
16.0 < q2 < 17.0 0.0026 0.0025 0.0117 0.0027 0.0033 0.0001 0.0001 0.0001 0.0007 0.0002
17.0 < q2 < 18.0 0.0014 0.0039 0.0199 0.0056 0.0021 0.0001 0.0001 0.0001 0.0005 0.0001
18.0 < q2 < 19.0 0.001 0.005 0.0264 0.0063 0.004 0.0001 0.0003 0.0001 0.0008 0.0002
15.0 < q2 < 19.0 0.0019 0.0028 0.0128 0.0031 0.0018 0.0001 0.0001 0.0001 0.0004 0.0001

1.1 < q2 < 2.5 0.0063 0.0002 0.0134 0.0019 0.0007 0.0002 0.0002 0.0001 0.0003 0.0003
2.5 < q2 < 4.0 0.006 0.0003 0.0192 0.0025 0.0005 0.0002 0.0003 0.0001 0.0001 0.0001
4.0 < q2 < 6.0 0.0061 0.0009 0.0197 0.0017 0.0005 0.0002 0.0002 0.0001 0.0002 0.0002
6.0 < q2 < 8.0 0.0064 0.0013 0.0234 0.0005 0.0006 0.0002 0.0002 0.0001 0.0003 0.0003

11.0 < q2 < 12.5 0.0051 0.0027 0.0262 0.0057 0.0009 0.0001 0.0001 0.0001 0.0003 0.0001
15.0 < q2 < 17.0 0.0029 0.0016 0.0067 0.001 0.0028 0.0001 0.0001 0.0001 0.0006 0.0002
17.0 < q2 < 19.0 0.0004 0.0044 0.0225 0.006 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
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Table 94: Systematic uncertainties from neglecting the explicit reweighting of the B0 pT

for the Pi observables. Ranges of q2 bins are given in GeV2/c4.

q2 FL P1 P2 P3 P ′4 P ′5 P ′6 P ′8
0.1 < q2 < 0.98 0.0077 0.0016 0.0018 0.0004 0.0064 0.0002 0.0031 0.0017
1.1 < q2 < 2.0 0.006 0.0013 0.0087 0.0002 0.0244 0.0052 0.0001 0.0004
2.0 < q2 < 3.0 0.0065 0.0001 0.0126 0.0003 0.0439 0.0052 0.0005 0.0005
3.0 < q2 < 4.0 0.0059 0.0039 0.0031 0.0001 0.0503 0.0014 0.0003 0.0003
4.0 < q2 < 5.0 0.0059 0.0043 0.0039 0.0001 0.0485 0.0008 0.0001 0.0002
5.0 < q2 < 6.0 0.0063 0.0056 0.0065 0.0001 0.0469 0.0025 0.0001 0.0003
6.0 < q2 < 7.0 0.0065 0.0056 0.0077 0.0003 0.0483 0.0039 0.0001 0.0004
7.0 < q2 < 8.0 0.0064 0.0063 0.008 0.0004 0.0525 0.0049 0.0002 0.0002

11.0 < q2 < 11.75 0.0054 0.0076 0.0055 0.0001 0.0551 0.0103 0.0001 0.0001
11.75 < q2 < 12.5 0.0049 0.0074 0.0049 0.0001 0.0495 0.0098 0.0002 0.0001
15.0 < q2 < 16.0 0.0031 0.0044 0.0004 0.0001 0.0055 0.0005 0.0001 0.0002
16.0 < q2 < 17.0 0.0026 0.0093 0.0016 0.0001 0.0258 0.0069 0.0001 0.0001
17.0 < q2 < 18.0 0.0014 0.0129 0.0013 0.0001 0.0429 0.0126 0.0002 0.0002
18.0 < q2 < 19.0 0.001 0.0138 0.0035 0.0002 0.0555 0.0129 0.0001 0.0006
15.0 < q2 < 19.0 0.0019 0.01 0.0006 0.0001 0.0278 0.0073 0.0001 0.0001

1.1 < q2 < 2.5 0.0063 0.001 0.0098 0.0001 0.0286 0.0057 0.0001 0.0004
2.5 < q2 < 4.0 0.006 0.0027 0.0055 0.0003 0.0496 0.0022 0.0003 0.0004
4.0 < q2 < 6.0 0.0061 0.005 0.0055 0.0001 0.0476 0.0017 0.0001 0.0002
6.0 < q2 < 8.0 0.0064 0.006 0.0079 0.0003 0.0504 0.0044 0.0002 0.0003

11.0 < q2 < 12.5 0.0051 0.0075 0.0052 0.0001 0.0523 0.0101 0.0001 0.0001
15.0 < q2 < 17.0 0.0029 0.0068 0.001 0.0001 0.0151 0.0035 0.0001 0.0001
17.0 < q2 < 19.0 0.0004 0.0137 0.0004 0.0001 0.0478 0.0129 0.0001 0.0001
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Table 95: Systematic uncertainties from neglecting the explicit reweighting of the B0 pT

for the Ai observables. Ranges of q2 bins are given in GeV2/c4.

q2 A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

0.1 < q2 < 0.98 0.0006 0.0016 0.0026 0.003 0.001 0.0007 0.0003 0.0007 0.0003
1.1 < q2 < 2.0 0.0002 0.0118 0.0018 0.0011 0.0001 0.0002 0.0001 0.0004 0.0003
2.0 < q2 < 3.0 0.0001 0.0178 0.0025 0.0002 0.0002 0.0003 0.0001 0.0001 0.0002
3.0 < q2 < 4.0 0.0004 0.0193 0.0026 0.0006 0.0002 0.0002 0.0001 0.0001 0.0001
4.0 < q2 < 5.0 0.0007 0.0194 0.0021 0.0006 0.0002 0.0002 0.0001 0.0002 0.0001
5.0 < q2 < 6.0 0.001 0.02 0.0012 0.0004 0.0001 0.0002 0.0001 0.0002 0.0002
6.0 < q2 < 7.0 0.0012 0.0218 0.0001 0.0005 0.0002 0.0002 0.0001 0.0003 0.0003
7.0 < q2 < 8.0 0.0014 0.0248 0.0011 0.0008 0.0002 0.0001 0.0001 0.0003 0.0003

11.0 < q2 < 11.75 0.0028 0.0276 0.0059 0.0011 0.0001 0.0001 0.0001 0.0003 0.0001
11.75 < q2 < 12.5 0.0027 0.0248 0.0056 0.0008 0.0001 0.0001 0.0001 0.0002 0.0001
15.0 < q2 < 16.0 0.0008 0.0021 0.0005 0.0025 0.0001 0.0001 0.0001 0.0005 0.0001
16.0 < q2 < 17.0 0.0025 0.0117 0.0027 0.0033 0.0001 0.0001 0.0001 0.0007 0.0002
17.0 < q2 < 18.0 0.0039 0.0199 0.0056 0.0021 0.0001 0.0001 0.0001 0.0005 0.0001
18.0 < q2 < 19.0 0.005 0.0264 0.0063 0.004 0.0001 0.0003 0.0001 0.0008 0.0002
15.0 < q2 < 19.0 0.0028 0.0128 0.0031 0.0018 0.0001 0.0001 0.0001 0.0004 0.0001

1.1 < q2 < 2.5 0.0002 0.0134 0.0019 0.0007 0.0002 0.0002 0.0001 0.0003 0.0003
2.5 < q2 < 4.0 0.0003 0.0192 0.0025 0.0005 0.0002 0.0003 0.0001 0.0001 0.0001
4.0 < q2 < 6.0 0.0009 0.0197 0.0017 0.0005 0.0002 0.0002 0.0001 0.0002 0.0002
6.0 < q2 < 8.0 0.0013 0.0234 0.0005 0.0006 0.0002 0.0002 0.0001 0.0003 0.0003

11.0 < q2 < 12.5 0.0027 0.0262 0.0057 0.0009 0.0001 0.0001 0.0001 0.0003 0.0001
15.0 < q2 < 17.0 0.0016 0.0067 0.001 0.0028 0.0001 0.0001 0.0001 0.0006 0.0002
17.0 < q2 < 19.0 0.0044 0.0225 0.006 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
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Table 96: Systematic uncertainties form neglecting the explicit reweighting of the track
multiplicity on the Si observables. Ranges of q2 bins are given in GeV2/c4.

q2 FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

0.1 < q2 < 0.98 0.0192 0.0003 0.012 0.0027 0.0036 0.0016 0.0045 0.0001 0.0019 0.0019
1.1 < q2 < 2.0 0.0003 0.0008 0.0115 0.003 0.0018 0.0001 0.0002 0.0001 0.0005 0.0003
2.0 < q2 < 3.0 0.0012 0.0005 0.018 0.0023 0.0005 0.0001 0.0003 0.0001 0.0003 0.0002
3.0 < q2 < 4.0 0.0004 0.0007 0.0197 0.0017 0.0003 0.0001 0.0002 0.0001 0.0001 0.0001
4.0 < q2 < 5.0 0.0001 0.0009 0.0199 0.0011 0.0008 0.0001 0.0002 0.0001 0.0002 0.0001
5.0 < q2 < 6.0 0.0004 0.0011 0.0206 0.0002 0.0014 0.0001 0.0002 0.0001 0.0004 0.0003
6.0 < q2 < 7.0 0.0005 0.0015 0.0224 0.0008 0.0021 0.0001 0.0002 0.0001 0.0006 0.0004
7.0 < q2 < 8.0 0.0006 0.0019 0.0254 0.0018 0.0029 0.0001 0.0002 0.0001 0.0008 0.0004

11.0 < q2 < 11.75 0.0005 0.0045 0.0278 0.0061 0.0042 0.0001 0.0001 0.0001 0.001 0.0003
11.75 < q2 < 12.5 0.0009 0.0046 0.025 0.0059 0.004 0.0001 0.0001 0.0001 0.0009 0.0003
15.0 < q2 < 16.0 0.003 0.0007 0.0021 0.0004 0.0011 0.0001 0.0001 0.0001 0.0002 0.0001
16.0 < q2 < 17.0 0.0031 0.0012 0.0118 0.0028 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
17.0 < q2 < 18.0 0.0028 0.0028 0.02 0.0057 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
18.0 < q2 < 19.0 0.0019 0.0037 0.0259 0.0063 0.004 0.0001 0.0003 0.0001 0.0008 0.0002
15.0 < q2 < 19.0 0.0028 0.0013 0.0128 0.003 0.001 0.0001 0.0001 0.0001 0.0002 0.0001

1.1 < q2 < 2.5 0.0006 0.0007 0.0132 0.0028 0.0015 0.0001 0.0002 0.0001 0.0005 0.0003
2.5 < q2 < 4.0 0.0006 0.0006 0.0195 0.0018 0.0001 0.0001 0.0002 0.0001 0.0001 0.0001
4.0 < q2 < 6.0 0.0003 0.001 0.0202 0.0006 0.0011 0.0001 0.0002 0.0001 0.0003 0.0002
6.0 < q2 < 8.0 0.0006 0.0017 0.024 0.0013 0.0025 0.0001 0.0002 0.0001 0.0007 0.0004

11.0 < q2 < 12.5 0.0007 0.0045 0.0264 0.006 0.0041 0.0001 0.0001 0.0001 0.0009 0.0003
15.0 < q2 < 17.0 0.003 0.0002 0.0067 0.0011 0.0005 0.0001 0.0001 0.0001 0.0001 0.0001
17.0 < q2 < 19.0 0.0024 0.0031 0.0223 0.006 0.0015 0.0001 0.0001 0.0001 0.0003 0.0001

195



Table 97: Systematic uncertainties form neglecting the explicit reweighting of the track
multiplicity on the Pi observables. Ranges of q2 bins are given in GeV2/c4.

q2 FL P1 P2 P3 P ′4 P ′5 P ′6 P ′8
0.1 < q2 < 0.98 0.0192 0.0009 0.0011 0.0001 0.0228 0.0101 0.0023 0.0108
1.1 < q2 < 2.0 0.0003 0.0047 0.0038 0.0001 0.0241 0.0064 0.0001 0.0003
2.0 < q2 < 3.0 0.0012 0.0046 0.004 0.0003 0.0437 0.0055 0.0001 0.0006
3.0 < q2 < 4.0 0.0004 0.0069 0.0005 0.0003 0.0487 0.0038 0.0003 0.0004
4.0 < q2 < 5.0 0.0001 0.0072 0.0023 0.0004 0.0466 0.0027 0.0002 0.0004
5.0 < q2 < 6.0 0.0004 0.008 0.0028 0.0004 0.0452 0.0008 0.0002 0.0004
6.0 < q2 < 7.0 0.0005 0.0088 0.0037 0.0002 0.0474 0.0014 0.0003 0.0004
7.0 < q2 < 8.0 0.0006 0.0101 0.0044 0.0003 0.0522 0.0035 0.0002 0.0004

11.0 < q2 < 11.75 0.0005 0.0156 0.0044 0.0001 0.0565 0.0125 0.0001 0.0001
11.75 < q2 < 12.5 0.0009 0.0161 0.0039 0.0001 0.0508 0.0121 0.0001 0.0001
15.0 < q2 < 16.0 0.003 0.0042 0.001 0.0001 0.0033 0.0022 0.0001 0.0001
16.0 < q2 < 17.0 0.0031 0.0014 0.0021 0.0001 0.0235 0.0044 0.0001 0.0001
17.0 < q2 < 18.0 0.0028 0.0059 0.0017 0.0001 0.041 0.0108 0.0001 0.0002
18.0 < q2 < 19.0 0.0019 0.0089 0.0032 0.0002 0.054 0.0127 0.0001 0.0007
15.0 < q2 < 19.0 0.0028 0.0017 0.0007 0.0001 0.0258 0.005 0.0001 0.0001

1.1 < q2 < 2.5 0.0006 0.0047 0.0039 0.0001 0.0286 0.0063 0.0001 0.0004
2.5 < q2 < 4.0 0.0006 0.0061 0.0005 0.0004 0.0483 0.004 0.0001 0.0005
4.0 < q2 < 6.0 0.0003 0.0077 0.0026 0.0004 0.0458 0.0017 0.0002 0.0004
6.0 < q2 < 8.0 0.0006 0.0095 0.0041 0.0003 0.0498 0.0025 0.0003 0.0004

11.0 < q2 < 12.5 0.0007 0.0159 0.0042 0.0001 0.0536 0.0123 0.0001 0.0001
15.0 < q2 < 17.0 0.003 0.0015 0.0015 0.0001 0.0129 0.0009 0.0001 0.0001
17.0 < q2 < 19.0 0.0024 0.007 0.0002 0.0001 0.0461 0.0116 0.0001 0.0002
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Table 98: Systematic uncertainties form neglecting the explicit reweighting of the track
multiplicity on the Ai observables. Ranges of q2 bins are given in GeV2/c4.

q2 A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

0.1 < q2 < 0.98 0.0003 0.012 0.0027 0.0036 0.0016 0.0045 0.0001 0.0019 0.0019
1.1 < q2 < 2.0 0.0008 0.0115 0.003 0.0018 0.0001 0.0002 0.0001 0.0005 0.0003
2.0 < q2 < 3.0 0.0005 0.018 0.0023 0.0005 0.0001 0.0003 0.0001 0.0003 0.0002
3.0 < q2 < 4.0 0.0007 0.0197 0.0017 0.0003 0.0001 0.0002 0.0001 0.0001 0.0001
4.0 < q2 < 5.0 0.0009 0.0199 0.0011 0.0008 0.0001 0.0002 0.0001 0.0002 0.0001
5.0 < q2 < 6.0 0.0011 0.0206 0.0002 0.0014 0.0001 0.0002 0.0001 0.0004 0.0003
6.0 < q2 < 7.0 0.0015 0.0224 0.0008 0.0021 0.0001 0.0002 0.0001 0.0006 0.0004
7.0 < q2 < 8.0 0.0019 0.0254 0.0018 0.0029 0.0001 0.0002 0.0001 0.0008 0.0004

11.0 < q2 < 11.75 0.0045 0.0278 0.0061 0.0042 0.0001 0.0001 0.0001 0.001 0.0003
11.75 < q2 < 12.5 0.0046 0.025 0.0059 0.004 0.0001 0.0001 0.0001 0.0009 0.0003
15.0 < q2 < 16.0 0.0007 0.0021 0.0004 0.0011 0.0001 0.0001 0.0001 0.0002 0.0001
16.0 < q2 < 17.0 0.0012 0.0118 0.0028 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
17.0 < q2 < 18.0 0.0028 0.02 0.0057 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
18.0 < q2 < 19.0 0.0037 0.0259 0.0063 0.004 0.0001 0.0003 0.0001 0.0008 0.0002
15.0 < q2 < 19.0 0.0013 0.0128 0.003 0.001 0.0001 0.0001 0.0001 0.0002 0.0001

1.1 < q2 < 2.5 0.0007 0.0132 0.0028 0.0015 0.0001 0.0002 0.0001 0.0005 0.0003
2.5 < q2 < 4.0 0.0006 0.0195 0.0018 0.0001 0.0001 0.0002 0.0001 0.0001 0.0001
4.0 < q2 < 6.0 0.001 0.0202 0.0006 0.0011 0.0001 0.0002 0.0001 0.0003 0.0002
6.0 < q2 < 8.0 0.0017 0.024 0.0013 0.0025 0.0001 0.0002 0.0001 0.0007 0.0004

11.0 < q2 < 12.5 0.0045 0.0264 0.006 0.0041 0.0001 0.0001 0.0001 0.0009 0.0003
15.0 < q2 < 17.0 0.0002 0.0067 0.0011 0.0005 0.0001 0.0001 0.0001 0.0001 0.0001
17.0 < q2 < 19.0 0.0031 0.0223 0.006 0.0015 0.0001 0.0001 0.0001 0.0003 0.0001
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Table 99: The effect of using a the nominal instead of a higher order acceptance model on
the Si observables.

q2 FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

0.1 < q2 < 0.98 0.0022 0.0056 0.0002 0.0075 0.0051 0.0078 0.0001 0.0032 0.0011 0.0003
1.1 < q2 < 2.0 0.0048 0.0018 0.0014 0.0049 0.0063 0.0041 0.0047 0.0003 0.0014 0.0004
2.0 < q2 < 3.0 0.0005 0.0001 0.0003 0.0051 0.0035 0.0016 0.0002 0.0023 0.0008 0.0003
3.0 < q2 < 4.0 0.0003 0.0011 0.0009 0.0017 0.0001 0.0016 0.0013 0.002 0.0001 0.0001
4.0 < q2 < 5.0 0.0029 0.0003 0.0001 0.0014 0.0004 0.001 0.0002 0.0009 0.0001 0.0001
5.0 < q2 < 6.0 0.0066 0.0012 0.0005 0.0027 0.0011 0.0015 0.0015 0.0003 0.0002 0.0001
6.0 < q2 < 7.0 0.0082 0.002 0.0009 0.0025 0.0023 0.0033 0.0019 0.0001 0.0005 0.0002
7.0 < q2 < 8.0 0.0065 0.0015 0.0005 0.0011 0.0028 0.0029 0.0016 0.0006 0.0006 0.0002

11.0 < q2 < 11.75 0.0031 0.0029 0.0007 0.0038 0.0021 0.0017 0.0029 0.0028 0.0005 0.0001
11.75 < q2 < 12.5 0.0008 0.0021 0.0004 0.002 0.0016 0.0003 0.0029 0.0019 0.0004 0.0001
15.0 < q2 < 16.0 0.0033 0.0035 0.0016 0.0045 0.0028 0.0005 0.004 0.004 0.0006 0.0001
16.0 < q2 < 17.0 0.0057 0.0001 0.0008 0.0011 0.0008 0.0048 0.0043 0.0034 0.0002 0.0001
17.0 < q2 < 18.0 0.012 0.0048 0.0025 0.0061 0.0046 0.0097 0.0002 0.0012 0.001 0.0002
18.0 < q2 < 19.0 0.002 0.0023 0.0006 0.0026 0.0001 0.0049 0.0091 0.0059 0.0001 0.0001
15.0 < q2 < 19.0 0.0037 0.0002 0.0002 0.0002 0.0006 0.0043 0.0012 0.0016 0.0001 0.0001

1.1 < q2 < 2.5 0.0037 0.0014 0.0011 0.0051 0.0059 0.0037 0.0035 0.0009 0.0013 0.0004
2.5 < q2 < 4.0 0.0003 0.0008 0.0007 0.0024 0.0009 0.0009 0.0011 0.0022 0.0002 0.0001
4.0 < q2 < 6.0 0.0049 0.0005 0.0003 0.0021 0.0008 0.0003 0.0009 0.0006 0.0001 0.0001
6.0 < q2 < 8.0 0.0074 0.0018 0.0007 0.0018 0.0027 0.0031 0.0017 0.0003 0.0006 0.0002

11.0 < q2 < 12.5 0.0019 0.0025 0.0005 0.0029 0.0018 0.001 0.0029 0.0024 0.0004 0.0001
15.0 < q2 < 17.0 0.001 0.0019 0.0012 0.0018 0.0011 0.0021 0.0041 0.0037 0.0002 0.0001
17.0 < q2 < 19.0 0.0081 0.0036 0.0013 0.0025 0.003 0.0078 0.0034 0.0016 0.0007 0.0002
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Table 100: The effect of using a the nominal instead of a higher order acceptance model
on the Pi observables.

q2 FL P1 P2 P3 P ′4 P ′5 P ′6 P ′8
0.1 < q2 < 0.98 0.0022 0.0142 0.0041 0.0041 0.0013 0.0159 0.0191 0.0001
1.1 < q2 < 2.0 0.0048 0.0088 0.0064 0.0007 0.0031 0.0106 0.0082 0.0095
2.0 < q2 < 3.0 0.0005 0.0007 0.0074 0.0077 0.0005 0.0111 0.0036 0.0005
3.0 < q2 < 4.0 0.0003 0.0079 0.0004 0.0072 0.002 0.004 0.0036 0.0029
4.0 < q2 < 5.0 0.0029 0.0022 0.0001 0.003 0.0011 0.0047 0.0024 0.0005
5.0 < q2 < 6.0 0.0066 0.0055 0.0021 0.001 0.0008 0.0088 0.0029 0.0032
6.0 < q2 < 7.0 0.0082 0.0086 0.0025 0.0001 0.0002 0.0079 0.0065 0.0038
7.0 < q2 < 8.0 0.0065 0.006 0.0012 0.0013 0.0002 0.0036 0.0058 0.0032

11.0 < q2 < 11.75 0.0031 0.0085 0.0001 0.0046 0.0006 0.0064 0.0035 0.006
11.75 < q2 < 12.5 0.0008 0.0067 0.0011 0.0032 0.0006 0.0037 0.0005 0.0059
15.0 < q2 < 16.0 0.0033 0.0089 0.0006 0.0061 0.0022 0.0077 0.001 0.0084
16.0 < q2 < 17.0 0.0057 0.0042 0.0029 0.0052 0.0041 0.0004 0.0102 0.0089
17.0 < q2 < 18.0 0.012 0.0035 0.0024 0.0018 0.0004 0.0073 0.0204 0.0005
18.0 < q2 < 19.0 0.002 0.0044 0.0008 0.0088 0.0023 0.0063 0.0104 0.0193
15.0 < q2 < 19.0 0.0037 0.0025 0.0017 0.0025 0.0021 0.0022 0.0091 0.0025

1.1 < q2 < 2.5 0.0037 0.0073 0.0069 0.0023 0.0023 0.011 0.0074 0.0073
2.5 < q2 < 4.0 0.0003 0.006 0.0024 0.0078 0.0015 0.0055 0.002 0.0025
4.0 < q2 < 6.0 0.0049 0.0021 0.0008 0.0019 0.001 0.007 0.0004 0.0019
6.0 < q2 < 8.0 0.0074 0.0072 0.0018 0.0007 0.0002 0.0055 0.0061 0.0035

11.0 < q2 < 12.5 0.0019 0.0076 0.0006 0.0039 0.0006 0.0051 0.002 0.0059
15.0 < q2 < 17.0 0.001 0.0065 0.0017 0.0057 0.003 0.0043 0.0043 0.0086
17.0 < q2 < 19.0 0.0081 0.0028 0.0012 0.0024 0.0013 0.0018 0.0165 0.0072
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Table 101: The effect of using a the nominal instead of a higher order acceptance model
on the Ai observables.

q2 A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

0.1 < q2 < 0.98 0.0056 0.0002 0.0075 0.0051 0.0078 0.0001 0.0032 0.0011 0.0003
1.1 < q2 < 2.0 0.0018 0.0014 0.0049 0.0063 0.0041 0.0047 0.0003 0.0014 0.0004
2.0 < q2 < 3.0 0.0001 0.0003 0.0051 0.0035 0.0016 0.0002 0.0023 0.0008 0.0003
3.0 < q2 < 4.0 0.0011 0.0009 0.0017 0.0001 0.0016 0.0013 0.002 0.0001 0.0001
4.0 < q2 < 5.0 0.0003 0.0001 0.0014 0.0004 0.001 0.0002 0.0009 0.0001 0.0001
5.0 < q2 < 6.0 0.0012 0.0005 0.0027 0.0011 0.0015 0.0015 0.0003 0.0002 0.0001
6.0 < q2 < 7.0 0.002 0.0009 0.0025 0.0023 0.0033 0.0019 0.0001 0.0005 0.0002
7.0 < q2 < 8.0 0.0015 0.0005 0.0011 0.0028 0.0029 0.0016 0.0006 0.0006 0.0002

11.0 < q2 < 11.75 0.0029 0.0007 0.0038 0.0021 0.0017 0.0029 0.0028 0.0005 0.0001
11.75 < q2 < 12.5 0.0021 0.0004 0.002 0.0016 0.0003 0.0029 0.0019 0.0004 0.0001
15.0 < q2 < 16.0 0.0035 0.0016 0.0045 0.0028 0.0005 0.004 0.004 0.0006 0.0001
16.0 < q2 < 17.0 0.0001 0.0008 0.0011 0.0008 0.0048 0.0043 0.0034 0.0002 0.0001
17.0 < q2 < 18.0 0.0048 0.0025 0.0061 0.0046 0.0097 0.0002 0.0012 0.001 0.0002
18.0 < q2 < 19.0 0.0023 0.0006 0.0026 0.0001 0.0049 0.0091 0.0059 0.0001 0.0001
15.0 < q2 < 19.0 0.0002 0.0002 0.0002 0.0006 0.0043 0.0012 0.0016 0.0001 0.0001

1.1 < q2 < 2.5 0.0014 0.0011 0.0051 0.0059 0.0037 0.0035 0.0009 0.0013 0.0004
2.5 < q2 < 4.0 0.0008 0.0007 0.0024 0.0009 0.0009 0.0011 0.0022 0.0002 0.0001
4.0 < q2 < 6.0 0.0005 0.0003 0.0021 0.0008 0.0003 0.0009 0.0006 0.0001 0.0001
6.0 < q2 < 8.0 0.0018 0.0007 0.0018 0.0027 0.0031 0.0017 0.0003 0.0006 0.0002

11.0 < q2 < 12.5 0.0025 0.0005 0.0029 0.0018 0.001 0.0029 0.0024 0.0004 0.0001
15.0 < q2 < 17.0 0.0019 0.0012 0.0018 0.0011 0.0021 0.0041 0.0037 0.0002 0.0001
17.0 < q2 < 19.0 0.0036 0.0013 0.0025 0.003 0.0078 0.0034 0.0016 0.0007 0.0002
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10.2.4 Peaking backgrounds1558

Peaking background systematics are determined in the same way as for the observables 10.1.1559

An overview of the peaking background is given in Tab 56. High statistics toy studies are1560

performed where the various peaking background components are generated, in addition1561

to the signa and the combinatorial background. The sample so generated is then fitted1562

ignoring the peaking background and the bias is taken as a systematic uncertainty. The1563

summary of the numerical results is given in Tab. 102, 103 and 104.1564

Table 102: The effect of inclusion of peaking backgrounds on the Si observables.

q2 FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

0.1 < q2 < 0.98 0.0053 0.0037 0.0075 0.0022 0.0012 0.0004 0.0006 0.0007 0.0026 0.0008
1.1 < q2 < 2.0 0.0042 0.0068 0.0018 0.0048 0.0028 0.0007 0.002 0.0003 0.0065 0.0023
2.0 < q2 < 3.0 0.0044 0.0073 0.0011 0.0038 0.0014 0.0007 0.0057 0.0018 0.0033 0.0012
3.0 < q2 < 4.0 0.0056 0.0075 0.0023 0.001 0.001 0.0011 0.0015 0.0004 0.0003 0.0002
4.0 < q2 < 5.0 0.0066 0.0069 0.002 0.0012 0.0025 0.0007 0.0027 0.0005 0.0006 0.0002
5.0 < q2 < 6.0 0.0078 0.0081 0.0015 0.001 0.0012 0.0007 0.002 0.0007 0.0025 0.0007
6.0 < q2 < 7.0 0.0084 0.001 0.0011 0.0065 0.0023 0.001 0.0004 0.001 0.005 0.0014
7.0 < q2 < 8.0 0.0091 0.0012 0.0012 0.0051 0.0034 0.0006 0.0011 0.0009 0.0075 0.0021

11.0 < q2 < 11.75 0.0098 0.0017 0.0022 0.0016 0.0058 0.0002 0.0007 0.0002 0.0012 0.0031
11.75 < q2 < 12.5 0.0011 0.0019 0.0019 0.0014 0.0061 0.0018 0.0004 0.0005 0.0013 0.0034
15.0 < q2 < 16.0 0.0013 0.0032 0.001 0.0011 0.0068 0.0016 0.0002 0.0004 0.0015 0.0038
16.0 < q2 < 17.0 0.0012 0.0038 0.01 0.0063 0.0062 0.0001 0.0001 0.0004 0.0013 0.0034
17.0 < q2 < 18.0 0.0011 0.0045 0.0023 0.0033 0.0048 0.0001 0.0004 0.0007 0.001 0.0027
18.0 < q2 < 19.0 0.0067 0.0056 0.0034 0.0018 0.002 0.0007 0.0007 0.0009 0.0044 0.0012
15.0 < q2 < 19.0 0.0011 0.0042 0.0013 0.0003 0.0056 0.0008 0.0001 0.0006 0.0012 0.0032

1.1 < q2 < 2.5 0.0042 0.0064 0.0005 0.0039 0.0025 0.0009 0.0016 0.0005 0.0058 0.002
2.5 < q2 < 4.0 0.0053 0.008 0.0021 0.001 0.0041 0.0013 0.0002 0.0013 0.001 0.0004
4.0 < q2 < 6.0 0.0073 0.0074 0.0017 0.0012 0.0081 0.0007 0.0003 0.0002 0.0018 0.0005
6.0 < q2 < 8.0 0.0088 0.0011 0.0012 0.0059 0.0029 0.0008 0.0005 0.001 0.0064 0.0018

11.0 < q2 < 12.5 0.001 0.0018 0.002 0.0015 0.0059 0.001 0.0005 0.0004 0.0013 0.0032
15.0 < q2 < 17.0 0.0012 0.0035 0.0052 0.0084 0.0065 0.0007 0.0001 0.0004 0.0014 0.0036
17.0 < q2 < 19.0 0.0091 0.005 0.0027 0.0097 0.0038 0.0005 0.0001 0.0008 0.0083 0.0022
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Table 103: The effect of inclusion of peaking backgrounds on the Pi observables.

q2 FL P1 P2 P3 P ′4 P ′5 P ′6 P ′8
0.1 < q2 < 0.98 0.0053 0.0095 0.0013 0.0005 0.0056 0.0071 0.008 0.0014
1.1 < q2 < 2.0 0.0042 0.0026 0.0073 0.001 0.0055 0.0046 0.0005 0.0046
2.0 < q2 < 3.0 0.0044 0.0041 0.0077 0.0078 0.0026 0.0046 0.0014 0.0012
3.0 < q2 < 4.0 0.0056 0.005 0.0025 0.0032 0.0064 0.0016 0.0047 0.0049
4.0 < q2 < 5.0 0.0066 0.004 0.0078 0.0053 0.006 0.0066 0.0051 0.0055
5.0 < q2 < 6.0 0.0078 0.0049 0.0023 0.007 0.0047 0.0064 0.004 0.0049
6.0 < q2 < 7.0 0.0084 0.0047 0.0025 0.0001 0.0033 0.0056 0.0005 0.0002
7.0 < q2 < 8.0 0.0091 0.005 0.0022 0.0002 0.0029 0.0021 0.0007 0.0026

11.0 < q2 < 11.75 0.0098 0.0077 0.0099 0.0009 0.0091 0.0026 0.0004 0.0014
11.75 < q2 < 12.5 0.0011 0.0088 0.0013 0.0009 0.0001 0.0033 0.0033 0.0006
15.0 < q2 < 16.0 0.0013 0.0015 0.0015 0.0011 0.0086 0.0081 0.0038 0.0029
16.0 < q2 < 17.0 0.0012 0.0017 0.0013 0.0028 0.0011 0.0085 0.0043 0.0018
17.0 < q2 < 18.0 0.0011 0.002 0.0012 0.0007 0.0013 0.0081 0.0017 0.0004
18.0 < q2 < 19.0 0.0067 0.0022 0.0086 0.0005 0.0013 0.0073 0.0003 0.0037
15.0 < q2 < 19.0 0.0011 0.0019 0.0099 0.0012 0.0011 0.0082 0.0029 0.0009

1.1 < q2 < 2.5 0.0042 0.0029 0.0076 0.001 0.0005 0.0027 0.0035 0.0027
2.5 < q2 < 4.0 0.0053 0.0045 0.0041 0.0066 0.0056 0.0033 0.0006 0.0014
4.0 < q2 < 6.0 0.0073 0.0045 0.0015 0.006 0.0053 0.0063 0.0046 0.0001
6.0 < q2 < 8.0 0.0088 0.0049 0.0023 0.0001 0.0031 0.0016 0.0006 0.0015

11.0 < q2 < 12.5 0.001 0.0082 0.0011 0.0001 0.0045 0.003 0.0019 0.001
15.0 < q2 < 17.0 0.0012 0.0016 0.0014 0.002 0.0098 0.0083 0.0039 0.0008
17.0 < q2 < 19.0 0.0091 0.0021 0.0086 0.0001 0.0013 0.0078 0.0009 0.0012
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Table 104: The effect of inclusion of peaking backgrounds on the Ai observables.

q2 A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

0.1 < q2 < 0.98 0.0026 0.001 0.0024 0.0076 0.0029 0.0072 0.0081 0.0017 0.0054
1.1 < q2 < 2.0 0.0012 0.0075 0.0018 0.002 0.0035 0.0062 0.0098 0.0044 0.0014
2.0 < q2 < 3.0 0.0013 0.0048 0.0035 0.0015 0.0019 0.0058 0.0065 0.0034 0.001
3.0 < q2 < 4.0 0.0072 0.0013 0.0021 0.0057 0.0026 0.0021 0.0019 0.0013 0.0039
4.0 < q2 < 5.0 0.0045 0.0019 0.0031 0.0039 0.0028 0.0011 0.008 0.0089 0.003
5.0 < q2 < 6.0 0.0018 0.002 0.0037 0.0012 0.0023 0.0068 0.0022 0.0027 0.0083
6.0 < q2 < 7.0 0.0056 0.0024 0.0044 0.002 0.0028 0.0022 0.0054 0.0045 0.0014
7.0 < q2 < 8.0 0.001 0.0023 0.0045 0.0024 0.0014 0.0014 0.0026 0.0053 0.0017

11.0 < q2 < 11.75 0.0017 0.0022 0.0016 0.0058 0.0002 0.0007 0.0002 0.0012 0.0031
11.75 < q2 < 12.5 0.0019 0.0019 0.0014 0.0061 0.0018 0.0004 0.0005 0.0013 0.0034
15.0 < q2 < 16.0 0.0013 0.003 0.0036 0.0043 0.0035 0.0018 0.005 0.0097 0.0031
16.0 < q2 < 17.0 0.0015 0.003 0.0033 0.0042 0.0022 0.0011 0.0013 0.0096 0.0031
17.0 < q2 < 18.0 0.002 0.0031 0.0028 0.0039 0.0001 0.0035 0.006 0.0089 0.0029
18.0 < q2 < 19.0 0.0026 0.0032 0.0023 0.003 0.0024 0.0015 0.0018 0.0069 0.0023
15.0 < q2 < 19.0 0.0018 0.003 0.0031 0.004 0.0039 0.004 0.0066 0.009 0.0029

1.1 < q2 < 2.5 0.0042 0.0043 0.0013 0.0019 0.0039 0.0021 0.0056 0.0042 0.0013
2.5 < q2 < 4.0 0.0086 0.0011 0.0017 0.0083 0.0014 0.0013 0.0018 0.0018 0.0056
4.0 < q2 < 6.0 0.0012 0.002 0.0034 0.0082 0.0025 0.004 0.0015 0.0018 0.0057
6.0 < q2 < 8.0 0.0032 0.0024 0.0044 0.0022 0.0021 0.0018 0.0039 0.0049 0.0016

11.0 < q2 < 12.5 0.0018 0.002 0.0015 0.0059 0.001 0.0005 0.0004 0.0013 0.0032
15.0 < q2 < 17.0 0.0014 0.003 0.0035 0.0043 0.0012 0.0041 0.0089 0.0097 0.0031
17.0 < q2 < 19.0 0.0023 0.0031 0.0026 0.0036 0.0093 0.0037 0.003 0.0081 0.0026
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10.2.5 Signal mass modelling1565

As already discussed in Sec. 10.1, to determine the systematic effect of this choice of signal1566

mass model, a double Gaussian is used as alternative model. The parameters of the double1567

Gaussian are determined from a fit to B0 → J/ψK∗0 events. High statistics toy MC is1568

then generated using the double Gaussian mass model and fitted twice, once using the1569

double Gaussian and once using the nominal Crystal Ball parametrisation. The observed1570

difference is used as systematic uncertainty and given in Tab. 105, 106 and 107.1571

Table 105: Systematic effect of the signal mass model for the Si observables.

q2 FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

0.1 < q2 < 0.98 0.0011 0.0028 0.0001 0.0037 0.0025 0.0039 0.0001 0.0016 0.0006 0.0002
1.1 < q2 < 2.0 0.0024 0.0009 0.0007 0.0025 0.0032 0.002 0.0023 0.0001 0.0007 0.0002
2.0 < q2 < 3.0 0.0002 0.0001 0.0001 0.0025 0.0018 0.0008 0.0001 0.0011 0.0004 0.0001
3.0 < q2 < 4.0 0.0001 0.0006 0.0005 0.0009 0.0001 0.0008 0.0007 0.001 0.0001 0.0001
4.0 < q2 < 5.0 0.0015 0.0001 0.0001 0.0007 0.0002 0.0005 0.0001 0.0005 0.0001 0.0001
5.0 < q2 < 6.0 0.0033 0.0006 0.0002 0.0014 0.0005 0.0007 0.0007 0.0001 0.0001 0.0001
6.0 < q2 < 7.0 0.0041 0.001 0.0004 0.0013 0.0012 0.0016 0.0009 0.0001 0.0003 0.0001
7.0 < q2 < 8.0 0.0033 0.0008 0.0002 0.0006 0.0014 0.0015 0.0008 0.0003 0.0003 0.0001

11.0 < q2 < 11.75 0.0015 0.0015 0.0003 0.0019 0.0011 0.0008 0.0015 0.0014 0.0002 0.0001
11.75 < q2 < 12.5 0.0004 0.0011 0.0002 0.001 0.0008 0.0001 0.0014 0.001 0.0002 0.0001
15.0 < q2 < 16.0 0.0016 0.0018 0.0008 0.0022 0.0014 0.0002 0.002 0.002 0.0003 0.0001
16.0 < q2 < 17.0 0.0029 0.0001 0.0004 0.0006 0.0004 0.0024 0.0021 0.0017 0.0001 0.0001
17.0 < q2 < 18.0 0.006 0.0024 0.0012 0.003 0.0023 0.0048 0.0001 0.0006 0.0005 0.0001
18.0 < q2 < 19.0 0.001 0.0011 0.0003 0.0013 0.0001 0.0024 0.0045 0.003 0.0001 0.0001
15.0 < q2 < 19.0 0.0019 0.0001 0.0001 0.0001 0.0003 0.0022 0.0006 0.0008 0.0001 0.0001

1.1 < q2 < 2.5 0.0019 0.0007 0.0005 0.0026 0.0029 0.0018 0.0018 0.0004 0.0007 0.0002
2.5 < q2 < 4.0 0.0002 0.0004 0.0003 0.0012 0.0005 0.0004 0.0006 0.0011 0.0001 0.0001
4.0 < q2 < 6.0 0.0024 0.0002 0.0001 0.001 0.0004 0.0001 0.0004 0.0003 0.0001 0.0001
6.0 < q2 < 8.0 0.0037 0.0009 0.0003 0.0009 0.0013 0.0015 0.0009 0.0001 0.0003 0.0001

11.0 < q2 < 12.5 0.001 0.0013 0.0003 0.0014 0.0009 0.0005 0.0014 0.0012 0.0002 0.0001
15.0 < q2 < 17.0 0.0005 0.0009 0.0006 0.0009 0.0005 0.001 0.0021 0.0018 0.0001 0.0001
17.0 < q2 < 19.0 0.004 0.0018 0.0007 0.0012 0.0015 0.0039 0.0017 0.0008 0.0003 0.0001

10.2.6 Systematic uncertainty on m(K+π−) lineshape1572

The mKπ invariant mass distribution is used in the small 1 GeV2/c4 to determine the1573

S-wave fraction FS. The mKπ mass model is parametrized with the LASS model. The1574

uncertainty on the using the ISOBAR model instead of LASS has been evaluated in1575

Sec. 10.1.8 and found negligibly small.1576
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Table 106: Systematic effect of the signal mass model for the Pi observables.

q2 FL P1 P2 P3 P ′4 P ′5 P ′6 P ′8
0.1 < q2 < 0.98 0.0011 0.0071 0.0021 0.002 0.0006 0.008 0.0096 0.0001
1.1 < q2 < 2.0 0.0024 0.0044 0.0032 0.0003 0.0015 0.0053 0.0041 0.0047
2.0 < q2 < 3.0 0.0002 0.0003 0.0037 0.0038 0.0003 0.0056 0.0018 0.0002
3.0 < q2 < 4.0 0.0001 0.0039 0.0002 0.0036 0.001 0.002 0.0018 0.0015
4.0 < q2 < 5.0 0.0015 0.0011 0.0001 0.0015 0.0005 0.0024 0.0012 0.0003
5.0 < q2 < 6.0 0.0033 0.0028 0.0011 0.0005 0.0004 0.0044 0.0014 0.0016
6.0 < q2 < 7.0 0.0041 0.0043 0.0012 0.0001 0.0001 0.004 0.0032 0.0019
7.0 < q2 < 8.0 0.0033 0.003 0.0006 0.0006 0.0001 0.0018 0.0029 0.0016

11.0 < q2 < 11.75 0.0015 0.0043 0.0001 0.0023 0.0003 0.0032 0.0017 0.003
11.75 < q2 < 12.5 0.0004 0.0033 0.0006 0.0016 0.0003 0.0018 0.0003 0.0029
15.0 < q2 < 16.0 0.0016 0.0044 0.0003 0.003 0.0011 0.0038 0.0005 0.0042
16.0 < q2 < 17.0 0.0029 0.0021 0.0015 0.0026 0.002 0.0002 0.0051 0.0045
17.0 < q2 < 18.0 0.006 0.0018 0.0012 0.0009 0.0002 0.0037 0.0102 0.0003
18.0 < q2 < 19.0 0.001 0.0022 0.0004 0.0044 0.0012 0.0031 0.0052 0.0097
15.0 < q2 < 19.0 0.0019 0.0012 0.0008 0.0012 0.001 0.0011 0.0045 0.0012

1.1 < q2 < 2.5 0.0019 0.0037 0.0035 0.0011 0.0012 0.0055 0.0037 0.0036
2.5 < q2 < 4.0 0.0002 0.003 0.0012 0.0039 0.0007 0.0027 0.001 0.0013
4.0 < q2 < 6.0 0.0024 0.001 0.0004 0.001 0.0005 0.0035 0.0002 0.001
6.0 < q2 < 8.0 0.0037 0.0036 0.0009 0.0003 0.0001 0.0028 0.0031 0.0017

11.0 < q2 < 12.5 0.001 0.0038 0.0003 0.0019 0.0003 0.0025 0.001 0.003
15.0 < q2 < 17.0 0.0005 0.0032 0.0009 0.0028 0.0015 0.0021 0.0022 0.0043
17.0 < q2 < 19.0 0.004 0.0014 0.0006 0.0012 0.0006 0.0009 0.0082 0.0036

10.2.7 Systematic uncertainty from production and detection asymmetries1577

The observables Si and Ai are sensitive to production and detection asymmetries according1578

to1579

Ai
measured = Ai − SiAdet. − Si(κAprod.),

Si
measured = Si − AiAdet. − Ai(κAprod.),

where, as described in details in Sec. 10.1.9, κ is a dilution factor due to B0 −B0 mixing1580

and is estimated to be κ = 35.2%. The uncertainty due to production and detection1581

asymmetries is negligibly small, as can be seen in Tables 108, 109 and 110.1582

10.2.8 Summary on systematic uncertainties1583

The various systematic uncertainties are summed in quadrature in order to get the total1584

systematic uncertainties in each q2-bin. The total systematic uncertainties are shown in1585

Tab. 111, 112 and 113. They are always small with respect to the statistical uncertainty.1586
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Table 107: Systematic effect of the signal mass model for the Ai observables.

q2 A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

0.1 < q2 < 0.98 0.0028 0.0001 0.0037 0.0025 0.0039 0.0001 0.0016 0.0006 0.0002
1.1 < q2 < 2.0 0.0009 0.0007 0.0025 0.0032 0.002 0.0023 0.0001 0.0007 0.0002
2.0 < q2 < 3.0 0.0001 0.0001 0.0025 0.0018 0.0008 0.0001 0.0011 0.0004 0.0001
3.0 < q2 < 4.0 0.0006 0.0005 0.0009 0.0001 0.0008 0.0007 0.001 0.0001 0.0001
4.0 < q2 < 5.0 0.0001 0.0001 0.0007 0.0002 0.0005 0.0001 0.0005 0.0001 0.0001
5.0 < q2 < 6.0 0.0006 0.0002 0.0014 0.0005 0.0007 0.0007 0.0001 0.0001 0.0001
6.0 < q2 < 7.0 0.001 0.0004 0.0013 0.0012 0.0016 0.0009 0.0001 0.0003 0.0001
7.0 < q2 < 8.0 0.0008 0.0002 0.0006 0.0014 0.0015 0.0008 0.0003 0.0003 0.0001

11.0 < q2 < 11.75 0.0015 0.0003 0.0019 0.0011 0.0008 0.0015 0.0014 0.0002 0.0001
11.75 < q2 < 12.5 0.0011 0.0002 0.001 0.0008 0.0001 0.0014 0.001 0.0002 0.0001
15.0 < q2 < 16.0 0.0018 0.0008 0.0022 0.0014 0.0002 0.002 0.002 0.0003 0.0001
16.0 < q2 < 17.0 0.0001 0.0004 0.0006 0.0004 0.0024 0.0021 0.0017 0.0001 0.0001
17.0 < q2 < 18.0 0.0024 0.0012 0.003 0.0023 0.0048 0.0001 0.0006 0.0005 0.0001
18.0 < q2 < 19.0 0.0011 0.0003 0.0013 0.0001 0.0024 0.0045 0.003 0.0001 0.0001
15.0 < q2 < 19.0 0.0001 0.0001 0.0001 0.0003 0.0022 0.0006 0.0008 0.0001 0.0001

1.1 < q2 < 2.5 0.0007 0.0005 0.0026 0.0029 0.0018 0.0018 0.0004 0.0007 0.0002
2.5 < q2 < 4.0 0.0004 0.0003 0.0012 0.0005 0.0004 0.0006 0.0011 0.0001 0.0001
4.0 < q2 < 6.0 0.0002 0.0001 0.001 0.0004 0.0001 0.0004 0.0003 0.0001 0.0001
6.0 < q2 < 8.0 0.0009 0.0003 0.0009 0.0013 0.0015 0.0009 0.0001 0.0003 0.0001

11.0 < q2 < 12.5 0.0013 0.0003 0.0014 0.0009 0.0005 0.0014 0.0012 0.0002 0.0001
15.0 < q2 < 17.0 0.0009 0.0006 0.0009 0.0005 0.001 0.0021 0.0018 0.0001 0.0001
17.0 < q2 < 19.0 0.0018 0.0007 0.0012 0.0015 0.0039 0.0017 0.0008 0.0003 0.0001
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Table 108: Systematic effect the detector and production assymetry for the Si observables.

q2 FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

0.1 < q2 < 0.98 0.0 0.0 0.0001 0.0003 0.0001 0.0 0.0 0.0 0.0 0.0
1.1 < q2 < 2.0 0.0 0.0 0.0001 0.0002 0.0003 0.0001 0.0 0.0 0.0001 0.0
2.0 < q2 < 3.0 0.0 0.0 0.0001 0.0 0.0002 0.0001 0.0 0.0 0.0 0.0
3.0 < q2 < 4.0 0.0 0.0 0.0002 0.0003 0.0001 0.0 0.0 0.0 0.0 0.0
4.0 < q2 < 5.0 0.0 0.0 0.0002 0.0004 0.0 0.0 0.0 0.0 0.0 0.0
5.0 < q2 < 6.0 0.0 0.0 0.0003 0.0005 0.0002 0.0 0.0 0.0 0.0 0.0
6.0 < q2 < 7.0 0.0 0.0 0.0003 0.0006 0.0003 0.0 0.0 0.0 0.0001 0.0
7.0 < q2 < 8.0 0.0 0.0 0.0003 0.0006 0.0003 0.0 0.0 0.0 0.0001 0.0

11.0 < q2 < 11.75 0.0 0.0001 0.0004 0.0006 0.0006 0.0 0.0 0.0 0.0001 0.0
11.75 < q2 < 12.5 0.0 0.0001 0.0004 0.0006 0.0006 0.0 0.0 0.0 0.0001 0.0
15.0 < q2 < 16.0 0.0 0.0002 0.0004 0.0005 0.0006 0.0 0.0 0.0 0.0001 0.0
16.0 < q2 < 17.0 0.0 0.0002 0.0004 0.0005 0.0006 0.0 0.0 0.0 0.0001 0.0
17.0 < q2 < 18.0 0.0 0.0003 0.0004 0.0004 0.0005 0.0 0.0 0.0 0.0001 0.0
18.0 < q2 < 19.0 0.0 0.0004 0.0004 0.0003 0.0004 0.0 0.0 0.0 0.0001 0.0
15.0 < q2 < 19.0 0.0 0.0002 0.0004 0.0004 0.0005 0.0 0.0 0.0 0.0001 0.0

1.1 < q2 < 2.5 0.0 0.0 0.0 0.0002 0.0003 0.0001 0.0 0.0 0.0001 0.0
2.5 < q2 < 4.0 0.0 0.0 0.0001 0.0002 0.0001 0.0 0.0 0.0 0.0 0.0
4.0 < q2 < 6.0 0.0 0.0 0.0003 0.0005 0.0001 0.0 0.0 0.0 0.0 0.0
6.0 < q2 < 8.0 0.0 0.0 0.0003 0.0006 0.0003 0.0 0.0 0.0 0.0001 0.0

11.0 < q2 < 12.5 0.0 0.0001 0.0004 0.0006 0.0006 0.0 0.0 0.0 0.0001 0.0
15.0 < q2 < 17.0 0.0 0.0002 0.0004 0.0005 0.0006 0.0 0.0 0.0 0.0001 0.0
17.0 < q2 < 19.0 0.0 0.0003 0.0004 0.0004 0.0005 0.0 0.0 0.0 0.0001 0.0
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Table 109: Systematic effect the detector and production assymetry for the Pi observables.

q2 FL P1 P2 P3 P ′4 P ′5 P ′6 P ′8
0.1 < q2 < 0.98 0.0 0.0 0.0001 0.0 0.0003 0.0008 0.0001 0.0
1.1 < q2 < 2.0 0.0 0.0 0.0004 0.0 0.0002 0.0005 0.0001 0.0
2.0 < q2 < 3.0 0.0 0.0 0.0005 0.0 0.0001 0.0001 0.0001 0.0
3.0 < q2 < 4.0 0.0 0.0 0.0002 0.0 0.0004 0.0006 0.0001 0.0
4.0 < q2 < 5.0 0.0 0.0001 0.0001 0.0 0.0005 0.0009 0.0001 0.0
5.0 < q2 < 6.0 0.0 0.0001 0.0003 0.0 0.0006 0.0011 0.0001 0.0
6.0 < q2 < 7.0 0.0 0.0001 0.0004 0.0 0.0007 0.0012 0.0001 0.0
7.0 < q2 < 8.0 0.0 0.0001 0.0005 0.0 0.0007 0.0012 0.0001 0.0

11.0 < q2 < 11.75 0.0 0.0003 0.0006 0.0 0.0007 0.0012 0.0 0.0
11.75 < q2 < 12.5 0.0 0.0003 0.0006 0.0 0.0007 0.0012 0.0 0.0
15.0 < q2 < 16.0 0.0 0.0005 0.0006 0.0 0.0008 0.001 0.0 0.0
16.0 < q2 < 17.0 0.0 0.0006 0.0006 0.0 0.0008 0.001 0.0 0.0
17.0 < q2 < 18.0 0.0 0.0008 0.0005 0.0 0.0009 0.0008 0.0 0.0
18.0 < q2 < 19.0 0.0 0.0011 0.0004 0.0 0.0009 0.0006 0.0 0.0
15.0 < q2 < 19.0 0.0 0.0007 0.0006 0.0 0.0008 0.0009 0.0 0.0

1.1 < q2 < 2.5 0.0 0.0 0.0005 0.0 0.0001 0.0004 0.0001 0.0
2.5 < q2 < 4.0 0.0 0.0 0.0003 0.0 0.0003 0.0005 0.0001 0.0
4.0 < q2 < 6.0 0.0 0.0001 0.0002 0.0 0.0006 0.001 0.0001 0.0
6.0 < q2 < 8.0 0.0 0.0001 0.0005 0.0 0.0007 0.0012 0.0001 0.0

11.0 < q2 < 12.5 0.0 0.0003 0.0006 0.0 0.0007 0.0012 0.0 0.0
15.0 < q2 < 17.0 0.0 0.0006 0.0006 0.0 0.0008 0.001 0.0 0.0
17.0 < q2 < 19.0 0.0 0.0009 0.0005 0.0 0.0009 0.0008 0.0 0.0
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Table 110: Systematic effect the detector and production assymetry for the Ai observables.

q2 A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

0.1 < q2 < 0.98 0.0 0.0001 0.0003 0.0001 0.0 0.0 0.0 0.0 0.0
1.1 < q2 < 2.0 0.0 0.0001 0.0002 0.0003 0.0001 0.0 0.0 0.0001 0.0
2.0 < q2 < 3.0 0.0 0.0001 0.0 0.0002 0.0001 0.0 0.0 0.0 0.0
3.0 < q2 < 4.0 0.0 0.0002 0.0003 0.0001 0.0 0.0 0.0 0.0 0.0
4.0 < q2 < 5.0 0.0 0.0002 0.0004 0.0 0.0 0.0 0.0 0.0 0.0
5.0 < q2 < 6.0 0.0 0.0003 0.0005 0.0002 0.0 0.0 0.0 0.0 0.0
6.0 < q2 < 7.0 0.0 0.0003 0.0006 0.0003 0.0 0.0 0.0 0.0001 0.0
7.0 < q2 < 8.0 0.0 0.0003 0.0006 0.0003 0.0 0.0 0.0 0.0001 0.0

11.0 < q2 < 11.75 0.0001 0.0004 0.0006 0.0006 0.0 0.0 0.0 0.0001 0.0
11.75 < q2 < 12.5 0.0001 0.0004 0.0006 0.0006 0.0 0.0 0.0 0.0001 0.0
15.0 < q2 < 16.0 0.0002 0.0004 0.0005 0.0006 0.0 0.0 0.0 0.0001 0.0
16.0 < q2 < 17.0 0.0002 0.0004 0.0005 0.0006 0.0 0.0 0.0 0.0001 0.0
17.0 < q2 < 18.0 0.0003 0.0004 0.0004 0.0005 0.0 0.0 0.0 0.0001 0.0
18.0 < q2 < 19.0 0.0004 0.0004 0.0003 0.0004 0.0 0.0 0.0 0.0001 0.0
15.0 < q2 < 19.0 0.0002 0.0004 0.0004 0.0005 0.0 0.0 0.0 0.0001 0.0

1.1 < q2 < 2.5 0.0 0.0 0.0002 0.0003 0.0001 0.0 0.0 0.0001 0.0
2.5 < q2 < 4.0 0.0 0.0001 0.0002 0.0001 0.0 0.0 0.0 0.0 0.0
4.0 < q2 < 6.0 0.0 0.0003 0.0005 0.0001 0.0 0.0 0.0 0.0 0.0
6.0 < q2 < 8.0 0.0 0.0003 0.0006 0.0003 0.0 0.0 0.0 0.0001 0.0

11.0 < q2 < 12.5 0.0001 0.0004 0.0006 0.0006 0.0 0.0 0.0 0.0001 0.0
15.0 < q2 < 17.0 0.0002 0.0004 0.0005 0.0006 0.0 0.0 0.0 0.0001 0.0
17.0 < q2 < 19.0 0.0003 0.0004 0.0004 0.0005 0.0 0.0 0.0 0.0001 0.0
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Table 111: Total systematic effect for the Si observables.

q2 FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

0.1 < q2 < 0.98 0.0259 0.0077 0.0147 0.0111 0.0719 0.0092 0.0093 0.0038 0.0158 0.0045
1.1 < q2 < 2.0 0.0251 0.0071 0.0265 0.0093 0.0119 0.0047 0.0056 0.0005 0.007 0.0025
2.0 < q2 < 3.0 0.0231 0.0073 0.0413 0.0086 0.0077 0.0021 0.0057 0.0032 0.0038 0.0014
3.0 < q2 < 4.0 0.0228 0.0078 0.0455 0.0042 0.0023 0.0022 0.0022 0.0023 0.0006 0.0004
4.0 < q2 < 5.0 0.0232 0.0073 0.0466 0.0035 0.0038 0.0014 0.0028 0.0012 0.001 0.0005
5.0 < q2 < 6.0 0.0246 0.0087 0.0477 0.0042 0.0061 0.0019 0.0026 0.0008 0.003 0.001
6.0 < q2 < 7.0 0.0253 0.0044 0.0517 0.0078 0.0092 0.0038 0.0022 0.0011 0.0055 0.0017
7.0 < q2 < 8.0 0.0245 0.0047 0.0583 0.0071 0.0117 0.0034 0.0022 0.0011 0.008 0.0024

11.0 < q2 < 11.75 0.0217 0.0081 0.0625 0.0131 0.0149 0.0019 0.0033 0.0031 0.0033 0.0032
11.75 < q2 < 12.5 0.0184 0.0078 0.0558 0.012 0.0142 0.0019 0.0033 0.0022 0.0031 0.0035
15.0 < q2 < 16.0 0.0133 0.006 0.0067 0.0055 0.0088 0.0017 0.0045 0.0045 0.0019 0.0038
16.0 < q2 < 17.0 0.0127 0.0067 0.0294 0.0096 0.0072 0.0054 0.0048 0.0038 0.0016 0.0034
17.0 < q2 < 18.0 0.0166 0.0107 0.0454 0.0154 0.0075 0.0108 0.0006 0.0016 0.0016 0.0027
18.0 < q2 < 19.0 0.0131 0.0116 0.0585 0.0146 0.0118 0.0055 0.0102 0.0067 0.0051 0.0014
15.0 < q2 < 19.0 0.0112 0.012 0.027 0.0068 0.0069 0.0135 0.0089 0.0142 0.0015 0.0032

1.1 < q2 < 2.5 0.0246 0.0066 0.0303 0.009 0.0111 0.0042 0.0043 0.0012 0.0063 0.0023
2.5 < q2 < 4.0 0.0228 0.0081 0.0451 0.0048 0.0052 0.0017 0.0014 0.0028 0.0013 0.0006
4.0 < q2 < 6.0 0.0239 0.0079 0.0471 0.0036 0.0093 0.0008 0.0011 0.0008 0.0022 0.0008
6.0 < q2 < 8.0 0.0249 0.0045 0.0551 0.0074 0.0105 0.0036 0.002 0.0011 0.0069 0.0021

11.0 < q2 < 12.5 0.0189 0.0079 0.0591 0.0125 0.0146 0.0015 0.0033 0.0027 0.0032 0.0033
15.0 < q2 < 17.0 0.0119 0.0057 0.0173 0.0095 0.0077 0.0024 0.0046 0.0041 0.0016 0.0036
17.0 < q2 < 19.0 0.0162 0.0108 0.0505 0.0169 0.0072 0.0087 0.0038 0.002 0.0084 0.0022
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Table 112: Total systematic effect for the Pi observables.

q2 FL P1 P2 P3 P ′4 P ′5 P ′6 P ′8
0.1 < q2 < 0.98 0.0259 0.0196 0.0625 0.0048 0.0262 0.0229 0.0239 0.0222
1.1 < q2 < 2.0 0.0251 0.0115 0.0172 0.0014 0.0569 0.0166 0.0093 0.0116
2.0 < q2 < 3.0 0.0231 0.0069 0.0333 0.0117 0.0992 0.0191 0.005 0.002
3.0 < q2 < 4.0 0.0228 0.0182 0.0148 0.0088 0.1075 0.0229 0.007 0.0061
4.0 < q2 < 5.0 0.0232 0.0242 0.0097 0.0065 0.1042 0.0223 0.0063 0.0058
5.0 < q2 < 6.0 0.0246 0.0252 0.0117 0.0073 0.1011 0.0183 0.0054 0.0061
6.0 < q2 < 7.0 0.0253 0.0262 0.013 0.0009 0.1064 0.0147 0.0073 0.0045
7.0 < q2 < 8.0 0.0245 0.0248 0.0125 0.0016 0.1177 0.0099 0.0066 0.0047

11.0 < q2 < 11.75 0.0217 0.03 0.0133 0.0052 0.1282 0.0278 0.004 0.0069
11.75 < q2 < 12.5 0.0184 0.0302 0.0081 0.0036 0.1143 0.0264 0.0035 0.0066
15.0 < q2 < 16.0 0.0133 0.0136 0.0052 0.0069 0.0134 0.0126 0.004 0.0098
16.0 < q2 < 17.0 0.0127 0.0135 0.0073 0.0064 0.0551 0.0144 0.0122 0.0101
17.0 < q2 < 18.0 0.0166 0.0191 0.0057 0.0021 0.0922 0.0274 0.0229 0.0009
18.0 < q2 < 19.0 0.0131 0.0215 0.0113 0.0099 0.1189 0.0286 0.0117 0.022
15.0 < q2 < 19.0 0.0112 0.0277 0.0104 0.0186 0.0545 0.0159 0.0315 0.021

1.1 < q2 < 2.5 0.0246 0.0102 0.0204 0.0028 0.0665 0.0168 0.0091 0.0086
2.5 < q2 < 4.0 0.0228 0.0139 0.0202 0.011 0.1074 0.0211 0.0037 0.0036
4.0 < q2 < 6.0 0.0239 0.0243 0.0093 0.0066 0.1023 0.0197 0.005 0.0025
6.0 < q2 < 8.0 0.0249 0.0253 0.0127 0.0011 0.1122 0.011 0.0069 0.0044

11.0 < q2 < 12.5 0.0189 0.0301 0.0085 0.0043 0.1212 0.027 0.0029 0.0067
15.0 < q2 < 17.0 0.0119 0.0118 0.006 0.0066 0.0329 0.0106 0.0062 0.0097
17.0 < q2 < 19.0 0.0162 0.0197 0.0087 0.0028 0.1027 0.0266 0.0185 0.0082
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Table 113: Total systematic effect for the Ai observables.

q2 A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

0.1 < q2 < 0.98 0.0072 0.0127 0.0112 0.0723 0.0096 0.0118 0.0089 0.0157 0.007
1.1 < q2 < 2.0 0.0025 0.0275 0.0082 0.0118 0.0058 0.0081 0.0098 0.0052 0.0018
2.0 < q2 < 3.0 0.0015 0.0416 0.0084 0.0077 0.0027 0.0058 0.007 0.0039 0.0013
3.0 < q2 < 4.0 0.0074 0.0454 0.0046 0.0061 0.0032 0.0026 0.0029 0.0014 0.004
4.0 < q2 < 5.0 0.0051 0.0466 0.0045 0.0048 0.003 0.0012 0.0081 0.0089 0.003
5.0 < q2 < 6.0 0.0038 0.0477 0.0056 0.0061 0.0028 0.007 0.0022 0.0031 0.0084
6.0 < q2 < 7.0 0.007 0.0517 0.0062 0.0091 0.0046 0.0031 0.0055 0.005 0.0018
7.0 < q2 < 8.0 0.0046 0.0583 0.0067 0.0114 0.0036 0.0023 0.0027 0.006 0.0021

11.0 < q2 < 11.75 0.0081 0.0625 0.0131 0.0149 0.0019 0.0033 0.0031 0.0033 0.0032
11.75 < q2 < 12.5 0.0078 0.0558 0.012 0.0142 0.0019 0.0033 0.0022 0.0031 0.0035
15.0 < q2 < 16.0 0.0052 0.0072 0.0065 0.007 0.0036 0.0048 0.0067 0.0097 0.0031
16.0 < q2 < 17.0 0.0057 0.0278 0.008 0.0057 0.0058 0.0049 0.004 0.0097 0.0031
17.0 < q2 < 18.0 0.0099 0.0454 0.0153 0.007 0.0108 0.0035 0.0062 0.009 0.0029
18.0 < q2 < 19.0 0.0105 0.0585 0.0146 0.0121 0.006 0.0103 0.0069 0.0073 0.0023
15.0 < q2 < 19.0 0.0113 0.0271 0.0075 0.0057 0.014 0.0098 0.0156 0.0091 0.0029

1.1 < q2 < 2.5 0.0046 0.0306 0.0083 0.011 0.0057 0.0045 0.0057 0.0049 0.0017
2.5 < q2 < 4.0 0.0088 0.045 0.005 0.0089 0.0018 0.0019 0.003 0.002 0.0057
4.0 < q2 < 6.0 0.003 0.0472 0.0049 0.0093 0.0026 0.0041 0.0017 0.0022 0.0058
6.0 < q2 < 8.0 0.0054 0.0551 0.0063 0.0104 0.0041 0.0027 0.004 0.0055 0.0019

11.0 < q2 < 12.5 0.0079 0.0591 0.0125 0.0146 0.0015 0.0033 0.0027 0.0032 0.0033
15.0 < q2 < 17.0 0.0047 0.0167 0.0055 0.0059 0.0026 0.0061 0.0098 0.0097 0.0031
17.0 < q2 < 19.0 0.0098 0.0505 0.0141 0.0071 0.0128 0.0053 0.0035 0.0082 0.0027
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10.3 Systematics for amplitude fits1587

The systematic uncertainties for the amplitude method are currently under investigation.1588

Below we give an outline of systematic uncertainties specific for the amplitude fit.1589

10.3.1 Statistical uncertainty of the four-dimensional acceptance1590

The same procedure as described in Sec. 10.1.1, to estimate the systematic uncertainty1591

arising form the statistical uncertainty in the acceptance correction. The effect of this1592

systematic uncertainty on the observables in shown in Fig 94. The effect is negligible1593

compared to the statistical uncertainty.1594

1595
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Figure 94: Systematic uncertainty on observables due to the statistical uncertainty of the

four-dimensional acceptance correction.

1596

10.3.2 Difference between data and simulation1597

As described in Sec. 10.1.2, the same procedure is used to estimate the systematic1598

uncertainty due to the the ability of the simulation to model the Data. The effect of1599

removing the corrections to the transverse momentum of the signal B0, as well as the B0
1600

vertex χ2 and the track multiplicity in the event, in terms of the observables is shown in1601

Figs. 95, 96 and 97. The effect of this systematic uncertainty is negligible compared to the1602

statistical uncertainty.1603

1604
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Figure 95: Systematic uncertainty on observables due to removing the reweighting of the

transverse momentum of the signal B0
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Figure 96: Systematic uncertainty on observables due to removing the reweighting of the vertex

χ2 of the signal B0
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Figure 97: Systematic uncertainty on observables due to removing the reweighting of the track

multiplicity of the event.

1609

1610

1611

As with the fit to the observables, a systematic uncertainty for the residual Data-MC1612

disagreement is obtained by reweighting in p, pT of the Kaon and the Pion by comparing1613

truth matched simulated events to B0 → J/ψK∗0 data, as discussed in Sec. 10.1.2. The1614

effect that the residual kinematic reweightings have on the observables are shown in1615

Figures 98 and 99 for the Pion and Kaon momentum reweighting respectively.1616
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Figure 98: Systematic uncertainty on observables due to residual correction to the Kaon

kinematics.
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Figure 99: Systematic uncertainty on observables due to residual correction to the Pion

kinematics.

1620

1621

1622

Although the effect for the reweighting of the kaon kinematics is negligible compared1623

to the statistical uncertainty, the pion kinematic reweighting introduces a systematic1624

uncertainty up to 20% of the statistical. It is instructive to see the effect of this systematic1625

uncertainty at the level of the amplitudes and derive a systematic for the amplitude1626

coefficients. Figure 100 shows the systematic uncertainty due to the reweighting of the1627

pion kinematics at the amplitude level.1628
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Figure 100: Systematic uncertainty on the B0 P-wave amplitudes due to residual correction to

the Pion kinematics.

1631

1632

1633

In order to obtain a systematic uncertainty in terms of the amplitude coefficients, the1634

systematic uncertainty as a function of q2 for each amplitude is fit using three parameter1635

ansatz δα + δβq2 + γ/q2. These δα, δβ and δγ can then be added in quadrature to the1636

statistical uncertainty of the amplitude coefficients. Figure 101 shows the results of1637

the three parameter ansatz fit to the q2 dependent systematic uncertainty of all the B0
1638

amplitudes. In some cases the resulting fit is not an exact match, however it is sufficient1639

in order to obtain a good estimate of the systematic uncertainty in terms of the amplitude1640

coefficients. The motivation behind this approach for obtaining the systematic uncertainty1641

of the amplitude coefficients is due to the large correlation between the coefficients of1642

a single amplitude (eg. see Fig. 32). This large correlation does not allow to simply1643

take the difference of the amplitude coefficients directly from the resulting nominal and1644

systematically varied fit.1645

1646
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Figure 101: Systematic uncertainty on the B0 P-wave amplitudes due to the residual correction

to the Pion kinematics. The q2 dependence of the systematic uncertainty is fit back using the

ansatz δα+ δβq2 + δγ/q2, in order to translate the uncertainty of the amplitude in terms of the

amplitude coefficients.

1647

1648

1649

10.3.3 Higher order acceptance model1650

Section 10.1.4 discusses the effect of the choice of the maximum order of the coefficients of1651

the Legendre polynomial used to parametrise the four dimensional acceptance correction.1652

Using the same treatment as the fits to the observables, the effect of this systematic1653

is evaluated from amplitude fits to simulated toy data. The effect on the observables1654

calculated from the fits to the amplitudes is shown in Fig. 102.1655

1656

1657
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Figure 102: Systematic uncertainty on observables due to choice of the order of the Legendre

polynomials used to parametrise the acceptance correction.

1658

1659

1660

The effect of this systematic uncertainty is negligible compared to the statistical1661

precision.1662

10.3.4 Uncertainty due to the combinatorial background model choice1663

The combinatorial background is parametrised using a product of four Chebychev polyno-1664

mial distributions each up to second order as discussed in Sec. 6.4.8. The choice of this1665

model was made by looking at the upper mass sideband data (5350 < mB < 5700) that1666

pass all selections, with 1.1 < q2 < 6 GeV2/c4 but with a slightly looser BDT in order to1667

improve the statistical precision of the background model. Figure 103 shows the results of1668

the fits to the four separate Chebychev polynomials. An equally valid parametrisation1669

can be obtained using fourth order polynomials in cos θ` and cos θK , and third order in1670

q2. The second order parametrisation of the φ angle is sufficiently good not to motivate1671

a higher order parametrisation. Figure 104 shows the variant combinatorial background1672

model used to assess the systematic uncertainty.1673

The uncertainty due to the choice of the combinatorial background parametrisation on1674

the amplitudes and observables, is assessed by generating high statistics toys according to1675

the parametrisation of Fig. 104, and fitting back either with the same order or with the1676

nominal one. The resulting differences on the amplitudes and therefore on the observables,1677

between the two fits, give the systematic uncertainty. This is the same procedure as that1678
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Figure 103: Fits to upper mass sideband data (5350 < mB < 5700) that pass all selections, with

1 < q2 < 6 GeV2/c4. The blue distributions are Chebychev polynomials of second order in the

angles and first order in q2.

Kθcos
1− 0.5− 0 0.5 1

E
ve

nt
s 

/ (
 0

.1
 )

0

10

20

30

40

50

lθcos
1− 0.5− 0 0.5 1

E
ve

nt
s 

/ (
 0

.1
 )

0

10

20

30

40

50

60

70

 (rad)φ
2− 0 2

E
ve

nt
s 

/ (
 0

.3
14

15
9 

)

0
5

10
15
20
25
30
35
40
45

)4/c2 (GeV2q
2 3 4 5 6

E
ve

nt
s 

/ (
 0

.2
45

 )

0

10

20

30

40

50

Figure 104: Fits to upper mass sideband data (5350 < mB < 5700) that pass all selections, with

1 < q2 < 6 GeV2/c4. The blue distributions are Chebychev polynomials of fourth order in the

angles and third order in q2.

described in Sec. 10.1.6, with the addition of a q2 dimension. The difference of the fits in1679

terms of observables is shown in Fig. 105.1680

10.3.5 Uncertainty due to the mKπ model choice1681

As the angular distribution is sensitive to bilinear combinations of the amplitudes, and1682

the fit is performed over the bin of 796 < mKπ < 996 MeV/c, fitting for the amplitudes1683

would introduce a bias due to this mKπ averaged result. In order to avoid this bias1684

we adopt a model for the mKπ dependence of the amplitudes and integrate over it as1685

discussed in Sec. 6.4.6. Different mKπ models result in different values for the integrals1686

of the mKπ dependence as shown in Tab. 29. The size of the dependence on the choice1687

of the mKπ model is assessed by comparing the values of the observables obtained from1688

a fit to the amplitudes in B0 → J/ψK∗0 events, using either an Isobar or a LASS1689

parametrisation for the S-wave mKπ shape. Table 114 summarises the different values1690

obtained for 796 < mKπ < 996 MeV/c2. Accounting for the factor 1000 more signal1691

candidates in B0→ J/ψK∗0 (combining B0 and B0 candidates) compared to the rare1692

mode for 1 < q2 < 6 GeV/c2 (separate for B0 and B0) , the differences observed are at1693

the level of 10% of the statistical uncertainty of the rare mode. The largest difference is1694

seen for SS5, however all S-wave terms are not parameters of interest and will be treated1695

as nuisance parameters. It also must be noted that the systematic uncertainty due to the1696

modelling of the mKπ line-shape is insufficient to account for differences between fits to1697

amplitudes and observables for S4 and SS2. As mentioned earlier however these differences1698

are well below the statistical precision of the rare mode.1699
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Figure 105: Systematic uncertainty on observables due to choice of the combinatorial background

parametrisation as discussed in the main text.

10.3.6 Uncertainty due to residual peaking backgrounds1700

The systematic uncertainty due to the effect of residual peaking backgrounds follows the1701

treatment of 10.1. Figure 106 shows 1D projections of the model used to describe the1702

dominant peaking background components obtained from signal depleted/peaking enriched1703

rare decay data. The high statistics toys where injected with these peaking backgrounds1704

at a level dictated in Tab. 56.1705

The effect of the sum of the peaking background contributions to the observables is1706

shown in Fig. 107. Their effect is found to be far below the statistical uncertainty.1707
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Table 114: Comparison between the Isobar and LASS parametrisation when integrating
over mKπ in fits for B0→ J/ψK∗0 for mKπ ∈ [796, 996] MeV/c2, using the full available
data set corresponding to 3 fb−1. The last column shows the difference as a fraction of the
expected statistical uncertainty in the rare mode for 1 < q2 < 6 GeV/c2.

parameter mKπ ∈ [796, 996] MeV/c2

Isobar LASS frac. of stat.
Ss1 0.3318± 0.0009 0.3290± 0.0010 9%
S3 −0.0154± 0.0015 −0.0133± 0.0016 4%
S4 −0.2528± 0.0009 −0.2490± 0.0009 12%
S5 −0.0026± 0.0018 −0.0017± 0.0019 1%
Ss6 0.0041± 0.0015 0.0018± 0.0015 5%
S7 −0.0027± 0.0019 0.0007± 0.0019 5%
S8 −0.0560± 0.0017 −0.0496± 0.0017 12%
S9 −0.0888± 0.0015 −0.0921± 0.0016 7%
FS 0.0777± 0.0023 0.0846± 0.0024 9%
SS1 −0.284± 0.0019 −0.287± 0.0019 0%
SS2 0.021± 0.0021 0.020± 0.002 0%
SS3 0.002± 0.0021 0.002± 0.002 0%
SS4 −0.002± 0.0020 0.001± 0.002 4%
SS5 −0.051± 0.0020 −0.040± 0.002 15%
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Figure 106: Projections of the models used in the generation of the toys containing the dominant

peaking backgrounds. From top to bottom: Λb → pKµ+µ−, Bs → φµ+µ−, B0 → K∗0µ+µ−

with K ↔ π swaps, B → ππµ+µ−.
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Figure 107: Systematic uncertainty on observables due to the residual peaking backgrounds.
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11 Compatibility with the Standard Model1708

The EOS software package [14] is used to determine the level of compatibility of the data1709

with the SM. It provides predictions for the observables integrated over the q2 bins used in1710

the analysis. A χ2 fit is performed to the CP -averaged angular observables FL, AFB and S3–1711

S9 obtained from the likelihood fit to the data in the bins 0.1 < q2 < 0.98 GeV2/c4, 1.1 <1712

q2 < 2.5 GeV2/c4, 2.5 < q2 < 4.0 GeV2/c4, 4.0 < q2 < 6.0 GeV2/c4, 6.0 < q2 < 8.0 GeV2/c4
1713

and 15 < q2 < 19 GeV2/c4. Previous analyses have shown that a discrepancy in P ′5 can1714

be accounted for by modifying only the real part of the vector coupling strength of the1715

decay. This coupling strength is conventionally denoted Re(C9). In this fit, the correlations1716

between the different observables are accounted for and the floating parameters are Re(C9)1717

and a number of nuisance parameters motivated by Ref. [7]. The nuisance parameters1718

include the form-factor and CKM parameters, as well as parameters describing possible1719

sub-leading (1/mb suppressed) corrections to the amplitudes. The nuisance parameters1720

are included with Gaussian constraints, taken from Ref. [7]. The best-fit point results in1721

a value of Re(C9) shifted by ∆Re(C9) = −1.04± 0.25 from the SM (see Fig. 108). Using1722

the difference in χ2 between the SM and best-fit points, the significance of this shift1723

corresponds to 3.4σ. As has been discussed in the literature [?,?,?,?,?, 5–11,46], a shift1724

in C9 could be caused by a contribution from a new vector particle or could result from1725

an underestimated hadronic effect.1726

To estimate the effect of the nuisance parameters on the significance of the shift of1727

Re(C9), the widths of the Gaussian constraints on the form-factor parameters and the1728

parameters encoding the sub-leading corrections are chosen to be twice (three times)1729

their nominal size. The resulting significances for the shift ∆Re(C9) are reduced to 2.9σ1730

(2.7σ). In addition, fits of Re(C7) and Re(C10) were performed. The resulting shift for1731

Re(C10) of ∆Re(C10) = −1.77± 0.63 is excluded by the measured B0
s→ µ+µ− branching1732

fraction. A fit of Re(C7) only marginally improves the agreement with the data with1733

a significance of 1.6σ. It is also interesting to perform a fit using only the two large1734

q2 bins 1.1 < q2 < 6.0 GeV2/c4 and 15 < q2 < 19 GeV2/c4. In this case, the fit finds1735

a best fit point of ∆Re(C9) = −1.00 ± 0.30 with a significance of 2.7σ. Finally, even1736

though the basis of FL, AFB and S3–S9 is chosen to perform the above fits for the global1737

significance, it is interesting to study the effect on the observable P ′5. Using EOS to predict1738

the SM value of this observable results in P ′5(4.0 < q2 < 6.0 GeV2/c4)SM = −0.78+0.10
−0.091739

and P ′5(6.0 < q2 < 8.0 GeV2/c4)SM = −0.89+0.11
−0.10. The values for the best fit point of1740

∆Re(C9) = −1.04 are P ′5(4.0 < q2 < 6.0 GeV2/c4)∆C9 = −0.49+0.11
−0.10 and P ′5(6.0 < q2 <1741

8.0 GeV2/c4)∆C9 = −0.70+0.11
−0.09 respectively, significantly improving the agreement with the1742

values of −0.300 +0.160
−0.161±0.023 and −0.505 +0.123

−0.121±0.024 measured in data. The uncertainties1743

on the predictions are determined by a variation of the nuisance parameters as illustrated1744

in Fig. 109.1745
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12 Conclusions1746

The CP -averaged angular observables Si from the likelihood fit and the method of moments1747

are given in Tab. 32 and 35. Figure 76 shows the agreement of the methods in the wider1748

q2 binning. The measurement is statistically dominated for all bins and observables.1749

Comparing the measurement with the SM predictions [46,47], generally good agreement is1750

observed. However, some tension is observed for S5 in the q2 bin 4.0 < q2 < 6.0 GeV2/c4, as1751

well slight tensions for AFB in the region 2.5 < q2 < 6.0 GeV2/c4. As explained in Sec. ??,1752

the determination of the P
(′)
i observables from the method of moments is currently still1753

under study. Table 34 gives the results from the likelihood fit. Of particular interest is1754

of course the observable P ′5, where a significant deviation from the SM prediction [10]1755

is observed for the q2 region 4.0 < q2 < 8.0 GeV2/c4. Table 115 gives the numerical1756

values of the measurement and the SM prediction [10]. Using the more recent form1757

KMPW factor calculations [48], the deviations correspond to 2.8σ and 3.0σ for the q2
1758

bins 4.0 < q2 < 6.0 GeV2/c4 and 6.0 < q2 < 8.0 GeV2/c4, respectively. Combining the two1759

bins naively, by calculating the χ2 probability for two degrees of freedom, this corresponds1760

to a deviation of 3.6σ6. It should be noted, that this combination neglects correlations of1761

the theory prediction between the q2 bins.1762

The CP asymmetries Ai are determined using both the likelihood fit and the method of1763

moments and the results are given in Tab. 33 and 36. Again good agreement between the1764

methods is observed when using identical binning, as shown in Fig. 77. All CP asymmetries1765

Ai are compatible with the SM predictions, that are close to zero in the SM.1766

Table 115: Comparison of the measured P ′5 with the SM prediction using two different
form-factor sets, KMPW [48] and BZ [49]. According to the authors, the more recent
KMPW calculations are to be preferred.

q2 bin [ GeV2/c4] LHCb Ref. [10] KMPW (σ) Ref. [10] BZ (σ)

0.1 < q2 < 0.98 0.387+0.132
−0.133 ± 0.052 0.675+0.157

−0.191 (−1.2) 0.678+0.033
−0.040 (−2.0)

1.1 < q2 < 2.5 0.289+0.220
−0.202 ± 0.023 0.195+0.135

−0.167 (0.4) 0.170+0.096
−0.117 (0.5)

2.5 < q2 < 4.0 −0.066+0.343
−0.364 ± 0.023 −0.468+0.155

−0.169 (1.0) −0.492+0.104
−0.118 (1.1)

4.0 < q2 < 6.0 −0.300+0.158
−0.159 ± 0.023 −0.816+0.097

−0.119 (2.8) −0.789+0.066
−0.081 (2.8)

6.0 < q2 < 8.0 −0.505+0.122
−0.122 ± 0.024 −0.936+0.077

−0.102 (3.0) −0.882+0.049
−0.059 (2.8)

6The change from 3.7σ with respect to LHCb-CONF-2015-002 is due to the ten times larger number
of Feldman-Cousins toys that changed the third digit of the statistical uncertainties and the change to the
KMPW form factors.
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Appendix1767

A Fitting for constant K∗0 amplitudes1768

When averaging over the q2 bin, the dataset is sensitive to1769

〈Ji〉 =

∫
(dΓ/dq2)Ji(q

2)dq2∫
(dΓ/dq2)dq2

(111)

where the Ji(q
2) are combinations of Aj(q

2)A∗k(q
2). Unfortunately this makes fitting1770

directly for the amplitudes difficult if the amplitudes vary widely over the q2 bin used in1771

the fit – it is not neccessarily possible to determine average amplitudes 〈Aj〉 that result in1772

a consistent set of average 〈Ji〉. This effect is demonstrated in Fig. 110. A single signal1773

only toy experiment, corresponding to approximately 1000 times the number of signal1774

candidates in the data, is fitted in the range 1 < q2 < q2
max. As q2

max increases the bias,1775

defined as1776

〈Ji〉SM − Ji(〈Aj〉, 〈A∗k〉) , (112)

is seen to increase. In the smallest bin of q2 the amplitude is approximately constant and1777

the bias becomes small. In wide bins of q2, the amplitudes and the Ji vary rapidly over1778

the q2 bin and the bias is typically largest. The scale of the bias on J3,4,8,9 is similar in1779

size to the statistical uncertainty on the observable expected in the 3 fb−1 dataset. To1780

avoid this potential source of bias, the q2 parameterisation described in Sec. 6.4 is adopted1781

for the analysis.1782
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Figure 110: Bias on the angular obsevables calculated after fitting for constant amplitudes
over a q2 range 1 < q2 < q2

max. Large biases are seen as q2
max increases. Small discrepancies

in the first data point are due to lepton mass effects in the SM expectation used to determine
the bias. The result of fitting the same dataset directly for the angular observables is also
shown as the red-dashed line.
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B CP-Asymmetries Ai from the observables fit1783
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Figure 111: Projection of the allowed parameter range, where the PDF is positive
everywhere, for different combinations of parameters. The SM values of the CP-asymmetries
A3,...,9 are close to zero, further away from the physical parameter boundaries than the CP
averaged observables Si.
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Figure 112: Projection of the allowed parameter range, where the PDF is positive every-
where, for different combinations of parameters. The SM values of the CP-asymmetries
A3,...,9 are close to zero, further away from the physical parameter boundaries than the CP
averaged observables Si.
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Table 116: Results from pull studies on EOS toys in bins of q2. A background component
is included. The acceptance effect is included and is assumed to be constant over the q2

bins.
0.1 < q2 < 1.0 GeV2

sensitivity pull mean pull width

Ss1 0.030± 0.001 0.77± 0.03 1.05± 0.02
A3 0.057± 0.001 −0.02± 0.03 1.01± 0.02
A4 0.071± 0.002 −0.05± 0.03 1.08± 0.02
A5 0.057± 0.001 −0.07± 0.03 1.04± 0.02
As6 0.073± 0.002 −0.01± 0.03 1.02± 0.02
A7 0.054± 0.001 0.02± 0.03 0.99± 0.02
A8 0.067± 0.002 −0.01± 0.03 1.03± 0.02
A9 0.056± 0.001 0.07± 0.03 1.00± 0.02

1.1 < q2 < 2.5 GeV2

sensitivity pull mean pull width

Ss1 0.049± 0.001 −0.02± 0.03 1.04± 0.02
A3 0.076± 0.002 0.02± 0.03 1.08± 0.02
A4 0.101± 0.002 −0.00± 0.03 1.03± 0.02
A5 0.086± 0.002 −0.01± 0.03 0.99± 0.02
As6 0.083± 0.002 −0.02± 0.03 1.06± 0.02
A7 0.093± 0.002 0.05± 0.03 1.07± 0.02
A8 0.103± 0.002 −0.04± 0.03 1.04± 0.02
A9 0.074± 0.002 −0.00± 0.03 1.05± 0.02

2.5 < q2 < 4.0 GeV2

sensitivity pull mean pull width

Ss1 0.046± 0.001 −0.06± 0.03 1.03± 0.02
A3 0.077± 0.002 0.01± 0.03 1.08± 0.02
A4 0.103± 0.002 −0.03± 0.03 1.04± 0.02
A5 0.097± 0.002 −0.00± 0.03 1.07± 0.02
As6 0.074± 0.002 0.00± 0.03 1.05± 0.02
A7 0.101± 0.002 0.06± 0.03 1.11± 0.02
A8 0.107± 0.002 0.02± 0.03 1.10± 0.02
A9 0.079± 0.002 −0.04± 0.04 1.11± 0.02

4.0 < q2 < 6.0 GeV2

sensitivity pull mean pull width

Ss1 0.035± 0.001 −0.01± 0.03 0.97± 0.02
A3 0.063± 0.001 −0.02± 0.03 1.05± 0.02
A4 0.083± 0.002 −0.03± 0.03 1.07± 0.02
A5 0.075± 0.002 0.01± 0.03 1.02± 0.02
As6 0.057± 0.001 −0.03± 0.03 1.02± 0.02
A7 0.074± 0.002 −0.00± 0.03 1.00± 0.02
A8 0.081± 0.002 0.01± 0.03 1.06± 0.02
A9 0.063± 0.001 0.02± 0.03 1.06± 0.02

6.0 < q2 < 8.0 GeV2

sensitivity pull mean pull width

Ss1 0.035± 0.001 −0.14± 0.03 1.04± 0.02
A3 0.061± 0.001 −0.01± 0.03 1.07± 0.02
A4 0.073± 0.002 0.02± 0.03 1.04± 0.02
A5 0.069± 0.002 −0.01± 0.03 1.03± 0.02
As6 0.053± 0.001 −0.05± 0.03 1.00± 0.02
A7 0.069± 0.002 −0.01± 0.03 1.03± 0.02
A8 0.070± 0.002 0.00± 0.03 1.02± 0.02
A9 0.060± 0.001 0.01± 0.03 1.05± 0.02

15.0 < q2 < 17.0 GeV2

sensitivity pull mean pull width

Ss1 0.032± 0.001 −0.30± 0.03 1.03± 0.02
A3 0.059± 0.001 0.03± 0.03 1.01± 0.02
A4 0.069± 0.002 −0.06± 0.03 1.03± 0.02
A5 0.066± 0.001 −0.01± 0.03 1.04± 0.02
As6 0.056± 0.001 0.01± 0.03 1.03± 0.02
A7 0.061± 0.001 −0.02± 0.03 1.02± 0.02
A8 0.065± 0.001 −0.01± 0.03 1.03± 0.02
A9 0.060± 0.001 0.02± 0.03 1.04± 0.02

17.0 < q2 < 19.0 GeV2

sensitivity pull mean pull width

Ss1 0.041± 0.001 −0.08± 0.03 1.03± 0.02
A3 0.078± 0.002 −0.05± 0.03 1.03± 0.02
A4 0.086± 0.002 0.01± 0.03 1.02± 0.02
A5 0.084± 0.002 0.03± 0.03 1.05± 0.02
As6 0.075± 0.002 0.01± 0.03 1.02± 0.02
A7 0.075± 0.002 0.04± 0.03 1.03± 0.02
A8 0.088± 0.002 −0.00± 0.03 1.09± 0.02
A9 0.078± 0.002 0.01± 0.03 1.06± 0.02
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Table 117: Results from pull studies on toys including S-wave constribution in bins of q2.
A background component is included as well. The acceptance effect is included and is
assumed to be constant over the q2 bins.

0.1 < q2 < 1.0 GeV2

sensitivity pull mean pull width

Ss1 0.040± 0.001 −0.04± 0.03 0.97± 0.02
A3 0.070± 0.002 0.03± 0.03 0.96± 0.02
A4 0.081± 0.002 −0.00± 0.03 0.98± 0.02
A5 0.070± 0.002 0.04± 0.03 0.99± 0.02
A6s 0.086± 0.002 −0.03± 0.03 1.02± 0.02
A7 0.066± 0.001 −0.05± 0.03 0.97± 0.02
A8 0.080± 0.002 0.02± 0.03 0.98± 0.02
A9 0.072± 0.002 −0.01± 0.03 0.97± 0.02
FS 0.119± 0.003 0.11± 0.03 0.90± 0.02
SS1 0.094± 0.002 −0.03± 0.03 1.00± 0.02
SS2 0.090± 0.002 −0.02± 0.03 1.02± 0.02
SS3 0.078± 0.002 0.02± 0.03 1.05± 0.02
SS4 0.076± 0.002 0.02± 0.03 1.04± 0.02
SS5 0.092± 0.002 0.03± 0.03 1.03± 0.02

1.1 < q2 < 2.5 GeV2

sensitivity pull mean pull width

Ss1 0.096± 0.002 −0.06± 0.03 1.01± 0.02
A3 0.110± 0.002 0.02± 0.03 1.06± 0.02
A4 0.134± 0.003 0.10± 0.03 1.05± 0.02
A5 0.116± 0.003 0.04± 0.03 1.04± 0.02
A6s 0.117± 0.003 −0.00± 0.03 1.08± 0.02
A7 0.119± 0.003 −0.02± 0.03 0.99± 0.02
A8 0.138± 0.003 −0.01± 0.03 1.06± 0.02
A9 0.108± 0.002 −0.02± 0.03 1.05± 0.02
FS 0.143± 0.003 0.16± 0.03 1.06± 0.02
SS1 0.178± 0.004 0.02± 0.03 1.09± 0.02
SS2 0.131± 0.003 0.03± 0.04 1.12± 0.02
SS3 0.114± 0.003 −0.03± 0.04 1.11± 0.02
SS4 0.115± 0.003 0.04± 0.04 1.12± 0.03
SS5 0.131± 0.003 −0.04± 0.04 1.11± 0.02

2.5 < q2 < 4.0 GeV2

sensitivity pull mean pull width

Ss1 0.107± 0.002 −0.11± 0.03 0.99± 0.02
A3 0.116± 0.003 0.03± 0.03 1.07± 0.02
A4 0.137± 0.003 0.01± 0.03 1.05± 0.02
A5 0.121± 0.003 0.02± 0.03 1.03± 0.02
A6s 0.121± 0.003 −0.03± 0.04 1.11± 0.02
A7 0.129± 0.003 0.02± 0.03 1.06± 0.02
A8 0.133± 0.003 0.01± 0.03 1.04± 0.02
A9 0.116± 0.003 0.01± 0.03 1.09± 0.02
FS 0.137± 0.003 0.12± 0.04 1.23± 0.03
SS1 0.181± 0.004 −0.05± 0.03 1.04± 0.02
SS2 0.139± 0.003 0.01± 0.04 1.21± 0.03
SS3 0.125± 0.003 −0.02± 0.04 1.17± 0.03
SS4 0.121± 0.003 0.06± 0.04 1.15± 0.03
SS5 0.134± 0.003 0.08± 0.04 1.16± 0.03

4.0 < q2 < 6.0 GeV2

sensitivity pull mean pull width

Ss1 0.050± 0.001 −0.07± 0.03 1.00± 0.02
A3 0.080± 0.002 0.02± 0.03 1.03± 0.02
A4 0.090± 0.002 0.02± 0.03 1.02± 0.02
A5 0.086± 0.002 −0.03± 0.03 1.01± 0.02
A6s 0.069± 0.002 0.03± 0.03 1.05± 0.02
A7 0.086± 0.002 0.04± 0.03 0.98± 0.02
A8 0.091± 0.002 −0.03± 0.03 1.01± 0.02
A9 0.079± 0.002 0.03± 0.03 1.02± 0.02
FS 0.102± 0.002 0.12± 0.03 0.98± 0.02
SS1 0.145± 0.003 0.00± 0.03 1.04± 0.02
SS2 0.099± 0.002 −0.00± 0.04 1.13± 0.03
SS3 0.088± 0.002 −0.03± 0.03 1.08± 0.02
SS4 0.093± 0.002 −0.04± 0.04 1.12± 0.03
SS5 0.092± 0.002 −0.04± 0.03 1.04± 0.02
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Table 118: Results from pull studies on toys including S-wave constribution in bins of q2.
A background component is included as well. The acceptance effect is included and is
assumed to be constant over the q2 bins.

6.0 < q2 < 8.0 GeV2

sensitivity pull mean pull width

Ss1 0.040± 0.001 0.01± 0.03 1.00± 0.02
A3 0.070± 0.002 0.01± 0.03 1.00± 0.02
A4 0.081± 0.002 −0.06± 0.03 1.04± 0.02
A5 0.074± 0.002 −0.10± 0.03 0.98± 0.02
A6s 0.058± 0.001 −0.00± 0.03 1.01± 0.02
A7 0.078± 0.002 −0.01± 0.03 1.01± 0.02
A8 0.078± 0.002 0.04± 0.03 1.01± 0.02
A9 0.071± 0.002 −0.03± 0.03 1.01± 0.02
FS 0.091± 0.002 0.04± 0.03 0.94± 0.02
SS1 0.128± 0.003 −0.05± 0.03 1.04± 0.02
SS2 0.083± 0.002 0.07± 0.03 1.03± 0.02
SS3 0.079± 0.002 0.03± 0.03 1.05± 0.02
SS4 0.077± 0.002 −0.02± 0.03 1.01± 0.02
SS5 0.081± 0.002 −0.00± 0.03 1.01± 0.02

15.0 < q2 < 17.0 GeV2

sensitivity pull mean pull width

Ss1 0.035± 0.001 −0.06± 0.03 0.96± 0.02
A3 0.067± 0.001 0.07± 0.03 0.98± 0.02
A4 0.067± 0.002 −0.01± 0.03 0.98± 0.02
A5 0.065± 0.001 0.01± 0.03 0.99± 0.02
A6s 0.061± 0.001 −0.02± 0.03 1.03± 0.02
A7 0.071± 0.002 0.03± 0.03 1.03± 0.02
A8 0.072± 0.002 0.02± 0.03 1.01± 0.02
A9 0.068± 0.002 0.05± 0.03 1.01± 0.02
FS 0.091± 0.002 0.07± 0.03 0.94± 0.02
SS1 0.105± 0.002 0.03± 0.03 1.06± 0.02
SS2 0.078± 0.002 −0.04± 0.03 1.01± 0.02
SS3 0.074± 0.002 0.01± 0.03 1.03± 0.02
SS4 0.077± 0.002 −0.03± 0.03 1.05± 0.02
SS5 0.081± 0.002 0.00± 0.03 1.02± 0.02

17.0 < q2 < 19.0 GeV2

sensitivity pull mean pull width

Ss1 0.052± 0.001 −0.03± 0.03 1.01± 0.02
A3 0.093± 0.002 0.05± 0.03 0.98± 0.02
A4 0.097± 0.002 0.03± 0.03 1.03± 0.02
A5 0.089± 0.002 −0.02± 0.03 1.00± 0.02
A6s 0.088± 0.002 −0.01± 0.03 1.05± 0.02
A7 0.092± 0.002 0.04± 0.03 0.98± 0.02
A8 0.096± 0.002 0.01± 0.03 0.98± 0.02
A9 0.097± 0.002 −0.03± 0.03 1.00± 0.02
FS 0.120± 0.003 0.18± 0.03 0.90± 0.02
SS1 0.127± 0.003 0.01± 0.03 1.02± 0.02
SS2 0.108± 0.002 0.08± 0.03 1.07± 0.02
SS3 0.098± 0.002 0.02± 0.03 1.06± 0.02
SS4 0.093± 0.002 −0.00± 0.03 0.97± 0.02
SS5 0.108± 0.002 −0.04± 0.03 1.03± 0.02
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C Likelihood scans1785
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Figure 113: Two-dimensional profile likelihood scans for a single EOS toy in the two
q2 regions 0.1 < q2 < 2.5 GeV2/c4 and 2.5 < q2 < 4.0 GeV2/c4. The z-axis gives the
negative logarithmic likelihood at the given parameter point, minimized with respect to
all other parameters. The black contours give the 68.3% and 90% confidence regions. All
combinations of FL with the other observables are given.
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Figure 114: Two-dimensional profile likelihood scans for a single EOS toy in the two
q2 regions 2.5 < q2 < 4.0 GeV2/c4 and 4.0 < q2 < 6.0 GeV2/c4. The z-axis gives the
negative logarithmic likelihood at the given parameter point, minimized with respect to
all other parameters. The black contours give the 68.3% and 90% confidence regions. All
combinations of FL with the other observables are given.
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Figure 115: Two-dimensional likelihood scans for a single EOS toy in the two q2 regions
6.0 < q2 < 8.0 GeV2/c4 and 15.0 < q2 < 17.0 GeV2/c4. All combinations of FL with the
other observables are given.
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Figure 116: Two-dimensional likelihood scans for a single EOS toy in the q2 region
17.0 < q2 < 19.0 GeV2/c4. All combinations of FL with the other observables are given.
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Figure 117: Feldman-Cousins scan for the angular observable FL.
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Figure 118: Feldman-Cousins scan for the angular observable S3.
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Figure 119: Feldman-Cousins scan for the angular observable S4.
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Figure 120: Feldman-Cousins scan for the angular observable S5.
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Figure 121: Feldman-Cousins scan for the angular observable AFB.
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Figure 122: Feldman-Cousins scan for the angular observable S7.
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Figure 123: Feldman-Cousins scan for the angular observable S8.
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Figure 124: Feldman-Cousins scan for the angular observable S9.
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Figure 125: Feldman-Cousins scan for the angular observable A3.
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Figure 126: Feldman-Cousins scan for the angular observable A4.
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Figure 127: Feldman-Cousins scan for the angular observable A5.
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Figure 128: Feldman-Cousins scan for the angular observable A6.
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Figure 129: Feldman-Cousins scan for the angular observable A7.

253



A8

0.2− 0.15− 0.1− 0.05− 0 0.05 0.1 0.15

C
L

0

0.2

0.4

0.6

0.8

1

4c/
2

<0.98 GeV2q0.10<

A8

0.3− 0.2− 0.1− 0 0.1 0.2

C
L

0

0.2

0.4

0.6

0.8

1

4c/
2

<2.50 GeV2q1.10<

A8

0.3− 0.2− 0.1− 0 0.1 0.2

C
L

0

0.2

0.4

0.6

0.8

1

4c/
2

<4.00 GeV2q2.50<

A8

0.2− 0.1− 0 0.1 0.2

C
L

0

0.2

0.4

0.6

0.8

1

4c/
2

<6.00 GeV2q4.00<

A8

0.2− 0.15− 0.1− 0.05− 0 0.05 0.1 0.15

C
L

0

0.2

0.4

0.6

0.8

1

4c/
2

<8.00 GeV2q6.00<

A8

0.1− 0.05− 0 0.05 0.1 0.15 0.2

C
L

0

0.2

0.4

0.6

0.8

1

4c/
2

<17.00 GeV2q15.00<

A8

0.15− 0.1− 0.05− 0 0.05 0.1 0.15 0.2

C
L

0

0.2

0.4

0.6

0.8

1

4c/
2

<19.00 GeV2q17.00<

A8

0.2− 0.15− 0.1− 0.05− 0 0.05 0.1 0.15 0.2

C
L

0

0.2

0.4

0.6

0.8

1

4c/
2

<12.50 GeV2q11.00<

A8

0.15− 0.1− 0.05− 0 0.05 0.1

C
L

0

0.2

0.4

0.6

0.8

1

4c/
2

<6.00 GeV2q1.10<

A8

0.1− 0.05− 0 0.05 0.1 0.15

C
L

0

0.2

0.4

0.6

0.8

1

4c/
2

<19.00 GeV2q15.00<

Figure 130: Feldman-Cousins scan for the angular observable A8.
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Figure 131: Feldman-Cousins scan for the angular observable A9.
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Figure 132: Feldman-Cousins scan for the angular observable P1.

256



P2

0.15− 0.1− 0.05− 0 0.05 0.1

C
L

0

0.2

0.4

0.6

0.8

1

4c/
2

<0.98 GeV2q0.10<

P2

0.7− 0.6− 0.5− 0.4− 0.3− 0.2− 0.1− 0

C
L

0

0.2

0.4

0.6

0.8

1

4c/
2

<2.50 GeV2q1.10<

P2

2− 1.5− 1− 0.5− 0 0.5 1

C
L

0

0.2

0.4

0.6

0.8

1

4c/
2

<4.00 GeV2q2.50<

P2

0.2− 0.1− 0 0.1 0.2

C
L

0

0.2

0.4

0.6

0.8

1

4c/
2

<6.00 GeV2q4.00<

P2

0.1 0.15 0.2 0.25 0.3 0.35 0.4

C
L

0

0.2

0.4

0.6

0.8

1

4c/
2

<8.00 GeV2q6.00<

P2

0.34 0.36 0.38 0.4 0.42 0.44 0.46 0.48 0.5

C
L

0

0.2

0.4

0.6

0.8

1

4c/
2

<17.00 GeV2q15.00<

P2

0.2 0.25 0.3 0.35 0.4

C
L

0

0.2

0.4

0.6

0.8

1

4c/
2

<19.00 GeV2q17.00<

P2

0.32 0.34 0.36 0.38 0.4 0.42 0.44 0.46 0.48 0.5 0.52

C
L

0

0.2

0.4

0.6

0.8

1

4c/
2

<12.50 GeV2q11.00<

P2

0.35− 0.3− 0.25− 0.2− 0.15− 0.1− 0.05− 0

C
L

0

0.2

0.4

0.6

0.8

1

4c/
2

<6.00 GeV2q1.10<

P2

0.3 0.32 0.34 0.36 0.38 0.4 0.42 0.44

C
L

0

0.2

0.4

0.6

0.8

1

4c/
2

<19.00 GeV2q15.00<

Figure 133: Feldman-Cousins scan for the angular observable P2.
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Figure 134: Feldman-Cousins scan for the angular observable P3.
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Figure 135: Feldman-Cousins scan for the angular observable P ′4.
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Figure 136: Feldman-Cousins scan for the angular observable P ′5.
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Figure 137: Feldman-Cousins scan for the angular observable P ′6.
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Figure 138: Feldman-Cousins scan for the angular observable P ′8.
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E Correlations for the likelihood fit1787

Table 119: Correlations for the CP -averaged observables Si.

0.1 < q2 < 0.98 GeV2/c4

FL S3 S4 S5 AFB S7 S8 S9

FL 1.00 0.06 0.00 0.03 0.04 −0.02 0.07 0.08
S3 1.00 0.01 0.10 −0.00 −0.07 −0.01 −0.03
S4 1.00 0.08 0.11 −0.00 0.07 0.02
S5 1.00 0.05 −0.01 0.00 0.04
AFB 1.00 0.03 −0.07 0.02
S7 1.00 0.01 0.11
S8 1.00 0.02
S9 1.00

1.1 < q2 < 2.5 GeV2/c4

FL S3 S4 S5 AFB S7 S8 S9

FL 1.00 0.09 0.07 0.07 0.09 −0.05 −0.04 0.08
S3 1.00 −0.04 0.04 0.01 0.13 0.09 0.12
S4 1.00 −0.22 −0.01 −0.00 −0.05 0.03
S5 1.00 −0.14 −0.11 −0.03 −0.21
AFB 1.00 −0.03 −0.10 −0.11
S7 1.00 −0.11 0.23
S8 1.00 −0.04
S9 1.00

2.5 < q2 < 4.0 GeV2/c4

FL S3 S4 S5 AFB S7 S8 S9

FL 1.00 −0.13 −0.14 0.01 −0.03 0.10 −0.03 −0.01
S3 1.00 −0.06 0.09 0.07 −0.02 0.01 −0.07
S4 1.00 −0.19 −0.09 −0.05 0.12 0.07
S5 1.00 −0.01 0.05 −0.02 0.10
AFB 1.00 −0.01 −0.10 0.10
S7 1.00 0.07 −0.05
S8 1.00 −0.01
S9 1.00

4.0 < q2 < 6.0 GeV2/c4

FL S3 S4 S5 AFB S7 S8 S9

FL 1.00 −0.03 0.09 0.10 −0.05 −0.10 0.04 0.00
S3 1.00 −0.04 −0.03 0.09 −0.10 −0.00 −0.12
S4 1.00 0.10 −0.10 −0.02 −0.04 0.04
S5 1.00 −0.06 −0.03 −0.01 −0.04
AFB 1.00 0.03 0.07 −0.03
S7 1.00 0.06 −0.15
S8 1.00 0.03
S9 1.00

6.0 < q2 < 8.0 GeV2/c4

FL S3 S4 S5 AFB S7 S8 S9

FL 1.00 0.03 0.06 0.03 −0.31 −0.08 −0.01 −0.06
S3 1.00 −0.16 −0.23 0.01 0.02 0.02 −0.07
S4 1.00 −0.13 −0.12 −0.01 −0.11 0.01
S5 1.00 −0.16 −0.14 −0.01 −0.04
AFB 1.00 −0.01 0.04 0.02
S7 1.00 0.10 −0.05
S8 1.00 −0.10
S9 1.00

11.0 < q2 < 12.5 GeV2/c4

FL S3 S4 S5 AFB S7 S8 S9

FL 1.00 0.25 0.02 −0.02 −0.62 0.03 0.05 0.02
S3 1.00 0.05 −0.35 −0.24 −0.04 0.06 −0.02
S4 1.00 −0.02 0.06 −0.05 −0.12 −0.08
S5 1.00 0.01 −0.04 −0.09 −0.24
AFB 1.00 −0.01 −0.06 0.07
S7 1.00 0.27 −0.19
S8 1.00 −0.09
S9 1.00

15.0 < q2 < 17.0 GeV2/c4

FL S3 S4 S5 AFB S7 S8 S9

FL 1.00 0.26 −0.10 0.09 −0.50 −0.02 −0.06 0.14
S3 1.00 −0.08 −0.03 −0.00 −0.04 −0.05 0.10
S4 1.00 0.26 −0.16 −0.05 0.19 0.05
S5 1.00 −0.20 0.12 −0.01 0.05
AFB 1.00 0.05 −0.02 −0.08
S7 1.00 0.25 −0.23
S8 1.00 −0.11
S9 1.00

17.0 < q2 < 19.0 GeV2/c4

FL S3 S4 S5 AFB S7 S8 S9

FL 1.00 0.07 0.06 0.04 −0.35 0.07 0.07 0.08
S3 1.00 −0.15 −0.39 −0.05 −0.06 −0.04 −0.07
S4 1.00 0.10 −0.17 0.03 0.18 −0.04
S5 1.00 −0.11 0.04 0.01 −0.00
AFB 1.00 −0.02 −0.09 −0.03
S7 1.00 0.34 −0.15
S8 1.00 −0.11
S9 1.00

1.1 < q2 < 6.0 GeV2/c4

FL S3 S4 S5 AFB S7 S8 S9

FL 1.00 −0.04 0.05 0.03 0.05 −0.04 −0.01 0.08
S3 1.00 −0.05 −0.00 0.05 0.01 0.01 −0.01
S4 1.00 −0.05 −0.11 −0.02 −0.01 0.05
S5 1.00 −0.07 −0.01 −0.02 −0.04
AFB 1.00 0.02 −0.02 −0.04
S7 1.00 0.04 −0.01
S8 1.00 −0.03
S9 1.00

15.0 < q2 < 19.0 GeV2/c4

FL S3 S4 S5 AFB S7 S8 S9

FL 1.00 0.17 −0.03 −0.02 −0.39 0.01 −0.00 0.11
S3 1.00 −0.15 −0.19 0.05 −0.02 −0.04 −0.02
S4 1.00 0.06 −0.12 0.03 0.14 0.01
S5 1.00 −0.12 0.12 0.04 0.02
AFB 1.00 0.00 −0.02 −0.01
S7 1.00 0.24 −0.19
S8 1.00 −0.13
S9 1.00
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Table 120: Correlations for the CP asymmetries Ai.

0.1 < q2 < 0.98 GeV2/c4

FL A3 A4 A5 A6 A7 A8 A9

FL 1.00 −0.00 0.02 0.01 −0.07 −0.01 −0.01 −0.03
A3 1.00 −0.04 −0.07 0.00 −0.03 0.02 −0.05
A4 1.00 0.05 −0.08 0.02 0.09 −0.03
A5 1.00 −0.04 0.08 0.03 0.02
A6 1.00 −0.04 −0.07 0.01
A7 1.00 0.00 −0.14
A8 1.00 −0.01
A9 1.00

1.1 < q2 < 2.5 GeV2/c4

FL A3 A4 A5 A6 A7 A8 A9

FL 1.00 0.07 −0.14 −0.06 −0.04 0.06 −0.04 −0.10
A3 1.00 −0.05 −0.11 0.01 −0.04 0.05 −0.05
A4 1.00 0.09 −0.26 0.03 −0.15 0.10
A5 1.00 0.03 0.03 0.06 0.01
A6 1.00 0.10 0.11 0.01
A7 1.00 0.19 0.12
A8 1.00 0.03
A9 1.00

2.5 < q2 < 4.0 GeV2/c4

FL A3 A4 A5 A6 A7 A8 A9

FL 1.00 0.13 −0.04 0.07 0.10 −0.08 0.08 0.11
A3 1.00 0.19 −0.00 −0.07 −0.03 0.09 0.11
A4 1.00 0.21 −0.12 0.02 0.13 0.09
A5 1.00 0.11 0.08 0.01 0.06
A6 1.00 −0.05 −0.28 −0.05
A7 1.00 0.31 −0.03
A8 1.00 0.10
A9 1.00

4.0 < q2 < 6.0 GeV2/c4

FL A3 A4 A5 A6 A7 A8 A9

FL 1.00 0.03 0.02 0.03 0.01 0.05 0.08 0.01
A3 1.00 0.08 0.19 0.10 −0.16 0.06 −0.08
A4 1.00 0.06 −0.01 −0.01 −0.01 −0.03
A5 1.00 0.08 0.00 0.01 −0.12
A6 1.00 −0.12 0.06 −0.05
A7 1.00 0.05 −0.01
A8 1.00 0.13
A9 1.00

6.0 < q2 < 8.0 GeV2/c4

FL A3 A4 A5 A6 A7 A8 A9

FL 1.00 −0.07 −0.06 0.03 −0.03 −0.01 0.02 −0.15
A3 1.00 0.08 0.12 −0.07 −0.01 0.01 −0.06
A4 1.00 −0.07 0.08 0.01 −0.00 0.05
A5 1.00 0.13 −0.03 0.01 0.01
A6 1.00 0.02 0.05 −0.06
A7 1.00 −0.11 0.12
A8 1.00 0.06
A9 1.00

11.0 < q2 < 12.5 GeV2/c4

FL A3 A4 A5 A6 A7 A8 A9

FL 1.00 −0.09 −0.01 0.00 −0.01 −0.02 0.01 0.06
A3 1.00 0.05 0.19 0.02 −0.16 0.08 0.11
A4 1.00 −0.26 0.20 −0.10 0.02 −0.01
A5 1.00 0.11 −0.03 −0.06 0.04
A6 1.00 −0.06 0.11 −0.02
A7 1.00 −0.22 0.19
A8 1.00 0.04
A9 1.00

15.0 < q2 < 17.0 GeV2/c4

FL A3 A4 A5 A6 A7 A8 A9

FL 1.00 0.04 0.02 0.02 0.06 −0.07 0.04 −0.07
A3 1.00 0.05 0.16 0.02 −0.00 −0.02 0.04
A4 1.00 −0.25 0.16 −0.07 0.10 −0.01
A5 1.00 0.12 0.09 −0.07 −0.07
A6 1.00 −0.01 0.04 0.03
A7 1.00 −0.17 0.11
A8 1.00 0.08
A9 1.00

17.0 < q2 < 19.0 GeV2/c4

FL A3 A4 A5 A6 A7 A8 A9

FL 1.00 −0.00 0.03 −0.00 0.09 −0.04 0.07 −0.03
A3 1.00 0.14 0.18 −0.01 −0.07 −0.05 −0.06
A4 1.00 −0.09 0.10 −0.11 0.04 −0.09
A5 1.00 0.11 0.04 −0.11 −0.04
A6 1.00 −0.01 −0.08 −0.08
A7 1.00 −0.03 0.14
A8 1.00 0.01
A9 1.00

1.1 < q2 < 6.0 GeV2/c4

FL A3 A4 A5 A6 A7 A8 A9

FL 1.00 0.04 0.00 −0.00 −0.01 0.01 0.04 −0.01
A3 1.00 0.05 0.04 0.04 −0.08 0.05 0.01
A4 1.00 0.12 −0.09 −0.02 0.03 0.03
A5 1.00 0.05 0.05 −0.01 0.01
A6 1.00 −0.02 0.05 −0.03
A7 1.00 0.18 0.00
A8 1.00 0.06
A9 1.00

15.0 < q2 < 19.0 GeV2/c4

FL A3 A4 A5 A6 A7 A8 A9

FL 1.00 0.02 0.01 −0.01 0.06 −0.04 0.04 −0.04
A3 1.00 0.07 0.17 0.03 −0.02 −0.02 0.02
A4 1.00 −0.19 0.13 −0.06 0.06 −0.03
A5 1.00 0.11 0.06 −0.07 −0.05
A6 1.00 −0.00 −0.01 −0.01
A7 1.00 −0.11 0.13
A8 1.00 0.05
A9 1.00
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Table 121: Correlations for the CP -averaged observables P
(′)
i .

0.1 < q2 < 0.98 GeV2/c4

FL P1 P2 P3 P ′4 P ′5 P ′6 P ′8
FL 1.00 0.02 0.03 0.00 −0.07 −0.12 −0.03 0.01
P1 1.00 −0.00 0.04 0.01 0.09 −0.07 −0.02
P2 1.00 −0.02 0.11 0.04 0.03 −0.08
P3 1.00 −0.02 −0.04 −0.11 −0.01
P ′4 1.00 0.09 0.00 0.07
P ′5 1.00 −0.00 −0.00
P ′6 1.00 0.01
P ′8 1.00

1.1 < q2 < 2.5 GeV2/c4

FL P1 P2 P3 P ′4 P ′5 P ′6 P ′8
FL 1.00 −0.11 −0.48 0.23 0.03 0.15 −0.17 −0.09
P1 1.00 0.06 −0.13 −0.05 0.01 0.15 0.11
P2 1.00 −0.02 −0.03 −0.19 0.06 −0.04
P3 1.00 −0.01 0.24 −0.26 0.01
P ′4 1.00 −0.22 −0.00 −0.05
P ′5 1.00 −0.13 −0.04
P ′6 1.00 −0.10
P ′8 1.00

2.5 < q2 < 4.0 GeV2/c4

FL P1 P2 P3 P ′4 P ′5 P ′6 P ′8
FL 1.00 0.23 −0.79 0.61 −0.60 −0.05 0.29 0.06
P1 1.00 −0.14 0.19 −0.20 0.08 0.06 0.02
P2 1.00 −0.53 0.43 0.04 −0.23 −0.11
P3 1.00 −0.41 −0.11 0.21 0.04
P ′4 1.00 −0.12 −0.21 0.06
P ′5 1.00 0.03 −0.03
P ′6 1.00 0.08
P ′8 1.00

4.0 < q2 < 6.0 GeV2/c4

FL P1 P2 P3 P ′4 P ′5 P ′6 P ′8
FL 1.00 0.04 0.02 0.06 0.02 0.06 −0.10 0.09
P1 1.00 0.09 0.12 −0.04 −0.03 −0.11 0.00
P2 1.00 0.03 −0.09 −0.05 0.02 0.07
P3 1.00 −0.04 0.04 0.14 −0.02
P ′4 1.00 0.10 −0.02 −0.04
P ′5 1.00 −0.03 −0.01
P ′6 1.00 0.06
P ′8 1.00

6.0 < q2 < 8.0 GeV2/c4

FL P1 P2 P3 P ′4 P ′5 P ′6 P ′8
FL 1.00 −0.05 0.11 0.11 −0.01 −0.03 −0.09 −0.03
P1 1.00 0.02 0.06 −0.16 −0.23 0.03 0.02
P2 1.00 0.01 −0.11 −0.16 −0.05 0.04
P3 1.00 −0.01 0.03 0.05 0.10
P ′4 1.00 −0.13 −0.01 −0.11
P ′5 1.00 −0.13 −0.01
P ′6 1.00 0.10
P ′8 1.00

11.0 < q2 < 12.5 GeV2/c4

FL P1 P2 P3 P ′4 P ′5 P ′6 P ′8
FL 1.00 −0.12 0.13 −0.02 0.03 −0.02 0.03 0.05
P1 1.00 −0.13 0.03 0.04 −0.35 −0.05 0.05
P2 1.00 −0.12 0.10 −0.01 0.01 −0.04
P3 1.00 0.08 0.24 0.19 0.09
P ′4 1.00 −0.02 −0.05 −0.12
P ′5 1.00 −0.04 −0.09
P ′6 1.00 0.27
P ′8 1.00

15.0 < q2 < 17.0 GeV2/c4

FL P1 P2 P3 P ′4 P ′5 P ′6 P ′8
FL 1.00 0.06 0.19 −0.12 0.07 0.25 −0.05 −0.07
P1 1.00 0.16 −0.07 −0.06 −0.04 −0.04 −0.04
P2 1.00 −0.01 −0.22 −0.12 0.04 −0.07
P3 1.00 −0.07 −0.07 0.23 0.11
P ′4 1.00 0.28 −0.06 0.18
P ′5 1.00 0.10 −0.02
P ′6 1.00 0.25
P ′8 1.00

17.0 < q2 < 19.0 GeV2/c4

FL P1 P2 P3 P ′4 P ′5 P ′6 P ′8
FL 1.00 −0.14 0.14 0.03 0.20 0.21 0.05 0.07
P1 1.00 −0.05 0.07 −0.18 −0.41 −0.07 −0.06
P2 1.00 0.00 −0.13 −0.06 0.01 −0.05
P3 1.00 0.05 0.01 0.16 0.12
P ′4 1.00 0.14 0.03 0.19
P ′5 1.00 0.05 0.02
P ′6 1.00 0.34
P ′8 1.00

1.1 < q2 < 6.0 GeV2/c4

FL P1 P2 P3 P ′4 P ′5 P ′6 P ′8
FL 1.00 −0.01 −0.20 0.07 −0.03 0.01 −0.08 0.00
P1 1.00 0.05 0.00 −0.05 −0.00 0.01 0.01
P2 1.00 0.03 −0.10 −0.07 0.04 −0.02
P3 1.00 −0.05 0.04 0.00 0.03
P ′4 1.00 −0.05 −0.02 −0.01
P ′5 1.00 −0.01 −0.02
P ′6 1.00 0.04
P ′8 1.00

15.0 < q2 < 19.0 GeV2/c4

FL P1 P2 P3 P ′4 P ′5 P ′6 P ′8
FL 1.00 −0.03 0.14 −0.05 0.11 0.15 −0.01 −0.01
P1 1.00 0.13 0.04 −0.14 −0.19 −0.02 −0.04
P2 1.00 −0.05 −0.13 −0.11 0.01 −0.03
P3 1.00 −0.02 −0.03 0.19 0.13
P ′4 1.00 0.08 0.03 0.14
P ′5 1.00 0.11 0.04
P ′6 1.00 0.24
P ′8 1.00
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F Toy studies for the likelihood fit including mKπ con-1788

straint1789

Table 122: Toy studies for the CP -averaged observables Si.

0.1 < q2 < 0.98 GeV2/c4

sensitivity pull mean pull width

FL 0.047± 0.001 0.04± 0.03 1.06± 0.03
S3 0.066± 0.002 0.02± 0.03 1.05± 0.03
S4 0.072± 0.002 −0.10± 0.03 1.00± 0.03
S5 0.057± 0.002 −0.09± 0.03 0.92± 0.02
AFB 0.058± 0.001 0.04± 0.03 1.00± 0.02
S7 0.062± 0.002 0.07± 0.03 1.03± 0.03
S8 0.071± 0.002 −0.06± 0.03 1.00± 0.03
S9 0.065± 0.002 0.00± 0.03 1.00± 0.03
FS 0.056± 0.002 0.03± 0.03 0.82± 0.02
SS1 0.095± 0.003 0.01± 0.03 1.04± 0.03
SS2 0.089± 0.002 −0.00± 0.03 0.99± 0.03
SS3 0.075± 0.002 −0.03± 0.03 1.05± 0.03
SS4 0.076± 0.002 −0.01± 0.03 1.02± 0.03
SS5 0.096± 0.003 0.05± 0.03 1.01± 0.03

1.1 < q2 < 2.5 GeV2/c4

sensitivity pull mean pull width

FL 0.077± 0.002 0.16± 0.03 1.04± 0.03
S3 0.092± 0.002 0.06± 0.03 1.10± 0.03
S4 0.125± 0.003 −0.03± 0.04 1.13± 0.03
S5 0.104± 0.003 −0.05± 0.03 1.02± 0.02
AFB 0.078± 0.002 −0.17± 0.04 1.11± 0.03
S7 0.106± 0.003 −0.01± 0.03 1.07± 0.03
S8 0.117± 0.003 −0.03± 0.04 1.10± 0.03
S9 0.096± 0.003 0.01± 0.04 1.16± 0.03
FS 0.099± 0.004 0.23± 0.02 0.76± 0.02
SS1 0.167± 0.004 0.02± 0.03 1.06± 0.03
SS2 0.135± 0.003 −0.01± 0.04 1.20± 0.03
SS3 0.105± 0.003 −0.00± 0.03 1.08± 0.03
SS4 0.101± 0.003 0.03± 0.03 1.01± 0.03
SS5 0.130± 0.003 0.09± 0.04 1.16± 0.03

2.5 < q2 < 4.0 GeV2/c4

sensitivity pull mean pull width

FL 0.080± 0.002 0.08± 0.03 0.92± 0.02
S3 0.106± 0.003 −0.00± 0.04 1.12± 0.03
S4 0.129± 0.003 0.05± 0.04 1.13± 0.03
S5 0.110± 0.003 0.11± 0.03 1.01± 0.03
AFB 0.073± 0.002 −0.13± 0.04 1.10± 0.03
S7 0.116± 0.003 0.05± 0.03 1.05± 0.03
S8 0.130± 0.003 −0.05± 0.04 1.10± 0.03
S9 0.099± 0.003 0.03± 0.03 1.04± 0.03
FS 0.118± 0.005 0.19± 0.03 0.83± 0.02
SS1 0.182± 0.005 0.01± 0.03 1.03± 0.03
SS2 0.134± 0.004 −0.04± 0.03 1.11± 0.03
SS3 0.122± 0.003 0.00± 0.04 1.16± 0.03
SS4 0.113± 0.003 −0.02± 0.03 1.08± 0.03
SS5 0.129± 0.003 0.02± 0.03 1.07± 0.03

4.0 < q2 < 6.0 GeV2/c4

sensitivity pull mean pull width

FL 0.056± 0.001 0.08± 0.03 1.00± 0.03
S3 0.074± 0.002 −0.07± 0.03 1.04± 0.02
S4 0.086± 0.002 0.06± 0.03 1.04± 0.03
S5 0.082± 0.002 0.09± 0.03 0.98± 0.02
AFB 0.048± 0.001 0.02± 0.03 1.03± 0.03
S7 0.083± 0.002 0.03± 0.03 1.02± 0.03
S8 0.088± 0.002 −0.06± 0.03 1.01± 0.03
S9 0.073± 0.002 0.01± 0.03 1.03± 0.02
FS 0.082± 0.003 0.17± 0.03 0.78± 0.02
SS1 0.133± 0.003 −0.13± 0.03 0.97± 0.02
SS2 0.084± 0.002 −0.03± 0.03 1.04± 0.03
SS3 0.082± 0.002 −0.01± 0.03 1.02± 0.03
SS4 0.079± 0.002 −0.03± 0.03 1.04± 0.03
SS5 0.087± 0.002 −0.02± 0.03 0.99± 0.02

6.0 < q2 < 8.0 GeV2/c4

sensitivity pull mean pull width

FL 0.052± 0.001 0.07± 0.03 1.03± 0.03
S3 0.065± 0.002 −0.02± 0.03 1.05± 0.03
S4 0.072± 0.002 0.07± 0.03 1.02± 0.03
S5 0.073± 0.002 0.10± 0.03 0.91± 0.02
AFB 0.044± 0.001 0.07± 0.03 0.98± 0.02
S7 0.073± 0.002 −0.04± 0.03 1.01± 0.02
S8 0.074± 0.002 −0.00± 0.03 1.04± 0.03
S9 0.063± 0.002 0.04± 0.03 0.97± 0.02
FS 0.076± 0.003 0.15± 0.03 0.81± 0.02
SS1 0.122± 0.003 −0.02± 0.03 1.01± 0.03
SS2 0.080± 0.002 0.01± 0.04 1.13± 0.03
SS3 0.075± 0.002 0.03± 0.03 1.04± 0.02
SS4 0.074± 0.002 −0.02± 0.03 0.98± 0.02
SS5 0.079± 0.002 0.03± 0.03 1.04± 0.03
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Table 123: Toy studies for the CP -averaged observables Si.

15.0 < q2 < 17.0 GeV2/c4

sensitivity pull mean pull width

FL 0.043± 0.001 0.05± 0.03 1.00± 0.02
S3 0.060± 0.002 −0.12± 0.03 1.07± 0.03
S4 0.061± 0.002 0.18± 0.03 1.10± 0.03
S5 0.056± 0.002 0.01± 0.03 0.96± 0.02
AFB 0.040± 0.001 0.09± 0.03 1.01± 0.03
S7 0.060± 0.002 0.06± 0.03 0.97± 0.02
S8 0.065± 0.002 0.03± 0.03 1.07± 0.03
S9 0.055± 0.001 0.05± 0.03 1.01± 0.02
FS 0.059± 0.002 0.13± 0.03 0.86± 0.02
SS1 0.089± 0.002 0.03± 0.03 1.00± 0.03
SS2 0.070± 0.002 0.04± 0.04 1.15± 0.03
SS3 0.064± 0.002 −0.01± 0.03 1.07± 0.03
SS4 0.070± 0.002 0.07± 0.03 0.98± 0.02
SS5 0.071± 0.002 0.01± 0.03 1.01± 0.02

17.0 < q2 < 19.0 GeV2/c4

sensitivity pull mean pull width

FL 0.051± 0.001 −0.01± 0.03 1.02± 0.02
S3 0.074± 0.002 −0.10± 0.03 1.04± 0.03
S4 0.079± 0.002 0.16± 0.03 1.09± 0.03
S5 0.072± 0.002 −0.06± 0.03 0.99± 0.02
AFB 0.054± 0.001 0.10± 0.03 1.02± 0.02
S7 0.080± 0.002 −0.04± 0.03 1.01± 0.02
S8 0.079± 0.002 −0.01± 0.03 1.01± 0.03
S9 0.073± 0.002 −0.02± 0.03 1.01± 0.03
FS 0.079± 0.003 0.16± 0.03 0.77± 0.02
SS1 0.109± 0.003 0.03± 0.03 1.01± 0.02
SS2 0.089± 0.002 −0.03± 0.04 1.12± 0.03
SS3 0.078± 0.002 0.00± 0.03 1.09± 0.03
SS4 0.092± 0.003 0.01± 0.03 1.00± 0.03
SS5 0.097± 0.003 0.06± 0.03 1.03± 0.03

11.0 < q2 < 12.5 GeV2/c4

sensitivity pull mean pull width

FL 0.052± 0.001 0.10± 0.03 1.04± 0.03
S3 0.068± 0.002 −0.00± 0.03 1.02± 0.03
S4 0.073± 0.002 0.15± 0.03 1.09± 0.03
S5 0.075± 0.002 0.05± 0.03 1.00± 0.02
AFB 0.050± 0.001 0.15± 0.03 1.05± 0.03
S7 0.075± 0.002 −0.02± 0.03 1.05± 0.03
S8 0.073± 0.002 −0.01± 0.03 1.05± 0.03
S9 0.070± 0.002 −0.00± 0.03 1.04± 0.03
FS 0.077± 0.003 0.14± 0.03 0.78± 0.02
SS1 0.118± 0.003 −0.01± 0.03 1.05± 0.03
SS2 0.083± 0.002 0.05± 0.04 1.11± 0.03
SS3 0.085± 0.002 −0.01± 0.03 1.10± 0.03
SS4 0.084± 0.002 −0.11± 0.03 1.02± 0.03
SS5 0.086± 0.002 −0.02± 0.03 1.07± 0.03

1.1 < q2 < 6.0 GeV2/c4

sensitivity pull mean pull width

FL 0.041± 0.001 0.00± 0.02 0.77± 0.02
S3 0.048± 0.001 0.04± 0.03 0.97± 0.02
S4 0.057± 0.001 −0.03± 0.03 0.94± 0.02
S5 0.057± 0.002 −0.01± 0.03 0.96± 0.03
AFB 0.035± 0.001 0.01± 0.03 0.97± 0.02
S7 0.057± 0.002 −0.02± 0.03 1.00± 0.03
S8 0.059± 0.002 0.05± 0.03 0.97± 0.02
S9 0.043± 0.001 0.03± 0.03 0.95± 0.02
FS 0.054± 0.002 0.03± 0.03 0.63± 0.02
SS1 0.098± 0.002 −0.04± 0.03 1.02± 0.02
SS2 0.055± 0.001 0.02± 0.03 0.94± 0.02
SS3 0.053± 0.001 −0.03± 0.03 0.99± 0.03
SS4 0.053± 0.001 −0.14± 0.03 0.95± 0.03
SS5 0.060± 0.002 0.08± 0.03 0.98± 0.03

15.0 < q2 < 19.0 GeV2/c4

sensitivity pull mean pull width

FL 0.032± 0.001 −0.03± 0.03 1.08± 0.03
S3 0.045± 0.001 0.07± 0.03 1.01± 0.03
S4 0.044± 0.001 −0.04± 0.03 1.06± 0.03
S5 0.043± 0.001 −0.11± 0.03 1.02± 0.03
AFB 0.031± 0.001 −0.12± 0.03 1.00± 0.02
S7 0.047± 0.001 −0.12± 0.03 0.96± 0.02
S8 0.045± 0.001 −0.01± 0.03 0.94± 0.02
S9 0.042± 0.001 0.01± 0.03 0.96± 0.02
FS 0.043± 0.001 −0.20± 0.03 0.96± 0.02
SS1 0.069± 0.002 −0.02± 0.03 1.01± 0.03
SS2 0.046± 0.001 0.07± 0.03 0.98± 0.02
SS3 0.048± 0.001 0.02± 0.03 1.01± 0.03
SS4 0.055± 0.001 −0.01± 0.03 0.99± 0.03
SS5 0.059± 0.002 0.02± 0.03 1.05± 0.03

267



Table 124: Toy studies for the CP asymmetries Ai.

0.1 < q2 < 0.98 GeV2/c4

sensitivity pull mean pull width

FL 0.048± 0.001 0.04± 0.03 1.02± 0.03
A3 0.067± 0.002 0.01± 0.03 1.05± 0.03
A4 0.073± 0.002 0.00± 0.03 1.00± 0.02
A5 0.064± 0.002 −0.06± 0.03 1.01± 0.03
A6s 0.077± 0.002 −0.02± 0.03 0.97± 0.02
A7 0.062± 0.002 −0.02± 0.03 1.00± 0.03
A8 0.075± 0.002 0.08± 0.03 1.02± 0.03
A9 0.064± 0.002 0.01± 0.03 1.01± 0.03
FS 0.057± 0.002 0.01± 0.03 0.87± 0.02
SS1 0.092± 0.002 0.00± 0.03 1.01± 0.02
SS2 0.084± 0.002 0.05± 0.03 1.00± 0.03
SS3 0.072± 0.002 0.04± 0.03 0.96± 0.02
SS4 0.074± 0.002 0.01± 0.03 1.03± 0.03
SS5 0.091± 0.002 −0.03± 0.03 1.03± 0.03

1.1 < q2 < 2.5 GeV2/c4

sensitivity pull mean pull width

FL 0.071± 0.002 0.07± 0.03 0.98± 0.02
A3 0.092± 0.003 0.03± 0.03 1.09± 0.03
A4 0.119± 0.003 −0.03± 0.03 1.07± 0.02
A5 0.095± 0.002 −0.02± 0.03 0.98± 0.02
A6s 0.099± 0.003 0.08± 0.03 1.10± 0.03
A7 0.103± 0.002 −0.05± 0.03 1.08± 0.03
A8 0.115± 0.003 −0.00± 0.03 1.03± 0.03
A9 0.093± 0.002 0.02± 0.04 1.11± 0.03
FS 0.099± 0.004 0.16± 0.03 0.77± 0.02
SS1 0.170± 0.004 −0.01± 0.03 1.06± 0.03
SS2 0.127± 0.004 0.00± 0.03 1.08± 0.03
SS3 0.105± 0.003 0.05± 0.03 1.04± 0.03
SS4 0.104± 0.002 0.05± 0.04 1.11± 0.03
SS5 0.123± 0.003 −0.05± 0.04 1.10± 0.03

2.5 < q2 < 4.0 GeV2/c4

sensitivity pull mean pull width

FL 0.079± 0.002 0.09± 0.03 0.91± 0.02
A3 0.100± 0.003 0.04± 0.03 1.09± 0.03
A4 0.124± 0.003 −0.06± 0.03 1.07± 0.03
A5 0.112± 0.003 −0.08± 0.03 1.03± 0.03
A6s 0.103± 0.003 −0.04± 0.04 1.14± 0.03
A7 0.114± 0.003 −0.00± 0.03 1.05± 0.03
A8 0.129± 0.004 −0.07± 0.03 1.07± 0.03
A9 0.099± 0.003 −0.00± 0.03 1.04± 0.03
FS 0.121± 0.005 0.14± 0.02 0.81± 0.03
SS1 0.190± 0.004 0.05± 0.03 1.06± 0.03
SS2 0.138± 0.004 −0.01± 0.03 1.10± 0.03
SS3 0.122± 0.003 0.03± 0.04 1.14± 0.03
SS4 0.126± 0.004 −0.03± 0.04 1.13± 0.03
SS5 0.132± 0.003 −0.04± 0.03 1.08± 0.03

4.0 < q2 < 6.0 GeV2/c4

sensitivity pull mean pull width

FL 0.055± 0.001 0.02± 0.03 0.95± 0.02
A3 0.074± 0.002 0.06± 0.03 1.06± 0.03
A4 0.088± 0.002 −0.04± 0.03 1.01± 0.02
A5 0.081± 0.002 −0.02± 0.03 0.99± 0.03
A6s 0.064± 0.002 0.01± 0.03 1.04± 0.03
A7 0.079± 0.002 0.05± 0.03 0.96± 0.02
A8 0.090± 0.002 −0.04± 0.03 1.04± 0.03
A9 0.075± 0.002 0.01± 0.03 1.02± 0.02
FS 0.080± 0.003 0.19± 0.03 0.76± 0.02
SS1 0.144± 0.004 0.00± 0.03 1.02± 0.02
SS2 0.088± 0.002 0.06± 0.03 0.98± 0.02
SS3 0.083± 0.002 0.08± 0.03 1.03± 0.02
SS4 0.084± 0.002 0.06± 0.03 1.02± 0.03
SS5 0.092± 0.002 0.02± 0.03 1.05± 0.03

6.0 < q2 < 8.0 GeV2/c4

sensitivity pull mean pull width

FL 0.053± 0.001 0.07± 0.03 1.02± 0.03
A3 0.066± 0.002 0.02± 0.03 0.99± 0.02
A4 0.071± 0.002 −0.08± 0.03 0.97± 0.02
A5 0.071± 0.002 −0.03± 0.03 1.03± 0.03
A6s 0.059± 0.001 0.07± 0.03 1.04± 0.03
A7 0.078± 0.002 −0.02± 0.03 1.04± 0.03
A8 0.075± 0.002 0.05± 0.03 0.96± 0.03
A9 0.068± 0.002 −0.05± 0.03 0.99± 0.02
FS 0.076± 0.003 0.17± 0.03 0.78± 0.02
SS1 0.123± 0.003 0.03± 0.03 1.00± 0.02
SS2 0.088± 0.002 −0.01± 0.03 1.09± 0.03
SS3 0.075± 0.002 −0.06± 0.03 1.01± 0.03
SS4 0.080± 0.002 0.02± 0.03 1.03± 0.03
SS5 0.084± 0.002 0.05± 0.03 1.04± 0.03
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Table 125: Toy studies for the CP asymmetries Ai.

15.0 < q2 < 17.0 GeV2/c4

sensitivity pull mean pull width

FL 0.045± 0.001 −0.04± 0.03 1.00± 0.02
A3 0.061± 0.002 0.02± 0.03 0.98± 0.02
A4 0.064± 0.002 −0.06± 0.03 0.99± 0.03
A5 0.063± 0.002 0.00± 0.03 1.04± 0.02
A6s 0.054± 0.001 −0.06± 0.03 0.96± 0.02
A7 0.062± 0.002 0.04± 0.03 1.01± 0.03
A8 0.066± 0.002 0.05± 0.03 0.99± 0.02
A9 0.065± 0.002 −0.06± 0.03 1.04± 0.02
FS 0.056± 0.002 0.07± 0.03 0.81± 0.02
SS1 0.097± 0.003 0.01± 0.03 1.03± 0.03
SS2 0.075± 0.002 0.01± 0.03 1.01± 0.02
SS3 0.066± 0.002 0.01± 0.03 0.97± 0.02
SS4 0.069± 0.002 0.00± 0.03 0.97± 0.03
SS5 0.078± 0.002 −0.06± 0.03 1.01± 0.02

17.0 < q2 < 19.0 GeV2/c4

sensitivity pull mean pull width

FL 0.055± 0.001 0.02± 0.03 1.04± 0.03
A3 0.073± 0.002 0.04± 0.03 0.95± 0.02
A4 0.081± 0.002 0.02± 0.03 0.99± 0.03
A5 0.073± 0.002 0.02± 0.03 0.99± 0.02
A6s 0.074± 0.002 −0.07± 0.03 1.01± 0.02
A7 0.078± 0.002 0.02± 0.03 1.02± 0.03
A8 0.084± 0.002 0.02± 0.03 1.02± 0.03
A9 0.077± 0.002 0.03± 0.03 0.99± 0.02
FS 0.077± 0.003 0.17± 0.03 0.79± 0.02
SS1 0.120± 0.003 0.00± 0.03 1.05± 0.03
SS2 0.094± 0.002 −0.01± 0.03 0.99± 0.02
SS3 0.086± 0.002 −0.02± 0.03 1.02± 0.03
SS4 0.097± 0.003 0.06± 0.03 1.07± 0.03
SS5 0.101± 0.003 0.02± 0.03 1.05± 0.03

11.0 < q2 < 12.5 GeV2/c4

sensitivity pull mean pull width

FL 0.050± 0.001 −0.04± 0.03 0.95± 0.02
A3 0.073± 0.002 −0.04± 0.03 0.99± 0.02
A4 0.080± 0.002 −0.07± 0.03 1.06± 0.03
A5 0.076± 0.002 0.00± 0.03 1.02± 0.03
A6s 0.065± 0.002 −0.05± 0.03 1.01± 0.03
A7 0.073± 0.002 −0.02± 0.03 1.00± 0.03
A8 0.077± 0.002 −0.04± 0.03 0.98± 0.03
A9 0.072± 0.002 −0.03± 0.03 0.99± 0.02
FS 0.073± 0.003 0.15± 0.03 0.78± 0.02
SS1 0.124± 0.003 −0.03± 0.03 1.02± 0.02
SS2 0.086± 0.002 0.06± 0.03 1.01± 0.03
SS3 0.083± 0.002 −0.01± 0.03 1.04± 0.03
SS4 0.087± 0.003 −0.00± 0.03 1.04± 0.03
SS5 0.089± 0.002 −0.00± 0.03 0.99± 0.02

1.1 < q2 < 6.0 GeV2/c4

sensitivity pull mean pull width

FL 0.042± 0.001 −0.00± 0.02 0.77± 0.02
A3 0.046± 0.001 0.00± 0.03 0.96± 0.02
A4 0.061± 0.002 −0.04± 0.03 1.04± 0.03
A5 0.057± 0.001 −0.04± 0.03 1.04± 0.03
A6s 0.044± 0.001 −0.04± 0.03 0.98± 0.02
A7 0.058± 0.001 0.00± 0.03 1.03± 0.03
A8 0.057± 0.001 0.05± 0.03 0.94± 0.02
A9 0.049± 0.001 0.07± 0.03 1.05± 0.03
FS 0.058± 0.002 0.09± 0.03 0.60± 0.02
SS1 0.100± 0.003 0.01± 0.03 1.05± 0.03
SS2 0.058± 0.002 −0.07± 0.03 0.99± 0.03
SS3 0.054± 0.001 −0.07± 0.03 0.99± 0.03
SS4 0.053± 0.001 −0.07± 0.03 0.97± 0.02
SS5 0.061± 0.002 0.02± 0.03 1.01± 0.02

15.0 < q2 < 19.0 GeV2/c4

sensitivity pull mean pull width

FL 0.032± 0.001 −0.00± 0.04 1.06± 0.03
A3 0.048± 0.001 0.11± 0.03 0.95± 0.02
A4 0.049± 0.001 0.04± 0.03 0.98± 0.03
A5 0.047± 0.001 −0.05± 0.03 0.95± 0.02
A6s 0.046± 0.001 −0.01± 0.03 1.04± 0.03
A7 0.048± 0.001 0.01± 0.03 1.01± 0.03
A8 0.050± 0.001 0.06± 0.03 0.95± 0.02
A9 0.047± 0.001 0.01± 0.03 0.96± 0.02
FS 0.045± 0.001 −0.13± 0.03 0.98± 0.03
SS1 0.069± 0.002 −0.07± 0.03 0.91± 0.02
SS2 0.061± 0.002 0.05± 0.03 1.02± 0.03
SS3 0.054± 0.001 −0.03± 0.03 0.99± 0.03
SS4 0.055± 0.002 −0.06± 0.03 0.99± 0.03
SS5 0.061± 0.002 −0.03± 0.03 0.97± 0.02
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Table 126: Toy studies for the less form-factor dependent observables P
(′)
i .

0.1 < q2 < 0.98 GeV2/c4

sensitivity pull mean pull width

FL 0.046± 0.001 −0.01± 0.03 0.98± 0.02
P1 0.173± 0.005 0.00± 0.03 1.04± 0.03
P2 0.054± 0.001 0.02± 0.03 1.01± 0.03
P3 0.082± 0.002 −0.06± 0.03 0.99± 0.03
P4 0.178± 0.005 −0.06± 0.03 1.02± 0.03
P5 0.147± 0.004 −0.05± 0.03 0.95± 0.03
P6 0.144± 0.004 −0.07± 0.03 0.99± 0.03
P8 0.180± 0.005 −0.01± 0.03 1.04± 0.03
FS 0.055± 0.002 0.08± 0.03 0.84± 0.02
SS1 0.087± 0.002 −0.05± 0.03 0.98± 0.03
SS2 0.089± 0.002 0.02± 0.03 1.01± 0.03
SS3 0.075± 0.002 0.03± 0.03 1.03± 0.03
SS4 0.075± 0.002 −0.01± 0.03 1.02± 0.02
SS5 0.092± 0.002 0.02± 0.03 1.02± 0.03

1.1 < q2 < 2.5 GeV2/c4

sensitivity pull mean pull width

FL 0.067± 0.002 0.04± 0.03 0.96± 0.03
P1 0.554± 0.014 −0.01± 0.03 1.02± 0.03
P2 0.188± 0.008 0.08± 0.03 1.02± 0.03
P3 0.312± 0.008 0.01± 0.03 1.07± 0.03
P4 0.256± 0.006 −0.07± 0.04 1.09± 0.03
P5 0.218± 0.006 −0.06± 0.03 0.99± 0.03
P6 0.210± 0.005 0.03± 0.03 0.99± 0.02
P8 0.258± 0.007 0.00± 0.04 1.11± 0.03
FS 0.096± 0.004 0.07± 0.02 0.74± 0.02
SS1 0.162± 0.004 0.06± 0.03 1.02± 0.03
SS2 0.123± 0.003 0.01± 0.04 1.11± 0.03
SS3 0.105± 0.003 0.03± 0.03 1.05± 0.03
SS4 0.101± 0.003 0.03± 0.03 1.02± 0.03
SS5 0.128± 0.003 −0.02± 0.03 1.06± 0.03

2.5 < q2 < 4.0 GeV2/c4

sensitivity pull mean pull width

FL 0.070± 0.002 −0.01± 0.03 0.97± 0.02
P1 0.939± 0.032 −0.00± 0.03 0.89± 0.02
P2 0.255± 0.014 0.25± 0.03 0.89± 0.02
P3 0.455± 0.016 −0.03± 0.03 0.85± 0.02
P4 0.309± 0.009 −0.00± 0.03 0.99± 0.02
P5 0.264± 0.007 0.01± 0.03 0.91± 0.02
P6 0.288± 0.008 0.05± 0.03 1.01± 0.03
P8 0.310± 0.009 −0.01± 0.03 1.03± 0.03
FS 0.109± 0.004 0.03± 0.02 0.83± 0.02
SS1 0.188± 0.005 0.07± 0.03 1.06± 0.03
SS2 0.132± 0.004 0.01± 0.03 1.08± 0.03
SS3 0.114± 0.003 −0.04± 0.03 1.09± 0.03
SS4 0.107± 0.003 −0.07± 0.03 1.06± 0.03
SS5 0.132± 0.003 −0.04± 0.04 1.15± 0.03

4.0 < q2 < 6.0 GeV2/c4

sensitivity pull mean pull width

FL 0.054± 0.001 0.03± 0.03 1.04± 0.03
P1 0.546± 0.016 −0.08± 0.03 1.01± 0.03
P2 0.127± 0.004 −0.06± 0.03 0.96± 0.03
P3 0.283± 0.009 −0.02± 0.03 1.01± 0.03
P4 0.189± 0.005 0.13± 0.03 0.98± 0.03
P5 0.205± 0.010 −0.14± 0.03 0.81± 0.02
P6 0.199± 0.005 0.04± 0.03 1.05± 0.03
P8 0.196± 0.005 −0.01± 0.03 1.05± 0.03
FS 0.080± 0.003 0.17± 0.03 0.78± 0.02
SS1 0.131± 0.004 −0.07± 0.03 0.95± 0.03
SS2 0.085± 0.002 0.02± 0.03 0.99± 0.02
SS3 0.079± 0.002 −0.04± 0.03 1.01± 0.02
SS4 0.086± 0.003 0.02± 0.03 1.05± 0.03
SS5 0.090± 0.002 −0.02± 0.03 1.01± 0.02

6.0 < q2 < 8.0 GeV2/c4

sensitivity pull mean pull width

FL 0.049± 0.001 −0.03± 0.03 1.05± 0.03
P1 0.339± 0.008 −0.07± 0.03 1.00± 0.02
P2 0.085± 0.004 −0.14± 0.03 0.88± 0.02
P3 0.182± 0.005 0.07± 0.03 1.00± 0.03
P4 0.147± 0.004 0.06± 0.03 1.06± 0.03
P5 0.178± 0.008 −0.25± 0.02 0.82± 0.02
P6 0.148± 0.004 −0.02± 0.03 0.96± 0.03
P8 0.151± 0.004 0.02± 0.03 1.00± 0.03
FS 0.066± 0.002 0.02± 0.03 0.81± 0.02
SS1 0.122± 0.003 0.01± 0.03 1.02± 0.03
SS2 0.077± 0.002 0.07± 0.03 1.03± 0.03
SS3 0.077± 0.002 0.01± 0.03 1.04± 0.03
SS4 0.073± 0.002 0.06± 0.03 0.97± 0.02
SS5 0.079± 0.002 −0.05± 0.03 1.03± 0.03
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Table 127: Toy studies for the less form-factor dependent observables P
(′)
i .

15.0 < q2 < 17.0 GeV2/c4

sensitivity pull mean pull width

FL 0.041± 0.001 −0.03± 0.03 0.99± 0.03
P1 0.182± 0.005 −0.08± 0.03 1.07± 0.03
P2 0.040± 0.002 0.03± 0.03 0.91± 0.02
P3 0.087± 0.002 0.04± 0.03 1.00± 0.03
P4 0.131± 0.004 0.10± 0.03 1.08± 0.03
P5 0.124± 0.004 0.05± 0.03 0.95± 0.02
P6 0.130± 0.003 −0.03± 0.03 1.01± 0.03
P8 0.128± 0.003 0.02± 0.03 1.03± 0.03
FS 0.059± 0.002 0.11± 0.03 0.88± 0.02
SS1 0.087± 0.002 −0.01± 0.03 1.02± 0.03
SS2 0.063± 0.002 −0.08± 0.03 1.03± 0.03
SS3 0.062± 0.002 0.00± 0.03 1.02± 0.03
SS4 0.067± 0.002 0.05± 0.03 0.94± 0.02
SS5 0.071± 0.002 0.01± 0.03 0.98± 0.02

17.0 < q2 < 19.0 GeV2/c4

sensitivity pull mean pull width

FL 0.049± 0.001 0.04± 0.03 0.97± 0.02
P1 0.222± 0.006 −0.08± 0.03 1.00± 0.03
P2 0.050± 0.001 0.12± 0.03 1.00± 0.02
P3 0.109± 0.003 −0.00± 0.03 1.01± 0.03
P4 0.158± 0.005 0.10± 0.03 0.98± 0.02
P5 0.148± 0.004 0.04± 0.03 1.01± 0.03
P6 0.175± 0.004 −0.01± 0.03 1.05± 0.03
P8 0.184± 0.005 −0.02± 0.04 1.11± 0.03
FS 0.075± 0.003 0.15± 0.03 0.74± 0.02
SS1 0.112± 0.003 −0.04± 0.03 1.05± 0.03
SS2 0.081± 0.002 0.06± 0.03 1.06± 0.03
SS3 0.079± 0.002 −0.02± 0.03 1.10± 0.03
SS4 0.091± 0.002 0.01± 0.03 1.01± 0.02
SS5 0.095± 0.002 −0.01± 0.03 1.04± 0.03

11.0 < q2 < 12.5 GeV2/c4

sensitivity pull mean pull width

FL 0.048± 0.001 0.01± 0.03 0.97± 0.03
P1 0.245± 0.007 0.02± 0.03 1.04± 0.03
P2 0.053± 0.002 −0.10± 0.03 0.93± 0.03
P3 0.121± 0.003 −0.01± 0.03 1.04± 0.02
P4 0.139± 0.004 −0.04± 0.03 1.03± 0.03
P5 0.152± 0.007 −0.16± 0.03 0.83± 0.02
P6 0.147± 0.004 −0.04± 0.03 0.99± 0.03
P8 0.145± 0.004 0.00± 0.03 0.98± 0.02
FS 0.069± 0.003 −0.06± 0.03 0.78± 0.02
SS1 0.118± 0.003 −0.06± 0.03 1.03± 0.03
SS2 0.084± 0.002 −0.06± 0.04 1.13± 0.03
SS3 0.077± 0.002 −0.06± 0.03 1.05± 0.03
SS4 0.082± 0.002 0.06± 0.03 0.97± 0.03
SS5 0.080± 0.002 0.05± 0.03 1.00± 0.03

1.1 < q2 < 6.0 GeV2/c4

sensitivity pull mean pull width

FL 0.040± 0.001 0.02± 0.02 0.73± 0.02
P1 0.374± 0.009 0.04± 0.03 0.95± 0.02
P2 0.086± 0.002 0.03± 0.03 0.88± 0.02
P3 0.173± 0.005 −0.05± 0.03 0.88± 0.02
P4 0.127± 0.003 0.02± 0.03 0.89± 0.02
P5 0.125± 0.004 −0.00± 0.03 0.88± 0.02
P6 0.129± 0.003 −0.03± 0.03 0.93± 0.02
P8 0.145± 0.004 −0.08± 0.03 1.04± 0.02
FS 0.054± 0.002 0.22± 0.02 0.42± 0.01
SS1 0.095± 0.003 −0.02± 0.03 0.99± 0.03
SS2 0.057± 0.002 −0.00± 0.03 0.99± 0.03
SS3 0.058± 0.002 −0.03± 0.03 1.03± 0.03
SS4 0.054± 0.001 0.01± 0.03 0.96± 0.02
SS5 0.058± 0.001 −0.04± 0.03 0.99± 0.02

15.0 < q2 < 19.0 GeV2/c4

sensitivity pull mean pull width

FL 0.031± 0.001 −0.02± 0.03 1.02± 0.03
P1 0.135± 0.003 0.10± 0.03 0.97± 0.02
P2 0.030± 0.001 −0.11± 0.03 1.03± 0.03
P3 0.066± 0.002 −0.04± 0.03 0.99± 0.03
P4 0.093± 0.002 0.02± 0.03 1.07± 0.03
P5 0.088± 0.002 −0.06± 0.03 1.03± 0.03
P6 0.104± 0.003 −0.01± 0.03 1.01± 0.03
P8 0.098± 0.003 0.00± 0.03 1.00± 0.03
FS 0.042± 0.001 −0.20± 0.03 0.90± 0.02
SS1 0.068± 0.002 0.00± 0.03 1.02± 0.03
SS2 0.050± 0.001 0.02± 0.03 1.05± 0.03
SS3 0.048± 0.001 0.04± 0.03 1.04± 0.03
SS4 0.053± 0.001 0.01± 0.03 0.98± 0.03
SS5 0.054± 0.001 0.05± 0.03 0.97± 0.02
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G Toy studies for the method of moments1790

In the following the pulls obtained for a the toy study for the method of moments are shown.1791

These pulls are obtained including the detector acceptance and using the reweighting1792

method to correct for it. No bias, apart for the known bias on FL in the first bin, due to1793

the non-vanishing lepton masses, is observed.1794
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Figure 139: Pull distributions for S3 for different number of simulated events.
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Figure 140: Pull distributions for S4 for different number of simulated events.
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Figure 141: Pull distributions for S5 for different number of simulated events.
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Figure 142: Pull distributions for S6 for different number of simulated events.
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Figure 143: Pull distributions for S7 for different number of simulated events.
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Figure 144: Pull distributions for S8 for different number of simulated events.
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Figure 145: Pull distributions for S9 for different number of simulated events.
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Figure 146: Pull distributions for Fl for different number of simulated events.
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H Factorisation of mass and decay angles for B0→1795

J/ψK∗01796

Figure 159: The three decay angles of B0 → J/ψK∗0 decays in 8 bins of reconstructed B0

mass. For the angle cos θK a small difference is seen for the two outer B0 mass bins.
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I Continuous symmetry transformations of the K∗01798

spin amplitudes1799

By defining a set of basis vectors [35]:1800

n‖ =

(
AL‖
AR∗‖

)
, n⊥ =

(
AL⊥
−AR∗⊥

)
, n0 =

(
AL0
AR∗0

)
, (113)

the following continuous transformations of these basis vectors, and therefore of the1801

amplitudes leave the angular distribution unchanged1802

n′i =

[
eiφL 0

0 e−iφR

] [
cos θ − sin θ
sin θ cos θ

] [
cosh iω − sinh iω
− sinh iω cosh iω

]
ni (114)

The components φL and φR are phase-rotations of the left- and right-handed amplitudes.1803

These can be made separately for left- and right-handed amplitudes in the massless limit1804

because no terms in the angular distribution mix left and right. The second and third1805

matrices act as rotations between the left- and right- handed amplitudes and also leave1806

the angular distribution unchanged.1807

The amplitudes in the improved fixed-basis exhibit a smooth behaviour in q2 both in the1808

SM as well as in a range of new physics models as discussed in Sec. 6.4.2. This was assessed1809

by starting from Eq. 114, and expanded in terms of the amplitudes used in the basis-fixing.1810

By inserting the values of the transformed and untransformed amplitudes on the left1811

and right hand sides of Eq. 114 respectively for every point in q2, the transformation1812

parameters, φL, φR, θ and ω, where therefore obtained by numerically solving the system1813

of four non-linear equations. With the values of these transformation parameters, the1814

remaining amplitudes in the fixed-basis could then be determined.1815

Although not strictly relevant for this method, it is worth mentioning that given for1816

the P-wave only case, nj = 11 and na = 12, there should be three relations between the1817

various Ji, yielding only eight independent Ji. The introduction of the S-wave terms does1818

not bring in any new symmetry transformations.1819

It must be noted that the inclusion of the S-wave amplitudes in the fit does not1820

introduce any new symmetries of the decay rate, or break any existing symmetry relations.1821

As such, a fit to the simulated data can be performed following the treatment of Sec. 6.4.81822

with the difference that the signal decay rate is given by Eq. 21 where the same q2 ansatz1823

as before is used to describe the S-wave amplitudes (see Eq. 91).1824
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J Two dimensional amplitude parameter profile like-1825

lihoods1826
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Figure 160: Two dimensional profile likelihoods of a of Im(AR‖ ) of B̄ with other amplitude

parameters. The ellipse corresponds to the one standard deviation value provided by HESSE.

Values at -0.5 denote failed fits which need to be rerun with a different starting value.

1829

290



1.10453 0.789247 0.781021 1.10102 1.79149 2.96915 4.85183 7.70183 11.8086 17.4851

1.26515 0.661887 0.487087 0.57763 0.931163 1.60963 2.76366 4.62712 7.4544 11.5955

2.00691 0.809266 0.337485 0.287163 0.468877 0.866206 1.56079 2.72304 4.58365 7.41717

3.63507 1.56759 0.488857 0.123278 0.18198 0.45065 0.903702 1.64012 2.84218 4.71014

6.45731 3.25532 1.29482 0.303871 0.0146059 0.162566 0.519371 1.04336 1.84781 3.11781

10.7639 6.18697 3.07948 1.1932 0.257276 0.0124266 0.223455 0.672685 1.28826 2.18723

16.7885 10.6436 6.1541 3.11291 1.26901 0.356271 0.125216 0.365525 0.91031 1.64311

24.7015 16.8452 10.7872 6.36493 3.36355 1.5316 0.611769 0.365415 0.606495 1.22894

34.6223 24.951 17.1858 11.2011 6.82556 3.83854 1.99166 1.0383 0.751367 0.971975

46.6359 35.0732 25.499 17.815 11.8897 7.54197 4.54605 2.66072 1.6502 1.30289

)R Im(Aβ B
-0.04 -0.02 0 0.02 0.04

)
R

 I
m

(A
γ 

B

-0.2

-0.1

0

0.1

0.2

0.3

0.4

N
L

L
∆

-1

-0.5

0

0.5

1

1.5

2

2.5

3

1.10453 0.789247 0.781021 1.10102 1.79149 2.96915 4.85183 7.70183 11.8086 17.4851

1.26515 0.661887 0.487087 0.57763 0.931163 1.60963 2.76366 4.62712 7.4544 11.5955

2.00691 0.809266 0.337485 0.287163 0.468877 0.866206 1.56079 2.72304 4.58365 7.41717

3.63507 1.56759 0.488857 0.123278 0.18198 0.45065 0.903702 1.64012 2.84218 4.71014

6.45731 3.25532 1.29482 0.303871 0.0146059 0.162566 0.519371 1.04336 1.84781 3.11781

10.7639 6.18697 3.07948 1.1932 0.257276 0.0124266 0.223455 0.672685 1.28826 2.18723

16.7885 10.6436 6.1541 3.11291 1.26901 0.356271 0.125216 0.365525 0.91031 1.64311

24.7015 16.8452 10.7872 6.36493 3.36355 1.5316 0.611769 0.365415 0.606495 1.22894

34.6223 24.951 17.1858 11.2011 6.82556 3.83854 1.99166 1.0383 0.751367 0.971975

46.6359 35.0732 25.499 17.815 11.8897 7.54197 4.54605 2.66072 1.6502 1.30289

1.71401 1.36752 1.12997 0.996692 0.962031 1.02065 1.16916 1.40444 1.72834 2.14722

1.41682 1.04807 0.784236 0.624053 0.565554 0.602969 0.731001 0.945385 1.24559 1.63873

1.26263 0.868966 0.572814 0.381863 0.296122 0.311747 0.422999 0.621333 0.906447 1.2839

1.20308 0.771277 0.443533 0.228156 0.122889 0.122279 0.219459 0.408413 0.687321 1.06123

1.12137 0.679727 0.351851 0.135473 0.0276145 0.0233184 0.117781 0.306766 0.58967 0.972574

1.13131 0.677069 0.347324 0.133956 0.0304669 0.0315716 0.132909 0.331944 0.630158 1.03528

1.35815 0.871113 0.521763 0.298865 0.193805 0.19951 0.310981 0.526338 0.848422 1.2853

1.86672 1.33695 0.955608 0.711918 0.596462 0.601334 0.721406 0.954886 1.30469 1.78001

2.71306 2.13519 1.71606 1.4452 1.31347 1.31281 1.43883 1.68965 2.06868 2.58475

3.9438 3.31674 2.85776 2.55734 2.4065 2.39811 2.52828 2.79536 3.20336 3.76073

)R Im(Aβ B
-0.04 -0.02 0 0.02 0.04

)
R

 R
e(

A
α 

B

0.1

0.2

0.3

0.4

0.5

0.6 N
L

L
∆

-1

-0.5

0

0.5

1

1.5

2

2.5

3

1.71401 1.36752 1.12997 0.996692 0.962031 1.02065 1.16916 1.40444 1.72834 2.14722

1.41682 1.04807 0.784236 0.624053 0.565554 0.602969 0.731001 0.945385 1.24559 1.63873

1.26263 0.868966 0.572814 0.381863 0.296122 0.311747 0.422999 0.621333 0.906447 1.2839

1.20308 0.771277 0.443533 0.228156 0.122889 0.122279 0.219459 0.408413 0.687321 1.06123

1.12137 0.679727 0.351851 0.135473 0.0276145 0.0233184 0.117781 0.306766 0.58967 0.972574

1.13131 0.677069 0.347324 0.133956 0.0304669 0.0315716 0.132909 0.331944 0.630158 1.03528

1.35815 0.871113 0.521763 0.298865 0.193805 0.19951 0.310981 0.526338 0.848422 1.2853

1.86672 1.33695 0.955608 0.711918 0.596462 0.601334 0.721406 0.954886 1.30469 1.78001

2.71306 2.13519 1.71606 1.4452 1.31347 1.31281 1.43883 1.68965 2.06868 2.58475

3.9438 3.31674 2.85776 2.55734 2.4065 2.39811 2.52828 2.79536 3.20336 3.76073

3.81555 3.15189 2.65368 2.31315 2.12267 2.07665 2.17235 2.41077 2.79667 3.33736

2.70759 2.09947 1.64725 1.34242 1.17607 1.1418 1.23578 1.45798 1.81328 2.30878

1.92704 1.3726 0.965096 0.693174 0.549847 0.527459 0.6222 0.830976 1.15858 1.6135

1.43049 0.923576 0.554819 0.3128 0.189047 0.176042 0.270856 0.470017 0.776064 1.19706

1.17115 0.703357 0.36359 0.142212 0.032768 0.0276324 0.123688 0.316071 0.60713 1.00341

1.10502 0.663588 0.340483 0.129776 0.0267859 0.0261948 0.124123 0.3159 0.599489 0.980582

1.19139 0.756732 0.433756 0.22391 0.124541 0.129943 0.233622 0.426773 0.709507 1.08558

1.27065 0.879669 0.581763 0.38758 0.300407 0.315779 0.425637 0.625248 0.913043 1.29412

1.42811 1.06008 0.791278 0.622253 0.553119 0.581069 0.701507 0.910839 1.21004 1.60434

1.7067 1.35401 1.1057 0.956526 0.905079 0.948042 1.08256 1.30755 1.62581 2.0426
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3.81555 3.15189 2.65368 2.31315 2.12267 2.07665 2.17235 2.41077 2.79667 3.33736

2.70759 2.09947 1.64725 1.34242 1.17607 1.1418 1.23578 1.45798 1.81328 2.30878

1.92704 1.3726 0.965096 0.693174 0.549847 0.527459 0.6222 0.830976 1.15858 1.6135

1.43049 0.923576 0.554819 0.3128 0.189047 0.176042 0.270856 0.470017 0.776064 1.19706

1.17115 0.703357 0.36359 0.142212 0.032768 0.0276324 0.123688 0.316071 0.60713 1.00341

1.10502 0.663588 0.340483 0.129776 0.0267859 0.0261948 0.124123 0.3159 0.599489 0.980582

1.19139 0.756732 0.433756 0.22391 0.124541 0.129943 0.233622 0.426773 0.709507 1.08558

1.27065 0.879669 0.581763 0.38758 0.300407 0.315779 0.425637 0.625248 0.913043 1.29412

1.42811 1.06008 0.791278 0.622253 0.553119 0.581069 0.701507 0.910839 1.21004 1.60434

1.7067 1.35401 1.1057 0.956526 0.905079 0.948042 1.08256 1.30755 1.62581 2.0426

4.72474 4.15247 3.74433 3.49144 3.38339 3.41111 3.56731 3.84953 4.26062 4.81066

2.99171 2.45757 2.07955 1.84846 1.75354 1.78624 1.93968 2.21035 2.60173 3.12232

1.86704 1.37191 1.02432 0.81279 0.728911 0.763125 0.909983 1.16621 1.53478 2.02376

1.27753 0.81717 0.49142 0.290862 0.207633 0.23405 0.366635 0.60066 0.939434 1.39196

1.10538 0.66036 0.335523 0.126665 0.0282796 0.0360251 0.145168 0.353032 0.660833 1.07606

1.15352 0.703529 0.366154 0.142289 0.0287844 0.0208192 0.112793 0.30156 0.586235 0.972899

1.20886 0.783102 0.453897 0.233451 0.121313 0.113432 0.20351 0.38639 0.661762 1.03399

1.27045 0.875513 0.578991 0.385891 0.296738 0.30772 0.412932 0.606988 0.888573 1.26272

1.463 1.09168 0.829579 0.673012 0.618191 0.659447 0.790535 1.00656 1.3077 1.69883

1.88717 1.54257 1.31209 1.18855 1.16528 1.23573 1.39497 1.63909 1.96995 2.39302
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4.72474 4.15247 3.74433 3.49144 3.38339 3.41111 3.56731 3.84953 4.26062 4.81066

2.99171 2.45757 2.07955 1.84846 1.75354 1.78624 1.93968 2.21035 2.60173 3.12232

1.86704 1.37191 1.02432 0.81279 0.728911 0.763125 0.909983 1.16621 1.53478 2.02376

1.27753 0.81717 0.49142 0.290862 0.207633 0.23405 0.366635 0.60066 0.939434 1.39196

1.10538 0.66036 0.335523 0.126665 0.0282796 0.0360251 0.145168 0.353032 0.660833 1.07606

1.15352 0.703529 0.366154 0.142289 0.0287844 0.0208192 0.112793 0.30156 0.586235 0.972899

1.20886 0.783102 0.453897 0.233451 0.121313 0.113432 0.20351 0.38639 0.661762 1.03399

1.27045 0.875513 0.578991 0.385891 0.296738 0.30772 0.412932 0.606988 0.888573 1.26272

1.463 1.09168 0.829579 0.673012 0.618191 0.659447 0.790535 1.00656 1.3077 1.69883

1.88717 1.54257 1.31209 1.18855 1.16528 1.23573 1.39497 1.63909 1.96995 2.39302

2.01439 1.58083 1.25571 1.03366 0.908685 0.876516 0.933246 1.07755 1.31217 1.64457

1.65358 1.2208 0.899695 0.683452 0.565839 0.541681 0.607205 0.760889 1.00484 1.34685

1.37978 0.946307 0.627168 0.414859 0.302828 0.286418 0.359911 0.523627 0.778621 1.13261

1.19771 0.761317 0.441413 0.230455 0.123084 0.111199 0.193994 0.368651 0.637048 1.00605

1.11116 0.66931 0.345629 0.133465 0.0277406 0.0221047 0.11416 0.301698 0.586196 0.973186

1.12331 0.673314 0.3432 0.128374 0.0238075 0.0261032 0.12821 0.330422 0.632505 1.0403

1.23664 0.775966 0.439394 0.222442 0.121262 0.130836 0.246476 0.464817 0.78648 1.21782

1.45074 0.982959 0.644667 0.428999 0.332499 0.351873 0.481908 0.717013 1.05943 1.51556

1.78541 1.31392 0.973567 0.761472 0.672782 0.703089 0.845607 1.09842 1.46266 1.94489

2.27131 1.79247 1.4503 1.24035 1.15734 1.19624 1.35149 1.62265 2.00873 2.5178
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2.01439 1.58083 1.25571 1.03366 0.908685 0.876516 0.933246 1.07755 1.31217 1.64457

1.65358 1.2208 0.899695 0.683452 0.565839 0.541681 0.607205 0.760889 1.00484 1.34685

1.37978 0.946307 0.627168 0.414859 0.302828 0.286418 0.359911 0.523627 0.778621 1.13261

1.19771 0.761317 0.441413 0.230455 0.123084 0.111199 0.193994 0.368651 0.637048 1.00605

1.11116 0.66931 0.345629 0.133465 0.0277406 0.0221047 0.11416 0.301698 0.586196 0.973186

1.12331 0.673314 0.3432 0.128374 0.0238075 0.0261032 0.12821 0.330422 0.632505 1.0403

1.23664 0.775966 0.439394 0.222442 0.121262 0.130836 0.246476 0.464817 0.78648 1.21782

1.45074 0.982959 0.644667 0.428999 0.332499 0.351873 0.481908 0.717013 1.05943 1.51556

1.78541 1.31392 0.973567 0.761472 0.672782 0.703089 0.845607 1.09842 1.46266 1.94489

2.27131 1.79247 1.4503 1.24035 1.15734 1.19624 1.35149 1.62265 2.00873 2.5178

2.35556 1.86008 1.49449 1.25808 1.14789 1.16023 1.29254 1.54402 1.91839 2.42174

1.85893 1.37479 1.01642 0.784085 0.674648 0.683922 0.808241 1.0473 1.40066 1.87805

1.03791 1.02834 0.675981 0.447683 0.337349 0.345346 0.461712 0.686055 1.02035 1.47266

1.26437 0.797439 0.455039 0.232249 0.124836 0.128033 0.237141 0.449459 0.766069 1.19434

1.13171 0.678832 0.347095 0.130558 0.024952 0.0254136 0.125995 0.325965 0.625442 1.03143

1.10854 0.666886 0.343594 0.132088 0.0268412 0.0220896 0.11463 0.302254 0.585877 0.972613

1.19203 0.757858 0.439366 0.229006 0.120683 0.110281 0.192484 0.368354 0.63638 1.00537

1.37672 0.946028 0.62765 0.414217 0.300721 0.280161 0.352065 0.514093 0.768571 1.12247

1.65721 1.22534 0.902465 0.682021 0.558705 0.528374 0.58849 0.737321 0.978946 1.31844

2.02741 1.59011 1.25886 1.02825 0.893875 0.851142 0.898121 1.0346 1.26313 1.59113
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2.35556 1.86008 1.49449 1.25808 1.14789 1.16023 1.29254 1.54402 1.91839 2.42174

1.85893 1.37479 1.01642 0.784085 0.674648 0.683922 0.808241 1.0473 1.40066 1.87805

1.03791 1.02834 0.675981 0.447683 0.337349 0.345346 0.461712 0.686055 1.02035 1.47266

1.26437 0.797439 0.455039 0.232249 0.124836 0.128033 0.237141 0.449459 0.766069 1.19434

1.13171 0.678832 0.347095 0.130558 0.024952 0.0254136 0.125995 0.325965 0.625442 1.03143

1.10854 0.666886 0.343594 0.132088 0.0268412 0.0220896 0.11463 0.302254 0.585877 0.972613

1.19203 0.757858 0.439366 0.229006 0.120683 0.110281 0.192484 0.368354 0.63638 1.00537

1.37672 0.946028 0.62765 0.414217 0.300721 0.280161 0.352065 0.514093 0.768571 1.12247

1.65721 1.22534 0.902465 0.682021 0.558705 0.528374 0.58849 0.737321 0.978946 1.31844

2.02741 1.59011 1.25886 1.02825 0.893875 0.851142 0.898121 1.0346 1.26313 1.59113

2.38476 1.91864 1.59503 1.40749 1.34907 1.4121 1.59105 1.88007 2.27954 2.79656

1.81799 1.35541 1.02838 0.832368 0.761682 0.809273 0.968134 1.23565 1.61089 2.10037

1.4513 0.987153 0.654397 0.448 0.363209 0.393797 0.532492 0.779502 1.12846 1.5885

1.23479 0.774171 0.438769 0.224313 0.126572 0.141159 0.260408 0.483156 0.808035 1.24088

1.12601 0.67423 0.343563 0.128387 0.0240832 0.0262268 0.128974 0.332081 0.634284 1.04193

1.10804 0.666658 0.34366 0.132349 0.0276426 0.0227937 0.115109 0.302471 0.586544 0.97235

1.1787 0.745335 0.429088 0.222847 0.118777 0.112334 0.198733 0.376229 0.645635 1.01498

1.33525 0.908091 0.596268 0.392989 0.290826 0.283468 0.366732 0.537204 0.798472 1.15562

1.57453 1.1533 0.845143 0.642986 0.540835 0.53249 0.611602 0.778057 1.03292 1.3845

1.89467 1.47907 1.17379 0.972207 0.869036 0.858309 0.934197 1.09707 1.34739 1.69435
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2.38476 1.91864 1.59503 1.40749 1.34907 1.4121 1.59105 1.88007 2.27954 2.79656

1.81799 1.35541 1.02838 0.832368 0.761682 0.809273 0.968134 1.23565 1.61089 2.10037

1.4513 0.987153 0.654397 0.448 0.363209 0.393797 0.532492 0.779502 1.12846 1.5885

1.23479 0.774171 0.438769 0.224313 0.126572 0.141159 0.260408 0.483156 0.808035 1.24088

1.12601 0.67423 0.343563 0.128387 0.0240832 0.0262268 0.128974 0.332081 0.634284 1.04193

1.10804 0.666658 0.34366 0.132349 0.0276426 0.0227937 0.115109 0.302471 0.586544 0.97235

1.1787 0.745335 0.429088 0.222847 0.118777 0.112334 0.198733 0.376229 0.645635 1.01498

1.33525 0.908091 0.596268 0.392989 0.290826 0.283468 0.366732 0.537204 0.798472 1.15562

1.57453 1.1533 0.845143 0.642986 0.540835 0.53249 0.611602 0.778057 1.03292 1.3845

1.89467 1.47907 1.17379 0.972207 0.869036 0.858309 0.934197 1.09707 1.34739 1.69435

1.93852 1.57125 1.31812 1.18004 1.15042 1.20906 1.33006 1.51733 1.77723 2.12535

1.57216 1.18493 0.904113 0.738648 0.684053 0.724098 0.847187 1.04682 1.32511 1.69179

1.33094 0.91743 0.610928 0.421857 0.344109 0.366893 0.483519 0.686113 0.974195 1.35481

1.17921 0.744553 0.425429 0.220748 0.127191 0.136799 0.243374 0.442724 0.733 1.11941

1.10698 0.663785 0.339185 0.127474 0.0247916 0.0247768 0.124462 0.318808 0.60695 0.993572

1.13452 0.682753 0.352477 0.136591 0.0287807 0.0247026 0.119322 0.309317 0.594143 0.979284

1.26386 0.802453 0.465177 0.245148 0.134948 0.128154 0.220171 0.407315 0.689497 1.0718

1.49301 1.02159 0.677482 0.452528 0.339148 0.330218 0.419935 0.604779 0.884679 1.26475

1.82138 1.34033 0.988096 0.756879 0.638553 0.625226 0.711478 0.892811 1.16937 1.54805

2.24648 1.75664 1.39588 1.15653 1.03049 1.00966 1.08746 1.26135 1.5323 1.90901
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1.93852 1.57125 1.31812 1.18004 1.15042 1.20906 1.33006 1.51733 1.77723 2.12535

1.57216 1.18493 0.904113 0.738648 0.684053 0.724098 0.847187 1.04682 1.32511 1.69179

1.33094 0.91743 0.610928 0.421857 0.344109 0.366893 0.483519 0.686113 0.974195 1.35481

1.17921 0.744553 0.425429 0.220748 0.127191 0.136799 0.243374 0.442724 0.733 1.11941

1.10698 0.663785 0.339185 0.127474 0.0247916 0.0247768 0.124462 0.318808 0.60695 0.993572

1.13452 0.682753 0.352477 0.136591 0.0287807 0.0247026 0.119322 0.309317 0.594143 0.979284

1.26386 0.802453 0.465177 0.245148 0.134948 0.128154 0.220171 0.407315 0.689497 1.0718

1.49301 1.02159 0.677482 0.452528 0.339148 0.330218 0.419935 0.604779 0.884679 1.26475

1.82138 1.34033 0.988096 0.756879 0.638553 0.625226 0.711478 0.892811 1.16937 1.54805

2.24648 1.75664 1.39588 1.15653 1.03049 1.00966 1.08746 1.26135 1.5323 1.90901

2.29339 1.80502 1.44533 1.20725 1.08309 1.06538 1.14769 1.32548 1.59936 1.97605

1.84943 1.36863 1.01579 0.78366 0.664719 0.651837 0.73924 0.92272 1.20196 1.58229

1.50829 1.0364 0.690971 0.464502 0.34938 0.339601 0.429928 0.616559 0.898462 1.28083

1.27114 0.808696 0.470563 0.248985 0.137459 0.130202 0.222443 0.410572 0.694502 1.07876

1.13728 0.684991 0.353831 0.136965 0.0289153 0.0246451 0.120056 0.309699 0.595322 0.981068

1.10626 0.66288 0.3385 0.127162 0.0247819 0.0248649 0.124217 0.317705 0.604572 0.989748

1.17401 0.739806 0.422415 0.218286 0.12588 0.134798 0.239609 0.435807 0.721967 1.10402

1.33327 0.907818 0.601843 0.411758 0.332292 0.354748 0.467691 0.66369 0.943855 1.31652

1.55674 1.16123 0.873221 0.704406 0.649126 0.687565 0.803991 0.992879 1.25914 1.61588

1.8853 1.50746 1.24278 1.10095 1.07126 1.12839 1.23779 1.40867 1.65487 1.99271
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2.29339 1.80502 1.44533 1.20725 1.08309 1.06538 1.14769 1.32548 1.59936 1.97605

1.84943 1.36863 1.01579 0.78366 0.664719 0.651837 0.73924 0.92272 1.20196 1.58229

1.50829 1.0364 0.690971 0.464502 0.34938 0.339601 0.429928 0.616559 0.898462 1.28083

1.27114 0.808696 0.470563 0.248985 0.137459 0.130202 0.222443 0.410572 0.694502 1.07876

1.13728 0.684991 0.353831 0.136965 0.0289153 0.0246451 0.120056 0.309699 0.595322 0.981068

1.10626 0.66288 0.3385 0.127162 0.0247819 0.0248649 0.124217 0.317705 0.604572 0.989748

1.17401 0.739806 0.422415 0.218286 0.12588 0.134798 0.239609 0.435807 0.721967 1.10402

1.33327 0.907818 0.601843 0.411758 0.332292 0.354748 0.467691 0.66369 0.943855 1.31652

1.55674 1.16123 0.873221 0.704406 0.649126 0.687565 0.803991 0.992879 1.25914 1.61588

1.8853 1.50746 1.24278 1.10095 1.07126 1.12839 1.23779 1.40867 1.65487 1.99271

2.03346 1.55294 1.21893 1.01784 0.939759 0.973519 1.11125 1.34974 1.69282 2.15086

1.59082 1.13145 0.811145 0.619349 0.5453 0.578732 0.713021 0.94088 1.26739 1.70172

1.30234 0.855825 0.54189 0.351532 0.276064 0.307495 0.435173 0.655936 0.96949 1.38514

1.14637 0.704177 0.387641 0.190201 0.105893 0.128144 0.248111 0.460531 0.764946 1.16802

1.10554 0.65923 0.332774 0.121362 0.0218851 0.0290894 0.136853 0.339627 0.635727 1.03043

1.16548 0.713755 0.373678 0.145064 0.0275452 0.0172273 0.109422 0.299573 0.586145 0.973136

1.23514 0.817973 0.481143 0.244929 0.11505 0.0906069 0.169104 0.347047 0.623683 1.00311

1.3336 0.934393 0.621634 0.39831 0.270535 0.242175 0.313658 0.484305 0.754886 1.12916

1.52466 1.13178 0.831491 0.619944 0.500742 0.47623 0.548122 0.717543 0.985746 1.35843

1.8313 1.44107 1.14746 0.945254 0.834548 0.81583 0.891563 1.06213 1.33108 1.70386
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2.03346 1.55294 1.21893 1.01784 0.939759 0.973519 1.11125 1.34974 1.69282 2.15086

1.59082 1.13145 0.811145 0.619349 0.5453 0.578732 0.713021 0.94088 1.26739 1.70172

1.30234 0.855825 0.54189 0.351532 0.276064 0.307495 0.435173 0.655936 0.96949 1.38514

1.14637 0.704177 0.387641 0.190201 0.105893 0.128144 0.248111 0.460531 0.764946 1.16802

1.10554 0.65923 0.332774 0.121362 0.0218851 0.0290894 0.136853 0.339627 0.635727 1.03043

1.16548 0.713755 0.373678 0.145064 0.0275452 0.0172273 0.109422 0.299573 0.586145 0.973136

1.23514 0.817973 0.481143 0.244929 0.11505 0.0906069 0.169104 0.347047 0.623683 1.00311

1.3336 0.934393 0.621634 0.39831 0.270535 0.242175 0.313658 0.484305 0.754886 1.12916

1.52466 1.13178 0.831491 0.619944 0.500742 0.47623 0.548122 0.717543 0.985746 1.35843

1.8313 1.44107 1.14746 0.945254 0.834548 0.81583 0.891563 1.06213 1.33108 1.70386

2.04801 1.64046 1.32851 1.107 0.975576 0.936626 0.99327 1.14716 1.40285 1.76604

1.66311 1.25726 0.944013 0.718653 0.583331 0.542495 0.59934 0.755931 1.0142 1.38033

1.41103 1.00566 0.686057 0.45203 0.311581 0.270874 0.332147 0.495067 0.759566 1.13071

1.2688 0.853974 0.512778 0.267274 0.128788 0.0975421 0.171247 0.346327 0.621391 1.00062

1.18347 0.726272 0.381155 0.149321 0.0290656 0.0173032 0.109323 0.299993 0.586399 0.97367

1.10687 0.660111 0.332563 0.120815 0.0217425 0.0290551 0.13773 0.34134 0.637848 1.03221

1.13544 0.695706 0.380616 0.183113 0.0987644 0.120967 0.241942 0.454679 0.758659 1.16039

1.2715 0.830349 0.519583 0.330026 0.255123 0.284744 0.413448 0.633383 0.946123 1.35941

1.5297 1.07846 0.762654 0.57273 0.498543 0.532756 0.66639 0.895625 1.22023 1.65139

1.9338 1.46354 1.13519 0.937164 0.861058 0.896414 1.0353 1.274 1.61566 2.07014
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2.04801 1.64046 1.32851 1.107 0.975576 0.936626 0.99327 1.14716 1.40285 1.76604

1.66311 1.25726 0.944013 0.718653 0.583331 0.542495 0.59934 0.755931 1.0142 1.38033

1.41103 1.00566 0.686057 0.45203 0.311581 0.270874 0.332147 0.495067 0.759566 1.13071

1.2688 0.853974 0.512778 0.267274 0.128788 0.0975421 0.171247 0.346327 0.621391 1.00062

1.18347 0.726272 0.381155 0.149321 0.0290656 0.0173032 0.109323 0.299993 0.586399 0.97367

1.10687 0.660111 0.332563 0.120815 0.0217425 0.0290551 0.13773 0.34134 0.637848 1.03221

1.13544 0.695706 0.380616 0.183113 0.0987644 0.120967 0.241942 0.454679 0.758659 1.16039

1.2715 0.830349 0.519583 0.330026 0.255123 0.284744 0.413448 0.633383 0.946123 1.35941

1.5297 1.07846 0.762654 0.57273 0.498543 0.532756 0.66639 0.895625 1.22023 1.65139

1.9338 1.46354 1.13519 0.937164 0.861058 0.896414 1.0353 1.274 1.61566 2.07014

1.74876 1.3668 1.08179 0.890317 0.791511 0.786645 0.876615 1.06138 1.34465 1.73123

1.45967 1.07288 0.779466 0.577005 0.466795 0.452455 0.534227 0.712568 0.989994 1.3704

1.29436 0.898852 0.590248 0.372736 0.251563 0.229498 0.30718 0.483043 0.757479 1.13588

1.21977 0.801601 0.467575 0.235032 0.109396 0.0875972 0.168497 0.348235 0.625977 1.00628

1.16172 0.711723 0.371789 0.144106 0.0271105 0.0172668 0.10964 0.299619 0.585832 0.972867

1.10481 0.659173 0.332682 0.121736 0.0228833 0.0302482 0.138237 0.341269 0.637917 1.03359

1.15497 0.711919 0.396256 0.200072 0.117965 0.141778 0.26361 0.478482 0.784723 1.19049

1.34898 0.900865 0.587556 0.398928 0.326673 0.359722 0.490497 0.714078 1.03032 1.45054

1.71898 1.25585 0.933478 0.742184 0.669533 0.704233 0.838935 1.06934 1.40007 1.84078

2.29798 1.81262 1.47368 1.27076 1.19018 1.2218 1.358 1.5959 1.94244 2.40687
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1.74876 1.3668 1.08179 0.890317 0.791511 0.786645 0.876615 1.06138 1.34465 1.73123

1.45967 1.07288 0.779466 0.577005 0.466795 0.452455 0.534227 0.712568 0.989994 1.3704

1.29436 0.898852 0.590248 0.372736 0.251563 0.229498 0.30718 0.483043 0.757479 1.13588

1.21977 0.801601 0.467575 0.235032 0.109396 0.0875972 0.168497 0.348235 0.625977 1.00628

1.16172 0.711723 0.371789 0.144106 0.0271105 0.0172668 0.10964 0.299619 0.585832 0.972867

1.10481 0.659173 0.332682 0.121736 0.0228833 0.0302482 0.138237 0.341269 0.637917 1.03359

1.15497 0.711919 0.396256 0.200072 0.117965 0.141778 0.26361 0.478482 0.784723 1.19049

1.34898 0.900865 0.587556 0.398928 0.326673 0.359722 0.490497 0.714078 1.03032 1.45054

1.71898 1.25585 0.933478 0.742184 0.669533 0.704233 0.838935 1.06934 1.40007 1.84078

2.29798 1.81262 1.47368 1.27076 1.19018 1.2218 1.358 1.5959 1.94244 2.40687

2.08818 1.66778 1.35697 1.15361 1.05385 1.05096 1.14007 1.31931 1.59208 1.96789

1.70436 1.27482 0.958296 0.752331 0.650634 0.64711 0.737124 0.918693 1.19468 1.57258

1.41255 0.976129 0.65571 0.446881 0.343346 0.339432 0.431162 0.615368 0.893916 1.27458

1.21533 0.774159 0.450975 0.239558 0.134619 0.130808 0.224452 0.411254 0.693503 1.07657

1.1159 0.671863 0.346208 0.133216 0.0277583 0.0248485 0.120233 0.31084 0.595949 0.980618

1.11791 0.672103 0.344865 0.131135 0.0259898 0.0246713 0.122402 0.315361 0.602677 0.989415

1.22422 0.777729 0.450166 0.236962 0.132439 0.132818 0.232433 0.427188 0.716042 1.1037

1.43738 0.991759 0.664322 0.451624 0.348998 0.350708 0.451637 0.647313 0.93632 1.32432

1.7578 1.31354 0.988881 0.778347 0.676733 0.678982 0.780125 0.975377 1.26406 1.65106

2.18975 1.7489 1.42658 1.21739 1.11604 1.11846 1.21858 1.4125 1.69917 2.08444
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2.08818 1.66778 1.35697 1.15361 1.05385 1.05096 1.14007 1.31931 1.59208 1.96789

1.70436 1.27482 0.958296 0.752331 0.650634 0.64711 0.737124 0.918693 1.19468 1.57258

1.41255 0.976129 0.65571 0.446881 0.343346 0.339432 0.431162 0.615368 0.893916 1.27458

1.21533 0.774159 0.450975 0.239558 0.134619 0.130808 0.224452 0.411254 0.693503 1.07657

1.1159 0.671863 0.346208 0.133216 0.0277583 0.0248485 0.120233 0.31084 0.595949 0.980618

1.11791 0.672103 0.344865 0.131135 0.0259898 0.0246713 0.122402 0.315361 0.602677 0.989415

1.22422 0.777729 0.450166 0.236962 0.132439 0.132818 0.232433 0.427188 0.716042 1.1037

1.43738 0.991759 0.664322 0.451624 0.348998 0.350708 0.451637 0.647313 0.93632 1.32432

1.7578 1.31354 0.988881 0.778347 0.676733 0.678982 0.780125 0.975377 1.26406 1.65106

2.18975 1.7489 1.42658 1.21739 1.11604 1.11846 1.21858 1.4125 1.69917 2.08444

2.20677 1.75969 1.42627 1.20172 1.08537 1.07197 1.15771 1.33951 1.61628 1.99396

1.774 1.32864 0.99793 0.778226 0.664437 0.65461 0.744233 0.928885 1.20881 1.58926

1.44876 1.00259 0.673792 0.456548 0.346583 0.340113 0.432711 0.620138 0.902942 1.2854

1.22934 0.784462 0.456814 0.240863 0.13352 0.129367 0.224101 0.414046 0.698755 1.0829

1.11892 0.673571 0.346721 0.132581 0.0266208 0.0241378 0.120254 0.311584 0.597371 0.98278

1.11608 0.671288 0.345197 0.132253 0.0273667 0.0255355 0.122347 0.314174 0.60059 0.986747

1.21981 0.775994 0.451174 0.239522 0.135624 0.134251 0.231178 0.422207 0.708199 1.09473

1.42795 0.986203 0.663224 0.453283 0.350509 0.349493 0.445623 0.63629 0.920947 1.30731

1.73791 1.30005 0.97907 0.770965 0.669763 0.670307 0.76587 0.9541 1.23785 1.62324

2.14726 1.71559 1.39773 1.19144 1.09173 1.09208 1.18726 1.37531 1.65721 2.04102
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2.20677 1.75969 1.42627 1.20172 1.08537 1.07197 1.15771 1.33951 1.61628 1.99396

1.774 1.32864 0.99793 0.778226 0.664437 0.65461 0.744233 0.928885 1.20881 1.58926

1.44876 1.00259 0.673792 0.456548 0.346583 0.340113 0.432711 0.620138 0.902942 1.2854

1.22934 0.784462 0.456814 0.240863 0.13352 0.129367 0.224101 0.414046 0.698755 1.0829

1.11892 0.673571 0.346721 0.132581 0.0266208 0.0241378 0.120254 0.311584 0.597371 0.98278

1.11608 0.671288 0.345197 0.132253 0.0273667 0.0255355 0.122347 0.314174 0.60059 0.986747

1.21981 0.775994 0.451174 0.239522 0.135624 0.134251 0.231178 0.422207 0.708199 1.09473

1.42795 0.986203 0.663224 0.453283 0.350509 0.349493 0.445623 0.63629 0.920947 1.30731

1.73791 1.30005 0.97907 0.770965 0.669763 0.670307 0.76587 0.9541 1.23785 1.62324

2.14726 1.71559 1.39773 1.19144 1.09173 1.09208 1.18726 1.37531 1.65721 2.04102

2.2224 1.78252 1.46461 1.26174 1.16711 1.17559 1.28105 1.47891 1.7675 2.15381

1.77191 1.32644 1.00349 0.797141 0.700874 0.708246 0.814074 1.01259 1.30364 1.69235

1.44388 0.995274 0.668487 0.456585 0.357281 0.362395 0.467148 0.665346 0.957091 1.34674

1.22842 0.778966 0.450179 0.237122 0.133668 0.136067 0.23787 0.434704 0.725324 1.11438

1.12016 0.672822 0.344941 0.13084 0.025825 0.0251441 0.123483 0.317229 0.60535 0.992729

1.11287 0.669804 0.345332 0.13302 0.0277285 0.0245849 0.119538 0.309606 0.593793 0.978525

1.19731 0.761959 0.443156 0.235134 0.131746 0.128067 0.220384 0.405903 0.686592 1.06776

1.36819 0.943159 0.631621 0.429497 0.330258 0.328109 0.418874 0.601469 0.87763 1.25619

1.62181 1.20842 0.906076 0.710781 0.616715 0.617622 0.70871 0.888906 1.16205 1.53786

1.95313 1.55581 1.26377 1.07604 0.987543 0.991905 1.08425 1.26343 1.53511 1.90963
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2.2224 1.78252 1.46461 1.26174 1.16711 1.17559 1.28105 1.47891 1.7675 2.15381

1.77191 1.32644 1.00349 0.797141 0.700874 0.708246 0.814074 1.01259 1.30364 1.69235

1.44388 0.995274 0.668487 0.456585 0.357281 0.362395 0.467148 0.665346 0.957091 1.34674

1.22842 0.778966 0.450179 0.237122 0.133668 0.136067 0.23787 0.434704 0.725324 1.11438

1.12016 0.672822 0.344941 0.13084 0.025825 0.0251441 0.123483 0.317229 0.60535 0.992729

1.11287 0.669804 0.345332 0.13302 0.0277285 0.0245849 0.119538 0.309606 0.593793 0.978525

1.19731 0.761959 0.443156 0.235134 0.131746 0.128067 0.220384 0.405903 0.686592 1.06776

1.36819 0.943159 0.631621 0.429497 0.330258 0.328109 0.418874 0.601469 0.87763 1.25619

1.62181 1.20842 0.906076 0.710781 0.616715 0.617622 0.70871 0.888906 1.16205 1.53786

1.95313 1.55581 1.26377 1.07604 0.987543 0.991905 1.08425 1.26343 1.53511 1.90963

2.07425 1.67721 1.38581 1.20477 1.13145 1.15879 1.27904 1.48686 1.78049 2.16613

1.18209 1.26463 0.959492 0.768817 0.686899 0.707054 0.822246 1.02654 1.31887 1.70507

1.38948 0.957299 0.643049 0.443929 0.35459 0.367576 0.477447 0.678246 0.968875 1.35532

1.19645 0.757866 0.437244 0.231051 0.134063 0.140736 0.245076 0.442551 0.731542 1.11786

1.10956 0.665878 0.340584 0.128909 0.0258415 0.0264002 0.125586 0.319182 0.606472 0.992381

1.12962 0.681546 0.352885 0.137075 0.029016 0.024481 0.118821 0.309478 0.594456 0.980282

1.25645 0.805547 0.474116 0.255192 0.143365 0.134396 0.225645 0.411678 0.695536 1.08124

1.492 1.03798 0.704226 0.483075 0.368453 0.356117 0.442927 0.627224 0.909486 1.29503

1.8361 1.37918 1.04348 0.820544 0.704035 0.689149 0.773298 0.95527 1.23636 1.62206

2.28902 1.82929 1.49174 1.26747 1.14958 1.13296 1.21503 1.39534 1.67575 2.06184
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2.07425 1.67721 1.38581 1.20477 1.13145 1.15879 1.27904 1.48686 1.78049 2.16613

1.18209 1.26463 0.959492 0.768817 0.686899 0.707054 0.822246 1.02654 1.31887 1.70507

1.38948 0.957299 0.643049 0.443929 0.35459 0.367576 0.477447 0.678246 0.968875 1.35532

1.19645 0.757866 0.437244 0.231051 0.134063 0.140736 0.245076 0.442551 0.731542 1.11786

1.10956 0.665878 0.340584 0.128909 0.0258415 0.0264002 0.125586 0.319182 0.606472 0.992381

1.12962 0.681546 0.352885 0.137075 0.029016 0.024481 0.118821 0.309478 0.594456 0.980282

1.25645 0.805547 0.474116 0.255192 0.143365 0.134396 0.225645 0.411678 0.695536 1.08124

1.492 1.03798 0.704226 0.483075 0.368453 0.356117 0.442927 0.627224 0.909486 1.29503

1.8361 1.37918 1.04348 0.820544 0.704035 0.689149 0.773298 0.95527 1.23636 1.62206

2.28902 1.82929 1.49174 1.26747 1.14958 1.13296 1.21503 1.39534 1.67575 2.06184

2.31932 1.85879 1.51687 1.28519 1.15733 1.12988 1.20074 1.37002 1.64016 2.01588

1.85994 1.40203 1.06257 0.833721 0.709523 0.686276 0.762388 0.936543 1.20984 1.58831

1.50901 1.054 0.717362 0.491831 0.371906 0.353986 0.435386 0.614829 0.891717 1.27244

1.2667 0.81492 0.481594 0.259971 0.145074 0.133079 0.220428 0.405123 0.685676 1.06867

1.13351 0.684992 0.355507 0.138574 0.0295172 0.0240045 0.117559 0.307668 0.59197 0.977101

1.10812 0.664453 0.339263 0.127984 0.0255289 0.0269564 0.127231 0.32209 0.610601 0.997794

1.19111 0.752299 0.433083 0.228386 0.133414 0.142333 0.249365 0.449595 0.741483 1.13053

1.38171 0.949789 0.637084 0.439964 0.353069 0.370035 0.483816 0.68913 0.984683 1.37494

1.67997 1.25633 0.951272 0.763012 0.684669 0.709576 0.830144 1.04039 1.33872 1.73041

2.08029 1.67007 1.37553 1.1967 1.12751 1.16054 1.28779 1.50271 1.80356 2.19627
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2.31932 1.85879 1.51687 1.28519 1.15733 1.12988 1.20074 1.37002 1.64016 2.01588

1.85994 1.40203 1.06257 0.833721 0.709523 0.686276 0.762388 0.936543 1.20984 1.58831

1.50901 1.054 0.717362 0.491831 0.371906 0.353986 0.435386 0.614829 0.891717 1.27244

1.2667 0.81492 0.481594 0.259971 0.145074 0.133079 0.220428 0.405123 0.685676 1.06867

1.13351 0.684992 0.355507 0.138574 0.0295172 0.0240045 0.117559 0.307668 0.59197 0.977101

1.10812 0.664453 0.339263 0.127984 0.0255289 0.0269564 0.127231 0.32209 0.610601 0.997794

1.19111 0.752299 0.433083 0.228386 0.133414 0.142333 0.249365 0.449595 0.741483 1.13053

1.38171 0.949789 0.637084 0.439964 0.353069 0.370035 0.483816 0.68913 0.984683 1.37494

1.67997 1.25633 0.951272 0.763012 0.684669 0.709576 0.830144 1.04039 1.33872 1.73041

2.08029 1.67007 1.37553 1.1967 1.12751 1.16054 1.28779 1.50271 1.80356 2.19627

2.23943 1.78763 1.45989 1.24611 1.13963 1.13384 1.22403 1.41041 1.692 2.07644

1.79644 1.34626 1.01849 0.804542 0.697267 0.690065 0.780977 0.966321 1.24838 1.63168

1.46359 1.01483 0.687213 0.472663 0.364406 0.357663 0.448088 0.634701 0.917396 1.30064

1.23959 0.792134 0.464631 0.249758 0.141591 0.13558 0.227755 0.416166 0.699247 1.08354

1.12343 0.676959 0.349853 0.135467 0.0291664 0.024878 0.11984 0.310577 0.595327 0.980646

1.11247 0.668104 0.342348 0.129912 0.0261002 0.0259764 0.124665 0.318056 0.605497 0.992194
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Figure 161: Two dimensional profile likelihoods of b of Im(AR‖ ) of B̄ with other amplitude

parameters. The ellipse corresponds to the one standard deviation value provided by HESSE.

Values at -0.5 denote failed fits which need to be rerun with a different starting value.
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0.788034 0.558227 0.33618 0.146496 0.0328868 0.0202008 0.12625 0.365418 0.751798 1.30381

0.855983 0.613643 0.398526 0.22381 0.121146 0.11442 0.221649 0.456856 0.834463 1.37079

0.965712 0.708744 0.504971 0.360889 0.292931 0.319305 0.457167 0.719488 1.11889 1.66921

1.21307 0.949032 0.758862 0.645896 0.621072 0.69393 0.877962 1.18402 1.62216 2.20655

1.68017 1.41802 1.24675 1.16735 1.18486 1.30679 1.5405 1.89567 2.38297 3.01414

1.65859 1.36313 1.13636 0.977841 0.891089 0.882374 0.964523 1.15609 1.48145 1.96909

1.30447 1.01646 0.79564 0.640081 0.554569 0.547204 0.63121 0.827926 1.1621 1.6589

1.03178 0.752078 0.536493 0.382332 0.295764 0.289487 0.377992 0.584688 0.931399 1.44263

0.846515 0.5752 0.363353 0.207982 0.119876 0.112814 0.208574 0.428064 0.792724 1.32263

0.756495 0.491162 0.280155 0.119772 0.0274688 0.0229435 0.128855 0.365607 0.751319 1.30333

0.763543 0.506786 0.291551 0.121591 0.0247133 0.026111 0.147264 0.404747 0.814363 1.39187

0.875171 0.622318 0.399488 0.217596 0.120745 0.134583 0.274797 0.555761 0.991496 1.59738

1.09783 0.842941 0.596566 0.416518 0.331011 0.362133 0.524467 0.829942 1.29442 1.92958

1.43513 1.15115 0.908547 0.739774 0.670539 0.721797 0.907216 1.24014 1.73276 2.39905

1.90899 1.60819 1.36733 1.20882 1.15588 1.22834 1.43827 1.79786 2.32052 3.01878
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1.65859 1.36313 1.13636 0.977841 0.891089 0.882374 0.964523 1.15609 1.48145 1.96909

1.30447 1.01646 0.79564 0.640081 0.554569 0.547204 0.63121 0.827926 1.1621 1.6589

1.03178 0.752078 0.536493 0.382332 0.295764 0.289487 0.377992 0.584688 0.931399 1.44263

0.846515 0.5752 0.363353 0.207982 0.119876 0.112814 0.208574 0.428064 0.792724 1.32263

0.756495 0.491162 0.280155 0.119772 0.0274688 0.0229435 0.128855 0.365607 0.751319 1.30333

0.763543 0.506786 0.291551 0.121591 0.0247133 0.026111 0.147264 0.404747 0.814363 1.39187

0.875171 0.622318 0.399488 0.217596 0.120745 0.134583 0.274797 0.555761 0.991496 1.59738

1.09783 0.842941 0.596566 0.416518 0.331011 0.362133 0.524467 0.829942 1.29442 1.92958

1.43513 1.15115 0.908547 0.739774 0.670539 0.721797 0.907216 1.24014 1.73276 2.39905

1.90899 1.60819 1.36733 1.20882 1.15588 1.22834 1.43827 1.79786 2.32052 3.01878

1.85612 1.59121 1.36545 1.20474 1.13873 1.18948 1.3747 1.70661 2.20065 2.8707

1.39432 1.14847 0.918049 0.74643 0.666819 0.701958 0.868912 1.17956 1.64942 2.29291

1.06109 0.816844 0.604718 0.42312 0.334182 0.354801 0.503275 0.793843 1.24062 1.85885

0.850483 0.601682 0.39174 0.220545 0.122812 0.132528 0.265843 0.538246 0.962698 1.5567

0.754752 0.496385 0.286515 0.121175 0.0247201 0.0260769 0.145491 0.39965 0.804247 1.37543

0.766905 0.499129 0.285246 0.122149 0.0269044 0.0225252 0.128754 0.365781 0.750878 1.30142

0.877427 0.601979 0.381456 0.217054 0.120606 0.110448 0.20432 0.424847 0.791464 1.32289

1.08067 0.79499 0.566944 0.398324 0.298163 0.280938 0.364324 0.568558 0.917348 1.43139

1.36564 1.07058 0.834176 0.659822 0.553878 0.530075 0.6019 0.792054 1.12357 1.62146

1.72445 1.42216 1.17757 0.996152 0.883783 0.851932 0.914659 1.0909 1.40846 1.89238
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1.85612 1.59121 1.36545 1.20474 1.13873 1.18948 1.3747 1.70661 2.20065 2.8707

1.39432 1.14847 0.918049 0.74643 0.666819 0.701958 0.868912 1.17956 1.64942 2.29291

1.06109 0.816844 0.604718 0.42312 0.334182 0.354801 0.503275 0.793843 1.24062 1.85885

0.850483 0.601682 0.39174 0.220545 0.122812 0.132528 0.265843 0.538246 0.962698 1.5567

0.754752 0.496385 0.286515 0.121175 0.0247201 0.0260769 0.145491 0.39965 0.804247 1.37543

0.766905 0.499129 0.285246 0.122149 0.0269044 0.0225252 0.128754 0.365781 0.750878 1.30142

0.877427 0.601979 0.381456 0.217054 0.120606 0.110448 0.20432 0.424847 0.791464 1.32289

1.08067 0.79499 0.566944 0.398324 0.298163 0.280938 0.364324 0.568558 0.917348 1.43139

1.36564 1.07058 0.834176 0.659822 0.553878 0.530075 0.6019 0.792054 1.12357 1.62146

1.72445 1.42216 1.17757 0.996152 0.883783 0.851932 0.914659 1.0909 1.40846 1.89238

2.1668 1.80472 1.53993 1.38468 1.35327 1.45702 1.70616 2.11207 2.68472 3.4352

1.58668 1.24648 0.983453 0.815174 0.761365 0.836276 1.05191 1.41948 1.95083 2.65739

1.19428 0.880745 0.620638 0.438938 0.360963 0.406714 0.587953 0.91771 1.40716 2.07134

0.946832 0.672467 0.416602 0.22409 0.127654 0.14475 0.293498 0.58692 1.03799 1.66119

0.795926 0.534181 0.304617 0.125696 0.0248254 0.0261734 0.148622 0.410011 0.82496 1.40996

0.746886 0.484735 0.274206 0.115369 0.0255426 0.0240495 0.130104 0.365893 0.751256 1.30397

0.796416 0.532809 0.331085 0.189039 0.112554 0.116585 0.217618 0.437718 0.800859 1.32845

0.943767 0.675426 0.47692 0.344457 0.280236 0.292915 0.396227 0.61003 0.960123 1.47155

1.18366 0.909231 0.710194 0.583246 0.526884 0.548553 0.657329 0.872721 1.21962 1.72501

1.5129 1.23148 1.02923 0.903689 0.852814 0.881242 0.999325 1.22182 1.57478 2.08492

)R Im(Aγ B
-0.2 0 0.2 0.4

)
L

 R
e(

A
γ 

B

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

N
L

L
∆

-1

-0.5

0

0.5

1

1.5

2

2.5

3

2.1668 1.80472 1.53993 1.38468 1.35327 1.45702 1.70616 2.11207 2.68472 3.4352

1.58668 1.24648 0.983453 0.815174 0.761365 0.836276 1.05191 1.41948 1.95083 2.65739

1.19428 0.880745 0.620638 0.438938 0.360963 0.406714 0.587953 0.91771 1.40716 2.07134

0.946832 0.672467 0.416602 0.22409 0.127654 0.14475 0.293498 0.58692 1.03799 1.66119

0.795926 0.534181 0.304617 0.125696 0.0248254 0.0261734 0.148622 0.410011 0.82496 1.40996

0.746886 0.484735 0.274206 0.115369 0.0255426 0.0240495 0.130104 0.365893 0.751256 1.30397

0.796416 0.532809 0.331085 0.189039 0.112554 0.116585 0.217618 0.437718 0.800859 1.32845

0.943767 0.675426 0.47692 0.344457 0.280236 0.292915 0.396227 0.61003 0.960123 1.47155

1.18366 0.909231 0.710194 0.583246 0.526884 0.548553 0.657329 0.872721 1.21962 1.72501

1.5129 1.23148 1.02923 0.903689 0.852814 0.881242 0.999325 1.22182 1.57478 2.08492

1.76884 1.51219 1.31636 1.18941 1.14868 1.20654 1.36388 1.6315 2.03048 2.58548

1.35152 1.09485 0.891592 0.747092 0.684269 0.721606 0.870659 1.14076 1.54707 2.10837

1.05441 0.804637 0.592218 0.430227 0.346489 0.364689 0.500339 0.764561 1.17106 1.73589

0.87099 0.629998 0.40695 0.228982 0.130605 0.13491 0.256945 0.511706 0.911921 1.47356

0.766015 0.514354 0.297425 0.125614 0.0268358 0.0242855 0.138057 0.383054 0.774432 1.32837

0.751597 0.487407 0.27711 0.117546 0.0265452 0.027186 0.138011 0.376671 0.759479 1.30351

0.833253 0.558575 0.3527 0.205724 0.127261 0.135311 0.249869 0.487353 0.864463 1.3992

1.01245 0.727213 0.524412 0.389903 0.325208 0.345293 0.467313 0.708346 1.0841 1.6123

1.28623 0.992116 0.790581 0.66815 0.618814 0.652722 0.785487 1.03347 1.41204 1.9374

1.65466 1.35066 1.14966 1.03823 1.00578 1.05458 1.19949 1.4569 1.84148 2.36818
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1.76884 1.51219 1.31636 1.18941 1.14868 1.20654 1.36388 1.6315 2.03048 2.58548

1.35152 1.09485 0.891592 0.747092 0.684269 0.721606 0.870659 1.14076 1.54707 2.10837

1.05441 0.804637 0.592218 0.430227 0.346489 0.364689 0.500339 0.764561 1.17106 1.73589

0.87099 0.629998 0.40695 0.228982 0.130605 0.13491 0.256945 0.511706 0.911921 1.47356

0.766015 0.514354 0.297425 0.125614 0.0268358 0.0242855 0.138057 0.383054 0.774432 1.32837

0.751597 0.487407 0.27711 0.117546 0.0265452 0.027186 0.138011 0.376671 0.759479 1.30351

0.833253 0.558575 0.3527 0.205724 0.127261 0.135311 0.249869 0.487353 0.864463 1.3992

1.01245 0.727213 0.524412 0.389903 0.325208 0.345293 0.467313 0.708346 1.0841 1.6123

1.28623 0.992116 0.790581 0.66815 0.618814 0.652722 0.785487 1.03347 1.41204 1.9374

1.65466 1.35066 1.14966 1.03823 1.00578 1.05458 1.19949 1.4569 1.84148 2.36818

1.73437 1.43188 1.22799 1.10721 1.06048 1.09647 1.23326 1.48671 1.87056 2.40023

1.33445 1.04113 0.836887 0.70645 0.646886 0.671951 0.799698 1.04597 1.4259 1.95549

1.0373 0.753427 0.548046 0.408034 0.336806 0.351716 0.471411 0.712153 1.09009 1.62241

0.84357 0.569383 0.36211 0.212199 0.130206 0.13639 0.250016 0.48876 0.867487 1.40556

0.753374 0.489012 0.278666 0.118556 0.0268421 0.0267485 0.137878 0.377155 0.760843 1.30556

0.765665 0.510256 0.29516 0.124915 0.0268197 0.0243607 0.137713 0.381578 0.771161 1.32243

0.871976 0.627518 0.406117 0.228524 0.128462 0.131842 0.252046 0.502416 0.897127 1.45202

1.05938 0.808332 0.591388 0.422741 0.335947 0.351542 0.481303 0.737507 1.13325 1.68677

1.33785 1.08274 0.871111 0.72131 0.650831 0.683758 0.822578 1.07907 1.46941 2.01568

1.71714 1.45662 1.25378 1.11653 1.0682 1.12189 1.26629 1.51272 1.89246 2.42873
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1.73437 1.43188 1.22799 1.10721 1.06048 1.09647 1.23326 1.48671 1.87056 2.40023

1.33445 1.04113 0.836887 0.70645 0.646886 0.671951 0.799698 1.04597 1.4259 1.95549

1.0373 0.753427 0.548046 0.408034 0.336806 0.351716 0.471411 0.712153 1.09009 1.62241

0.84357 0.569383 0.36211 0.212199 0.130206 0.13639 0.250016 0.48876 0.867487 1.40556

0.753374 0.489012 0.278666 0.118556 0.0268421 0.0267485 0.137878 0.377155 0.760843 1.30556

0.765665 0.510256 0.29516 0.124915 0.0268197 0.0243607 0.137713 0.381578 0.771161 1.32243

0.871976 0.627518 0.406117 0.228524 0.128462 0.131842 0.252046 0.502416 0.897127 1.45202

1.05938 0.808332 0.591388 0.422741 0.335947 0.351542 0.481303 0.737507 1.13325 1.68677

1.33785 1.08274 0.871111 0.72131 0.650831 0.683758 0.822578 1.07907 1.46941 2.01568

1.71714 1.45662 1.25378 1.11653 1.0682 1.12189 1.26629 1.51272 1.89246 2.42873

1.57232 1.27015 1.0714 0.963305 0.935549 0.989524 1.13884 1.39832 1.78337 2.30838

1.24607 0.950956 0.75064 0.63023 0.58455 0.621338 0.756423 1.0056 1.38364 1.90559

0.998501 0.711959 0.508264 0.374948 0.311737 0.333355 0.456668 0.697347 1.07142 1.59487

0.833391 0.556409 0.349248 0.202641 0.124018 0.132892 0.247103 0.48328 0.858025 1.3896

0.754123 0.48795 0.277308 0.117608 0.0266044 0.0267357 0.137349 0.37539 0.757435 1.30117

0.760617 0.509086 0.29544 0.124837 0.0266894 0.0247908 0.139493 0.386004 0.779863 1.3376

0.85469 0.616434 0.401779 0.228678 0.133552 0.139816 0.265879 0.525325 0.932715 1.5028

1.04087 0.800006 0.595776 0.438374 0.359975 0.384036 0.525824 0.799619 1.21849 1.79791

1.35838 1.11088 0.916471 0.778932 0.722218 0.766551 0.925416 1.21104 1.63705 2.22051

1.81251 1.5658 1.37991 1.26027 1.22481 1.29134 1.46496 1.75786 2.18479 2.76704
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1.57232 1.27015 1.0714 0.963305 0.935549 0.989524 1.13884 1.39832 1.78337 2.30838

1.24607 0.950956 0.75064 0.63023 0.58455 0.621338 0.756423 1.0056 1.38364 1.90559

0.998501 0.711959 0.508264 0.374948 0.311737 0.333355 0.456668 0.697347 1.07142 1.59487

0.833391 0.556409 0.349248 0.202641 0.124018 0.132892 0.247103 0.48328 0.858025 1.3896

0.754123 0.48795 0.277308 0.117608 0.0266044 0.0267357 0.137349 0.37539 0.757435 1.30117

0.760617 0.509086 0.29544 0.124837 0.0266894 0.0247908 0.139493 0.386004 0.779863 1.3376

0.85469 0.616434 0.401779 0.228678 0.133552 0.139816 0.265879 0.525325 0.932715 1.5028

1.04087 0.800006 0.595776 0.438374 0.359975 0.384036 0.525824 0.799619 1.21849 1.79791

1.35838 1.11088 0.916471 0.778932 0.722218 0.766551 0.925416 1.21104 1.63705 2.22051

1.81251 1.5658 1.37991 1.26027 1.22481 1.29134 1.46496 1.75786 2.18479 2.76704

1.4851 1.20457 1.02904 0.946049 0.953006 1.05948 1.28061 1.6345 2.1407 2.81623

1.1087 0.838058 0.658462 0.561807 0.5493 0.632849 0.831024 1.16075 1.63811 2.28092

0.879866 0.613327 0.425888 0.310958 0.274879 0.336611 0.514102 0.822797 1.27576 1.89117

0.768271 0.503468 0.302383 0.16299 0.101898 0.140906 0.297296 0.585648 1.01936 1.61316

0.749774 0.490842 0.275385 0.109664 0.0206098 0.0329318 0.164925 0.431239 0.845041 1.42023

0.800226 0.558843 0.3348 0.144571 0.0300339 0.0170562 0.124207 0.365951 0.757647 1.31361

0.875284 0.630537 0.415555 0.234666 0.116241 0.0905464 0.179928 0.402073 0.773776 1.31124

0.989989 0.734062 0.524737 0.363752 0.262584 0.244123 0.33087 0.544401 0.903968 1.42729

1.19168 0.925871 0.719949 0.570103 0.486344 0.482861 0.579242 0.795564 1.15237 1.66989

1.51039 1.23558 1.02882 0.888045 0.817643 0.829351 0.939529 1.16541 1.52769 2.04536
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1.4851 1.20457 1.02904 0.946049 0.953006 1.05948 1.28061 1.6345 2.1407 2.81623

1.1087 0.838058 0.658462 0.561807 0.5493 0.632849 0.831024 1.16075 1.63811 2.28092

0.879866 0.613327 0.425888 0.310958 0.274879 0.336611 0.514102 0.822797 1.27576 1.89117

0.768271 0.503468 0.302383 0.16299 0.101898 0.140906 0.297296 0.585648 1.01936 1.61316

0.749774 0.490842 0.275385 0.109664 0.0206098 0.0329318 0.164925 0.431239 0.845041 1.42023

0.800226 0.558843 0.3348 0.144571 0.0300339 0.0170562 0.124207 0.365951 0.757647 1.31361

0.875284 0.630537 0.415555 0.234666 0.116241 0.0905464 0.179928 0.402073 0.773776 1.31124

0.989989 0.734062 0.524737 0.363752 0.262584 0.244123 0.33087 0.544401 0.903968 1.42729

1.19168 0.925871 0.719949 0.570103 0.486344 0.482861 0.579242 0.795564 1.15237 1.66989

1.51039 1.23558 1.02882 0.888045 0.817643 0.829351 0.939529 1.16541 1.52769 2.04536

1.66566 1.38701 1.17571 1.02776 0.947643 0.946557 1.04105 1.2516 1.59877 2.10455

1.28327 1.01589 0.806115 0.65262 0.56141 0.547178 0.630466 0.834491 1.18101 1.69041

1.03776 0.78012 0.569989 0.407089 0.299691 0.272425 0.350053 0.555991 0.910011 1.43037

0.895866 0.650409 0.434262 0.251518 0.128332 0.0977933 0.183357 0.403255 0.773772 1.31092

0.804545 0.559851 0.33522 0.145596 0.0307983 0.0174149 0.124224 0.36586 0.757754 1.31261

0.749732 0.489618 0.275047 0.109701 0.0205821 0.0317539 0.161869 0.425768 0.836478 1.40786

0.765065 0.50436 0.303014 0.161748 0.0965469 0.130408 0.27934 0.560956 0.988101 1.57333

0.86304 0.604071 0.417552 0.297108 0.252297 0.303728 0.469064 0.765629 1.20751 1.81006

1.06557 0.803999 0.627274 0.524798 0.4995 0.567175 0.747919 1.05995 1.51982 2.14404

1.40417 1.13644 0.964321 0.875308 0.866386 0.952102 1.14943 1.48014 1.96169 2.6121
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1.66566 1.38701 1.17571 1.02776 0.947643 0.946557 1.04105 1.2516 1.59877 2.10455

1.28327 1.01589 0.806115 0.65262 0.56141 0.547178 0.630466 0.834491 1.18101 1.69041

1.03776 0.78012 0.569989 0.407089 0.299691 0.272425 0.350053 0.555991 0.910011 1.43037

0.895866 0.650409 0.434262 0.251518 0.128332 0.0977933 0.183357 0.403255 0.773772 1.31092

0.804545 0.559851 0.33522 0.145596 0.0307983 0.0174149 0.124224 0.36586 0.757754 1.31261

0.749732 0.489618 0.275047 0.109701 0.0205821 0.0317539 0.161869 0.425768 0.836478 1.40786

0.765065 0.50436 0.303014 0.161748 0.0965469 0.130408 0.27934 0.560956 0.988101 1.57333

0.86304 0.604071 0.417552 0.297108 0.252297 0.303728 0.469064 0.765629 1.20751 1.81006

1.06557 0.803999 0.627274 0.524798 0.4995 0.567175 0.747919 1.05995 1.51982 2.14404

1.40417 1.13644 0.964321 0.875308 0.866386 0.952102 1.14943 1.48014 1.96169 2.6121

1.45248 1.17991 0.977394 0.842562 0.779963 0.802189 0.925287 1.16591 1.54312 2.0758

1.14349 0.881374 0.678326 0.533332 0.455822 0.460343 0.564761 0.790152 1.15573 1.68105

0.957675 0.706858 0.500396 0.341787 0.245656 0.231667 0.323434 0.540894 0.903829 1.42993

0.859088 0.618032 0.404866 0.225877 0.110843 0.0872774 0.178344 0.400609 0.772819 1.31062

0.791594 0.555846 0.335395 0.145443 0.0302285 0.016794 0.123755 0.366748 0.760636 1.31848

0.74702 0.4907 0.276253 0.109651 0.0208273 0.0357994 0.172518 0.445337 0.866913 1.45101

0.780555 0.509531 0.306476 0.168778 0.114431 0.163738 0.333794 0.638685 1.08857 1.70007

0.933068 0.653835 0.461813 0.351609 0.328716 0.41021 0.612267 0.946824 1.4282 2.07095

1.2471 0.955721 0.76934 0.67793 0.683188 0.794749 1.02821 1.39545 1.91159 2.59615

1.76357 1.45833 1.27065 1.19115 1.21815 1.35773 1.62221 2.02583 2.58443 3.31588
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1.45248 1.17991 0.977394 0.842562 0.779963 0.802189 0.925287 1.16591 1.54312 2.0758

1.14349 0.881374 0.678326 0.533332 0.455822 0.460343 0.564761 0.790152 1.15573 1.68105

0.957675 0.706858 0.500396 0.341787 0.245656 0.231667 0.323434 0.540894 0.903829 1.42993

0.859088 0.618032 0.404866 0.225877 0.110843 0.0872774 0.178344 0.400609 0.772819 1.31062

0.791594 0.555846 0.335395 0.145443 0.0302285 0.016794 0.123755 0.366748 0.760636 1.31848

0.74702 0.4907 0.276253 0.109651 0.0208273 0.0357994 0.172518 0.445337 0.866913 1.45101

0.780555 0.509531 0.306476 0.168778 0.114431 0.163738 0.333794 0.638685 1.08857 1.70007

0.933068 0.653835 0.461813 0.351609 0.328716 0.41021 0.612267 0.946824 1.4282 2.07095

1.2471 0.955721 0.76934 0.67793 0.683188 0.794749 1.02821 1.39545 1.91159 2.59615

1.76357 1.45833 1.27065 1.19115 1.21815 1.35773 1.62221 2.02583 2.58443 3.31588

1.58152 1.34375 1.17848 1.07795 1.0408 1.07122 1.182 1.39792 1.75076 2.26807

1.21507 0.971979 0.798912 0.687263 0.638473 0.660561 0.769151 0.98837 1.3466 1.86853

0.952563 0.704083 0.520722 0.396277 0.333843 0.347377 0.45471 0.67904 1.04451 1.57306

0.797426 0.541202 0.346078 0.205275 0.129045 0.134861 0.242565 0.473685 0.847105 1.38346

0.747349 0.484776 0.274971 0.116239 0.0262455 0.0262929 0.136216 0.374017 0.756765 1.3016

0.806154 0.537082 0.307651 0.129687 0.0277443 0.0248005 0.138439 0.383755 0.775492 1.3294

0.975368 0.694516 0.442773 0.246088 0.135892 0.132785 0.251441 0.504588 0.905091 1.46731

1.25427 0.955759 0.677856 0.467603 0.352542 0.352009 0.475565 0.736063 1.14529 1.71605

1.59068 1.27268 1.00018 0.791259 0.67895 0.68224 0.811809 1.07968 1.49725 2.07622

2.03697 1.70341 1.42843 1.22473 1.11611 1.12403 1.26024 1.53583 1.96058 2.5474
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1.58152 1.34375 1.17848 1.07795 1.0408 1.07122 1.182 1.39792 1.75076 2.26807

1.21507 0.971979 0.798912 0.687263 0.638473 0.660561 0.769151 0.98837 1.3466 1.86853

0.952563 0.704083 0.520722 0.396277 0.333843 0.347377 0.45471 0.67904 1.04451 1.57306

0.797426 0.541202 0.346078 0.205275 0.129045 0.134861 0.242565 0.473685 0.847105 1.38346

0.747349 0.484776 0.274971 0.116239 0.0262455 0.0262929 0.136216 0.374017 0.756765 1.3016

0.806154 0.537082 0.307651 0.129687 0.0277443 0.0248005 0.138439 0.383755 0.775492 1.3294

0.975368 0.694516 0.442773 0.246088 0.135892 0.132785 0.251441 0.504588 0.905091 1.46731

1.25427 0.955759 0.677856 0.467603 0.352542 0.352009 0.475565 0.736063 1.14529 1.71605

1.59068 1.27268 1.00018 0.791259 0.67895 0.68224 0.811809 1.07968 1.49725 2.07622

2.03697 1.70341 1.42843 1.22473 1.11611 1.12403 1.26024 1.53583 1.96058 2.5474

2.00665 1.68327 1.41368 1.20497 1.0847 1.07617 1.19373 1.44942 1.85527 2.42459

1.61665 1.26629 1.0003 0.789165 0.666529 0.656848 0.772196 1.02451 1.42611 1.99068

1.23796 0.948484 0.679753 0.47099 0.350082 0.340913 0.454755 0.703974 1.10143 1.66134

0.963469 0.686905 0.442442 0.248918 0.136705 0.129505 0.242322 0.488578 0.881759 1.43697

0.799181 0.530514 0.306103 0.130065 0.0281623 0.0242848 0.136246 0.379197 0.76798 1.31847

0.746905 0.485189 0.275763 0.116621 0.026175 0.0268437 0.138356 0.377289 0.761104 1.30641

0.806949 0.550452 0.353338 0.209662 0.131324 0.138026 0.248685 0.48353 0.861779 1.40161

0.97612 0.725918 0.538905 0.409166 0.343529 0.355898 0.46758 0.698412 1.07007 1.60459

1.25577 1.01009 0.831959 0.714455 0.659931 0.680819 0.792204 1.01967 1.38546 1.91476

1.64327 1.40188 1.23139 1.12455 1.0808 1.10796 1.22165 1.44565 1.80641 2.33112
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2.00665 1.68327 1.41368 1.20497 1.0847 1.07617 1.19373 1.44942 1.85527 2.42459

1.61665 1.26629 1.0003 0.789165 0.666529 0.656848 0.772196 1.02451 1.42611 1.99068

1.23796 0.948484 0.679753 0.47099 0.350082 0.340913 0.454755 0.703974 1.10143 1.66134

0.963469 0.686905 0.442442 0.248918 0.136705 0.129505 0.242322 0.488578 0.881759 1.43697

0.799181 0.530514 0.306103 0.130065 0.0281623 0.0242848 0.136246 0.379197 0.76798 1.31847

0.746905 0.485189 0.275763 0.116621 0.026175 0.0268437 0.138356 0.377289 0.761104 1.30641

0.806949 0.550452 0.353338 0.209662 0.131324 0.138026 0.248685 0.48353 0.861779 1.40161

0.97612 0.725918 0.538905 0.409166 0.343529 0.355898 0.46758 0.698412 1.07007 1.60459

1.25577 1.01009 0.831959 0.714455 0.659931 0.680819 0.792204 1.01967 1.38546 1.91476

1.64327 1.40188 1.23139 1.12455 1.0808 1.10796 1.22165 1.44565 1.80641 2.33112

2.11042 1.75982 1.47256 1.26628 1.16573 1.18579 1.33716 1.62917 2.07175 2.67655

1.63952 1.30488 1.02093 0.809402 0.701769 0.713761 0.855285 1.13678 1.56884 2.16179

0.908886 0.979567 0.684654 0.471684 0.35971 0.364707 0.497 0.76746 1.18723 1.76894

1.01646 0.71871 0.450781 0.247418 0.137569 0.136556 0.25973 0.518844 0.926373 1.49615

0.830066 0.552499 0.31323 0.130577 0.0276638 0.0252638 0.140458 0.388192 0.783084 1.34046

0.750248 0.485709 0.273643 0.115023 0.0259844 0.0259905 0.135275 0.371686 0.754144 1.29941

0.776537 0.523001 0.331727 0.196739 0.125266 0.132448 0.238334 0.464803 0.835403 1.36967

0.906108 0.662312 0.487543 0.373213 0.320078 0.337655 0.443555 0.661813 1.0221 1.547

1.13492 0.901125 0.739476 0.641919 0.605819 0.635807 0.742849 0.95667 1.30973 1.82855

1.46392 1.23651 1.08589 1.00134 0.978854 1.01847 1.13108 1.34379 1.69435 2.21154
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2.11042 1.75982 1.47256 1.26628 1.16573 1.18579 1.33716 1.62917 2.07175 2.67655

1.63952 1.30488 1.02093 0.809402 0.701769 0.713761 0.855285 1.13678 1.56884 2.16179

0.908886 0.979567 0.684654 0.471684 0.35971 0.364707 0.497 0.76746 1.18723 1.76894

1.01646 0.71871 0.450781 0.247418 0.137569 0.136556 0.25973 0.518844 0.926373 1.49615

0.830066 0.552499 0.31323 0.130577 0.0276638 0.0252638 0.140458 0.388192 0.783084 1.34046

0.750248 0.485709 0.273643 0.115023 0.0259844 0.0259905 0.135275 0.371686 0.754144 1.29941

0.776537 0.523001 0.331727 0.196739 0.125266 0.132448 0.238334 0.464803 0.835403 1.36967

0.906108 0.662312 0.487543 0.373213 0.320078 0.337655 0.443555 0.661813 1.0221 1.547

1.13492 0.901125 0.739476 0.641919 0.605819 0.635807 0.742849 0.95667 1.30973 1.82855

1.46392 1.23651 1.08589 1.00134 0.978854 1.01847 1.13108 1.34379 1.69435 2.21154

1.75517 1.51637 1.32701 1.19057 1.1299 1.16696 1.31581 1.58928 1.99979 2.56191

1.34256 1.10308 0.905438 0.757304 0.685397 0.712795 0.853847 1.1209 1.52697 2.08673

1.04481 0.801491 0.595079 0.434884 0.353356 0.371443 0.504208 0.764135 1.16532 1.72232

0.847952 0.599347 0.388712 0.223545 0.13383 0.143051 0.267008 0.520123 0.915811 1.46951

0.755173 0.496967 0.285547 0.121449 0.0260566 0.0274139 0.143413 0.389015 0.77907 1.32934

0.764371 0.499008 0.287452 0.125073 0.0291824 0.0247611 0.133241 0.371669 0.755827 1.30241

0.88079 0.607849 0.396211 0.237477 0.142694 0.134607 0.236709 0.468305 0.84689 1.38925

1.10383 0.82509 0.613094 0.458239 0.366148 0.356554 0.453596 0.679275 1.05229 1.59082

1.43649 1.15175 0.939129 0.787872 0.699499 0.690128 0.783671 1.004 1.3722 1.90709

1.87868 1.58845 1.37491 1.22671 1.14251 1.13481 1.22634 1.44255 1.80639 2.33792
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1.75517 1.51637 1.32701 1.19057 1.1299 1.16696 1.31581 1.58928 1.99979 2.56191

1.34256 1.10308 0.905438 0.757304 0.685397 0.712795 0.853847 1.1209 1.52697 2.08673

1.04481 0.801491 0.595079 0.434884 0.353356 0.371443 0.504208 0.764135 1.16532 1.72232

0.847952 0.599347 0.388712 0.223545 0.13383 0.143051 0.267008 0.520123 0.915811 1.46951

0.755173 0.496967 0.285547 0.121449 0.0260566 0.0274139 0.143413 0.389015 0.77907 1.32934

0.764371 0.499008 0.287452 0.125073 0.0291824 0.0247611 0.133241 0.371669 0.755827 1.30241

0.88079 0.607849 0.396211 0.237477 0.142694 0.134607 0.236709 0.468305 0.84689 1.38925

1.10383 0.82509 0.613094 0.458239 0.366148 0.356554 0.453596 0.679275 1.05229 1.59082

1.43649 1.15175 0.939129 0.787872 0.699499 0.690128 0.783671 1.004 1.3722 1.90709

1.87868 1.58845 1.37491 1.22671 1.14251 1.13481 1.22634 1.44255 1.80639 2.33792

1.90432 1.62029 1.40704 1.25129 1.15333 1.12953 1.20679 1.40984 1.76229 2.28286

1.45632 1.17655 0.964175 0.806624 0.707466 0.686181 0.769678 0.980591 1.34057 1.86782

1.11656 0.842749 0.630593 0.471035 0.371225 0.353754 0.444687 0.663963 1.03186 1.56546

0.887093 0.617684 0.406203 0.244487 0.14518 0.133243 0.231544 0.460381 0.83648 1.37635

0.766426 0.5021 0.290606 0.12721 0.0298567 0.0242077 0.131895 0.369862 0.753748 1.30025

0.754481 0.49481 0.283315 0.12006 0.0256698 0.0290353 0.145294 0.392455 0.784315 1.33675

0.847515 0.595158 0.383595 0.220457 0.133151 0.144601 0.271564 0.527894 0.92749 1.48534

1.04839 0.800243 0.590561 0.43159 0.352529 0.373806 0.510611 0.775785 1.18267 1.74571

1.35229 1.10839 0.904624 0.753258 0.683827 0.715213 0.861591 1.1354 1.54889 2.11671

1.76749 1.52412 1.32751 1.18611 1.12685 1.16821 1.3238 1.60543 2.02525 2.59697
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1.90432 1.62029 1.40704 1.25129 1.15333 1.12953 1.20679 1.40984 1.76229 2.28286

1.45632 1.17655 0.964175 0.806624 0.707466 0.686181 0.769678 0.980591 1.34057 1.86782

1.11656 0.842749 0.630593 0.471035 0.371225 0.353754 0.444687 0.663963 1.03186 1.56546

0.887093 0.617684 0.406203 0.244487 0.14518 0.133243 0.231544 0.460381 0.83648 1.37635

0.766426 0.5021 0.290606 0.12721 0.0298567 0.0242077 0.131895 0.369862 0.753748 1.30025

0.754481 0.49481 0.283315 0.12006 0.0256698 0.0290353 0.145294 0.392455 0.784315 1.33675

0.847515 0.595158 0.383595 0.220457 0.133151 0.144601 0.271564 0.527894 0.92749 1.48534

1.04839 0.800243 0.590561 0.43159 0.352529 0.373806 0.510611 0.775785 1.18267 1.74571

1.35229 1.10839 0.904624 0.753258 0.683827 0.715213 0.861591 1.1354 1.54889 2.11671

1.76749 1.52412 1.32751 1.18611 1.12685 1.16821 1.3238 1.60543 2.02525 2.59697

1.83903 1.54935 1.34062 1.20226 1.13186 1.13812 1.23977 1.4619 1.82812 2.35971

1.40697 1.12142 0.912697 0.769295 0.691607 0.692271 0.793186 1.01637 1.38576 1.91993

1.08335 0.80494 0.595325 0.446215 0.361602 0.358228 0.459516 0.686078 1.05965 1.59714

0.869322 0.596885 0.386826 0.231522 0.140784 0.135733 0.239725 0.471286 0.849595 1.39164

0.761292 0.496095 0.285597 0.123592 0.0288445 0.0252093 0.133756 0.372169 0.756185 1.30274

0.756328 0.498929 0.287141 0.121934 0.0261314 0.0271912 0.143019 0.388625 0.778803 1.32991

0.848873 0.600782 0.389865 0.223788 0.133897 0.143057 0.267353 0.520599 0.917 1.47234

1.03794 0.795605 0.590407 0.434809 0.354408 0.373673 0.506863 0.767691 1.17011 1.72931

1.33998 1.09339 0.898561 0.756466 0.689748 0.719632 0.86152 1.12937 1.53687 2.0993

1.76162 1.51229 1.32516 1.19576 1.14106 1.1807 1.33052 1.60439 2.01613 2.58082
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1.83903 1.54935 1.34062 1.20226 1.13186 1.13812 1.23977 1.4619 1.82812 2.35971

1.40697 1.12142 0.912697 0.769295 0.691607 0.692271 0.793186 1.01637 1.38576 1.91993

1.08335 0.80494 0.595325 0.446215 0.361602 0.358228 0.459516 0.686078 1.05965 1.59714

0.869322 0.596885 0.386826 0.231522 0.140784 0.135733 0.239725 0.471286 0.849595 1.39164

0.761292 0.496095 0.285597 0.123592 0.0288445 0.0252093 0.133756 0.372169 0.756185 1.30274

0.756328 0.498929 0.287141 0.121934 0.0261314 0.0271912 0.143019 0.388625 0.778803 1.32991

0.848873 0.600782 0.389865 0.223788 0.133897 0.143057 0.267353 0.520599 0.917 1.47234

1.03794 0.795605 0.590407 0.434809 0.354408 0.373673 0.506863 0.767691 1.17011 1.72931

1.33998 1.09339 0.898561 0.756466 0.689748 0.719632 0.86152 1.12937 1.53687 2.0993
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Figure 162: Two dimensional profile likelihoods of c of Im(AR‖ ) of B̄ with other amplitude

parameters. The ellipse corresponds to the one standard deviation value provided by HESSE.

Values at -0.5 denote failed fits which need to be rerun with a different starting value.
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1.20092 0.790168 0.519504 0.378669 0.37868 0.555261 0.957206 1.6399 2.65184 4.03505

1.01319 0.608667 0.333944 0.168903 0.12014 0.226382 0.546262 1.14171 2.06697 3.3677

0.961643 0.56609 0.292246 0.110225 0.0169125 0.0555867 0.296632 0.810362 1.65649 2.88112

1.02495 0.63803 0.369984 0.179376 0.0465775 0.0214126 0.19056 0.630456 1.40433 2.56346

1.18534 0.803124 0.539236 0.352664 0.187676 0.104147 0.208227 0.585397 1.3008 2.40572

1.43073 1.04129 0.774086 0.600463 0.415885 0.283381 0.337488 0.665764 1.33637 2.40099

1.7549 1.34762 1.05952 0.889257 0.706738 0.544106 0.565748 0.863312 1.50527 2.54506

2.16204 1.7262 1.40345 1.19872 1.03832 0.874437 0.887306 1.17375 1.80595 2.8372

1.65589 1.35244 1.19382 1.14826 1.20969 1.40024 1.76106 2.34884 3.22913 4.46504

1.29774 0.96353 0.76943 0.686733 0.714019 0.870972 1.19724 1.75144 2.60087 3.80872

1.06802 0.705534 0.477595 0.358903 0.349775 0.468754 0.756842 1.27571 2.09445 3.27548

0.96717 0.578891 0.320213 0.167004 0.118204 0.194127 0.441328 0.923921 1.71185 2.86669

0.991527 0.583511 0.298684 0.110293 0.0177585 0.0471609 0.250958 0.696733 1.45414 2.58343

1.13931 0.718782 0.412054 0.186173 0.0445556 0.0239284 0.183243 0.592104 1.31953 2.424

1.40617 0.982592 0.659019 0.389029 0.191836 0.119176 0.234324 0.607809 1.30678 2.38691

1.78405 1.36983 1.03368 0.709278 0.449771 0.32452 0.398822 0.739912 1.41236 2.47147

2.26025 1.86773 1.53292 1.13033 0.802818 0.631021 0.672 0.985396 1.63471 2.6736

2.81389 2.45416 2.12766 1.61982 1.21656 1.02494 1.04613 1.33935 1.9693 2.99112
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1.65589 1.35244 1.19382 1.14826 1.20969 1.40024 1.76106 2.34884 3.22913 4.46504

1.29774 0.96353 0.76943 0.686733 0.714019 0.870972 1.19724 1.75144 2.60087 3.80872

1.06802 0.705534 0.477595 0.358903 0.349775 0.468754 0.756842 1.27571 2.09445 3.27548

0.96717 0.578891 0.320213 0.167004 0.118204 0.194127 0.441328 0.923921 1.71185 2.86669

0.991527 0.583511 0.298684 0.110293 0.0177585 0.0471609 0.250958 0.696733 1.45414 2.58343

1.13931 0.718782 0.412054 0.186173 0.0445556 0.0239284 0.183243 0.592104 1.31953 2.424

1.40617 0.982592 0.659019 0.389029 0.191836 0.119176 0.234324 0.607809 1.30678 2.38691

1.78405 1.36983 1.03368 0.709278 0.449771 0.32452 0.398822 0.739912 1.41236 2.47147

2.26025 1.86773 1.53292 1.13033 0.802818 0.631021 0.672 0.985396 1.63471 2.6736

2.81389 2.45416 2.12766 1.61982 1.21656 1.02494 1.04613 1.33935 1.9693 2.99112

2.8898 2.47869 2.11166 1.66919 1.29505 1.08575 1.09577 1.38628 2.01807 3.04402

2.28986 1.85598 1.49476 1.13028 0.825004 0.657383 0.698189 1.01292 1.66452 2.70753

1.79136 1.34898 1.00136 0.694502 0.451536 0.333754 0.41152 0.754402 1.42884 2.4898

1.40549 0.966992 0.635608 0.375184 0.189319 0.121646 0.23901 0.613167 1.31132 2.39085

1.13898 0.710747 0.400917 0.17931 0.0427412 0.0243488 0.183032 0.589389 1.31221 2.41126

0.992356 0.582043 0.296856 0.110087 0.0181505 0.0455798 0.244523 0.683098 1.4313 2.54951

0.965676 0.578665 0.320467 0.167797 0.116267 0.185982 0.42326 0.893185 1.66531 2.80326

1.05652 0.695588 0.469053 0.350519 0.336144 0.444464 0.716811 1.21585 2.01181 3.16865

1.26221 0.929489 0.735899 0.652988 0.673504 0.815231 1.11914 1.6458 2.4645 3.64039

1.57985 1.27507 1.11433 1.06754 1.12166 1.29124 1.62199 2.17466 3.01605 4.21308
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2.8898 2.47869 2.11166 1.66919 1.29505 1.08575 1.09577 1.38628 2.01807 3.04402

2.28986 1.85598 1.49476 1.13028 0.825004 0.657383 0.698189 1.01292 1.66452 2.70753

1.79136 1.34898 1.00136 0.694502 0.451536 0.333754 0.41152 0.754402 1.42884 2.4898

1.40549 0.966992 0.635608 0.375184 0.189319 0.121646 0.23901 0.613167 1.31132 2.39085

1.13898 0.710747 0.400917 0.17931 0.0427412 0.0243488 0.183032 0.589389 1.31221 2.41126

0.992356 0.582043 0.296856 0.110087 0.0181505 0.0455798 0.244523 0.683098 1.4313 2.54951

0.965676 0.578665 0.320467 0.167797 0.116267 0.185982 0.42326 0.893185 1.66531 2.80326

1.05652 0.695588 0.469053 0.350519 0.336144 0.444464 0.716811 1.21585 2.01181 3.16865

1.26221 0.929489 0.735899 0.652988 0.673504 0.815231 1.11914 1.6458 2.4645 3.64039

1.57985 1.27507 1.11433 1.06754 1.12166 1.29124 1.62199 2.17466 3.01605 4.21308

2.44619 2.11041 1.95833 1.54883 1.145 0.953283 0.976249 1.26509 1.88773 2.90031

2.00784 1.65177 1.44032 1.09411 0.766078 0.596277 0.637345 0.947736 1.59222 2.62518

1.62314 1.24587 0.982888 0.693675 0.436101 0.311756 0.385951 0.725211 1.39535 2.45205

1.30966 0.915156 0.627916 0.381326 0.188423 0.116573 0.23166 0.604679 1.30363 2.38543

1.08756 0.685302 0.395709 0.181874 0.0439599 0.0239549 0.183323 0.593322 1.32279 2.43203

0.973452 0.574163 0.294767 0.109991 0.0181015 0.0468908 0.250837 0.698682 1.46091 2.59698

0.979908 0.591393 0.33034 0.174278 0.121955 0.195293 0.441674 0.927671 1.72226 2.88665

1.11549 0.743326 0.50622 0.379467 0.363021 0.47655 0.762935 1.28502 2.11246 3.3055

1.38529 1.03405 0.824179 0.728934 0.745624 0.894838 1.21884 1.77589 2.6343 3.85592

1.79391 1.46582 1.28593 1.22377 1.27209 1.45391 1.81132 2.402 3.29101 4.53988
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2.44619 2.11041 1.95833 1.54883 1.145 0.953283 0.976249 1.26509 1.88773 2.90031

2.00784 1.65177 1.44032 1.09411 0.766078 0.596277 0.637345 0.947736 1.59222 2.62518

1.62314 1.24587 0.982888 0.693675 0.436101 0.311756 0.385951 0.725211 1.39535 2.45205

1.30966 0.915156 0.627916 0.381326 0.188423 0.116573 0.23166 0.604679 1.30363 2.38543

1.08756 0.685302 0.395709 0.181874 0.0439599 0.0239549 0.183323 0.593322 1.32279 2.43203

0.973452 0.574163 0.294767 0.109991 0.0181015 0.0468908 0.250837 0.698682 1.46091 2.59698

0.979908 0.591393 0.33034 0.174278 0.121955 0.195293 0.441674 0.927671 1.72226 2.88665

1.11549 0.743326 0.50622 0.379467 0.363021 0.47655 0.762935 1.28502 2.11246 3.3055

1.38529 1.03405 0.824179 0.728934 0.745624 0.894838 1.21884 1.77589 2.6343 3.85592

1.79391 1.46582 1.28593 1.22377 1.27209 1.45391 1.81132 2.402 3.29101 4.53988

2.5068 1.89867 1.42798 1.09098 0.939062 1.06002 1.48777 2.22735 3.28815 4.69551

1.93094 1.39099 0.982224 0.693346 0.548958 0.617824 0.953266 1.57878 2.52065 3.81674

1.50113 1.02184 0.667537 0.419069 0.285675 0.313923 0.565007 1.08892 1.9307 3.13739

1.20338 0.771992 0.460586 0.242306 0.11881 0.121584 0.31235 0.760913 1.52884 2.67152

1.02728 0.625625 0.341078 0.143374 0.0304599 0.0280713 0.193241 0.600286 1.3238 2.42557

0.961826 0.567194 0.292493 0.10999 0.0170227 0.0346367 0.209659 0.612345 1.32116 2.40199

0.999093 0.588048 0.310266 0.144742 0.086928 0.150126 0.366868 0.79797 1.5189 2.60063

1.13514 0.69216 0.404353 0.260419 0.252807 0.382407 0.668418 1.1557 1.91346 3.01505

5.34 0.894073 0.593713 0.476077 0.529899 0.742487 1.11692 1.6832 2.49996 3.63918

5.08008 1.21675 0.903312 0.812303 0.932912 1.23801 1.71413 2.37729 3.27226 4.46704
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2.5068 1.89867 1.42798 1.09098 0.939062 1.06002 1.48777 2.22735 3.28815 4.69551

1.93094 1.39099 0.982224 0.693346 0.548958 0.617824 0.953266 1.57878 2.52065 3.81674

1.50113 1.02184 0.667537 0.419069 0.285675 0.313923 0.565007 1.08892 1.9307 3.13739

1.20338 0.771992 0.460586 0.242306 0.11881 0.121584 0.31235 0.760913 1.52884 2.67152

1.02728 0.625625 0.341078 0.143374 0.0304599 0.0280713 0.193241 0.600286 1.3238 2.42557

0.961826 0.567194 0.292493 0.10999 0.0170227 0.0346367 0.209659 0.612345 1.32116 2.40199

0.999093 0.588048 0.310266 0.144742 0.086928 0.150126 0.366868 0.79797 1.5189 2.60063

1.13514 0.69216 0.404353 0.260419 0.252807 0.382407 0.668418 1.1557 1.91346 3.01505

5.34 0.894073 0.593713 0.476077 0.529899 0.742487 1.11692 1.6832 2.49996 3.63918

5.08008 1.21675 0.903312 0.812303 0.932912 1.23801 1.71413 2.37729 3.27226 4.46704

2.02558 1.42737 1.06154 0.936973 1.02563 1.28607 1.6959 2.27471 3.08298 4.20486

1.59116 1.03825 0.694414 0.550728 0.578068 0.750154 1.06482 1.55871 2.30615 3.39183

1.28503 0.783991 0.463446 0.302139 0.275452 0.37222 0.609975 1.04218 1.75144 2.8191

1.08537 0.634798 0.33756 0.164256 0.0964735 0.138006 0.323535 0.72186 1.41777 2.48518

0.979813 0.569874 0.291715 0.112016 0.0193568 0.0302793 0.194184 0.589273 1.29756 2.38536

0.967991 0.580255 0.311181 0.127912 0.0261507 0.0315236 0.20682 0.632163 1.38098 2.50981

1.06067 0.671662 0.396685 0.206645 0.103948 0.127124 0.34585 0.834388 1.65142 2.843

1.27495 0.860324 0.5625 0.35693 0.25588 0.312241 0.600082 1.17797 2.08684 3.36571

1.63025 1.17077 0.833096 0.601087 0.497746 0.596252 0.968357 1.65052 2.66985 4.05598

2.14531 1.62754 1.23912 0.969808 0.859447 1.00416 1.46208 2.25122 3.38829 4.89448

)R Re(Aα B
0.2 0.4 0.6

)
R

 R
e(

A
β 

B

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07 N
L

L
∆

-1

-0.5

0

0.5

1

1.5

2

2.5

3

2.02558 1.42737 1.06154 0.936973 1.02563 1.28607 1.6959 2.27471 3.08298 4.20486

1.59116 1.03825 0.694414 0.550728 0.578068 0.750154 1.06482 1.55871 2.30615 3.39183

1.28503 0.783991 0.463446 0.302139 0.275452 0.37222 0.609975 1.04218 1.75144 2.8191

1.08537 0.634798 0.33756 0.164256 0.0964735 0.138006 0.323535 0.72186 1.41777 2.48518

0.979813 0.569874 0.291715 0.112016 0.0193568 0.0302793 0.194184 0.589273 1.29756 2.38536

0.967991 0.580255 0.311181 0.127912 0.0261507 0.0315236 0.20682 0.632163 1.38098 2.50981

1.06067 0.671662 0.396685 0.206645 0.103948 0.127124 0.34585 0.834388 1.65142 2.843

1.27495 0.860324 0.5625 0.35693 0.25588 0.312241 0.600082 1.17797 2.08684 3.36571

1.63025 1.17077 0.833096 0.601087 0.497746 0.596252 0.968357 1.65052 2.66985 4.05598

2.14531 1.62754 1.23912 0.969808 0.859447 1.00416 1.46208 2.25122 3.38829 4.89448

2.18681 1.71219 1.43552 1.27326 1.12338 1.04069 1.16314 1.5752 2.33277 3.48123

1.74688 1.29391 1.01944 0.844612 0.70286 0.637819 0.760784 1.16135 1.90067 3.02863

1.40081 0.964982 0.688223 0.506521 0.376097 0.33141 0.463506 0.858749 1.58476 2.69587

1.15217 0.730367 0.45207 0.268423 0.150973 0.127388 0.27185 0.667 1.3848 2.48268

1.00474 0.59642 0.318987 0.136607 0.031613 0.0281978 0.187201 0.586583 1.30004 2.38959

0.961617 0.56799 0.294654 0.115391 0.0222817 0.0365256 0.210767 0.617709 1.33134 2.41585

1.02747 0.650769 0.383862 0.207939 0.124539 0.154087 0.343829 0.761079 1.47891 2.5623

1.2057 0.849279 0.59031 0.415422 0.33911 0.382329 0.587504 1.01748 1.74299 2.82939

1.49907 1.16532 0.916204 0.738062 0.665785 0.722459 0.942876 1.38768 2.12428 3.21714

1.90819 1.60301 1.36175 1.17451 1.10481 1.17264 1.41122 1.87273 2.62315 3.72631
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2.18681 1.71219 1.43552 1.27326 1.12338 1.04069 1.16314 1.5752 2.33277 3.48123

1.74688 1.29391 1.01944 0.844612 0.70286 0.637819 0.760784 1.16135 1.90067 3.02863

1.40081 0.964982 0.688223 0.506521 0.376097 0.33141 0.463506 0.858749 1.58476 2.69587

1.15217 0.730367 0.45207 0.268423 0.150973 0.127388 0.27185 0.667 1.3848 2.48268

1.00474 0.59642 0.318987 0.136607 0.031613 0.0281978 0.187201 0.586583 1.30004 2.38959

0.961617 0.56799 0.294654 0.115391 0.0222817 0.0365256 0.210767 0.617709 1.33134 2.41585

1.02747 0.650769 0.383862 0.207939 0.124539 0.154087 0.343829 0.761079 1.47891 2.5623

1.2057 0.849279 0.59031 0.415422 0.33911 0.382329 0.587504 1.01748 1.74299 2.82939

1.49907 1.16532 0.916204 0.738062 0.665785 0.722459 0.942876 1.38768 2.12428 3.21714

1.90819 1.60301 1.36175 1.17451 1.10481 1.17264 1.41122 1.87273 2.62315 3.72631

1.9012 1.62339 1.35866 1.14976 1.06656 1.11633 1.3273 1.75837 2.4814 3.56359

1.49681 1.1824 0.926059 0.732256 0.648985 0.688818 0.887667 1.30764 2.02268 3.10047

1.20527 0.859221 0.601011 0.418716 0.334677 0.365779 0.553966 0.965464 1.67572 2.75228

1.02679 0.655828 0.390093 0.212247 0.125146 0.147894 0.326142 0.731842 1.44058 2.51895

0.961696 0.56863 0.295838 0.116663 0.0229533 0.034939 0.204649 0.606686 1.31718 2.4005

1.00765 0.596317 0.317245 0.134334 0.0305654 0.0293444 0.189911 0.590733 1.30595 2.39756

1.16262 0.734884 0.452408 0.265022 0.1491 0.131299 0.282874 0.684212 1.4075 2.50928

1.42354 0.978905 0.694312 0.506595 0.377699 0.342485 0.483615 0.887767 1.62094 2.7365

1.78722 1.32584 1.04073 0.855284 0.713909 0.658629 0.793085 1.20207 1.94796 3.07909

2.25039 1.76903 1.48361 1.30552 1.15337 1.07996 1.21013 1.62748 2.38842 3.53717
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1.9012 1.62339 1.35866 1.14976 1.06656 1.11633 1.3273 1.75837 2.4814 3.56359

1.49681 1.1824 0.926059 0.732256 0.648985 0.688818 0.887667 1.30764 2.02268 3.10047

1.20527 0.859221 0.601011 0.418716 0.334677 0.365779 0.553966 0.965464 1.67572 2.75228

1.02679 0.655828 0.390093 0.212247 0.125146 0.147894 0.326142 0.731842 1.44058 2.51895

0.961696 0.56863 0.295838 0.116663 0.0229533 0.034939 0.204649 0.606686 1.31718 2.4005

1.00765 0.596317 0.317245 0.134334 0.0305654 0.0293444 0.189911 0.590733 1.30595 2.39756

1.16262 0.734884 0.452408 0.265022 0.1491 0.131299 0.282874 0.684212 1.4075 2.50928

1.42354 0.978905 0.694312 0.506595 0.377699 0.342485 0.483615 0.887767 1.62094 2.7365

1.78722 1.32584 1.04073 0.855284 0.713909 0.658629 0.793085 1.20207 1.94796 3.07909

2.25039 1.76903 1.48361 1.30552 1.15337 1.07996 1.21013 1.62748 2.38842 3.53717

2.05786 1.7079 1.44644 1.24548 1.15944 1.2198 1.461 1.933 2.69599 3.81034

1.60524 1.23939 0.968389 0.776458 0.692793 0.745624 0.970667 1.42542 2.17294 3.27445

1.27562 0.896126 0.621338 0.433872 0.349576 0.391783 0.602318 1.04021 1.77422 2.86623

1.0647 0.676951 0.399862 0.215146 0.127181 0.156674 0.350482 0.773953 1.49722 2.58384

0.968231 0.574402 0.299232 0.116765 0.0224707 0.0370418 0.21334 0.623309 1.3392 2.42444

0.981915 0.583335 0.312116 0.13398 0.0314737 0.0278528 0.186125 0.585248 1.2982 2.38699

1.10021 0.696582 0.43183 0.260623 0.1495 0.123572 0.264709 0.657095 1.37294 2.47033

1.31667 0.905255 0.649646 0.488556 0.367536 0.319301 0.445629 0.838006 1.56325 2.67487
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Figure 163: Two dimensional profile likelihoods of a of Re(AR‖ ) of B̄ with other amplitude

parameters. The ellipse corresponds to the one standard deviation value provided by HESSE.

Values at -0.5 denote failed fits which need to be rerun with a different starting value.
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3.58193 2.48736 1.67588 1.10071 0.732149 0.558388 0.579234 0.782219 1.13642 1.62486

2.87472 1.85231 1.12693 0.646956 0.37163 0.275039 0.336936 0.534573 0.847638 1.27824

2.38918 1.41679 0.754162 0.346393 0.143939 0.104821 0.193078 0.382963 0.663748 1.04948

2.12741 1.1831 0.55715 0.192584 0.0325134 0.024314 0.124815 0.308094 0.569471 0.9283

2.08438 1.14839 0.532354 0.178622 0.0270279 0.0214475 0.119786 0.298269 0.555395 0.910222

2.25525 1.30617 0.673068 0.297416 0.120376 0.091391 0.174958 0.351777 0.620209 0.993661

2.6306 1.64791 0.97048 0.54259 0.311961 0.239694 0.300117 0.478706 0.770815 1.1819

3.19991 2.16218 1.41639 0.910757 0.606597 0.479491 0.514357 0.698076 1.02305 1.48298

3.95201 2.83991 2.004 1.40302 1.01441 0.829825 0.841978 1.0363 1.39703 1.90752

4.44751 3.20577 2.2429 1.53405 1.06432 0.822077 0.786962 0.931617 1.22915 1.66076

3.60041 2.46028 1.61031 1.01329 0.64047 0.466876 0.465852 0.612295 0.884078 1.27301

2.92749 1.87136 1.11732 0.619463 0.335429 0.22865 0.265847 0.419279 0.67349 1.03248

2.4396 1.44634 0.765568 0.345847 0.134592 0.0841822 0.155599 0.320468 0.569951 0.918767

2.15058 1.19817 0.564695 0.195356 0.0314641 0.018744 0.115338 0.295039 0.556005 0.918483

2.07842 1.14419 0.530042 0.178063 0.029022 0.0295273 0.138299 0.336323 0.624736 1.02567

2.24484 1.30667 0.682418 0.312534 0.141122 0.123869 0.231152 0.450089 0.780992 1.23988

2.67061 1.70732 1.04444 0.622831 0.392507 0.325378 0.412822 0.652769 1.03649 1.56755

3.37398 2.36345 1.63673 1.1346 0.817591 0.675217 0.719881 0.968117 1.40852 2.021

4.36781 3.28873 2.47422 1.87061 1.45292 1.22473 1.20951 1.43876 1.9212 2.61741

)R Re(Aβ B
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4.44751 3.20577 2.2429 1.53405 1.06432 0.822077 0.786962 0.931617 1.22915 1.66076

3.60041 2.46028 1.61031 1.01329 0.64047 0.466876 0.465852 0.612295 0.884078 1.27301

2.92749 1.87136 1.11732 0.619463 0.335429 0.22865 0.265847 0.419279 0.67349 1.03248

2.4396 1.44634 0.765568 0.345847 0.134592 0.0841822 0.155599 0.320468 0.569951 0.918767

2.15058 1.19817 0.564695 0.195356 0.0314641 0.018744 0.115338 0.295039 0.556005 0.918483

2.07842 1.14419 0.530042 0.178063 0.029022 0.0295273 0.138299 0.336323 0.624736 1.02567

2.24484 1.30667 0.682418 0.312534 0.141122 0.123869 0.231152 0.450089 0.780992 1.23988

2.67061 1.70732 1.04444 0.622831 0.392507 0.325378 0.412822 0.652769 1.03649 1.56755

3.37398 2.36345 1.63673 1.1346 0.817591 0.675217 0.719881 0.968117 1.40852 2.021

4.36781 3.28873 2.47422 1.87061 1.45292 1.22473 1.20951 1.43876 1.9212 2.61741

3.25597 2.24489 1.57191 1.1879 1.04457 1.09517 1.26905 1.45208 1.71247 2.12814

2.79341 1.80532 1.152 0.781364 0.641659 0.682437 0.83932 1.03326 1.29629 1.69489

2.44459 1.47641 0.838376 0.476971 0.336316 0.364086 0.502075 0.698324 0.965199 1.35231

2.21086 1.25864 0.632383 0.27533 0.131041 0.144589 0.266264 0.459129 0.726434 1.1034

2.09126 1.15048 0.531745 0.177582 0.0290122 0.0309523 0.138021 0.324206 0.586933 0.95321

2.08655 1.15377 0.539544 0.185828 0.0316917 0.0256971 0.121695 0.298731 0.553007 0.905114

2.19711 1.26877 0.655848 0.299757 0.141896 0.129381 0.220493 0.388611 0.630006 0.965151

2.42425 1.4963 0.881882 0.522426 0.360761 0.346037 0.436275 0.597574 0.822325 1.13693

2.76734 1.83735 1.21878 0.854502 0.689211 0.674792 0.770079 0.928802 1.13352 1.4236

3.22803 2.29294 1.66764 1.29688 1.128 1.11611 1.22094 1.38456 1.56613 1.82774
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3.25597 2.24489 1.57191 1.1879 1.04457 1.09517 1.26905 1.45208 1.71247 2.12814

2.79341 1.80532 1.152 0.781364 0.641659 0.682437 0.83932 1.03326 1.29629 1.69489

2.44459 1.47641 0.838376 0.476971 0.336316 0.364086 0.502075 0.698324 0.965199 1.35231

2.21086 1.25864 0.632383 0.27533 0.131041 0.144589 0.266264 0.459129 0.726434 1.1034

2.09126 1.15048 0.531745 0.177582 0.0290122 0.0309523 0.138021 0.324206 0.586933 0.95321

2.08655 1.15377 0.539544 0.185828 0.0316917 0.0256971 0.121695 0.298731 0.553007 0.905114

2.19711 1.26877 0.655848 0.299757 0.141896 0.129381 0.220493 0.388611 0.630006 0.965151

2.42425 1.4963 0.881882 0.522426 0.360761 0.346037 0.436275 0.597574 0.822325 1.13693

2.76734 1.83735 1.21878 0.854502 0.689211 0.674792 0.770079 0.928802 1.13352 1.4236

3.22803 2.29294 1.66764 1.29688 1.128 1.11611 1.22094 1.38456 1.56613 1.82774

3.09694 2.1788 1.57424 1.22593 1.07857 1.08688 1.21683 1.4154 1.58005 1.81674

2.67364 1.75587 1.15365 0.807932 0.661145 0.664046 0.778737 0.953805 1.14669 1.41853

2.36211 1.44281 0.839876 0.494309 0.346736 0.344979 0.447285 0.614429 0.831376 1.13413

2.16394 1.23933 0.632775 0.285395 0.136099 0.131363 0.227981 0.39733 0.634145 0.963366

2.07828 1.14534 0.532211 0.181247 0.030193 0.0259514 0.123696 0.300316 0.553448 0.905047

2.10496 1.16053 0.538458 0.181412 0.0303193 0.029648 0.135279 0.321312 0.586625 0.957309

2.24383 1.28516 0.651566 0.287655 0.13596 0.143026 0.261645 0.456591 0.730046 1.11608

2.49488 1.51926 0.871743 0.499498 0.347997 0.365965 0.500233 0.701838 0.979266 1.37904

2.85814 1.86304 1.19923 0.816887 0.665125 0.695552 0.847382 1.05182 1.32889 1.74211

3.33362 2.31685 1.6344 1.23969 1.08582 1.12792 1.29782 1.49843 1.77309 2.20204
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3.09694 2.1788 1.57424 1.22593 1.07857 1.08688 1.21683 1.4154 1.58005 1.81674

2.67364 1.75587 1.15365 0.807932 0.661145 0.664046 0.778737 0.953805 1.14669 1.41853

2.36211 1.44281 0.839876 0.494309 0.346736 0.344979 0.447285 0.614429 0.831376 1.13413

2.16394 1.23933 0.632775 0.285395 0.136099 0.131363 0.227981 0.39733 0.634145 0.963366

2.07828 1.14534 0.532211 0.181247 0.030193 0.0259514 0.123696 0.300316 0.553448 0.905047

2.10496 1.16053 0.538458 0.181412 0.0303193 0.029648 0.135279 0.321312 0.586625 0.957309

2.24383 1.28516 0.651566 0.287655 0.13596 0.143026 0.261645 0.456591 0.730046 1.11608

2.49488 1.51926 0.871743 0.499498 0.347997 0.365965 0.500233 0.701838 0.979266 1.37904

2.85814 1.86304 1.19923 0.816887 0.665125 0.695552 0.847382 1.05182 1.32889 1.74211

3.33362 2.31685 1.6344 1.23969 1.08582 1.12792 1.29782 1.49843 1.77309 2.20204

3.28624 2.34543 1.71528 1.3441 1.17822 1.17328 1.28297 1.45071 1.65972 1.96013

2.8046 1.87014 1.24623 0.878421 0.713369 0.703722 0.802647 0.970517 1.19754 1.51699

2.44705 1.5155 0.896762 0.533283 0.370886 0.357499 0.451532 0.622107 0.86322 1.19746

2.21023 1.27941 0.66323 0.304262 0.144114 0.131956 0.226288 0.400974 0.651759 0.996841

2.09089 1.15767 0.542267 0.187039 0.0319611 0.0247114 0.122844 0.301598 0.557541 0.909804

2.08662 1.14712 0.529555 0.176384 0.028315 0.030712 0.136141 0.317416 0.57391 0.930746

2.19566 1.24542 0.621967 0.268933 0.12764 0.142335 0.259993 0.440722 0.692889 1.0522

2.41759 1.45136 0.816877 0.45993 0.323495 0.353148 0.486417 0.66147 0.905356 1.26712

2.75254 1.76498 1.1136 0.746803 0.610018 0.652441 0.804003 0.966503 1.20142 1.57072

3.20172 2.18764 1.5129 1.12885 0.983282 1.02817 1.19336 1.33768 1.57293 1.95973
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3.28624 2.34543 1.71528 1.3441 1.17822 1.17328 1.28297 1.45071 1.65972 1.96013

2.8046 1.87014 1.24623 0.878421 0.713369 0.703722 0.802647 0.970517 1.19754 1.51699

2.44705 1.5155 0.896762 0.533283 0.370886 0.357499 0.451532 0.622107 0.86322 1.19746

2.21023 1.27941 0.66323 0.304262 0.144114 0.131956 0.226288 0.400974 0.651759 0.996841

2.09089 1.15767 0.542267 0.187039 0.0319611 0.0247114 0.122844 0.301598 0.557541 0.909804

2.08662 1.14712 0.529555 0.176384 0.028315 0.030712 0.136141 0.317416 0.57391 0.930746

2.19566 1.24542 0.621967 0.268933 0.12764 0.142335 0.259993 0.440722 0.692889 1.0522

2.41759 1.45136 0.816877 0.45993 0.323495 0.353148 0.486417 0.66147 0.905356 1.26712

2.75254 1.76498 1.1136 0.746803 0.610018 0.652441 0.804003 0.966503 1.20142 1.57072

3.20172 2.18764 1.5129 1.12885 0.983282 1.02817 1.19336 1.33768 1.57293 1.95973

3.3705 2.41818 1.7721 1.3772 1.17922 1.1291 1.18915 1.33857 1.57398 1.91185

2.8877 1.93895 1.29876 0.912677 0.724735 0.68466 0.752523 0.908591 1.1486 1.48989

2.51562 1.57017 0.936938 0.559775 0.381529 0.351943 0.429068 0.592114 0.83692 1.18169

2.25641 1.31431 0.687471 0.31891 0.151288 0.131734 0.218859 0.388622 0.638582 0.987551

2.1099 1.17122 0.550476 0.190814 0.0335546 0.0248646 0.121785 0.29914 0.55442 0.907351

2.07687 1.14134 0.526489 0.175283 0.028448 0.0306543 0.137441 0.322705 0.583602 0.940933

2.15778 1.22501 0.615616 0.272574 0.135844 0.148641 0.26537 0.458741 0.725657 1.08772

2.35264 1.42227 0.817908 0.482565 0.355404 0.378505 0.504947 0.70664 0.979808 1.34724

2.66168 1.73322 1.13325 0.804903 0.686767 0.719544 0.855426 1.06555 1.34544 1.71875

3.08464 2.15762 1.56146 1.23939 1.12955 1.17112 1.31597 6.27214 1.82191 2.2017
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3.3705 2.41818 1.7721 1.3772 1.17922 1.1291 1.18915 1.33857 1.57398 1.91185

2.8877 1.93895 1.29876 0.912677 0.724735 0.68466 0.752523 0.908591 1.1486 1.48989

2.51562 1.57017 0.936938 0.559775 0.381529 0.351943 0.429068 0.592114 0.83692 1.18169

2.25641 1.31431 0.687471 0.31891 0.151288 0.131734 0.218859 0.388622 0.638582 0.987551

2.1099 1.17122 0.550476 0.190814 0.0335546 0.0248646 0.121785 0.29914 0.55442 0.907351

2.07687 1.14134 0.526489 0.175283 0.028448 0.0306543 0.137441 0.322705 0.583602 0.940933

2.15778 1.22501 0.615616 0.272574 0.135844 0.148641 0.26537 0.458741 0.725657 1.08772

2.35264 1.42227 0.817908 0.482565 0.355404 0.378505 0.504947 0.70664 0.979808 1.34724

2.66168 1.73322 1.13325 0.804903 0.686767 0.719544 0.855426 1.06555 1.34544 1.71875

3.08464 2.15762 1.56146 1.23939 1.12955 1.17112 1.31597 6.27214 1.82191 2.2017

3.03469 2.12357 1.54184 1.23146 1.12862 1.17058 1.30706 1.51097 1.78289 2.14852

2.62624 1.70918 1.11957 0.799476 0.686138 0.718561 0.848025 1.04714 1.31595 1.6783

2.33032 1.40701 0.809248 0.479122 0.354929 0.37819 0.499319 0.693491 0.95867 1.31869

2.14652 1.2173 0.611223 0.270838 0.135559 0.14789 0.262694 0.450754 0.712782 1.0703

2.07535 1.14012 0.525647 0.174882 0.0284287 0.0303675 0.136069 0.319572 0.578457 0.933768

2.11654 1.17533 0.552471 0.19145 0.0336145 0.0250945 0.122542 0.300499 0.556211 0.909555

2.26968 1.32261 0.691576 0.320063 0.151261 0.13233 0.221469 0.393786 0.646327 0.997844

2.53396 1.58143 0.942194 0.56075 0.38103 0.352003 0.432919 0.59967 0.849537 1.19882

2.90872 1.95097 1.30398 0.912819 0.722667 0.683721 0.756725 0.917991 1.16433 1.51218

3.39286 2.43032 1.77595 1.37553 1.17528 1.12703 1.19237 1.34836 1.59228 1.93777
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3.03469 2.12357 1.54184 1.23146 1.12862 1.17058 1.30706 1.51097 1.78289 2.14852

2.62624 1.70918 1.11957 0.799476 0.686138 0.718561 0.848025 1.04714 1.31595 1.6783

2.33032 1.40701 0.809248 0.479122 0.354929 0.37819 0.499319 0.693491 0.95867 1.31869

2.14652 1.2173 0.611223 0.270838 0.135559 0.14789 0.262694 0.450754 0.712782 1.0703

2.07535 1.14012 0.525647 0.174882 0.0284287 0.0303675 0.136069 0.319572 0.578457 0.933768

2.11654 1.17533 0.552471 0.19145 0.0336145 0.0250945 0.122542 0.300499 0.556211 0.909555

2.26968 1.32261 0.691576 0.320063 0.151261 0.13233 0.221469 0.393786 0.646327 0.997844

2.53396 1.58143 0.942194 0.56075 0.38103 0.352003 0.432919 0.59967 0.849537 1.19882

2.90872 1.95097 1.30398 0.912819 0.722667 0.683721 0.756725 0.917991 1.16433 1.51218

3.39286 2.43032 1.77595 1.37553 1.17528 1.12703 1.19237 1.34836 1.59228 1.93777

3.02939 2.11952 1.53793 1.22661 1.12554 1.17417 1.32926 1.56092 1.85313 2.22921

2.6162 1.70154 1.11259 0.793668 0.683391 0.723214 0.867848 1.08695 1.37017 1.74029

2.31943 1.39881 0.80226 0.475016 0.353606 0.382035 0.515087 0.722598 0.997851 1.36274

2.13913 1.2109 0.606174 0.26805 0.134394 0.151203 0.272092 0.468854 0.736852 1.09724

2.07458 1.13904 0.524444 0.173803 0.0280106 0.0315466 0.140994 0.326795 0.588214 0.944775

2.12658 1.18249 0.557129 0.193952 0.0343532 0.0242515 0.120512 0.297789 0.55327 0.906607

2.29441 1.34122 0.704383 0.327946 0.154341 0.130533 0.214851 0.383342 0.6334 0.984068

2.57769 1.61499 0.966322 0.576742 0.388704 0.352238 0.425351 0.584827 0.830082 1.17823

2.97596 2.00365 1.34284 0.939498 0.738039 0.688027 0.750379 0.903294 1.14408 1.48988

3.4885 2.50645 1.8338 1.41731 1.20263 1.14056 1.1931 1.33914 1.57576 1.91915
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3.02939 2.11952 1.53793 1.22661 1.12554 1.17417 1.32926 1.56092 1.85313 2.22921

2.6162 1.70154 1.11259 0.793668 0.683391 0.723214 0.867848 1.08695 1.37017 1.74029

2.31943 1.39881 0.80226 0.475016 0.353606 0.382035 0.515087 0.722598 0.997851 1.36274

2.13913 1.2109 0.606174 0.26805 0.134394 0.151203 0.272092 0.468854 0.736852 1.09724

2.07458 1.13904 0.524444 0.173803 0.0280106 0.0315466 0.140994 0.326795 0.588214 0.944775

2.12658 1.18249 0.557129 0.193952 0.0343532 0.0242515 0.120512 0.297789 0.55327 0.906607

2.29441 1.34122 0.704383 0.327946 0.154341 0.130533 0.214851 0.383342 0.6334 0.984068

2.57769 1.61499 0.966322 0.576742 0.388704 0.352238 0.425351 0.584827 0.830082 1.17823

2.97596 2.00365 1.34284 0.939498 0.738039 0.688027 0.750379 0.903294 1.14408 1.48988

3.4885 2.50645 1.8338 1.41731 1.20263 1.14056 1.1931 1.33914 1.57576 1.91915

2.55862 1.69582 1.16127 0.896575 0.843422 0.966006 1.24947 1.60655 1.9248 2.28492

2.32953 1.45388 0.905531 0.623889 0.548078 0.630926 0.844209 1.13028 1.43698 1.80579

2.16381 1.26841 0.699958 0.397401 0.297587 0.347275 0.50859 0.748594 1.04052 1.41036

2.0806 1.15932 0.566051 0.239963 0.117043 0.140606 0.26802 0.475189 0.751849 1.11792
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Figure 164: Two dimensional profile likelihoods of b of Re(AR‖ ) of B̄ with other amplitude

parameters. The ellipse corresponds to the one standard deviation value provided by HESSE.

Values at -0.5 denote failed fits which need to be rerun with a different starting value.
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3.68159 1.98865 0.892805 0.296294 0.0528002 0.0164663 0.104494 0.296502 0.631404 1.18311

3.4682 1.80716 0.751746 0.207631 0.0235094 0.0460781 0.184225 0.408067 0.753641 1.31105

3.38046 1.74997 0.733644 0.240097 0.11864 0.204894 0.397562 0.652649 1.00041 1.55315

3.41583 1.81442 0.835274 0.391467 0.333741 0.487038 0.739811 1.02884 1.36621 1.90047

3.57204 1.99736 1.05193 0.653867 0.660842 0.88574 1.20699 1.53165 1.8406 2.34195

3.84657 2.29589 1.3794 1.02144 1.09261 1.39419 1.79001 2.15491 2.40648 2.86524

3.91459 2.36066 1.44185 1.07936 1.12826 1.3917 1.74822 2.10752 2.43806 2.95431

3.61452 2.03815 1.08981 0.686459 0.675778 0.872725 1.16434 1.48482 1.83945 2.38777

3.43559 1.83512 0.855474 0.40819 0.33886 0.472782 0.705785 0.99087 1.35323 1.92002

3.37808 1.75245 0.739328 0.24738 0.120901 0.195418 0.375395 0.627292 0.987493 1.561

3.44096 1.78973 0.743815 0.205829 0.0241401 0.0430994 0.174468 0.395205 0.746199 1.31503

3.62384 1.94739 0.867304 0.284324 0.0498573 0.0169766 0.104095 0.294871 0.630401 1.18478

3.92417 2.22328 1.11018 0.483128 0.198087 0.11666 0.163492 0.323242 0.637559 1.17031

4.33886 2.61415 1.46907 0.799707 0.466306 0.3397 0.347455 0.47749 0.763568 1.26977

4.86233 3.11466 1.93934 1.22926 0.85027 0.681084 0.652229 0.749372 1.00255 1.47977

5.48844 3.71685 2.51147 1.76412 1.34253 1.13273 1.06749 1.13007 1.34962 1.79907
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3.91459 2.36066 1.44185 1.07936 1.12826 1.3917 1.74822 2.10752 2.43806 2.95431

3.61452 2.03815 1.08981 0.686459 0.675778 0.872725 1.16434 1.48482 1.83945 2.38777

3.43559 1.83512 0.855474 0.40819 0.33886 0.472782 0.705785 0.99087 1.35323 1.92002

3.37808 1.75245 0.739328 0.24738 0.120901 0.195418 0.375395 0.627292 0.987493 1.561

3.44096 1.78973 0.743815 0.205829 0.0241401 0.0430994 0.174468 0.395205 0.746199 1.31503

3.62384 1.94739 0.867304 0.284324 0.0498573 0.0169766 0.104095 0.294871 0.630401 1.18478

3.92417 2.22328 1.11018 0.483128 0.198087 0.11666 0.163492 0.323242 0.637559 1.17031

4.33886 2.61415 1.46907 0.799707 0.466306 0.3397 0.347455 0.47749 0.763568 1.26977

4.86233 3.11466 1.93934 1.22926 0.85027 0.681084 0.652229 0.749372 1.00255 1.47977

5.48844 3.71685 2.51147 1.76412 1.34253 1.13273 1.06749 1.13007 1.34962 1.79907

3.74895 2.20723 1.29967 0.948904 1.02618 1.32586 1.70511 1.93314 2.05614 2.48297

3.52038 1.95012 1.00969 0.617333 0.628698 0.853513 1.15997 1.39863 1.60661 2.06901

3.39831 1.79614 0.817796 0.376572 0.321349 0.474523 0.715083 0.950148 1.21966 1.71599

3.38728 1.75077 0.731052 0.236932 0.116009 0.201145 0.38469 0.607925 0.915294 1.43833

3.49275 1.82062 0.756771 0.207712 0.0234122 0.0454423 0.178053 0.385467 0.712209 1.25081

3.72054 2.01072 0.90183 0.298378 0.0531481 0.0167882 0.104302 0.292652 0.621776 1.1659

4.07503 2.32719 1.17286 0.515494 0.212033 0.123178 0.168802 0.334509 0.655518 1.19549

4.56004 2.77407 1.57491 0.865112 0.507323 0.368319 0.37517 0.515751 0.819041 1.34743

5.17806 3.35471 2.11158 1.35161 0.94256 0.757372 0.726702 0.838145 1.11659 1.62846

5.93095 4.07049 2.78512 1.97736 1.51893 1.29085 1.22338 1.30159 1.55118 2.04363
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3.74895 2.20723 1.29967 0.948904 1.02618 1.32586 1.70511 1.93314 2.05614 2.48297

3.52038 1.95012 1.00969 0.617333 0.628698 0.853513 1.15997 1.39863 1.60661 2.06901

3.39831 1.79614 0.817796 0.376572 0.321349 0.474523 0.715083 0.950148 1.21966 1.71599

3.38728 1.75077 0.731052 0.236932 0.116009 0.201145 0.38469 0.607925 0.915294 1.43833

3.49275 1.82062 0.756771 0.207712 0.0234122 0.0454423 0.178053 0.385467 0.712209 1.25081

3.72054 2.01072 0.90183 0.298378 0.0531481 0.0167882 0.104302 0.292652 0.621776 1.1659

4.07503 2.32719 1.17286 0.515494 0.212033 0.123178 0.168802 0.334509 0.655518 1.19549

4.56004 2.77407 1.57491 0.865112 0.507323 0.368319 0.37517 0.515751 0.819041 1.34743

5.17806 3.35471 2.11158 1.35161 0.94256 0.757372 0.726702 0.838145 1.11659 1.62846

5.93095 4.07049 2.78512 1.97736 1.51893 1.29085 1.22338 1.30159 1.55118 2.04363

5.49467 3.49159 2.08146 1.24278 0.942473 1.04296 1.33724 1.76398 2.34058 3.12187

4.68384 2.80743 1.52565 0.794772 0.547138 0.623155 0.86329 1.22638 1.73033 2.43439

4.05145 2.27949 1.11108 0.480918 0.278617 0.33321 0.528713 0.835653 1.27345 1.90866

3.61871 1.92358 0.840958 0.283361 0.106973 0.144195 0.305889 0.567413 0.952558 1.53171

3.40198 1.75973 0.728403 0.204756 0.0246703 0.0376884 0.169813 0.398785 0.748733 1.2927

3.4108 1.79998 0.789633 0.260503 0.0455519 0.0144091 0.107886 0.309731 0.642578 1.17762

3.64928 2.05036 1.0336 0.466746 0.188513 0.0899694 0.125911 0.292658 0.619814 1.17292

4.11672 2.51197 1.46517 0.835222 0.472356 0.285074 0.242981 0.358924 0.680235 1.26965

4.81005 3.18297 2.08555 1.37377 0.909499 0.617316 0.480648 0.531482 0.839441 1.47042

5.72535 4.06063 2.89571 2.08607 1.50872 1.10044 0.858083 0.833807 1.1233 1.78994
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5.49467 3.49159 2.08146 1.24278 0.942473 1.04296 1.33724 1.76398 2.34058 3.12187

4.68384 2.80743 1.52565 0.794772 0.547138 0.623155 0.86329 1.22638 1.73033 2.43439

4.05145 2.27949 1.11108 0.480918 0.278617 0.33321 0.528713 0.835653 1.27345 1.90866

3.61871 1.92358 0.840958 0.283361 0.106973 0.144195 0.305889 0.567413 0.952558 1.53171

3.40198 1.75973 0.728403 0.204756 0.0246703 0.0376884 0.169813 0.398785 0.748733 1.2927

3.4108 1.79998 0.789633 0.260503 0.0455519 0.0144091 0.107886 0.309731 0.642578 1.17762

3.64928 2.05036 1.0336 0.466746 0.188513 0.0899694 0.125911 0.292658 0.619814 1.17292

4.11672 2.51197 1.46517 0.835222 0.472356 0.285074 0.242981 0.358924 0.680235 1.26965

4.81005 3.18297 2.08555 1.37377 0.909499 0.617316 0.480648 0.531482 0.839441 1.47042

5.72535 4.06063 2.89571 2.08607 1.50872 1.10044 0.858083 0.833807 1.1233 1.78994

5.35323 3.75849 2.69376 1.99431 1.50971 1.16813 0.96764 0.969805 1.2965 2.03765

4.48723 2.9082 1.8875 1.26679 0.882912 0.647842 0.545058 0.615291 0.951819 1.64867

3.87347 2.29623 1.30089 0.740454 0.441062 0.297606 0.278371 0.403315 0.744186 1.38868

3.50688 1.91606 0.925695 0.402386 0.167255 0.0963108 0.140456 0.306239 0.641204 1.23181

3.37823 1.75698 0.747749 0.234302 0.0381601 0.0165876 0.103966 0.29386 0.619454 1.16486

3.47229 1.80236 0.746832 0.210672 0.0268575 0.0309379 0.14462 0.348666 0.670196 1.19086

3.76834 2.02671 0.8979 0.305758 0.106663 0.121356 0.251644 0.47146 0.804516 1.32796

4.23862 2.40295 1.17533 0.499385 0.264916 0.285518 0.434582 0.681338 1.04529 1.59837

4.85518 2.90632 1.56402 0.79105 0.510587 0.541038 0.720171 1.00751 1.42035 2.02429

5.59796 3.52695 2.06858 1.20005 0.873083 0.921281 1.14143 1.48056 1.95462 2.62453
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5.35323 3.75849 2.69376 1.99431 1.50971 1.16813 0.96764 0.969805 1.2965 2.03765

4.48723 2.9082 1.8875 1.26679 0.882912 0.647842 0.545058 0.615291 0.951819 1.64867

3.87347 2.29623 1.30089 0.740454 0.441062 0.297606 0.278371 0.403315 0.744186 1.38868

3.50688 1.91606 0.925695 0.402386 0.167255 0.0963108 0.140456 0.306239 0.641204 1.23181

3.37823 1.75698 0.747749 0.234302 0.0381601 0.0165876 0.103966 0.29386 0.619454 1.16486

3.47229 1.80236 0.746832 0.210672 0.0268575 0.0309379 0.14462 0.348666 0.670196 1.19086

3.76834 2.02671 0.8979 0.305758 0.106663 0.121356 0.251644 0.47146 0.804516 1.32796

4.23862 2.40295 1.17533 0.499385 0.264916 0.285518 0.434582 0.681338 1.04529 1.59837

4.85518 2.90632 1.56402 0.79105 0.510587 0.541038 0.720171 1.00751 1.42035 2.02429

5.59796 3.52695 2.06858 1.20005 0.873083 0.921281 1.14143 1.48056 1.95462 2.62453

6.55574 4.76294 3.44247 2.46495 1.73124 1.19821 0.867105 0.784046 1.02509 1.62776

5.45474 3.73057 2.50676 1.65309 1.05989 0.669237 0.468941 0.484058 0.761152 1.33531

4.57625 2.90678 1.76621 1.02629 0.563646 0.30542 0.225779 0.329324 0.637453 1.18824

3.9299 2.29658 1.22145 0.579278 0.23332 0.0930202 0.115794 0.290418 0.625786 1.17074

3.52617 1.90812 0.874573 0.307101 0.0570124 0.0137814 0.11728 0.346241 0.712866 1.28414

3.37804 1.75246 0.730235 0.205041 0.0232965 0.0492989 0.212917 0.491733 0.909187 1.5357

3.49907 1.84109 0.794524 0.267216 0.11515 0.188365 0.402811 0.741463 1.22976 1.93509

3.89999 2.18248 1.07165 0.488846 0.324889 0.433332 0.706991 1.12012 1.69483 2.49304

4.58475 2.77769 1.5617 0.876923 0.667726 0.81232 1.1561 1.65314 2.32283 3.22268

5.54741 3.61996 2.26635 1.46003 1.18825 1.3619 1.78142 2.36646 3.13349 4.13679
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6.55574 4.76294 3.44247 2.46495 1.73124 1.19821 0.867105 0.784046 1.02509 1.62776

5.45474 3.73057 2.50676 1.65309 1.05989 0.669237 0.468941 0.484058 0.761152 1.33531

4.57625 2.90678 1.76621 1.02629 0.563646 0.30542 0.225779 0.329324 0.637453 1.18824

3.9299 2.29658 1.22145 0.579278 0.23332 0.0930202 0.115794 0.290418 0.625786 1.17074

3.52617 1.90812 0.874573 0.307101 0.0570124 0.0137814 0.11728 0.346241 0.712866 1.28414

3.37804 1.75246 0.730235 0.205041 0.0232965 0.0492989 0.212917 0.491733 0.909187 1.5357

3.49907 1.84109 0.794524 0.267216 0.11515 0.188365 0.402811 0.741463 1.22976 1.93509

3.89999 2.18248 1.07165 0.488846 0.324889 0.433332 0.706991 1.12012 1.69483 2.49304

4.58475 2.77769 1.5617 0.876923 0.667726 0.81232 1.1561 1.65314 2.32283 3.22268

5.54741 3.61996 2.26635 1.46003 1.18825 1.3619 1.78142 2.36646 3.13349 4.13679

4.69586 3.07019 2.02838 1.44392 1.16156 1.067 1.11128 1.30643 1.69933 2.13119

4.19817 2.57763 1.54643 0.980557 0.721013 0.64653 0.702426 0.89403 1.25887 1.72241

3.81767 2.19913 1.17489 0.624682 0.386994 0.330921 0.397774 0.5856 0.929164 1.42364

3.55459 1.93512 0.914211 0.376603 0.15863 0.12171 0.198858 0.384548 0.717886 1.23705

3.40927 1.7861 0.7649 0.23685 0.0389509 0.021123 0.109603 0.295479 0.623845 1.16346

3.38181 1.75255 0.72797 0.207278 0.0285958 0.0317237 0.131269 0.316688 0.643983 1.20186

3.47264 1.83504 0.804175 0.287409 0.128265 0.152398 0.263493 0.44938 0.774979 1.35046

3.68222 2.03415 0.994644 0.479208 0.338713 0.384225 0.505855 0.689273 1.01287 1.60658

4.00969 2.35024 1.29998 0.782157 0.65737 0.723796 0.854254 1.03203 1.35355 1.96779

4.45611 2.7837 1.7211 1.19575 1.08096 1.16653 1.3032 1.47115 1.79316 2.43145
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4.69586 3.07019 2.02838 1.44392 1.16156 1.067 1.11128 1.30643 1.69933 2.13119

4.19817 2.57763 1.54643 0.980557 0.721013 0.64653 0.702426 0.89403 1.25887 1.72241

3.81767 2.19913 1.17489 0.624682 0.386994 0.330921 0.397774 0.5856 0.929164 1.42364

3.55459 1.93512 0.914211 0.376603 0.15863 0.12171 0.198858 0.384548 0.717886 1.23705

3.40927 1.7861 0.7649 0.23685 0.0389509 0.021123 0.109603 0.295479 0.623845 1.16346

3.38181 1.75255 0.72797 0.207278 0.0285958 0.0317237 0.131269 0.316688 0.643983 1.20186

3.47264 1.83504 0.804175 0.287409 0.128265 0.152398 0.263493 0.44938 0.774979 1.35046

3.68222 2.03415 0.994644 0.479208 0.338713 0.384225 0.505855 0.689273 1.01287 1.60658

4.00969 2.35024 1.29998 0.782157 0.65737 0.723796 0.854254 1.03203 1.35355 1.96779

4.45611 2.7837 1.7211 1.19575 1.08096 1.16653 1.3032 1.47115 1.79316 2.43145

5.07905 3.4013 2.28399 1.61729 1.27678 1.16043 1.21633 1.44118 1.82344 2.32953

4.47042 2.81362 1.7247 1.09236 0.784416 0.691895 0.754884 0.967869 1.33824 1.85991

3.99659 2.3556 1.29169 0.69181 0.416456 0.346993 0.418737 0.622309 0.980595 1.51266

3.65709 2.02704 0.982381 0.412539 0.169759 0.124428 0.204909 0.401656 0.746964 1.28526

3.45118 1.8251 0.79535 0.25123 0.041845 0.0214559 0.110367 0.298232 0.63241 1.17482

3.37784 1.75041 0.72659 0.204342 0.0270178 0.03169 0.130061 0.309309 0.631018 1.17717

3.4371 1.80221 0.776928 0.268179 0.120798 0.15226 0.25722 0.426547 0.735494 1.28812

3.62821 1.98028 0.945013 0.439381 0.317335 0.374664 0.485043 0.640591 0.938837 1.50357

3.95104 2.28453 1.23112 0.715623 0.607428 0.688403 0.801438 0.940314 1.23438 1.82056

4.40448 2.71536 1.63598 1.09669 0.980975 1.07598 1.18686 1.3119 1.61856 2.23768
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5.07905 3.4013 2.28399 1.61729 1.27678 1.16043 1.21633 1.44118 1.82344 2.32953

4.47042 2.81362 1.7247 1.09236 0.784416 0.691895 0.754884 0.967869 1.33824 1.85991

3.99659 2.3556 1.29169 0.69181 0.416456 0.346993 0.418737 0.622309 0.980595 1.51266

3.65709 2.02704 0.982381 0.412539 0.169759 0.124428 0.204909 0.401656 0.746964 1.28526

3.45118 1.8251 0.79535 0.25123 0.041845 0.0214559 0.110367 0.298232 0.63241 1.17482

3.37784 1.75041 0.72659 0.204342 0.0270178 0.03169 0.130061 0.309309 0.631018 1.17717

3.4371 1.80221 0.776928 0.268179 0.120798 0.15226 0.25722 0.426547 0.735494 1.28812

3.62821 1.98028 0.945013 0.439381 0.317335 0.374664 0.485043 0.640591 0.938837 1.50357

3.95104 2.28453 1.23112 0.715623 0.607428 0.688403 0.801438 0.940314 1.23438 1.82056

4.40448 2.71536 1.63598 1.09669 0.980975 1.07598 1.18686 1.3119 1.61856 2.23768

4.71123 3.09846 2.05076 1.46522 1.20215 1.12942 1.17582 1.33432 1.64591 2.17416

4.22097 2.60427 1.56117 0.988562 0.741872 0.682668 0.739232 0.903928 1.21951 1.75205

3.84097 2.22092 1.18352 0.623985 0.393858 0.349341 0.416844 0.58686 0.906371 1.44313

3.57377 1.95047 0.917579 0.372019 0.158874 0.128964 0.207237 0.383643 0.706987 1.24675

3.41927 1.79353 0.765751 0.233419 0.0378712 0.022465 0.111138 0.294139 0.621536 1.16473

3.37879 1.75083 0.727866 0.208437 0.0294582 0.0293395 0.128354 0.318075 0.649874 1.19714

3.45291 1.82298 0.804471 0.297185 0.134882 0.150117 0.258581 0.45565 0.792017 1.34385

3.64194 2.01023 0.99581 0.499705 0.353236 0.381943 0.501101 0.704477 1.0471 1.60469

3.94607 2.31275 1.30179 0.815753 0.6844 0.726773 0.855611 1.06574 1.41518 1.97947

4.36519 2.7304 1.7223 1.245 1.12754 1.1831 1.32127 1.53821 1.89561 2.46782
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Figure 165: Two dimensional profile likelihoods of c of Re(AR‖ ) of B̄ with other amplitude

parameters. The ellipse corresponds to the one standard deviation value provided by HESSE.

Values at -0.5 denote failed fits which need to be rerun with a different starting value.
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28.0432 17.3204 9.74567 4.97479 2.31278 0.73204 0.119909 0.795478 2.71728 6.21341

15.9509 8.81986 4.42134 2.01213 0.556694 0.011783 0.593252 2.36323 5.76504 11.6272

8.17734 4.10954 1.9118 0.532352 0.0128914 0.490104 2.13052 5.49303 11.4752 20.8576

4.02459 1.98131 0.631464 0.106531 0.487405 2.02501 5.42122 11.6205 21.3377 35.0075

2.18648 0.835943 0.286149 0.5843 2.05932 5.58376 12.1023 22.2204 36.294 54.5394

1.13267 0.547501 0.780306 2.25739 6.02344 12.9491 23.5142 38.0094 56.6353 79.5645

0.889177 1.08019 2.6582 6.78215 14.1776 25.2186 40.1488 59.1624 82.4388 110.142
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92.0382 69.7622 51.0248 35.6414 23.4749 14.4137 8.27351 4.6061 2.43019 1.36937

65.9889 47.6843 32.7589 21.0802 12.5294 6.88007 3.59371 1.64542 0.765864 1.48965

44.6982 30.2246 19.0285 10.9767 5.78749 2.83431 1.08617 0.359788 1.09614 3.19055

28.0432 17.3204 9.74567 4.97479 2.31278 0.73204 0.119909 0.795478 2.71728 6.21341

15.9509 8.81986 4.42134 2.01213 0.556694 0.011783 0.593252 2.36323 5.76504 11.6272

8.17734 4.10954 1.9118 0.532352 0.0128914 0.490104 2.13052 5.49303 11.4752 20.8576

4.02459 1.98131 0.631464 0.106531 0.487405 2.02501 5.42122 11.6205 21.3377 35.0075

2.18648 0.835943 0.286149 0.5843 2.05932 5.58376 12.1023 22.2204 36.294 54.5394

1.13267 0.547501 0.780306 2.25739 6.02344 12.9491 23.5142 38.0094 56.6353 79.5645

0.889177 1.08019 2.6582 6.78215 14.1776 25.2186 40.1488 59.1624 82.4388 110.142

2.10462 1.76419 1.49059 1.29322 1.17769 1.15418 1.25342 1.49423 1.88993 2.45331

1.67931 1.32622 1.04162 0.833528 0.710634 0.688934 0.781443 1.00841 1.38424 1.92299

1.3365 0.981556 0.696024 0.488245 0.366804 0.343995 0.435463 0.653162 1.01355 1.53139

1.0827 0.731716 0.4538 0.25451 0.14099 0.12363 0.214412 0.428428 0.777917 1.27894

0.927579 0.583645 0.316056 0.128852 0.0279283 0.0208796 0.117912 0.332062 0.675185 1.16431

0.87581 0.539962 0.282947 0.109826 0.0228238 0.0299775 0.138364 0.357833 0.702191 1.18426

0.928206 0.599744 0.35392 0.19366 0.121941 0.14502 0.267986 0.499816 0.850179 1.33287

1.08332 0.762919 0.527237 0.378891 0.322222 0.360934 0.500961 0.748584 1.11147 1.60117

1.34056 1.02701 0.800002 0.662621 0.618487 0.672686 0.82999 1.09546 1.47654 1.97952

1.69707 1.38942 1.16972 1.04061 1.00634 1.07327 1.24682 1.5324 1.93527 2.45913
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2.10462 1.76419 1.49059 1.29322 1.17769 1.15418 1.25342 1.49423 1.88993 2.45331

1.67931 1.32622 1.04162 0.833528 0.710634 0.688934 0.781443 1.00841 1.38424 1.92299

1.3365 0.981556 0.696024 0.488245 0.366804 0.343995 0.435463 0.653162 1.01355 1.53139

1.0827 0.731716 0.4538 0.25451 0.14099 0.12363 0.214412 0.428428 0.777917 1.27894

0.927579 0.583645 0.316056 0.128852 0.0279283 0.0208796 0.117912 0.332062 0.675185 1.16431

0.87581 0.539962 0.282947 0.109826 0.0228238 0.0299775 0.138364 0.357833 0.702191 1.18426

0.928206 0.599744 0.35392 0.19366 0.121941 0.14502 0.267986 0.499816 0.850179 1.33287

1.08332 0.762919 0.527237 0.378891 0.322222 0.360934 0.500961 0.748584 1.11147 1.60117

1.34056 1.02701 0.800002 0.662621 0.618487 0.672686 0.82999 1.09546 1.47654 1.97952

1.69707 1.38942 1.16972 1.04061 1.00634 1.07327 1.24682 1.5324 1.93527 2.45913

1.73217 1.42884 1.21419 1.09069 1.06181 1.13158 1.30538 1.58782 1.985 2.50278

1.35977 1.04762 0.822655 0.687272 0.64461 0.699053 0.855127 1.11855 1.49698 1.99831

1.09305 0.772477 0.536904 0.388813 0.33171 0.36992 0.50876 0.755337 1.11719 1.6073

0.932034 0.603394 0.357253 0.196229 0.124326 0.146436 0.268887 0.50051 0.850598 1.33455

0.876093 0.540374 0.283881 0.109998 0.0229481 0.0301423 0.13788 0.357435 0.702134 1.18523

0.921838 0.580101 0.314465 0.128169 0.0278728 0.0210367 0.117893 0.332019 0.675273 1.16324

1.06644 0.720648 0.447103 0.250719 0.138919 0.122782 0.212276 0.424361 0.771961 1.26979

1.30209 0.955334 0.677916 0.475235 0.356254 0.332569 0.421572 0.636049 0.990487 1.50354

1.61555 1.27376 0.99928 0.798287 0.67782 0.652054 0.741357 0.961674 1.32923 1.85989

1.99407 1.664 1.40308 1.21649 1.1005 1.07146 1.16441 1.39649 1.78179 2.3341
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1.73217 1.42884 1.21419 1.09069 1.06181 1.13158 1.30538 1.58782 1.985 2.50278

1.35977 1.04762 0.822655 0.687272 0.64461 0.699053 0.855127 1.11855 1.49698 1.99831

1.09305 0.772477 0.536904 0.388813 0.33171 0.36992 0.50876 0.755337 1.11719 1.6073

0.932034 0.603394 0.357253 0.196229 0.124326 0.146436 0.268887 0.50051 0.850598 1.33455

0.876093 0.540374 0.283881 0.109998 0.0229481 0.0301423 0.13788 0.357435 0.702134 1.18523

0.921838 0.580101 0.314465 0.128169 0.0278728 0.0210367 0.117893 0.332019 0.675273 1.16324

1.06644 0.720648 0.447103 0.250719 0.138919 0.122782 0.212276 0.424361 0.771961 1.26979

1.30209 0.955334 0.677916 0.475235 0.356254 0.332569 0.421572 0.636049 0.990487 1.50354

1.61555 1.27376 0.99928 0.798287 0.67782 0.652054 0.741357 0.961674 1.32923 1.85989

1.99407 1.664 1.40308 1.21649 1.1005 1.07146 1.16441 1.39649 1.78179 2.3341

1.66792 1.35172 1.12194 0.981336 0.93474 0.988289 1.147 1.41448 1.79366 2.28859

1.33571 1.01683 0.783241 0.637659 0.584128 0.62736 0.771782 1.02158 1.38345 1.86579

1.08902 0.765987 0.526626 0.373419 0.310062 0.340832 0.471072 0.706109 1.05487 1.52897

0.933654 0.605137 0.3581 0.195368 0.120561 0.138444 0.254925 0.478436 0.818834 1.29146

0.87612 0.540255 0.284902 0.110607 0.0233859 0.0291857 0.134133 0.350053 0.690218 1.17004

0.92107 0.577563 0.311555 0.126038 0.0279679 0.0218069 0.120442 0.33667 0.682893 1.17671

1.07398 0.722328 0.445989 0.250009 0.141718 0.129643 0.227186 0.449481 0.80802 1.32092

1.33738 0.979099 0.694774 0.491047 0.376496 0.363301 0.464863 0.696234 1.0729 1.60791

1.71207 1.35123 1.06366 0.857501 0.741669 0.73041 0.839456 1.08571 1.4807 2.04024

2.19947 1.84283 1.55993 1.35652 1.24256 1.23426 1.35285 1.61507 2.03228 2.61851
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1.66792 1.35172 1.12194 0.981336 0.93474 0.988289 1.147 1.41448 1.79366 2.28859

1.33571 1.01683 0.783241 0.637659 0.584128 0.62736 0.771782 1.02158 1.38345 1.86579

1.08902 0.765987 0.526626 0.373419 0.310062 0.340832 0.471072 0.706109 1.05487 1.52897

0.933654 0.605137 0.3581 0.195368 0.120561 0.138444 0.254925 0.478436 0.818834 1.29146

0.87612 0.540255 0.284902 0.110607 0.0233859 0.0291857 0.134133 0.350053 0.690218 1.17004

0.92107 0.577563 0.311555 0.126038 0.0279679 0.0218069 0.120442 0.33667 0.682893 1.17671

1.07398 0.722328 0.445989 0.250009 0.141718 0.129643 0.227186 0.449481 0.80802 1.32092

1.33738 0.979099 0.694774 0.491047 0.376496 0.363301 0.464863 0.696234 1.0729 1.60791

1.71207 1.35123 1.06366 0.857501 0.741669 0.73041 0.839456 1.08571 1.4807 2.04024

2.19947 1.84283 1.55993 1.35652 1.24256 1.23426 1.35285 1.61507 2.03228 2.61851

1.8845 1.47677 1.18164 1.00101 0.937876 0.996711 1.1813 1.50023 1.96201 2.57489

1.55975 1.13792 0.828084 0.630176 0.546628 0.579369 0.736215 1.02178 1.44785 2.02532

1.30835 0.891073 0.581451 0.377991 0.282155 0.296877 0.428969 0.685811 1.08095 1.62587

1.07241 0.688626 0.400552 0.207809 0.111331 0.117287 0.232402 0.469493 0.839571 1.35794

0.912346 0.561882 0.296092 0.115886 0.0235267 0.0255259 0.131618 0.35389 0.706147 1.20496

0.880924 0.549222 0.29396 0.117036 0.0227994 0.0188698 0.116451 0.328879 0.669865 1.15621

0.97931 0.653124 0.394343 0.209425 0.10585 0.093912 0.185859 0.392434 0.728795 1.20702

1.15813 0.829862 0.562668 0.36935 0.260238 0.246441 0.338225 0.546528 0.883172 1.36078

1.30035 1.00376 0.75919 0.582148 0.486767 0.484681 0.586439 0.80341 1.14594 1.62661

1.52293 1.25175 1.03702 0.887819 0.816548 0.833462 0.951726 1.18053 1.53216 2.01839
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1.8845 1.47677 1.18164 1.00101 0.937876 0.996711 1.1813 1.50023 1.96201 2.57489

1.55975 1.13792 0.828084 0.630176 0.546628 0.579369 0.736215 1.02178 1.44785 2.02532

1.30835 0.891073 0.581451 0.377991 0.282155 0.296877 0.428969 0.685811 1.08095 1.62587

1.07241 0.688626 0.400552 0.207809 0.111331 0.117287 0.232402 0.469493 0.839571 1.35794

0.912346 0.561882 0.296092 0.115886 0.0235267 0.0255259 0.131618 0.35389 0.706147 1.20496

0.880924 0.549222 0.29396 0.117036 0.0227994 0.0188698 0.116451 0.328879 0.669865 1.15621

0.97931 0.653124 0.394343 0.209425 0.10585 0.093912 0.185859 0.392434 0.728795 1.20702

1.15813 0.829862 0.562668 0.36935 0.260238 0.246441 0.338225 0.546528 0.883172 1.36078

1.30035 1.00376 0.75919 0.582148 0.486767 0.484681 0.586439 0.80341 1.14594 1.62661

1.52293 1.25175 1.03702 0.887819 0.816548 0.833462 0.951726 1.18053 1.53216 2.01839

1.59477 1.33413 1.13093 0.994542 0.937256 0.970989 1.10608 1.35305 1.72274 2.22761

1.32781 1.03728 0.799586 0.632684 0.549487 0.561232 0.677971 0.910605 1.26834 1.76368

1.1357 0.81725 0.562328 0.380878 0.284774 0.282655 0.386455 0.606615 0.954959 1.44346

0.941453 0.622388 0.37476 0.201496 0.108593 0.106341 0.205707 0.420352 0.763265 1.24773

0.875616 0.540997 0.286228 0.11173 0.0214609 0.0209348 0.12135 0.335451 0.676909 1.16117

0.944191 0.581485 0.307582 0.12122 0.0250096 0.0231727 0.124472 0.340982 0.686981 1.17801

1.10925 0.713539 0.415477 0.213529 0.10921 0.106022 0.211818 0.43625 0.792717 1.29714

1.3083 0.891042 0.577826 0.368688 0.264298 0.267698 0.385407 0.627234 1.00359 1.52916

1.52012 1.10423 0.795949 0.594203 0.502638 0.524326 0.665571 0.932618 1.3374 1.89196

1.80178 1.40232 1.11104 0.928979 0.860485 0.908159 1.07954 1.37937 1.81773 2.40763
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1.59477 1.33413 1.13093 0.994542 0.937256 0.970989 1.10608 1.35305 1.72274 2.22761

1.32781 1.03728 0.799586 0.632684 0.549487 0.561232 0.677971 0.910605 1.26834 1.76368

1.1357 0.81725 0.562328 0.380878 0.284774 0.282655 0.386455 0.606615 0.954959 1.44346

0.941453 0.622388 0.37476 0.201496 0.108593 0.106341 0.205707 0.420352 0.763265 1.24773

0.875616 0.540997 0.286228 0.11173 0.0214609 0.0209348 0.12135 0.335451 0.676909 1.16117

0.944191 0.581485 0.307582 0.12122 0.0250096 0.0231727 0.124472 0.340982 0.686981 1.17801

1.10925 0.713539 0.415477 0.213529 0.10921 0.106022 0.211818 0.43625 0.792717 1.29714

1.3083 0.891042 0.577826 0.368688 0.264298 0.267698 0.385407 0.627234 1.00359 1.52916

1.52012 1.10423 0.795949 0.594203 0.502638 0.524326 0.665571 0.932618 1.3374 1.89196

1.80178 1.40232 1.11104 0.928979 0.860485 0.908159 1.07954 1.37937 1.81773 2.40763

1.50394 1.23025 1.01367 0.861633 0.784576 0.793946 0.901073 1.11868 1.45861 1.93383

1.2895 0.992804 0.747345 0.5667 0.464617 0.453759 0.544782 0.750486 1.08248 1.5534

1.17116 0.844399 0.571992 0.370452 0.252477 0.229409 0.311154 0.510194 0.838547 1.30921

1.02438 0.690178 0.419249 0.222011 0.108003 0.0873742 0.171587 0.373255 0.705208 1.18191

0.899365 0.567464 0.307248 0.124742 0.0249222 0.0174837 0.113624 0.326753 0.670751 1.16089

0.888322 0.547041 0.287672 0.11154 0.022824 0.0296218 0.142011 0.372177 0.73454 1.24549

1.03319 0.665192 0.38957 0.206938 0.120774 0.137783 0.267302 0.519755 0.907993 1.44541

1.32707 0.914 0.609874 0.413679 0.329347 0.358629 0.508615 0.789806 1.20921 1.77935

1.67618 1.24654 0.93501 0.741981 0.668399 0.718041 0.895339 1.20737 1.6632 2.27071

2.13537 1.7173 1.41863 1.24152 1.18818 1.26291 1.47009 1.81585 2.30858 2.95546
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1.50394 1.23025 1.01367 0.861633 0.784576 0.793946 0.901073 1.11868 1.45861 1.93383

1.2895 0.992804 0.747345 0.5667 0.464617 0.453759 0.544782 0.750486 1.08248 1.5534

1.17116 0.844399 0.571992 0.370452 0.252477 0.229409 0.311154 0.510194 0.838547 1.30921

1.02438 0.690178 0.419249 0.222011 0.108003 0.0873742 0.171587 0.373255 0.705208 1.18191

0.899365 0.567464 0.307248 0.124742 0.0249222 0.0174837 0.113624 0.326753 0.670751 1.16089

0.888322 0.547041 0.287672 0.11154 0.022824 0.0296218 0.142011 0.372177 0.73454 1.24549

1.03319 0.665192 0.38957 0.206938 0.120774 0.137783 0.267302 0.519755 0.907993 1.44541

1.32707 0.914 0.609874 0.413679 0.329347 0.358629 0.508615 0.789806 1.20921 1.77935

1.67618 1.24654 0.93501 0.741981 0.668399 0.718041 0.895339 1.20737 1.6632 2.27071

2.13537 1.7173 1.41863 1.24152 1.18818 1.26291 1.47009 1.81585 2.30858 2.95546

1.30062 1.11323 1.04121 1.09062 1.26454 1.56409 1.99207 2.55874 3.27069 4.14493

1.04477 0.8003 0.663802 0.643468 0.744714 0.971304 1.32768 1.82422 2.46958 3.27847

0.90593 0.611848 0.418205 0.332443 0.364605 0.520528 0.807002 1.23509 1.81369 2.55765

0.879666 0.540579 0.297113 0.154587 0.123408 0.212883 0.431242 0.792106 1.30613 1.98571

0.962679 0.582873 0.295524 0.104953 0.0183388 0.0462649 0.200909 0.496084 0.945173 1.56109

1.15339 0.736229 0.409887 0.176882 0.0434155 0.0179731 0.113078 0.34717 0.733424 1.28689

1.45204 0.998595 0.635652 0.365156 0.191187 0.120881 0.16637 0.343839 0.670629 1.16406

1.85796 1.36982 0.972798 0.667148 0.457772 0.350121 0.353544 0.483113 0.755652 1.19138

2.37133 1.84943 1.41891 1.08045 0.8389 0.698954 0.668515 0.759155 0.985489 1.36847

2.99086 2.43573 1.97305 1.60356 1.3323 1.16369 1.10468 1.16368 1.35449 1.69288
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1.30062 1.11323 1.04121 1.09062 1.26454 1.56409 1.99207 2.55874 3.27069 4.14493

1.04477 0.8003 0.663802 0.643468 0.744714 0.971304 1.32768 1.82422 2.46958 3.27847

0.90593 0.611848 0.418205 0.332443 0.364605 0.520528 0.807002 1.23509 1.81369 2.55765

0.879666 0.540579 0.297113 0.154587 0.123408 0.212883 0.431242 0.792106 1.30613 1.98571

0.962679 0.582873 0.295524 0.104953 0.0183388 0.0462649 0.200909 0.496084 0.945173 1.56109

1.15339 0.736229 0.409887 0.176882 0.0434155 0.0179731 0.113078 0.34717 0.733424 1.28689

1.45204 0.998595 0.635652 0.365156 0.191187 0.120881 0.16637 0.343839 0.670629 1.16406

1.85796 1.36982 0.972798 0.667148 0.457772 0.350121 0.353544 0.483113 0.755652 1.19138

2.37133 1.84943 1.41891 1.08045 0.8389 0.698954 0.668515 0.759155 0.985489 1.36847

2.99086 2.43573 1.97305 1.60356 1.3323 1.16369 1.10468 1.16368 1.35449 1.69288

3.12967 2.55355 2.07244 1.6892 1.40576 1.22699 1.15888 1.21058 1.39606 1.73116

2.48012 1.93598 1.48704 1.13423 0.880548 0.731026 0.693074 0.778714 1.00219 1.38396

1.94149 1.43225 1.0173 0.698094 0.477948 0.362552 0.361104 0.488363 0.759609 1.19445

1.51417 1.04212 0.663939 0.381787 0.199304 0.123765 0.166398 0.343824 0.67054 1.16329

1.19674 0.763401 0.424705 0.183319 0.0451526 0.0169812 0.114273 0.348557 0.736024 1.28985

0.988264 0.596139 0.300651 0.105502 0.0177664 0.0470238 0.20538 0.504042 0.955896 1.57314

0.886703 0.539839 0.292359 0.149724 0.121921 0.21786 0.442862 0.809937 1.32625 2.00939

0.891969 0.594161 0.399711 0.319185 0.360061 0.52826 0.826873 1.26226 1.84899 2.5988

1.00461 0.759734 0.627452 0.616556 0.732968 0.979899 1.35543 1.86346 2.51996 3.3363

1.22663 1.04214 0.978481 1.04273 1.23867 1.56845 2.02797 2.60852 3.33297 4.21319
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3.12967 2.55355 2.07244 1.6892 1.40576 1.22699 1.15888 1.21058 1.39606 1.73116

2.48012 1.93598 1.48704 1.13423 0.880548 0.731026 0.693074 0.778714 1.00219 1.38396

1.94149 1.43225 1.0173 0.698094 0.477948 0.362552 0.361104 0.488363 0.759609 1.19445

1.51417 1.04212 0.663939 0.381787 0.199304 0.123765 0.166398 0.343824 0.67054 1.16329

1.19674 0.763401 0.424705 0.183319 0.0451526 0.0169812 0.114273 0.348557 0.736024 1.28985

0.988264 0.596139 0.300651 0.105502 0.0177664 0.0470238 0.20538 0.504042 0.955896 1.57314

0.886703 0.539839 0.292359 0.149724 0.121921 0.21786 0.442862 0.809937 1.32625 2.00939

0.891969 0.594161 0.399711 0.319185 0.360061 0.52826 0.826873 1.26226 1.84899 2.5988

1.00461 0.759734 0.627452 0.616556 0.732968 0.979899 1.35543 1.86346 2.51996 3.3363

1.22663 1.04214 0.978481 1.04273 1.23867 1.56845 2.02797 2.60852 3.33297 4.21319

2.20457 1.8268 1.52498 1.30389 1.16936 1.13002 1.19694 1.38281 1.70088 2.16405

1.71395 1.345 1.05323 0.841513 0.715642 0.68454 0.758699 0.950397 1.27382 1.74235

1.33501 0.975524 0.692878 0.491655 0.37418 0.351746 0.433205 0.631198 0.960077 1.43426

1.06909 0.718259 0.444692 0.252659 0.145654 0.130719 0.2205 0.425288 0.760069 1.2399

0.916359 0.573918 0.30956 0.125897 0.0284757 0.023115 0.120251 0.332876 0.673738 1.15799

0.87693 0.542971 0.28739 0.112804 0.0244004 0.0281314 0.13362 0.353498 0.700806 1.19204

0.952111 0.624295 0.376398 0.211046 0.132081 0.145427 0.259525 0.486449 0.841094 1.3366

1.14144 0.820101 0.579695 0.422472 0.352412 0.374606 0.497517 0.732384 1.0927 1.59511

1.44484 1.12942 0.895793 0.746223 0.684376 0.715374 0.846725 1.08952 1.45675 1.9646

1.86205 1.5519 1.32444 1.18198 1.12783 1.16702 1.30665 1.55698 1.93135 2.4451
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2.20457 1.8268 1.52498 1.30389 1.16936 1.13002 1.19694 1.38281 1.70088 2.16405

1.71395 1.345 1.05323 0.841513 0.715642 0.68454 0.758699 0.950397 1.27382 1.74235

1.33501 0.975524 0.692878 0.491655 0.37418 0.351746 0.433205 0.631198 0.960077 1.43426

1.06909 0.718259 0.444692 0.252659 0.145654 0.130719 0.2205 0.425288 0.760069 1.2399

0.916359 0.573918 0.30956 0.125897 0.0284757 0.023115 0.120251 0.332876 0.673738 1.15799

0.87693 0.542971 0.28739 0.112804 0.0244004 0.0281314 0.13362 0.353498 0.700806 1.19204

0.952111 0.624295 0.376398 0.211046 0.132081 0.145427 0.259525 0.486449 0.841094 1.3366

1.14144 0.820101 0.579695 0.422472 0.352412 0.374606 0.497517 0.732384 1.0927 1.59511

1.44484 1.12942 0.895793 0.746223 0.684376 0.715374 0.846725 1.08952 1.45675 1.9646

1.86205 1.5519 1.32444 1.18198 1.12783 1.16702 1.30665 1.55698 1.93135 2.4451

1.84971 1.5459 1.32281 1.18237 1.12883 1.1637 1.29815 1.54242 1.90971 2.41632

1.43721 1.12622 0.895527 0.7472 0.685525 0.712787 0.840636 1.07807 1.43995 1.94244

1.13734 0.81882 0.580127 0.424553 0.352597 0.373161 0.493034 0.723968 1.08085 1.57912

0.950645 0.624809 0.377019 0.212675 0.132362 0.144587 0.257505 0.481749 0.833222 1.326

0.877492 0.542903 0.287362 0.113068 0.0245988 0.0277313 0.134307 0.351635 0.697804 1.18633

0.916969 0.573713 0.308308 0.125294 0.0283046 0.0234 0.121008 0.333689 0.674855 1.15931

1.06895 0.716182 0.443075 0.25053 0.145042 0.131414 0.222647 0.428044 0.765012 1.2452

1.3332 0.971911 0.689046 0.487347 0.372575 0.351815 0.435173 0.635786 0.968118 1.44436

1.70876 1.33854 1.04595 0.835684 0.712337 0.683904 0.760843 0.956153 1.28327 1.75591

2.19444 1.81472 1.51357 1.29448 1.16302 1.12736 1.19834 1.38873 1.7115 2.17976
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1.84971 1.5459 1.32281 1.18237 1.12883 1.1637 1.29815 1.54242 1.90971 2.41632

1.43721 1.12622 0.895527 0.7472 0.685525 0.712787 0.840636 1.07807 1.43995 1.94244

1.13734 0.81882 0.580127 0.424553 0.352597 0.373161 0.493034 0.723968 1.08085 1.57912

0.950645 0.624809 0.377019 0.212675 0.132362 0.144587 0.257505 0.481749 0.833222 1.326

0.877492 0.542903 0.287362 0.113068 0.0245988 0.0277313 0.134307 0.351635 0.697804 1.18633

0.916969 0.573713 0.308308 0.125294 0.0283046 0.0234 0.121008 0.333689 0.674855 1.15931

1.06895 0.716182 0.443075 0.25053 0.145042 0.131414 0.222647 0.428044 0.765012 1.2452

1.3332 0.971911 0.689046 0.487347 0.372575 0.351815 0.435173 0.635786 0.968118 1.44436

1.70876 1.33854 1.04595 0.835684 0.712337 0.683904 0.760843 0.956153 1.28327 1.75591

2.19444 1.81472 1.51357 1.29448 1.16302 1.12736 1.19834 1.38873 1.7115 2.17976

1.86225 1.54897 1.31976 1.17735 1.12453 1.16635 1.30859 1.56095 1.93412 2.44576

1.44326 1.12594 0.891535 0.742761 0.682069 0.715542 0.848614 1.09199 1.45807 1.96361

1.13936 0.817157 0.576567 0.420059 0.35123 0.375043 0.499769 0.733467 1.09298 1.59285

0.950551 0.622439 0.374691 0.209855 0.131798 0.146429 0.26085 0.486822 0.839867 1.33454

0.877399 0.542457 0.286881 0.112537 0.0246228 0.0283354 0.135365 0.353495 0.699959 1.18993

0.918415 0.575502 0.31049 0.126406 0.0286367 0.022985 0.120277 0.333038 0.674209 1.15886

1.07425 0.722018 0.447559 0.253458 0.145354 0.130821 0.220457 0.427195 0.76403 1.2454

1.345 0.982765 0.698106 0.493694 0.375847 0.353785 0.435601 0.637407 0.970345 1.4486

1.72982 1.35743 1.06193 0.847416 0.72029 0.689521 0.766432 0.963398 1.29324 1.76742

2.22911 1.84611 1.53925 1.31488 1.17912 1.14158 1.21355 1.40672 1.73396 2.20513
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1.86225 1.54897 1.31976 1.17735 1.12453 1.16635 1.30859 1.56095 1.93412 2.44576

1.44326 1.12594 0.891535 0.742761 0.682069 0.715542 0.848614 1.09199 1.45807 1.96361

1.13936 0.817157 0.576567 0.420059 0.35123 0.375043 0.499769 0.733467 1.09298 1.59285

0.950551 0.622439 0.374691 0.209855 0.131798 0.146429 0.26085 0.486822 0.839867 1.33454

0.877399 0.542457 0.286881 0.112537 0.0246228 0.0283354 0.135365 0.353495 0.699959 1.18993

0.918415 0.575502 0.31049 0.126406 0.0286367 0.022985 0.120277 0.333038 0.674209 1.15886

1.07425 0.722018 0.447559 0.253458 0.145354 0.130821 0.220457 0.427195 0.76403 1.2454

1.345 0.982765 0.698106 0.493694 0.375847 0.353785 0.435601 0.637407 0.970345 1.4486

1.72982 1.35743 1.06193 0.847416 0.72029 0.689521 0.766432 0.963398 1.29324 1.76742

2.22911 1.84611 1.53925 1.31488 1.17912 1.14158 1.21355 1.40672 1.73396 2.20513

1.4801 1.20365 0.999897 0.875226 0.840329 0.908084 1.08969 1.3949 1.83139 2.40738

1.23312 0.948302 0.735524 0.599576 0.547987 0.592883 0.746152 1.01755 1.41898 1.96077

1.03732 0.738668 0.51382 0.365434 0.299143 0.324551 0.454173 0.699199 1.07366 1.58994

0.912446 0.597191 0.358227 0.196848 0.117948 0.12866 0.240857 0.467602 0.823066 1.32167

0.876437 0.539634 0.285275 0.111715 0.0233995 0.0245748 0.127053 0.344415 0.68916 1.17673

0.946489 0.584009 0.310018 0.124141 0.0280041 0.0262509 0.12827 0.342614 0.685967 1.17158

1.14033 0.747405 0.450534 0.249777 0.146619 0.145758 0.251836 0.474667 0.826423 1.31949

1.47615 1.04936 0.726047 0.50752 0.396238 0.397002 0.512842 0.750805 1.11938 1.63114

1.97156 1.5098 1.15916 0.921975 0.801324 0.802465 0.927429 1.18344 1.57423 2.11113

2.64131 2.14677 1.7706 1.51622 1.3872 1.3878 1.52187 1.79363 2.20955 2.77474

)L Re(Aα B
0 0.1 0.2 0.3

)
L 00

 I
m

(A
α 

B

-0.08

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

0.08

0.1

N
L

L
∆

-1

-0.5

0

0.5

1

1.5

2

2.5

3

1.4801 1.20365 0.999897 0.875226 0.840329 0.908084 1.08969 1.3949 1.83139 2.40738

1.23312 0.948302 0.735524 0.599576 0.547987 0.592883 0.746152 1.01755 1.41898 1.96077

1.03732 0.738668 0.51382 0.365434 0.299143 0.324551 0.454173 0.699199 1.07366 1.58994

0.912446 0.597191 0.358227 0.196848 0.117948 0.12866 0.240857 0.467602 0.823066 1.32167

0.876437 0.539634 0.285275 0.111715 0.0233995 0.0245748 0.127053 0.344415 0.68916 1.17673

0.946489 0.584009 0.310018 0.124141 0.0280041 0.0262509 0.12827 0.342614 0.685967 1.17158

1.14033 0.747405 0.450534 0.249777 0.146619 0.145758 0.251836 0.474667 0.826423 1.31949

1.47615 1.04936 0.726047 0.50752 0.396238 0.397002 0.512842 0.750805 1.11938 1.63114

1.97156 1.5098 1.15916 0.921975 0.801324 0.802465 0.927429 1.18344 1.57423 2.11113

2.64131 2.14677 1.7706 1.51622 1.3872 1.3878 1.52187 1.79363 2.20955 2.77474

1.52917 1.28429 1.10071 0.982234 0.943741 1.00145 1.16951 1.45937 1.88217 2.44863

1.18562 0.924557 0.73883 0.624334 0.586986 0.639114 0.796449 1.07128 1.4766 2.02417

0.970063 0.681711 0.476207 0.351162 0.307562 0.35142 0.49583 0.755833 1.14437 1.67496

0.879174 0.5566 0.322389 0.174494 0.113592 0.144304 0.274827 0.519838 0.892644 1.40777

0.909892 0.55188 0.282868 0.105517 0.0194525 0.0301383 0.144514 0.373198 0.731074 1.23244

1.05803 0.665995 0.362128 0.150536 0.0359329 0.0210975 0.114932 0.327449 0.670577 1.15774

1.31874 0.896181 0.559593 0.315573 0.168386 0.127371 0.198054 0.390923 0.718283 1.19222

1.68571 1.23909 0.874699 0.600505 0.424417 0.355168 0.401654 0.575206 0.885921 1.34524

2.1544 1.69336 1.3083 1.00955 0.8086 0.714894 0.738864 0.89188 1.18492 1.62841

2.72777 2.26239 1.86535 1.55025 1.33009 1.21649 1.22101 1.35464 1.62991 2.05835
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1.52917 1.28429 1.10071 0.982234 0.943741 1.00145 1.16951 1.45937 1.88217 2.44863

1.18562 0.924557 0.73883 0.624334 0.586986 0.639114 0.796449 1.07128 1.4766 2.02417

0.970063 0.681711 0.476207 0.351162 0.307562 0.35142 0.49583 0.755833 1.14437 1.67496

0.879174 0.5566 0.322389 0.174494 0.113592 0.144304 0.274827 0.519838 0.892644 1.40777

0.909892 0.55188 0.282868 0.105517 0.0194525 0.0301383 0.144514 0.373198 0.731074 1.23244

1.05803 0.665995 0.362128 0.150536 0.0359329 0.0210975 0.114932 0.327449 0.670577 1.15774

1.31874 0.896181 0.559593 0.315573 0.168386 0.127371 0.198054 0.390923 0.718283 1.19222

1.68571 1.23909 0.874699 0.600505 0.424417 0.355168 0.401654 0.575206 0.885921 1.34524

2.1544 1.69336 1.3083 1.00955 0.8086 0.714894 0.738864 0.89188 1.18492 1.62841

2.72777 2.26239 1.86535 1.55025 1.33009 1.21649 1.22101 1.35464 1.62991 2.05835

2.0167 1.55556 1.18509 0.911854 0.742008 0.682374 0.741236 0.923335 1.23467 1.68352

1.67627 1.24057 0.888881 0.635332 0.48665 0.447423 0.52263 0.71648 1.0354 1.48655

1.3619 0.960218 0.640254 0.412159 0.283294 0.258831 0.341597 0.537624 0.855898 1.31173

1.10969 0.736829 0.444731 0.239602 0.12632 0.110954 0.197903 0.397241 0.722607 1.18946

0.938464 0.587305 0.31624 0.128918 0.0293632 0.0230413 0.119597 0.329143 0.670138 1.15762

0.875597 0.540663 0.284828 0.11028 0.0231937 0.027447 0.13722 0.364955 0.728307 1.24193

0.957203 0.632094 0.385731 0.220761 0.14325 0.161323 0.288752 0.539366 0.927919 1.46702

1.2214 0.900864 0.659929 0.502469 0.434394 0.466904 0.613641 0.88702 1.29895 1.86024

1.70222 1.38443 1.14786 0.995783 0.938473 0.986019 1.15115 1.44427 1.87518 2.45284

2.42951 2.11558 1.88397 1.74013 1.69431 1.75703 1.9382 2.24678 2.6908 3.27824
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2.0167 1.55556 1.18509 0.911854 0.742008 0.682374 0.741236 0.923335 1.23467 1.68352

1.67627 1.24057 0.888881 0.635332 0.48665 0.447423 0.52263 0.71648 1.0354 1.48655

1.3619 0.960218 0.640254 0.412159 0.283294 0.258831 0.341597 0.537624 0.855898 1.31173

1.10969 0.736829 0.444731 0.239602 0.12632 0.110954 0.197903 0.397241 0.722607 1.18946

0.938464 0.587305 0.31624 0.128918 0.0293632 0.0230413 0.119597 0.329143 0.670138 1.15762

0.875597 0.540663 0.284828 0.11028 0.0231937 0.027447 0.13722 0.364955 0.728307 1.24193

0.957203 0.632094 0.385731 0.220761 0.14325 0.161323 0.288752 0.539366 0.927919 1.46702

1.2214 0.900864 0.659929 0.502469 0.434394 0.466904 0.613641 0.88702 1.29895 1.86024

1.70222 1.38443 1.14786 0.995783 0.938473 0.986019 1.15115 1.44427 1.87518 2.45284

2.42951 2.11558 1.88397 1.74013 1.69431 1.75703 1.9382 2.24678 2.6908 3.27824

2.82919 2.33639 1.9628 1.71228 1.58753 1.59253 1.73145 2.00915 2.43244 3.00662

2.05496 1.59222 1.24163 1.00507 0.88648 0.889523 1.01882 1.27976 1.67968 2.22613

1.49826 1.07042 0.74711 0.529233 0.419886 0.423354 0.543924 0.789251 1.16543 1.68616

1.13513 0.743344 0.448127 0.249379 0.148955 0.150959 0.262066 0.490115 0.847485 1.34632

0.937623 0.577754 0.306027 0.121979 0.0274054 0.0271925 0.130669 0.347218 0.69263 1.1798

0.875551 0.541538 0.287234 0.113321 0.0240634 0.0234615 0.125025 0.338722 0.682143 1.16949

0.921946 0.60598 0.36595 0.200959 0.117586 0.12336 0.231035 0.452619 0.804681 1.30124

1.05424 0.751974 0.522426 0.367709 0.294175 0.312116 0.434161 0.673684 1.04387 1.55818

1.24893 0.958473 0.73787 0.59292 0.533167 0.570018 0.715967 0.982295 1.38006 1.92089

1.48476 1.19996 0.986412 0.851923 0.808254 0.868887 1.0455 1.34781 1.78393 2.362
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Figure 166: Two dimensional profile likelihoods of a of Re(AL‖ ) of B̄ with other amplitude

parameters. The ellipse corresponds to the one standard deviation value provided by HESSE.

Values at -0.5 denote failed fits which need to be rerun with a different starting value.
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3.10268 2.32959 1.71136 1.23857 0.904351 0.7057 0.637003 0.689849 0.849221 1.103

2.42091 1.71081 1.15772 0.750595 0.483007 0.349059 0.339661 0.442149 0.642162 0.929391

1.88236 1.23389 0.744078 0.399973 0.196968 0.121125 0.163129 0.306899 0.540665 0.854745

1.4887 0.900607 0.471503 0.188271 0.0416888 0.0187675 0.102746 0.279867 0.539875 0.878788

1.24153 0.711654 0.340863 0.11382 0.0180947 0.0370842 0.154471 0.357749 0.641191 1.00137

1.14111 0.666951 0.351178 0.174594 0.119937 0.170867 0.312906 0.538197 0.842031 1.22171

1.18767 0.766804 0.498691 0.364228 0.341205 0.416269 0.578172 0.821796 1.14307 1.5398

1.38123 1.00919 0.782012 0.677369 0.677368 0.770091 0.948318 1.20703 1.54371 1.95442

1.72085 1.38993 1.19313 1.10965 1.12568 1.23202 1.42262 1.69302 2.04018 2.46305
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3.92583 3.0889 2.40489 1.86224 1.45876 1.19187 1.05884 1.05355 1.165 1.37958

3.10268 2.32959 1.71136 1.23857 0.904351 0.7057 0.637003 0.689849 0.849221 1.103

2.42091 1.71081 1.15772 0.750595 0.483007 0.349059 0.339661 0.442149 0.642162 0.929391

1.88236 1.23389 0.744078 0.399973 0.196968 0.121125 0.163129 0.306899 0.540665 0.854745

1.4887 0.900607 0.471503 0.188271 0.0416888 0.0187675 0.102746 0.279867 0.539875 0.878788

1.24153 0.711654 0.340863 0.11382 0.0180947 0.0370842 0.154471 0.357749 0.641191 1.00137

1.14111 0.666951 0.351178 0.174594 0.119937 0.170867 0.312906 0.538197 0.842031 1.22171

1.18767 0.766804 0.498691 0.364228 0.341205 0.416269 0.578172 0.821796 1.14307 1.5398

1.38123 1.00919 0.782012 0.677369 0.677368 0.770091 0.948318 1.20703 1.54371 1.95442

1.72085 1.38993 1.19313 1.10965 1.12568 1.23202 1.42262 1.69302 2.04018 2.46305

1.76698 1.41881 1.19711 1.08461 1.07095 1.14784 1.30947 1.5515 1.87072 2.26562

1.41898 1.04009 0.79852 0.673095 0.649316 0.717235 0.869781 1.1025 1.41201 1.79602

1.20816 0.788806 0.516072 0.369556 0.331086 0.386946 0.528396 0.750081 1.04813 1.42047

1.13842 0.672503 0.358348 0.179963 0.11904 0.158256 0.285737 0.49446 0.780331 1.13966

1.21125 0.695431 0.334806 0.114053 0.0188636 0.0347831 0.143168 0.336568 0.607389 0.952977

1.4272 0.858935 0.446696 0.176017 0.0390741 0.0196431 0.103817 0.277121 0.53119 0.861396

1.78586 1.16399 0.697607 0.373878 0.187043 0.122514 0.171441 0.319397 0.552716 0.865122

2.28618 1.60979 1.08716 0.709516 0.465341 0.349869 0.354041 0.466287 0.674209 0.964968

2.9271 2.19714 1.61662 1.17981 0.878391 0.706217 0.657952 0.725881 0.898388 1.16347

3.70644 2.92116 2.28293 1.78745 1.42568 1.19384 1.08784 1.10363 1.23272 1.46403
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1.76698 1.41881 1.19711 1.08461 1.07095 1.14784 1.30947 1.5515 1.87072 2.26562

1.41898 1.04009 0.79852 0.673095 0.649316 0.717235 0.869781 1.1025 1.41201 1.79602

1.20816 0.788806 0.516072 0.369556 0.331086 0.386946 0.528396 0.750081 1.04813 1.42047

1.13842 0.672503 0.358348 0.179963 0.11904 0.158256 0.285737 0.49446 0.780331 1.13966

1.21125 0.695431 0.334806 0.114053 0.0188636 0.0347831 0.143168 0.336568 0.607389 0.952977

1.4272 0.858935 0.446696 0.176017 0.0390741 0.0196431 0.103817 0.277121 0.53119 0.861396

1.78586 1.16399 0.697607 0.373878 0.187043 0.122514 0.171441 0.319397 0.552716 0.865122

2.28618 1.60979 1.08716 0.709516 0.465341 0.349869 0.354041 0.466287 0.674209 0.964968

2.9271 2.19714 1.61662 1.17981 0.878391 0.706217 0.657952 0.725881 0.898388 1.16347

3.70644 2.92116 2.28293 1.78745 1.42568 1.19384 1.08784 1.10363 1.23272 1.46403

1.76827 1.43686 1.24191 1.16232 1.18271 1.29338 1.48758 1.76056 2.10977 2.53435

1.4049 1.03211 0.804816 0.701992 0.705336 0.802323 0.984984 1.24819 1.58867 2.00429

1.19557 0.775496 0.506933 0.372334 0.351653 0.429789 0.59631 0.844967 1.17181 1.57463

1.1398 0.667894 0.352555 0.17638 0.12214 0.175674 0.320351 0.551023 0.859433 1.24612

1.23616 0.709498 0.340082 0.113921 0.0180896 0.0386081 0.156088 0.362845 0.650855 1.01653

1.48324 0.898662 0.471476 0.188021 0.0418789 0.0185988 0.103157 0.280929 0.543463 0.885995

1.8783 1.23329 0.74316 0.400096 0.194973 0.118641 0.159599 0.302805 0.536529 0.852493

2.41875 1.71113 1.15715 0.74742 0.475804 0.338468 0.327204 0.4282 0.626927 0.913535

3.10121 2.33007 1.7088 1.22526 0.881689 0.677162 0.605969 0.656887 0.814972 1.06732

3.94175 3.08597 2.38047 1.8216 1.40671 1.13327 0.997206 0.990846 1.10131 1.31406
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1.76827 1.43686 1.24191 1.16232 1.18271 1.29338 1.48758 1.76056 2.10977 2.53435

1.4049 1.03211 0.804816 0.701992 0.705336 0.802323 0.984984 1.24819 1.58867 2.00429

1.19557 0.775496 0.506933 0.372334 0.351653 0.429789 0.59631 0.844967 1.17181 1.57463

1.1398 0.667894 0.352555 0.17638 0.12214 0.175674 0.320351 0.551023 0.859433 1.24612

1.23616 0.709498 0.340082 0.113921 0.0180896 0.0386081 0.156088 0.362845 0.650855 1.01653

1.48324 0.898662 0.471476 0.188021 0.0418789 0.0185988 0.103157 0.280929 0.543463 0.885995

1.8783 1.23329 0.74316 0.400096 0.194973 0.118641 0.159599 0.302805 0.536529 0.852493

2.41875 1.71113 1.15715 0.74742 0.475804 0.338468 0.327204 0.4282 0.626927 0.913535

3.10121 2.33007 1.7088 1.22526 0.881689 0.677162 0.605969 0.656887 0.814972 1.06732

3.94175 3.08597 2.38047 1.8216 1.40671 1.13327 0.997206 0.990846 1.10131 1.31406

2.13419 1.68742 1.37858 1.19676 1.13003 1.16669 1.29561 1.50765 1.79609 2.15636

1.71543 1.2626 0.947316 0.758638 0.684751 0.713455 0.834587 1.03855 1.31893 1.67121

1.41059 0.951122 0.6295 0.433781 0.351387 0.372553 0.485361 0.680924 0.953128 1.29775

1.21787 0.752024 0.423592 0.221863 0.131149 0.143957 0.24913 0.436137 0.699629 1.03699

1.14031 0.667805 0.331866 0.122595 0.023474 0.0282351 0.123793 0.302743 0.558991 0.888038

1.17626 0.696864 0.35497 0.134361 0.0287344 0.0239482 0.111199 0.282143 0.530757 0.853232

1.3245 0.837752 0.486763 0.259832 0.145161 0.132329 0.211478 0.374611 0.616051 0.93197

1.58452 1.09085 0.732209 0.496839 0.373857 0.352848 0.424019 0.579852 0.814535 1.12442

1.95608 1.45526 1.08871 0.845145 0.713825 0.684947 0.748813 0.897732 1.12613 1.43029

2.43774 1.92972 1.55543 1.30372 1.16465 1.12818 1.18522 1.3279 1.5505 1.84948
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2.13419 1.68742 1.37858 1.19676 1.13003 1.16669 1.29561 1.50765 1.79609 2.15636

1.71543 1.2626 0.947316 0.758638 0.684751 0.713455 0.834587 1.03855 1.31893 1.67121

1.41059 0.951122 0.6295 0.433781 0.351387 0.372553 0.485361 0.680924 0.953128 1.29775

1.21787 0.752024 0.423592 0.221863 0.131149 0.143957 0.24913 0.436137 0.699629 1.03699

1.14031 0.667805 0.331866 0.122595 0.023474 0.0282351 0.123793 0.302743 0.558991 0.888038

1.17626 0.696864 0.35497 0.134361 0.0287344 0.0239482 0.111199 0.282143 0.530757 0.853232

1.3245 0.837752 0.486763 0.259832 0.145161 0.132329 0.211478 0.374611 0.616051 0.93197

1.58452 1.09085 0.732209 0.496839 0.373857 0.352848 0.424019 0.579852 0.814535 1.12442

1.95608 1.45526 1.08871 0.845145 0.713825 0.684947 0.748813 0.897732 1.12613 1.43029

2.43774 1.92972 1.55543 1.30372 1.16465 1.12818 1.18522 1.3279 1.5505 1.84948

2.41383 1.91323 1.54642 1.30031 1.16399 1.12772 1.18192 1.31971 1.53617 1.82827

1.93598 1.44249 1.08168 0.841784 0.713083 0.684533 0.746647 0.89342 1.11632 1.41555

1.56961 1.08049 0.725984 0.494337 0.373506 0.352524 0.422819 0.577314 0.808477 1.11515

1.31466 0.831154 0.484144 0.258561 0.144749 0.132219 0.211719 0.373786 0.614117 0.927471

1.17164 0.693848 0.35147 0.13527 0.0283107 0.0238911 0.111698 0.282461 0.531002 0.852617

1.1414 0.669324 0.332451 0.123187 0.0236687 0.0281556 0.124156 0.302964 0.560674 0.890501

1.22417 0.757249 0.427194 0.222065 0.132619 0.144205 0.248167 0.436262 0.702405 1.04078

1.42004 0.958458 0.633518 0.435007 0.351823 0.37235 0.484591 0.681356 0.955675 1.30292

1.72789 1.27111 0.952284 0.760352 0.683949 0.711473 0.832263 1.03754 1.32032 1.67605

2.14906 1.69734 1.38371 1.19751 1.12735 1.16203 1.2905 1.50382 1.79502 2.15922
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2.41383 1.91323 1.54642 1.30031 1.16399 1.12772 1.18192 1.31971 1.53617 1.82827

1.93598 1.44249 1.08168 0.841784 0.713083 0.684533 0.746647 0.89342 1.11632 1.41555

1.56961 1.08049 0.725984 0.494337 0.373506 0.352524 0.422819 0.577314 0.808477 1.11515

1.31466 0.831154 0.484144 0.258561 0.144749 0.132219 0.211719 0.373786 0.614117 0.927471

1.17164 0.693848 0.35147 0.13527 0.0283107 0.0238911 0.111698 0.282461 0.531002 0.852617

1.1414 0.669324 0.332451 0.123187 0.0236687 0.0281556 0.124156 0.302964 0.560674 0.890501

1.22417 0.757249 0.427194 0.222065 0.132619 0.144205 0.248167 0.436262 0.702405 1.04078

1.42004 0.958458 0.633518 0.435007 0.351823 0.37235 0.484591 0.681356 0.955675 1.30292

1.72789 1.27111 0.952284 0.760352 0.683949 0.711473 0.832263 1.03754 1.32032 1.67605

2.14906 1.69734 1.38371 1.19751 1.12735 1.16203 1.2905 1.50382 1.79502 2.15922

2.42757 1.92206 1.55038 1.29833 1.15989 1.1253 1.18543 1.33139 1.55725 1.85986

1.94601 1.449 1.085 0.841958 0.71121 0.68326 0.74917 0.900302 1.13055 1.43703

1.57635 1.08767 0.730663 0.495817 0.372761 0.352229 0.424381 0.581321 0.817179 1.12853

1.31806 0.834293 0.485225 0.259409 0.145026 0.133529 0.211946 0.375532 0.617405 0.933733

1.17266 0.694847 0.353835 0.135416 0.0284964 0.0240941 0.112196 0.283198 0.532044 0.853463

1.14135 0.668948 0.332365 0.123004 0.0234683 0.0279149 0.123495 0.302044 0.5585 0.8874

1.2253 0.757278 0.426599 0.221906 0.132844 0.143701 0.247583 0.435059 0.699163 1.03561

1.42543 0.961495 0.635883 0.436839 0.353476 0.373233 0.485315 0.68075 0.953241 1.29819

1.74251 1.28267 0.961072 0.767524 0.690754 0.71696 0.836978 1.04058 1.32146 1.67518

2.17682 1.72062 1.40313 1.21396 1.14196 1.17523 1.30252 1.51431 1.80369 2.16615
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2.42757 1.92206 1.55038 1.29833 1.15989 1.1253 1.18543 1.33139 1.55725 1.85986

1.94601 1.449 1.085 0.841958 0.71121 0.68326 0.74917 0.900302 1.13055 1.43703

1.57635 1.08767 0.730663 0.495817 0.372761 0.352229 0.424381 0.581321 0.817179 1.12853

1.31806 0.834293 0.485225 0.259409 0.145026 0.133529 0.211946 0.375532 0.617405 0.933733

1.17266 0.694847 0.353835 0.135416 0.0284964 0.0240941 0.112196 0.283198 0.532044 0.853463

1.14135 0.668948 0.332365 0.123004 0.0234683 0.0279149 0.123495 0.302044 0.5585 0.8874

1.2253 0.757278 0.426599 0.221906 0.132844 0.143701 0.247583 0.435059 0.699163 1.03561

1.42543 0.961495 0.635883 0.436839 0.353476 0.373233 0.485315 0.68075 0.953241 1.29819

1.74251 1.28267 0.961072 0.767524 0.690754 0.71696 0.836978 1.04058 1.32146 1.67518

2.17682 1.72062 1.40313 1.21396 1.14196 1.17523 1.30252 1.51431 1.80369 2.16615

2.58852 2.00806 1.55301 1.21618 0.989285 0.86625 0.842272 0.910866 1.06588 1.3005

2.07361 1.53131 1.11765 0.823354 0.638375 0.554662 0.564768 0.661838 0.840884 1.09681

1.65365 1.14043 0.759246 0.498636 0.347864 0.296574 0.336085 0.459689 0.662884 0.94384

1.34829 0.856745 0.499559 0.264249 0.139295 0.113206 0.177424 0.326134 0.553655 0.861188

1.1745 0.696538 0.354159 0.134813 0.027417 0.0205964 0.105921 0.276454 0.530296 0.866282

1.14579 0.671731 0.336263 0.123776 0.0248386 0.0317191 0.133595 0.327522 0.60928 0.977829

1.27215 0.7941 0.450916 0.235949 0.140055 0.155543 0.275284 0.494135 0.806716 1.21073

1.56125 1.065 0.710298 0.485784 0.38854 0.410566 0.54805 0.793444 1.13961 1.58192

2.01572 1.49941 1.1256 0.891427 0.790753 0.82078 0.974874 1.2461 1.62616 2.1078

2.65717 2.11484 1.72459 1.47949 1.37533 1.4097 1.57651 1.87061 2.2831 2.80287
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2.58852 2.00806 1.55301 1.21618 0.989285 0.86625 0.842272 0.910866 1.06588 1.3005

2.07361 1.53131 1.11765 0.823354 0.638375 0.554662 0.564768 0.661838 0.840884 1.09681

1.65365 1.14043 0.759246 0.498636 0.347864 0.296574 0.336085 0.459689 0.662884 0.94384

1.34829 0.856745 0.499559 0.264249 0.139295 0.113206 0.177424 0.326134 0.553655 0.861188

1.1745 0.696538 0.354159 0.134813 0.027417 0.0205964 0.105921 0.276454 0.530296 0.866282

1.14579 0.671731 0.336263 0.123776 0.0248386 0.0317191 0.133595 0.327522 0.60928 0.977829

1.27215 0.7941 0.450916 0.235949 0.140055 0.155543 0.275284 0.494135 0.806716 1.21073

1.56125 1.065 0.710298 0.485784 0.38854 0.410566 0.54805 0.793444 1.13961 1.58192

2.01572 1.49941 1.1256 0.891427 0.790753 0.82078 0.974874 1.2461 1.62616 2.1078

2.65717 2.11484 1.72459 1.47949 1.37533 1.4097 1.57651 1.87061 2.2831 2.80287

2.51408 1.95995 1.53725 1.23505 1.04363 0.952939 0.956845 1.04754 1.21739 1.45795

2.04155 1.51207 1.11394 0.834657 0.663337 0.590731 0.607739 0.707482 0.885114 1.13759

1.66315 1.15344 0.774897 0.514948 0.362762 0.307953 0.341369 0.45862 0.656965 0.936239

1.38284 0.887908 0.52528 0.282304 0.148142 0.112868 0.169838 0.313047 0.542366 0.854193

1.20613 0.722485 0.372638 0.145923 0.0309524 0.0190449 0.10373 0.278555 0.542491 0.889262

1.13891 0.665039 0.327671 0.117189 0.0213588 0.0357011 0.149273 0.357997 0.656898 1.03944

1.18768 0.722474 0.396015 0.201734 0.127345 0.166084 0.309823 0.550754 0.882294 1.29909

1.36004 0.902948 0.590725 0.409159 0.355286 0.416361 0.586265 0.855179 1.21636 1.66263

1.66703 1.21904 0.916428 0.750052 0.711258 0.790851 0.981003 1.27158 1.65559 2.1245

2.12432 1.68482 1.39175 1.23605 1.20823 1.29966 1.50209 1.80649 2.20376 2.68398
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2.51408 1.95995 1.53725 1.23505 1.04363 0.952939 0.956845 1.04754 1.21739 1.45795

2.04155 1.51207 1.11394 0.834657 0.663337 0.590731 0.607739 0.707482 0.885114 1.13759
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Figure 167: Two dimensional profile likelihoods of b of Re(AL‖ ) of B̄ with other amplitude

parameters. The ellipse corresponds to the one standard deviation value provided by HESSE.

Values at -0.5 denote failed fits which need to be rerun with a different starting value.
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1.36992 0.788621 0.396266 0.169581 0.0849102 0.121025 0.256962 0.471772 0.743363 1.04979

1.35719 0.764625 0.361471 0.119865 0.0164928 0.029552 0.139931 0.330123 0.586785 0.901378

1.46258 0.850761 0.426295 0.162394 0.0338569 0.0207911 0.105644 0.275453 0.52473 0.8532

1.6949 1.05661 0.603441 0.31053 0.153873 0.115426 0.180815 0.341717 0.595861 0.948516

2.07387 1.40161 0.912644 0.582564 0.392047 0.325284 0.372396 0.528175 0.791816 1.16964

2.62438 1.91211 1.37899 1.00641 0.774542 0.674238 0.696931 0.839796 1.10066 1.48357

3.37413 2.61754 2.03786 1.61684 1.3428 1.20622 1.20203 1.32602 1.57632 1.95501

)L Re(Aγ B
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2.15299 1.56265 1.15438 0.904942 0.790792 0.788708 0.876843 1.0365 1.25466 1.52789

1.75401 1.17247 0.776553 0.54381 0.450837 0.474214 0.590832 0.778189 1.01507 1.29416

1.49923 0.921424 0.531435 0.307543 0.226864 0.268322 0.407852 0.624633 0.888098 1.17409

1.36992 0.788621 0.396266 0.169581 0.0849102 0.121025 0.256962 0.471772 0.743363 1.04979

1.35719 0.764625 0.361471 0.119865 0.0164928 0.029552 0.139931 0.330123 0.586785 0.901378

1.46258 0.850761 0.426295 0.162394 0.0338569 0.0207911 0.105644 0.275453 0.52473 0.8532

1.6949 1.05661 0.603441 0.31053 0.153873 0.115426 0.180815 0.341717 0.595861 0.948516

2.07387 1.40161 0.912644 0.582564 0.392047 0.325284 0.372396 0.528175 0.791816 1.16964

2.62438 1.91211 1.37899 1.00641 0.774542 0.674238 0.696931 0.839796 1.10066 1.48357

3.37413 2.61754 2.03786 1.61684 1.3428 1.20622 1.20203 1.32602 1.57632 1.95501

4.49206 3.50138 2.70619 2.08997 1.63398 1.31771 1.12347 1.04313 1.07657 1.22645

3.60091 2.67429 1.94718 1.40174 1.01819 0.774982 0.654241 0.648133 0.755468 0.977077

2.85528 1.99364 1.33516 0.861332 0.549405 0.377754 0.329556 0.395706 0.573491 0.861514

2.25811 1.46139 0.870773 0.466561 0.226803 0.125914 0.148017 0.282907 0.525843 0.874492

1.80949 1.07767 0.555402 0.22092 0.0497526 0.017579 0.106048 0.304233 0.606739 1.01137

1.51178 0.844319 0.389036 0.121372 0.0165651 0.049063 0.19817 0.454426 0.811468 1.26912

1.36545 0.761481 0.370585 0.166411 0.122609 0.212622 0.417658 0.727211 1.137 1.64604

1.37025 0.82791 0.495863 0.350089 0.361379 0.503711 0.761115 1.12107 1.58157 2.1412

1.52521 1.03817 0.761424 0.665888 0.725574 0.917268 1.22438 1.63431 2.14427 2.754

1.82754 1.39041 1.15922 1.10739 1.21181 1.45027 1.80471 2.26497 2.8247 3.48403
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4.49206 3.50138 2.70619 2.08997 1.63398 1.31771 1.12347 1.04313 1.07657 1.22645

3.60091 2.67429 1.94718 1.40174 1.01819 0.774982 0.654241 0.648133 0.755468 0.977077

2.85528 1.99364 1.33516 0.861332 0.549405 0.377754 0.329556 0.395706 0.573491 0.861514

2.25811 1.46139 0.870773 0.466561 0.226803 0.125914 0.148017 0.282907 0.525843 0.874492

1.80949 1.07767 0.555402 0.22092 0.0497526 0.017579 0.106048 0.304233 0.606739 1.01137

1.51178 0.844319 0.389036 0.121372 0.0165651 0.049063 0.19817 0.454426 0.811468 1.26912

1.36545 0.761481 0.370585 0.166411 0.122609 0.212622 0.417658 0.727211 1.137 1.64604

1.37025 0.82791 0.495863 0.350089 0.361379 0.503711 0.761115 1.12107 1.58157 2.1412

1.52521 1.03817 0.761424 0.665888 0.725574 0.917268 1.22438 1.63431 2.14427 2.754

1.82754 1.39041 1.15922 1.10739 1.21181 1.45027 1.80471 2.26497 2.8247 3.48403

1.89594 1.43119 1.16268 1.06626 1.11869 1.29697 1.58143 1.96025 2.42853 2.9856

1.57875 1.08106 0.781486 0.655053 0.674901 0.818252 1.06634 1.40817 1.83925 2.35899

1.39534 0.855183 0.518462 0.355537 0.340448 0.447724 0.659098 0.964026 1.35818 1.84093

1.35087 0.762871 0.379893 0.174431 0.119115 0.187598 0.360918 0.62821 0.985239 1.43112

1.44833 0.808971 0.374484 0.119373 0.0175665 0.0430225 0.174097 0.402573 0.720887 1.12953

1.68826 0.995998 0.507116 0.197854 0.0439285 0.0186469 0.104421 0.289118 0.56665 0.936717

2.07073 1.32484 0.780135 0.414494 0.204375 0.124353 0.157493 0.292912 0.525991 0.854495

2.5948 1.7953 1.19425 0.77054 0.502475 0.364953 0.342108 0.422842 0.604786 0.886622

3.25965 2.40649 1.74883 1.26667 0.939543 0.742962 0.661293 0.684334 0.809952 1.03988

4.06362 3.15711 2.44285 1.90219 1.51549 1.25908 1.11774 1.0808 1.14683 1.31783
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1.89594 1.43119 1.16268 1.06626 1.11869 1.29697 1.58143 1.96025 2.42853 2.9856

1.57875 1.08106 0.781486 0.655053 0.674901 0.818252 1.06634 1.40817 1.83925 2.35899

1.39534 0.855183 0.518462 0.355537 0.340448 0.447724 0.659098 0.964026 1.35818 1.84093

1.35087 0.762871 0.379893 0.174431 0.119115 0.187598 0.360918 0.62821 0.985239 1.43112

1.44833 0.808971 0.374484 0.119373 0.0175665 0.0430225 0.174097 0.402573 0.720887 1.12953

1.68826 0.995998 0.507116 0.197854 0.0439285 0.0186469 0.104421 0.289118 0.56665 0.936717

2.07073 1.32484 0.780135 0.414494 0.204375 0.124353 0.157493 0.292912 0.525991 0.854495

2.5948 1.7953 1.19425 0.77054 0.502475 0.364953 0.342108 0.422842 0.604786 0.886622

3.25965 2.40649 1.74883 1.26667 0.939543 0.742962 0.661293 0.684334 0.809952 1.03988

4.06362 3.15711 2.44285 1.90219 1.51549 1.25908 1.11774 1.0808 1.14683 1.31783

1.83143 1.40808 1.19638 1.16905 1.30377 1.58221 1.98945 2.51747 3.16261 3.92517

1.51595 1.03519 0.77001 0.691362 0.77601 1.00051 1.35251 1.82375 2.41099 3.11436

1.36369 0.819155 0.491461 0.355149 0.381891 0.550044 0.844158 1.25648 1.78459 2.42661

1.37538 0.762717 0.367155 0.163632 0.127104 0.233934 0.46585 0.817021 1.28266 1.86222

1.55123 0.867893 0.399451 0.123289 0.0162587 0.0543346 0.219891 0.505287 0.905873 1.42155

1.89026 1.13456 0.590431 0.237767 0.0543721 0.016998 0.109363 0.324429 0.656356 1.10521

2.39001 1.56189 0.940798 0.509049 0.24671 0.127914 0.140236 0.27711 0.535901 0.914425

3.04473 2.14573 1.44945 0.93708 0.592225 0.390817 0.317786 0.370073 0.548399 0.851615

3.85239 2.88453 2.11395 1.52077 1.09345 0.807626 0.646038 0.60833 0.699244 0.920653

4.79631 3.76854 2.92618 2.25689 1.74811 1.37763 1.1264 0.995713 0.994106 1.12687
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1.83143 1.40808 1.19638 1.16905 1.30377 1.58221 1.98945 2.51747 3.16261 3.92517

1.51595 1.03519 0.77001 0.691362 0.77601 1.00051 1.35251 1.82375 2.41099 3.11436

1.36369 0.819155 0.491461 0.355149 0.381891 0.550044 0.844158 1.25648 1.78459 2.42661

1.37538 0.762717 0.367155 0.163632 0.127104 0.233934 0.46585 0.817021 1.28266 1.86222

1.55123 0.867893 0.399451 0.123289 0.0162587 0.0543346 0.219891 0.505287 0.905873 1.42155

1.89026 1.13456 0.590431 0.237767 0.0543721 0.016998 0.109363 0.324429 0.656356 1.10521

2.39001 1.56189 0.940798 0.509049 0.24671 0.127914 0.140236 0.27711 0.535901 0.914425

3.04473 2.14573 1.44945 0.93708 0.592225 0.390817 0.317786 0.370073 0.548399 0.851615

3.85239 2.88453 2.11395 1.52077 1.09345 0.807626 0.646038 0.60833 0.699244 0.920653

4.79631 3.76854 2.92618 2.25689 1.74811 1.37763 1.1264 0.995713 0.994106 1.12687

2.32396 1.77693 1.40941 1.20067 1.12941 1.17337 1.31216 1.53091 1.82243 2.18523

1.90978 1.35271 0.977699 0.762336 0.683977 0.71923 0.84814 1.05679 1.33881 1.69264

1.60911 1.04223 0.659411 0.437236 0.350643 0.376919 0.496294 0.694024 0.966884 1.31274

1.42229 0.845817 0.455367 0.225573 0.130322 0.147171 0.254861 0.443489 0.707497 1.04491

1.35002 0.763999 0.364415 0.126637 0.0238496 0.0292926 0.126536 0.304927 0.560177 0.891809

1.39185 0.796243 0.388989 0.141669 0.028786 0.0241444 0.110897 0.279717 0.5278 0.853613

1.54734 0.941078 0.524993 0.269797 0.146845 0.131624 0.207976 0.367704 0.607983 0.929077

1.81506 1.2002 0.775229 0.510694 0.3775 0.351551 0.417735 0.568901 0.802816 1.11981

2.19648 1.57216 1.13797 0.86379 0.720128 0.683691 0.740029 0.883151 1.11154 1.42517

2.68981 2.056 1.61236 1.32837 1.17429 1.12747 1.17463 1.31043 1.53387 1.84491
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2.32396 1.77693 1.40941 1.20067 1.12941 1.17337 1.31216 1.53091 1.82243 2.18523

1.90978 1.35271 0.977699 0.762336 0.683977 0.71923 0.84814 1.05679 1.33881 1.69264

1.60911 1.04223 0.659411 0.437236 0.350643 0.376919 0.496294 0.694024 0.966884 1.31274

1.42229 0.845817 0.455367 0.225573 0.130322 0.147171 0.254861 0.443489 0.707497 1.04491

1.35002 0.763999 0.364415 0.126637 0.0238496 0.0292926 0.126536 0.304927 0.560177 0.891809

1.39185 0.796243 0.388989 0.141669 0.028786 0.0241444 0.110897 0.279717 0.5278 0.853613

1.54734 0.941078 0.524993 0.269797 0.146845 0.131624 0.207976 0.367704 0.607983 0.929077

1.81506 1.2002 0.775229 0.510694 0.3775 0.351551 0.417735 0.568901 0.802816 1.11981

2.19648 1.57216 1.13797 0.86379 0.720128 0.683691 0.740029 0.883151 1.11154 1.42517

2.68981 2.056 1.61236 1.32837 1.17429 1.12747 1.17463 1.31043 1.53387 1.84491

2.64555 2.02189 1.58828 1.3117 1.16672 1.12756 1.17994 1.31671 1.53604 1.839

2.16274 1.54644 1.11883 0.851751 0.714778 0.684356 0.745041 0.889259 1.11485 1.4229

1.79118 1.18209 0.76207 0.503049 0.373998 0.35246 0.421755 0.57386 0.806203 1.11915

1.5318 0.93068 0.517288 0.266251 0.145006 0.133081 0.210566 0.37083 0.610393 0.929412

1.3852 0.791505 0.385023 0.139942 0.0284174 0.0244274 0.111626 0.280496 0.528274 0.853834

1.35161 0.76574 0.366753 0.127542 0.0241652 0.0288349 0.125148 0.302811 0.558712 0.891219

1.4311 0.853162 0.459269 0.227918 0.131311 0.145646 0.250966 0.437861 0.701167 1.04135

1.62277 1.05161 0.665891 0.440816 0.351602 0.373907 0.488626 0.684371 0.956596 1.30474

1.92695 1.36454 0.985291 0.76629 0.683894 0.714076 0.837703 1.04255 1.32362 1.68011

2.34381 1.78966 1.41696 1.20346 1.12719 1.16515 1.29735 1.51117 1.80112 2.16636
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2.64555 2.02189 1.58828 1.3117 1.16672 1.12756 1.17994 1.31671 1.53604 1.839

2.16274 1.54644 1.11883 0.851751 0.714778 0.684356 0.745041 0.889259 1.11485 1.4229

1.79118 1.18209 0.76207 0.503049 0.373998 0.35246 0.421755 0.57386 0.806203 1.11915

1.5318 0.93068 0.517288 0.266251 0.145006 0.133081 0.210566 0.37083 0.610393 0.929412

1.3852 0.791505 0.385023 0.139942 0.0284174 0.0244274 0.111626 0.280496 0.528274 0.853834

1.35161 0.76574 0.366753 0.127542 0.0241652 0.0288349 0.125148 0.302811 0.558712 0.891219

1.4311 0.853162 0.459269 0.227918 0.131311 0.145646 0.250966 0.437861 0.701167 1.04135

1.62277 1.05161 0.665891 0.440816 0.351602 0.373907 0.488626 0.684371 0.956596 1.30474

1.92695 1.36454 0.985291 0.76629 0.683894 0.714076 0.837703 1.04255 1.32362 1.68011

2.34381 1.78966 1.41696 1.20346 1.12719 1.16515 1.29735 1.51117 1.80112 2.16636

2.69464 2.06439 1.62413 1.33962 1.17879 1.12449 1.16466 1.29658 1.51958 1.83478

2.19698 1.57636 1.14576 0.871531 0.723502 0.681097 0.731963 0.871431 1.09876 1.4149

1.81325 1.2014 0.780292 0.515668 0.379885 0.35078 0.41181 0.560443 0.792753 1.11137

1.54372 0.940928 0.526564 0.272834 0.148545 0.130782 0.204603 0.362504 0.602201 0.923632

1.38931 0.795016 0.388936 0.143747 0.0292744 0.0238845 0.110048 0.278633 0.526869 0.852953

1.35088 0.764859 0.365802 0.126429 0.0237058 0.0296147 0.128165 0.308089 0.565239 0.897602

1.42914 0.849887 0.45833 0.226466 0.130227 0.148593 0.259497 0.451379 0.717721 1.05782

1.62418 1.05304 0.666518 0.440176 0.353244 0.379741 0.502576 0.706647 0.984914 1.33411

1.9344 1.37334 0.993639 0.771373 0.689486 0.725232 0.859204 1.07529 1.36506 1.72534

2.36267 1.81063 1.43564 1.21871 1.14128 1.18459 1.3287 1.55651 1.85852 2.23083
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2.69464 2.06439 1.62413 1.33962 1.17879 1.12449 1.16466 1.29658 1.51958 1.83478

2.19698 1.57636 1.14576 0.871531 0.723502 0.681097 0.731963 0.871431 1.09876 1.4149

1.81325 1.2014 0.780292 0.515668 0.379885 0.35078 0.41181 0.560443 0.792753 1.11137

1.54372 0.940928 0.526564 0.272834 0.148545 0.130782 0.204603 0.362504 0.602201 0.923632

1.38931 0.795016 0.388936 0.143747 0.0292744 0.0238845 0.110048 0.278633 0.526869 0.852953

1.35088 0.764859 0.365802 0.126429 0.0237058 0.0296147 0.128165 0.308089 0.565239 0.897602

1.42914 0.849887 0.45833 0.226466 0.130227 0.148593 0.259497 0.451379 0.717721 1.05782

1.62418 1.05304 0.666518 0.440176 0.353244 0.379741 0.502576 0.706647 0.984914 1.33411

1.9344 1.37334 0.993639 0.771373 0.689486 0.725232 0.859204 1.07529 1.36506 1.72534

2.36267 1.81063 1.43564 1.21871 1.14128 1.18459 1.3287 1.55651 1.85852 2.23083

2.29818 1.67126 1.23113 0.963885 0.848443 0.859295 0.966867 1.14735 1.38713 1.67775

1.94442 1.33747 0.916952 0.664145 0.556515 0.567733 0.672081 0.849048 1.08511 1.37704

1.64786 1.05418 0.647044 0.405252 0.303508 0.316582 0.420294 0.593956 0.831265 1.12805

1.44163 0.854367 0.454328 0.217554 0.118223 0.130366 0.229968 0.40414 0.643721 0.949213

1.35088 0.763723 0.363795 0.126275 0.0214807 0.0276402 0.122358 0.29484 0.540247 0.859417

1.39686 0.803409 0.395754 0.147665 0.0307957 0.0245963 0.11208 0.28422 0.538077 0.875763

1.59306 0.986825 0.563319 0.295458 0.159768 0.137519 0.215864 0.38949 0.656363 1.01992

1.95556 1.32904 0.881197 0.586998 0.424691 0.38329 0.454641 0.633794 0.918571 1.31059

2.49628 1.84143 1.35992 1.03212 0.843751 0.786507 0.853756 1.04083 1.34559 1.76701

3.2258 2.53541 2.01554 1.65488 1.44213 1.37115 1.43614 1.63232 1.95515 2.404
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2.29818 1.67126 1.23113 0.963885 0.848443 0.859295 0.966867 1.14735 1.38713 1.67775

1.94442 1.33747 0.916952 0.664145 0.556515 0.567733 0.672081 0.849048 1.08511 1.37704

1.64786 1.05418 0.647044 0.405252 0.303508 0.316582 0.420294 0.593956 0.831265 1.12805

1.44163 0.854367 0.454328 0.217554 0.118223 0.130366 0.229968 0.40414 0.643721 0.949213
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Figure 168: Two dimensional profile likelihoods of c of Re(AL‖ ) of B̄ with other amplitude

parameters. The ellipse corresponds to the one standard deviation value provided by HESSE.

Values at -0.5 denote failed fits which need to be rerun with a different starting value.

1837

298



177.101 135.1 99.5852 70.2379 46.7148 28.6355 15.567 7.02377 2.43355 1.06034

135.323 99.6859 70.2242 46.5892 28.398 15.2249 6.60711 1.99251 0.644795 1.73832

100.005 70.4212 46.6648 28.3491 15.0546 6.33985 1.67539 0.331594 1.48755 4.8171

70.8319 46.9446 28.4924 15.0609 6.22732 1.48566 0.121239 1.32018 4.49361 7.75577

47.4319 28.8312 15.2479 6.27601 1.4279 0.014938 1.22486 4.24239 7.53516 12.3462

29.3691 15.6197 6.49097 1.50972 0.0120235 1.18921 4.06451 7.40583 12.2696 19.5067

16.1803 6.87688 1.73693 0.118613 1.20932 3.9595 7.36632 12.3051 19.6269 30.0935

7.43778 2.1157 0.340629 1.29651 3.92858 7.41618 12.4529 19.8682 30.4008 44.8778

2.65049 0.68391 1.45923 3.97436 7.55522 12.7128 20.2325 30.8497 45.3055 64.2196

1.15324 1.70692 4.10065 7.78406 13.0833 20.723 31.4339 45.8951 64.7395 88.3822

)L Im(Aα B
-0.3 -0.2 -0.1 0 0.1

)
L

 I
m

(A
β 

B

-0.02

-0.01

0

0.01

0.02

0.03

0.04

N
L

L
∆

-1

-0.5

0

0.5

1

1.5

2

2.5

3

177.101 135.1 99.5852 70.2379 46.7148 28.6355 15.567 7.02377 2.43355 1.06034

135.323 99.6859 70.2242 46.5892 28.398 15.2249 6.60711 1.99251 0.644795 1.73832

100.005 70.4212 46.6648 28.3491 15.0546 6.33985 1.67539 0.331594 1.48755 4.8171

70.8319 46.9446 28.4924 15.0609 6.22732 1.48566 0.121239 1.32018 4.49361 7.75577

47.4319 28.8312 15.2479 6.27601 1.4279 0.014938 1.22486 4.24239 7.53516 12.3462

29.3691 15.6197 6.49097 1.50972 0.0120235 1.18921 4.06451 7.40583 12.2696 19.5067

16.1803 6.87688 1.73693 0.118613 1.20932 3.9595 7.36632 12.3051 19.6269 30.0935

7.43778 2.1157 0.340629 1.29651 3.92858 7.41618 12.4529 19.8682 30.4008 44.8778

2.65049 0.68391 1.45923 3.97436 7.55522 12.7128 20.2325 30.8497 45.3055 64.2196

1.15324 1.70692 4.10065 7.78406 13.0833 20.723 31.4339 45.8951 64.7395 88.3822

47.1344 33.9893 23.7169 16.0593 10.6487 6.97017 4.55153 2.72358 1.31736 1.00646

34.8267 24.4034 16.5902 11.0053 7.13685 4.53387 2.60673 1.06291 0.618429 1.8903

25.2526 17.2555 11.4716 7.39726 4.59647 2.56753 0.886663 0.321682 1.4687 4.68217

18.0596 12.0517 7.75564 4.74164 2.60245 0.788087 0.119269 1.16595 4.2914 9.70099

12.7505 8.21491 4.97123 2.70877 0.765908 0.0142766 0.98656 4.04296 9.37886 17.177

8.77944 5.28509 2.99909 0.808231 0.0121459 0.934369 3.93943 9.21593 16.9375 27.3049

5.51572 2.7747 0.931809 0.122529 1.01553 3.98349 9.21263 16.8681 27.1459 40.2014

3.06639 1.18049 0.356615 1.23586 4.17794 9.369 16.9674 27.1638 40.1127 55.9136

1.56289 0.722147 1.5984 4.52491 9.68554 17.2349 27.3568 40.206 55.8834 74.4617

1.22525 2.10717 5.027 10.1633 17.669 27.7232 40.4788 56.039 74.4785 95.8679

)L Im(Aα B
-0.3 -0.2 -0.1 0 0.1

)
L

 I
m

(A
γ 

B

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4 N
L

L
∆

-1

-0.5

0

0.5

1

1.5

2

2.5

3

47.1344 33.9893 23.7169 16.0593 10.6487 6.97017 4.55153 2.72358 1.31736 1.00646

34.8267 24.4034 16.5902 11.0053 7.13685 4.53387 2.60673 1.06291 0.618429 1.8903

25.2526 17.2555 11.4716 7.39726 4.59647 2.56753 0.886663 0.321682 1.4687 4.68217

18.0596 12.0517 7.75564 4.74164 2.60245 0.788087 0.119269 1.16595 4.2914 9.70099

12.7505 8.21491 4.97123 2.70877 0.765908 0.0142766 0.98656 4.04296 9.37886 17.177

8.77944 5.28509 2.99909 0.808231 0.0121459 0.934369 3.93943 9.21593 16.9375 27.3049

5.51572 2.7747 0.931809 0.122529 1.01553 3.98349 9.21263 16.8681 27.1459 40.2014

3.06639 1.18049 0.356615 1.23586 4.17794 9.369 16.9674 27.1638 40.1127 55.9136

1.56289 0.722147 1.5984 4.52491 9.68554 17.2349 27.3568 40.206 55.8834 74.4617

1.22525 2.10717 5.027 10.1633 17.669 27.7232 40.4788 56.039 74.4785 95.8679

2.67857 2.09025 1.62893 1.28906 1.0655 0.953675 0.949528 1.05034 1.25355 1.55804

2.09823 1.55137 1.12799 0.822574 0.630438 0.547617 0.570509 0.695842 0.921218 1.24405

1.67821 1.16708 0.777105 0.499656 0.332954 0.274083 0.321246 0.471933 0.722848 1.07062

1.39816 0.913328 0.545715 0.28813 0.140266 0.102075 0.172407 0.348639 0.627504 1.00583

1.23259 0.762526 0.407033 0.163744 0.0345053 0.0202002 0.118604 0.326447 0.639478 1.0521

1.15929 0.692762 0.344863 0.118148 0.0156506 0.0354815 0.172958 0.422811 0.778823 1.23227

1.15333 0.690954 0.357292 0.155479 0.086945 0.148329 0.334265 0.637135 1.04686 1.55317

1.21045 0.763576 0.452735 0.280486 0.243479 0.342496 0.572499 0.928981 1.40195 1.9806

1.34443 0.927788 0.645028 0.497373 0.484044 0.602825 0.850369 1.22206 1.71135 2.30649

1.58823 1.2058 0.951779 0.826322 0.828287 0.952835 1.19622 1.54935 2.00182 2.53692

)L Im(Aα B
-0.3 -0.2 -0.1 0 0.1

)
R

 R
e(

A
α 

B

-0.45

-0.4

-0.35

-0.3

-0.25

-0.2

-0.15

-0.1

-0.05 N
L

L
∆

-1

-0.5

0

0.5

1

1.5

2

2.5

3

2.67857 2.09025 1.62893 1.28906 1.0655 0.953675 0.949528 1.05034 1.25355 1.55804

2.09823 1.55137 1.12799 0.822574 0.630438 0.547617 0.570509 0.695842 0.921218 1.24405

1.67821 1.16708 0.777105 0.499656 0.332954 0.274083 0.321246 0.471933 0.722848 1.07062

1.39816 0.913328 0.545715 0.28813 0.140266 0.102075 0.172407 0.348639 0.627504 1.00583

1.23259 0.762526 0.407033 0.163744 0.0345053 0.0202002 0.118604 0.326447 0.639478 1.0521

1.15929 0.692762 0.344863 0.118148 0.0156506 0.0354815 0.172958 0.422811 0.778823 1.23227

1.15333 0.690954 0.357292 0.155479 0.086945 0.148329 0.334265 0.637135 1.04686 1.55317

1.21045 0.763576 0.452735 0.280486 0.243479 0.342496 0.572499 0.928981 1.40195 1.9806

1.34443 0.927788 0.645028 0.497373 0.484044 0.602825 0.850369 1.22206 1.71135 2.30649

1.58823 1.2058 0.951779 0.826322 0.828287 0.952835 1.19622 1.54935 2.00182 2.53692

1.68286 1.31313 1.06843 0.949583 0.954701 1.08238 1.32736 1.68255 2.13435 2.66527

1.39985 0.990724 0.712418 0.566068 0.552601 0.670081 0.916063 1.28668 1.77683 2.37148

1.24041 0.797043 0.488177 0.313874 0.273911 0.365133 0.580562 0.911524 1.33987 1.84933

1.16726 0.70495 0.371756 0.169493 0.0956303 0.146322 0.313023 0.584828 0.953637 1.41139

1.14919 0.684187 0.34071 0.118402 0.0170659 0.0321211 0.157338 0.387448 0.717141 1.13989

1.18021 0.722873 0.379045 0.148527 0.0298729 0.0214764 0.119843 0.321496 0.622926 1.01924

1.28496 0.826671 0.482834 0.24819 0.120794 0.099016 0.180522 0.362685 0.64259 1.01564

1.48926 1.01929 0.666014 0.422992 0.286901 0.253741 0.321709 0.487316 0.747592 1.09935

1.82418 1.3306 0.956952 0.697052 0.545513 0.49703 0.549054 0.698869 0.941197 1.27631

2.31637 1.7915 1.38917 1.104 0.930112 0.860972 0.894564 1.02665 1.25543 1.58008

)L Im(Aα B
-0.3 -0.2 -0.1 0 0.1

)
R

 R
e(

A
β 

B

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07 N
L

L
∆

-1

-0.5

0

0.5

1

1.5

2

2.5

3

1.68286 1.31313 1.06843 0.949583 0.954701 1.08238 1.32736 1.68255 2.13435 2.66527

1.39985 0.990724 0.712418 0.566068 0.552601 0.670081 0.916063 1.28668 1.77683 2.37148

1.24041 0.797043 0.488177 0.313874 0.273911 0.365133 0.580562 0.911524 1.33987 1.84933

1.16726 0.70495 0.371756 0.169493 0.0956303 0.146322 0.313023 0.584828 0.953637 1.41139

1.14919 0.684187 0.34071 0.118402 0.0170659 0.0321211 0.157338 0.387448 0.717141 1.13989

1.18021 0.722873 0.379045 0.148527 0.0298729 0.0214764 0.119843 0.321496 0.622926 1.01924

1.28496 0.826671 0.482834 0.24819 0.120794 0.099016 0.180522 0.362685 0.64259 1.01564

1.48926 1.01929 0.666014 0.422992 0.286901 0.253741 0.321709 0.487316 0.747592 1.09935

1.82418 1.3306 0.956952 0.697052 0.545513 0.49703 0.549054 0.698869 0.941197 1.27631

2.31637 1.7915 1.38917 1.104 0.930112 0.860972 0.894564 1.02665 1.25543 1.58008

1.61228 1.21397 0.943059 0.800705 0.78644 0.896506 1.12585 1.46762 1.91209 2.44443

1.34364 0.919431 0.629186 0.474388 0.454674 0.568033 0.810668 1.17805 1.66323 2.25755

1.19915 0.751063 0.43901 0.265087 0.229484 0.330802 0.566517 0.933168 1.42589 2.03852

1.14874 0.686132 0.350066 0.149906 0.0831234 0.152241 0.353601 0.68328 1.13482 1.7023

1.18043 0.707314 0.351332 0.11923 0.0152475 0.0389476 0.190329 0.464388 0.855878 1.35904

1.30544 0.815979 0.442139 0.181976 0.0406224 0.0196649 0.119211 0.337241 0.669955 1.11245

1.5479 1.0311 0.630603 0.345277 0.173253 0.114284 0.170145 0.339474 0.620054 1.00784

1.93553 1.37835 0.943105 0.625391 0.422324 0.331214 0.350916 0.478889 0.714995 1.05518

2.49718 1.89449 1.41703 1.05963 0.818444 0.692019 0.674327 0.766416 0.964002 1.26559

3.26872 2.6167 2.09138 1.6906 1.4079 1.24157 1.1878 1.24462 1.40915 1.67952

)L Im(Aα B
-0.3 -0.2 -0.1 0 0.1

)
R

 R
e(

A
γ 

B

0

0.1

0.2

0.3

0.4

0.5

N
L

L
∆

-1

-0.5

0

0.5

1

1.5

2

2.5

3

1.61228 1.21397 0.943059 0.800705 0.78644 0.896506 1.12585 1.46762 1.91209 2.44443

1.34364 0.919431 0.629186 0.474388 0.454674 0.568033 0.810668 1.17805 1.66323 2.25755

1.19915 0.751063 0.43901 0.265087 0.229484 0.330802 0.566517 0.933168 1.42589 2.03852

1.14874 0.686132 0.350066 0.149906 0.0831234 0.152241 0.353601 0.68328 1.13482 1.7023

1.18043 0.707314 0.351332 0.11923 0.0152475 0.0389476 0.190329 0.464388 0.855878 1.35904

1.30544 0.815979 0.442139 0.181976 0.0406224 0.0196649 0.119211 0.337241 0.669955 1.11245

1.5479 1.0311 0.630603 0.345277 0.173253 0.114284 0.170145 0.339474 0.620054 1.00784

1.93553 1.37835 0.943105 0.625391 0.422324 0.331214 0.350916 0.478889 0.714995 1.05518

2.49718 1.89449 1.41703 1.05963 0.818444 0.692019 0.674327 0.766416 0.964002 1.26559

3.26872 2.6167 2.09138 1.6906 1.4079 1.24157 1.1878 1.24462 1.40915 1.67952

2.2745 1.81246 1.46309 1.21857 1.07789 1.04182 1.10877 1.27664 1.54199 1.90047

1.83469 1.37534 1.03136 0.796767 0.666721 0.639604 0.713479 0.886209 1.15472 1.51519

1.5001 1.0398 0.699995 0.472202 0.352042 0.334602 0.417231 0.597425 0.871965 1.23759

1.27395 0.812945 0.47393 0.251419 0.137996 0.129519 0.221547 0.410768 0.694398 1.06806

1.16121 0.69807 0.357453 0.136114 0.0271577 0.0262697 0.127329 0.326971 0.620776 1.0056

1.16464 0.697854 0.353092 0.129861 0.0237955 0.0285877 0.136978 0.345422 0.649815 1.04703

1.28544 0.812655 0.462241 0.236375 0.130145 0.137712 0.252093 0.467298 0.780563 1.18887

1.52111 1.03889 0.685873 0.455865 0.347422 0.35567 0.473174 0.694044 1.01381 1.43042

1.85001 1.37674 1.02035 0.787316 0.676339 0.683185 0.801797 1.02572 1.34975 1.7712

2.28676 1.8221 1.46723 1.2319 1.11722 1.12101 1.23842 1.46268 1.78867 2.21196
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2.2745 1.81246 1.46309 1.21857 1.07789 1.04182 1.10877 1.27664 1.54199 1.90047

1.83469 1.37534 1.03136 0.796767 0.666721 0.639604 0.713479 0.886209 1.15472 1.51519

1.5001 1.0398 0.699995 0.472202 0.352042 0.334602 0.417231 0.597425 0.871965 1.23759

1.27395 0.812945 0.47393 0.251419 0.137996 0.129519 0.221547 0.410768 0.694398 1.06806

1.16121 0.69807 0.357453 0.136114 0.0271577 0.0262697 0.127329 0.326971 0.620776 1.0056

1.16464 0.697854 0.353092 0.129861 0.0237955 0.0285877 0.136978 0.345422 0.649815 1.04703

1.28544 0.812655 0.462241 0.236375 0.130145 0.137712 0.252093 0.467298 0.780563 1.18887

1.52111 1.03889 0.685873 0.455865 0.347422 0.35567 0.473174 0.694044 1.01381 1.43042

1.85001 1.37674 1.02035 0.787316 0.676339 0.683185 0.801797 1.02572 1.34975 1.7712

2.28676 1.8221 1.46723 1.2319 1.11722 1.12101 1.23842 1.46268 1.78867 2.21196

2.22804 1.76724 1.41855 1.18738 1.07651 1.0828 1.20081 1.42446 1.74769 2.1668

1.81974 1.35045 0.997867 0.76728 0.657265 0.664299 0.781457 1.00251 1.32267 1.73845

1.50919 1.03304 0.679178 0.449831 0.341582 0.348158 0.463153 0.680518 0.996145 1.40712

1.29337 0.816686 0.46462 0.237409 0.129613 0.135433 0.24724 0.460692 0.769519 1.17355

1.16914 0.700473 0.354656 0.130934 0.0243801 0.0279142 0.135839 0.342054 0.644481 1.03911

1.15751 0.695022 0.35482 0.134048 0.0270478 0.026966 0.128846 0.328721 0.622801 1.00719

1.26178 0.803645 0.467019 0.246797 0.137636 0.133519 0.229131 0.421239 0.707167 1.0825

1.48119 1.02569 0.690439 0.469589 0.356123 0.345415 0.434342 0.620298 0.899178 1.26804

1.81365 1.35992 1.02434 0.799781 0.680093 0.663616 0.745515 0.925725 1.19945 1.5651

2.255 1.80274 1.46419 1.23371 1.107 1.08349 1.1609 1.33709 1.60814 1.97144
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2.22804 1.76724 1.41855 1.18738 1.07651 1.0828 1.20081 1.42446 1.74769 2.1668

1.81974 1.35045 0.997867 0.76728 0.657265 0.664299 0.781457 1.00251 1.32267 1.73845

1.50919 1.03304 0.679178 0.449831 0.341582 0.348158 0.463153 0.680518 0.996145 1.40712

1.29337 0.816686 0.46462 0.237409 0.129613 0.135433 0.24724 0.460692 0.769519 1.17355

1.16914 0.700473 0.354656 0.130934 0.0243801 0.0279142 0.135839 0.342054 0.644481 1.03911

1.15751 0.695022 0.35482 0.134048 0.0270478 0.026966 0.128846 0.328721 0.622801 1.00719

1.26178 0.803645 0.467019 0.246797 0.137636 0.133519 0.229131 0.421239 0.707167 1.0825

1.48119 1.02569 0.690439 0.469589 0.356123 0.345415 0.434342 0.620298 0.899178 1.26804

1.81365 1.35992 1.02434 0.799781 0.680093 0.663616 0.745515 0.925725 1.19945 1.5651

2.255 1.80274 1.46419 1.23371 1.107 1.08349 1.1609 1.33709 1.60814 1.97144

2.41289 1.93897 1.5693 1.31603 1.18207 1.16627 1.26494 1.47322 1.78536 2.19709

1.92994 1.44732 1.07981 0.833997 0.709171 0.702968 0.809748 1.02431 1.34094 1.75587

1.56515 1.07888 0.715824 0.477337 0.360739 0.361488 0.473157 0.690036 1.00644 1.42166

1.30582 0.828754 0.474482 0.243937 0.133786 0.138161 0.250141 0.464629 0.777923 1.18736

1.17034 0.701607 0.355574 0.131305 0.024475 0.0285163 0.137266 0.345232 0.650512 1.04994

1.15768 0.695687 0.355175 0.134516 0.0273605 0.0261764 0.126901 0.326083 0.620043 1.0051

1.26357 0.805758 0.468899 0.247914 0.135577 0.125963 0.215943 0.403746 0.684675 1.05627

1.48139 1.02635 0.690584 0.466667 0.342909 0.321412 0.399953 0.575437 0.846693 1.20952

1.80241 1.34969 1.01208 0.776884 0.641058 0.6071 0.675394 0.843028 1.10854 1.46733

2.21155 1.7588 1.42159 1.17113 1.02219 0.978779 1.04133 1.20663 1.47063 1.83027
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2.41289 1.93897 1.5693 1.31603 1.18207 1.16627 1.26494 1.47322 1.78536 2.19709

1.92994 1.44732 1.07981 0.833997 0.709171 0.702968 0.809748 1.02431 1.34094 1.75587

1.56515 1.07888 0.715824 0.477337 0.360739 0.361488 0.473157 0.690036 1.00644 1.42166

1.30582 0.828754 0.474482 0.243937 0.133786 0.138161 0.250141 0.464629 0.777923 1.18736

1.17034 0.701607 0.355574 0.131305 0.024475 0.0285163 0.137266 0.345232 0.650512 1.04994

1.15768 0.695687 0.355175 0.134516 0.0273605 0.0261764 0.126901 0.326083 0.620043 1.0051

1.26357 0.805758 0.468899 0.247914 0.135577 0.125963 0.215943 0.403746 0.684675 1.05627

1.48139 1.02635 0.690584 0.466667 0.342909 0.321412 0.399953 0.575437 0.846693 1.20952

1.80241 1.34969 1.01208 0.776884 0.641058 0.6071 0.675394 0.843028 1.10854 1.46733

2.21155 1.7588 1.42159 1.17113 1.02219 0.978779 1.04133 1.20663 1.47063 1.83027

2.27724 1.80161 1.45212 1.23055 1.13519 1.15665 1.28915 1.52647 1.86389 2.29813

1.83079 1.35676 1.00835 0.786833 0.689666 0.706955 0.834701 1.06519 1.39452 1.82027

1.49582 1.02387 0.67683 0.456493 0.3559 0.369306 0.490464 0.713761 1.03511 1.45155

1.27283 0.803405 0.458798 0.237376 0.134531 0.143703 0.258254 0.473777 0.78641 1.19259

1.16269 0.694944 0.351472 0.129525 0.0245217 0.0292427 0.137414 0.345286 0.648714 1.04425

1.16322 0.69866 0.356675 0.135885 0.0271072 0.0268733 0.128512 0.327964 0.622563 1.00694

1.27574 0.813956 0.473854 0.252589 0.141371 0.136185 0.23122 0.422738 0.707347 1.08098

1.49748 1.03992 0.702162 0.480038 0.366995 0.357104 0.445707 0.629472 0.904805 1.26788

1.82969 1.37649 1.04102 0.818848 0.703512 0.689128 0.771773 0.947975 1.21452 1.56778

2.27111 1.82262 1.48983 1.26791 1.15044 0.762181 1.20916 1.37856 1.63685 1.981
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2.27724 1.80161 1.45212 1.23055 1.13519 1.15665 1.28915 1.52647 1.86389 2.29813

1.83079 1.35676 1.00835 0.786833 0.689666 0.706955 0.834701 1.06519 1.39452 1.82027

1.49582 1.02387 0.67683 0.456493 0.3559 0.369306 0.490464 0.713761 1.03511 1.45155

1.27283 0.803405 0.458798 0.237376 0.134531 0.143703 0.258254 0.473777 0.78641 1.19259

1.16269 0.694944 0.351472 0.129525 0.0245217 0.0292427 0.137414 0.345286 0.648714 1.04425

1.16322 0.69866 0.356675 0.135885 0.0271072 0.0268733 0.128512 0.327964 0.622563 1.00694

1.27574 0.813956 0.473854 0.252589 0.141371 0.136185 0.23122 0.422738 0.707347 1.08098

1.49748 1.03992 0.702162 0.480038 0.366995 0.357104 0.445707 0.629472 0.904805 1.26788

1.82969 1.37649 1.04102 0.818848 0.703512 0.689128 0.771773 0.947975 1.21452 1.56778

2.27111 1.82262 1.48983 1.26791 1.15044 0.762181 1.20916 1.37856 1.63685 1.981

2.22465 1.78164 1.45918 1.24786 1.14266 1.13632 1.22417 1.40269 1.66896 2.01927

1.79541 1.34624 1.01872 0.803847 0.697774 0.692505 0.78371 0.967138 1.23993 1.59776

1.4743 1.02056 0.686202 0.469619 0.363136 0.359554 0.454303 0.643121 0.922617 1.28937

1.26224 0.803348 0.466051 0.246574 0.139194 0.137713 0.236095 0.430847 0.717552 1.09282

1.15961 0.696201 0.353735 0.132891 0.0264343 0.0274228 0.129926 0.330545 0.62459 1.00884

1.1664 0.698208 0.353664 0.131072 0.0251067 0.0286699 0.135647 0.342092 0.643843 1.03719

1.2824 0.811969 0.464393 0.240701 0.135335 0.141836 0.253098 0.465214 0.774349 1.17717

1.5092 1.03614 0.686713 0.461679 0.357136 0.366199 0.482231 0.700355 1.01726 1.42857

1.84614 1.37089 1.01934 0.793735 0.69015 0.702052 0.822669 1.04667 1.37015 1.79026

2.29225 1.81492 1.46247 1.23647 1.13398 1.14874 1.27384 1.50356 1.83379 2.26121
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2.22465 1.78164 1.45918 1.24786 1.14266 1.13632 1.22417 1.40269 1.66896 2.01927

1.79541 1.34624 1.01872 0.803847 0.697774 0.692505 0.78371 0.967138 1.23993 1.59776

1.4743 1.02056 0.686202 0.469619 0.363136 0.359554 0.454303 0.643121 0.922617 1.28937

1.26224 0.803348 0.466051 0.246574 0.139194 0.137713 0.236095 0.430847 0.717552 1.09282

1.15961 0.696201 0.353735 0.132891 0.0264343 0.0274228 0.129926 0.330545 0.62459 1.00884

1.1664 0.698208 0.353664 0.131072 0.0251067 0.0286699 0.135647 0.342092 0.643843 1.03719

1.2824 0.811969 0.464393 0.240701 0.135335 0.141836 0.253098 0.465214 0.774349 1.17717

1.5092 1.03614 0.686713 0.461679 0.357136 0.366199 0.482231 0.700355 1.01726 1.42857

1.84614 1.37089 1.01934 0.793735 0.69015 0.702052 0.822669 1.04667 1.37015 1.79026

2.29225 1.81492 1.46247 1.23647 1.13398 1.14874 1.27384 1.50356 1.83379 2.26121

2.34966 1.88842 1.53901 1.29885 1.16217 1.1251 1.18363 1.33666 1.58074 1.91329

1.88877 1.42682 1.07937 0.843411 0.712325 0.683353 0.751315 0.91481 1.17014 1.51408

1.538 1.07527 0.729544 0.496878 0.373321 0.35278 0.431443 0.606079 0.873458 1.23036

1.29843 0.834747 0.490536 0.262405 0.145377 0.13359 0.222878 0.409601 0.690263 1.06127

1.17129 0.706643 0.362178 0.139439 0.0283288 0.0266919 0.126181 0.325284 0.61947 1.00552

1.15698 0.690497 0.347675 0.127137 0.0236116 0.0303405 0.141342 0.352741 0.66091 1.06186

1.2563 0.789713 0.447183 0.230317 0.131777 0.147463 0.268873 0.492581 0.813799 1.22963

1.47186 1.00428 0.662054 0.446413 0.35391 0.377197 0.509139 0.744218 1.07856 1.50839

1.80334 1.33502 0.992852 0.778964 0.690644 0.721168 0.862582 1.10858 1.45505 1.89775

2.25067 1.78189 1.43986 1.22761 1.14264 1.17929 1.32936 1.58558 1.94267 2.39758
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2.34966 1.88842 1.53901 1.29885 1.16217 1.1251 1.18363 1.33666 1.58074 1.91329

1.88877 1.42682 1.07937 0.843411 0.712325 0.683353 0.751315 0.91481 1.17014 1.51408

1.538 1.07527 0.729544 0.496878 0.373321 0.35278 0.431443 0.606079 0.873458 1.23036

1.29843 0.834747 0.490536 0.262405 0.145377 0.13359 0.222878 0.409601 0.690263 1.06127

1.17129 0.706643 0.362178 0.139439 0.0283288 0.0266919 0.126181 0.325284 0.61947 1.00552

1.15698 0.690497 0.347675 0.127137 0.0236116 0.0303405 0.141342 0.352741 0.66091 1.06186

1.2563 0.789713 0.447183 0.230317 0.131777 0.147463 0.268873 0.492581 0.813799 1.22963

1.47186 1.00428 0.662054 0.446413 0.35391 0.377197 0.509139 0.744218 1.07856 1.50839

1.80334 1.33502 0.992852 0.778964 0.690644 0.721168 0.862582 1.10858 1.45505 1.89775

2.25067 1.78189 1.43986 1.22761 1.14264 1.17929 1.32936 1.58558 1.94267 2.39758

1.65564 1.28741 1.03281 0.885031 0.839501 0.889678 1.02862 1.25331 1.56209 1.95203

1.46366 1.06646 0.783378 0.612989 0.548613 0.585857 0.717354 0.939365 1.24881 1.64484

1.30811 0.878735 0.569065 0.377593 0.299236 0.327013 0.45327 0.673905 0.985776 1.38683

1.19308 0.740654 0.411958 0.205872 0.116507 0.135322 0.256359 0.474528 0.786522 1.18999

1.14848 0.682943 0.341301 0.122588 0.0211951 0.0303489 0.142336 0.35382 0.660907 1.06088

1.22134 0.739335 0.382473 0.14952 0.0316223 0.0253881 0.123986 0.323502 0.618247 1.00593

1.43625 0.932086 0.556143 0.300965 0.162876 0.136698 0.216185 0.397477 0.67635 1.04873

1.80778 1.27839 0.874787 0.594634 0.432326 0.382548 0.441298 0.605069 0.870654 1.23399

2.3492 1.78788 1.35551 1.04795 0.859723 0.78719 0.828127 0.9784 1.23536 1.59651

3.06858 2.47546 2.01385 1.67835 1.46693 1.37554 1.40169 1.5419 1.79422 2.15552
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1.65564 1.28741 1.03281 0.885031 0.839501 0.889678 1.02862 1.25331 1.56209 1.95203

1.46366 1.06646 0.783378 0.612989 0.548613 0.585857 0.717354 0.939365 1.24881 1.64484

1.30811 0.878735 0.569065 0.377593 0.299236 0.327013 0.45327 0.673905 0.985776 1.38683

1.19308 0.740654 0.411958 0.205872 0.116507 0.135322 0.256359 0.474528 0.786522 1.18999

1.14848 0.682943 0.341301 0.122588 0.0211951 0.0303489 0.142336 0.35382 0.660907 1.06088

1.22134 0.739335 0.382473 0.14952 0.0316223 0.0253881 0.123986 0.323502 0.618247 1.00593

1.43625 0.932086 0.556143 0.300965 0.162876 0.136698 0.216185 0.397477 0.67635 1.04873

1.80778 1.27839 0.874787 0.594634 0.432326 0.382548 0.441298 0.605069 0.870654 1.23399

2.3492 1.78788 1.35551 1.04795 0.859723 0.78719 0.828127 0.9784 1.23536 1.59651

3.06858 2.47546 2.01385 1.67835 1.46693 1.37554 1.40169 1.5419 1.79422 2.15552

1.73533 1.372 1.12249 0.980509 0.945224 1.00941 1.16335 1.38546 1.63281 1.92181

1.5109 1.11097 0.825383 0.652207 0.587774 0.624103 0.749007 0.945258 1.19659 1.50511

1.35116 0.917505 0.60121 0.400983 0.312872 0.32777 0.434662 0.621212 0.882334 1.21594

1.24196 0.782398 0.444561 0.226822 0.123694 0.125769 0.224225 0.413178 0.689178 1.04994

1.17472 0.703326 0.357015 0.133109 0.0250761 0.0247445 0.125813 0.324279 0.61878 1.00702

1.14814 0.684402 0.344828 0.126459 0.0241768 0.0316239 0.144174 0.359558 0.675879 1.09157

1.18404 0.740948 0.41948 0.218614 0.13074 0.154356 0.286291 0.523782 0.865314 1.30907

1.31512 0.896486 0.598803 0.419203 0.354716 0.402242 0.559171 0.823626 1.19332 1.66449

1.56451 1.172 0.900722 0.748233 0.711193 0.787354 0.973419 1.26753 1.666 2.1633

1.95032 1.58537 1.34318 1.22077 1.21508 1.32327 1.54056 1.8659 2.29063 2.81161
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1.73533 1.372 1.12249 0.980509 0.945224 1.00941 1.16335 1.38546 1.63281 1.92181

1.5109 1.11097 0.825383 0.652207 0.587774 0.624103 0.749007 0.945258 1.19659 1.50511

1.35116 0.917505 0.60121 0.400983 0.312872 0.32777 0.434662 0.621212 0.882334 1.21594

1.24196 0.782398 0.444561 0.226822 0.123694 0.125769 0.224225 0.413178 0.689178 1.04994

1.17472 0.703326 0.357015 0.133109 0.0250761 0.0247445 0.125813 0.324279 0.61878 1.00702

1.14814 0.684402 0.344828 0.126459 0.0241768 0.0316239 0.144174 0.359558 0.675879 1.09157

1.18404 0.740948 0.41948 0.218614 0.13074 0.154356 0.286291 0.523782 0.865314 1.30907

1.31512 0.896486 0.598803 0.419203 0.354716 0.402242 0.559171 0.823626 1.19332 1.66449

1.56451 1.172 0.900722 0.748233 0.711193 0.787354 0.973419 1.26753 1.666 2.1633

1.95032 1.58537 1.34318 1.22077 1.21508 1.32327 1.54056 1.8659 2.29063 2.81161
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Figure 169: Two dimensional profile likelihoods of a of Im(AL⊥) of B̄ with other amplitude

parameters. The ellipse corresponds to the one standard deviation value provided by HESSE.

Values at -0.5 denote failed fits which need to be rerun with a different starting value.
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Figure 170: Two dimensional profile likelihoods of b of Im(AL⊥) of B̄ with other amplitude

parameters. The ellipse corresponds to the one standard deviation value provided by HESSE.

Values at -0.5 denote failed fits which need to be rerun with a different starting value.
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1.14969 0.863597 0.665839 0.560426 0.55291 0.64867 0.854515 1.17635 1.61916 2.19224

0.986396 0.673413 0.446532 0.311748 0.275045 0.342431 0.517852 0.809086 1.22111 1.76035

0.934673 0.588878 0.330482 0.165539 0.101495 0.143863 0.29849 0.566645 0.956639 1.47228

0.997293 0.61299 0.316363 0.116007 0.0198789 0.0352408 0.168346 0.422684 0.799285 1.30381

1.19354 0.763092 0.419199 0.173602 0.0354072 0.016425 0.121959 0.359235 0.728651 1.23097

1.5226 1.03328 0.630449 0.329899 0.145222 0.0871491 0.163782 0.379012 0.735904 1.23518

1.89348 1.33592 0.880417 0.540493 0.324722 0.240735 0.294509 0.489879 0.830187 1.31653

1.98491 1.50399 1.09082 0.770133 0.561291 0.475359 0.520546 0.703344 1.0272 1.49417

2.15409 1.72638 1.35964 1.07522 0.887861 0.812834 0.858827 1.03348 1.34246 1.78785

)L Im(Aγ B
0 0.1 0.2 0.3 0.4

)
R

 R
e(

A
α 

B

-0.45

-0.4

-0.35

-0.3

-0.25

-0.2

-0.15

-0.1

-0.05 N
L

L
∆

-1

-0.5

0

0.5

1

1.5

2

2.5

3

1.45229 1.18933 1.01796 0.941743 0.965945 1.09567 1.33668 1.69558 2.17863 2.79192

1.14969 0.863597 0.665839 0.560426 0.55291 0.64867 0.854515 1.17635 1.61916 2.19224

0.986396 0.673413 0.446532 0.311748 0.275045 0.342431 0.517852 0.809086 1.22111 1.76035

0.934673 0.588878 0.330482 0.165539 0.101495 0.143863 0.29849 0.566645 0.956639 1.47228

0.997293 0.61299 0.316363 0.116007 0.0198789 0.0352408 0.168346 0.422684 0.799285 1.30381

1.19354 0.763092 0.419199 0.173602 0.0354072 0.016425 0.121959 0.359235 0.728651 1.23097

1.5226 1.03328 0.630449 0.329899 0.145222 0.0871491 0.163782 0.379012 0.735904 1.23518

1.89348 1.33592 0.880417 0.540493 0.324722 0.240735 0.294509 0.489879 0.830187 1.31653

1.98491 1.50399 1.09082 0.770133 0.561291 0.475359 0.520546 0.703344 1.0272 1.49417

2.15409 1.72638 1.35964 1.07522 0.887861 0.812834 0.858827 1.03348 1.34246 1.78785

2.28112 1.85841 1.49403 1.20808 1.01801 0.938097 0.978895 1.14768 1.4497 1.88643

2.03703 1.57047 1.16163 0.841385 0.631054 0.544045 0.588586 0.769955 1.09147 1.55528

1.82709 1.32433 0.891761 0.560917 0.351753 0.271797 0.328489 0.526096 0.866643 1.35314

1.38111 0.944385 0.584022 0.312544 0.145084 0.0964913 0.177402 0.394614 0.752541 1.25361

1.09387 0.69781 0.382757 0.15822 0.0325485 0.0172597 0.122444 0.35631 0.722591 1.22442

0.957287 0.592358 0.309581 0.11663 0.0216916 0.030585 0.152714 0.394718 0.760748 1.25547

0.939859 0.600746 0.342955 0.173155 0.0978748 0.123762 0.25642 0.503094 0.869413 1.36119

1.01272 0.696268 0.460335 0.310535 0.252587 0.293469 0.438047 0.694804 1.06941 1.56961

1.17856 0.88055 0.665784 0.535389 0.497485 0.557541 0.722151 0.996434 1.39072 1.91105

1.46996 1.18623 0.988352 0.88009 0.865898 0.95028 1.14023 1.44304 1.86517 2.41497
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2.28112 1.85841 1.49403 1.20808 1.01801 0.938097 0.978895 1.14768 1.4497 1.88643

2.03703 1.57047 1.16163 0.841385 0.631054 0.544045 0.588586 0.769955 1.09147 1.55528

1.82709 1.32433 0.891761 0.560917 0.351753 0.271797 0.328489 0.526096 0.866643 1.35314

1.38111 0.944385 0.584022 0.312544 0.145084 0.0964913 0.177402 0.394614 0.752541 1.25361

1.09387 0.69781 0.382757 0.15822 0.0325485 0.0172597 0.122444 0.35631 0.722591 1.22442

0.957287 0.592358 0.309581 0.11663 0.0216916 0.030585 0.152714 0.394718 0.760748 1.25547

0.939859 0.600746 0.342955 0.173155 0.0978748 0.123762 0.25642 0.503094 0.869413 1.36119

1.01272 0.696268 0.460335 0.310535 0.252587 0.293469 0.438047 0.694804 1.06941 1.56961

1.17856 0.88055 0.665784 0.535389 0.497485 0.557541 0.722151 0.996434 1.39072 1.91105

1.46996 1.18623 0.988352 0.88009 0.865898 0.95028 1.14023 1.44304 1.86517 2.41497

2.0651 1.63615 1.27654 1.00433 0.834099 0.777104 0.842763 1.03791 1.36575 1.83034

1.95337 1.45749 1.0416 0.72592 0.524436 0.447113 0.50148 0.693068 1.02561 1.50078

1.8752 1.31937 0.865006 0.525077 0.30965 0.226309 0.281254 0.477981 0.819688 1.30735

1.63361 1.09702 0.662603 0.342625 0.146988 0.0831783 0.156722 0.371737 0.729106 1.22817

1.3154 0.837644 0.458898 0.189059 0.0388566 0.0155982 0.12356 0.364578 0.740501 1.24875

1.06324 0.647048 0.328747 0.117032 0.0199679 0.0417237 0.187861 0.457622 0.853141 1.37562

0.942162 0.584107 0.32256 0.16409 0.114451 0.178077 0.358565 0.658108 1.08057 1.62862

0.972954 0.66678 0.454642 0.342231 0.335553 0.437627 0.653779 0.989779 1.44905 2.03642

1.16971 0.906902 0.739064 0.669829 0.70463 0.850393 1.10957 1.48947 1.99456 2.6298

1.5749 1.34826 1.21792 1.19082 1.27027 1.46119 1.76909 2.19763 2.75273 3.43906
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2.0651 1.63615 1.27654 1.00433 0.834099 0.777104 0.842763 1.03791 1.36575 1.83034

1.95337 1.45749 1.0416 0.72592 0.524436 0.447113 0.50148 0.693068 1.02561 1.50078

1.8752 1.31937 0.865006 0.525077 0.30965 0.226309 0.281254 0.477981 0.819688 1.30735

1.63361 1.09702 0.662603 0.342625 0.146988 0.0831783 0.156722 0.371737 0.729106 1.22817

1.3154 0.837644 0.458898 0.189059 0.0388566 0.0155982 0.12356 0.364578 0.740501 1.24875

1.06324 0.647048 0.328747 0.117032 0.0199679 0.0417237 0.187861 0.457622 0.853141 1.37562

0.942162 0.584107 0.32256 0.16409 0.114451 0.178077 0.358565 0.658108 1.08057 1.62862

0.972954 0.66678 0.454642 0.342231 0.335553 0.437627 0.653779 0.989779 1.44905 2.03642

1.16971 0.906902 0.739064 0.669829 0.70463 0.850393 1.10957 1.48947 1.99456 2.6298

1.5749 1.34826 1.21792 1.19082 1.27027 1.46119 1.76909 2.19763 2.75273 3.43906

1.84983 1.52628 1.27964 1.11679 1.04396 1.06796 1.1949 1.43105 1.78414 2.26505

1.46021 1.13522 0.886691 0.720257 0.642153 0.658884 0.777584 1.00653 1.35637 1.83782

1.17821 0.848983 0.595034 0.42275 0.337206 0.346592 0.458771 0.684348 1.03507 1.52021

1.00421 0.666976 0.404835 0.224202 0.131697 0.134427 0.243158 0.469839 0.82519 1.31618

0.936235 0.587743 0.315997 0.126562 0.0274399 0.0266028 0.135409 0.365564 0.728503 1.22801

0.97159 0.610328 0.328512 0.131829 0.0272349 0.0254154 0.137271 0.375276 0.748289 1.25784

1.10427 0.732209 0.441991 0.240181 0.13395 0.133999 0.252892 0.500812 0.884748 1.40556

1.3311 0.953278 0.6584 0.454121 0.349032 0.354677 0.482682 0.742238 1.13745 1.67073

1.65505 1.27345 0.977597 0.774303 0.673889 0.688122 0.827043 1.09787 1.50339 2.04489

2.07407 1.69452 1.40028 1.20176 1.10964 1.13483 1.28555 1.56693 1.98097 2.5266
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1.84983 1.52628 1.27964 1.11679 1.04396 1.06796 1.1949 1.43105 1.78414 2.26505

1.46021 1.13522 0.886691 0.720257 0.642153 0.658884 0.777584 1.00653 1.35637 1.83782

1.17821 0.848983 0.595034 0.42275 0.337206 0.346592 0.458771 0.684348 1.03507 1.52021

1.00421 0.666976 0.404835 0.224202 0.131697 0.134427 0.243158 0.469839 0.82519 1.31618

0.936235 0.587743 0.315997 0.126562 0.0274399 0.0266028 0.135409 0.365564 0.728503 1.22801

0.97159 0.610328 0.328512 0.131829 0.0272349 0.0254154 0.137271 0.375276 0.748289 1.25784

1.10427 0.732209 0.441991 0.240181 0.13395 0.133999 0.252892 0.500812 0.884748 1.40556

1.3311 0.953278 0.6584 0.454121 0.349032 0.354677 0.482682 0.742238 1.13745 1.67073

1.65505 1.27345 0.977597 0.774303 0.673889 0.688122 0.827043 1.09787 1.50339 2.04489

2.07407 1.69452 1.40028 1.20176 1.10964 1.13483 1.28555 1.56693 1.98097 2.5266

2.05989 1.67659 1.37847 1.1737 1.0734 1.08909 1.23001 1.50166 1.90633 2.44298

1.64545 1.26406 0.967216 0.761587 0.657181 0.665947 0.798873 1.06334 1.4631 1.99825

1.32424 0.947273 0.653698 0.449471 0.343789 0.347012 0.472038 0.728305 1.12128 1.65271

1.09728 0.727711 0.439569 0.238638 0.132765 0.13262 0.250658 0.498453 0.882907 1.40868

0.966868 0.607465 0.326706 0.130769 0.0271061 0.025229 0.137678 0.376122 0.748496 1.25889

0.937565 0.589577 0.317554 0.127774 0.0275978 0.0263832 0.134331 0.365648 0.727442 1.22676

1.01558 0.676782 0.412991 0.230124 0.134929 0.135414 0.242922 0.467082 0.821226 1.31098

1.2036 0.871638 0.614819 0.438282 0.347714 0.352835 0.460527 0.681995 1.02965 1.51166

1.50185 1.17409 0.921755 0.750098 0.665371 0.674606 0.785579 1.00748 1.35139 1.8276

1.91096 1.58508 1.33511 1.1666 1.08597 1.10005 1.21601 1.44071 1.78407 2.25596

)L Im(Aγ B
0 0.1 0.2 0.3 0.4

)
L

 R
e(

A
β 

B

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

0.045

0.05

N
L

L
∆

-1

-0.5

0

0.5

1

1.5

2

2.5

3

2.05989 1.67659 1.37847 1.1737 1.0734 1.08909 1.23001 1.50166 1.90633 2.44298

1.64545 1.26406 0.967216 0.761587 0.657181 0.665947 0.798873 1.06334 1.4631 1.99825

1.32424 0.947273 0.653698 0.449471 0.343789 0.347012 0.472038 0.728305 1.12128 1.65271

1.09728 0.727711 0.439569 0.238638 0.132765 0.13262 0.250658 0.498453 0.882907 1.40868

0.966868 0.607465 0.326706 0.130769 0.0271061 0.025229 0.137678 0.376122 0.748496 1.25889

0.937565 0.589577 0.317554 0.127774 0.0275978 0.0263832 0.134331 0.365648 0.727442 1.22676

1.01558 0.676782 0.412991 0.230124 0.134929 0.135414 0.242922 0.467082 0.821226 1.31098

1.2036 0.871638 0.614819 0.438282 0.347714 0.352835 0.460527 0.681995 1.02965 1.51166

1.50185 1.17409 0.921755 0.750098 0.665371 0.674606 0.785579 1.00748 1.35139 1.8276

1.91096 1.58508 1.33511 1.1666 1.08597 1.10005 1.21601 1.44071 1.78407 2.25596

2.02558 1.66546 1.39487 1.22256 1.15891 1.21319 1.3928 1.70135 2.14024 2.70627

1.61374 1.24461 0.962643 0.775988 0.694189 0.728742 0.889058 1.17998 1.60529 2.16424

1.30411 0.931488 0.644026 0.448355 0.354402 0.372459 0.513796 0.788791 1.19617 1.74261

1.09188 0.721166 0.433721 0.23511 0.133372 0.139831 0.265886 0.522336 0.913335 1.44288

0.969738 0.607958 0.326081 0.130649 0.0266965 0.0261688 0.140503 0.383088 0.7584 1.27029

0.93533 0.587647 0.316091 0.127037 0.0273142 0.0261817 0.133308 0.362685 0.72537 1.22537

0.994851 0.659908 0.399811 0.220813 0.129038 0.131544 0.238343 0.462371 0.813081 1.30161

1.15541 0.827351 0.576008 0.40641 0.324328 0.335966 0.448329 0.670745 1.01639 1.49617

1.42043 1.09438 0.847055 0.68335 0.609469 0.631246 0.753917 0.98374 1.32789 1.80188

1.78907 1.46158 1.21321 1.05036 0.980935 1.01059 1.14562 1.38722 1.73662 2.20788
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2.02558 1.66546 1.39487 1.22256 1.15891 1.21319 1.3928 1.70135 2.14024 2.70627

1.61374 1.24461 0.962643 0.775988 0.694189 0.728742 0.889058 1.17998 1.60529 2.16424

1.30411 0.931488 0.644026 0.448355 0.354402 0.372459 0.513796 0.788791 1.19617 1.74261

1.09188 0.721166 0.433721 0.23511 0.133372 0.139831 0.265886 0.522336 0.913335 1.44288

0.969738 0.607958 0.326081 0.130649 0.0266965 0.0261688 0.140503 0.383088 0.7584 1.27029

0.93533 0.587647 0.316091 0.127037 0.0273142 0.0261817 0.133308 0.362685 0.72537 1.22537

0.994851 0.659908 0.399811 0.220813 0.129038 0.131544 0.238343 0.462371 0.813081 1.30161

1.15541 0.827351 0.576008 0.40641 0.324328 0.335966 0.448329 0.670745 1.01639 1.49617

1.42043 1.09438 0.847055 0.68335 0.609469 0.631246 0.753917 0.98374 1.32789 1.80188

1.78907 1.46158 1.21321 1.05036 0.980935 1.01059 1.14562 1.38722 1.73662 2.20788

2.26838 1.86664 1.54465 1.30869 1.16697 1.13067 1.21519 1.42871 1.78175 2.2732

1.78385 1.39029 1.07661 0.849077 0.714593 0.686292 0.775621 0.99346 1.35011 1.84457

1.40702 1.02327 0.718836 0.499938 0.374382 0.353177 0.447656 0.670875 1.0309 1.52835

1.13928 0.766387 0.47205 0.263358 0.146559 0.132124 0.233196 0.460963 0.823245 1.32278

0.981657 0.620327 0.336828 0.137375 0.0300672 0.0240369 0.131838 0.36329 0.728466 1.22985

0.935338 0.5859 0.313596 0.124126 0.0261466 0.0281821 0.142191 0.377727 0.745666 1.24871

1.00156 0.663626 0.401966 0.223003 0.134352 0.144351 0.263932 0.504158 0.874123 1.37807

1.18038 0.854018 0.60307 0.434149 0.354312 0.372134 0.497611 0.741741 1.1136 1.61814

1.47334 1.15724 0.916697 0.757252 0.686075 0.711183 0.842213 1.08986 1.46322 1.96769

1.88039 1.57363 1.34237 1.19199 1.12891 1.16088 1.29715 1.54765 1.92194 2.4258
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2.26838 1.86664 1.54465 1.30869 1.16697 1.13067 1.21519 1.42871 1.78175 2.2732

1.78385 1.39029 1.07661 0.849077 0.714593 0.686292 0.775621 0.99346 1.35011 1.84457

1.40702 1.02327 0.718836 0.499938 0.374382 0.353177 0.447656 0.670875 1.0309 1.52835

1.13928 0.766387 0.47205 0.263358 0.146559 0.132124 0.233196 0.460963 0.823245 1.32278

0.981657 0.620327 0.336828 0.137375 0.0300672 0.0240369 0.131838 0.36329 0.728466 1.22985

0.935338 0.5859 0.313596 0.124126 0.0261466 0.0281821 0.142191 0.377727 0.745666 1.24871

1.00156 0.663626 0.401966 0.223003 0.134352 0.144351 0.263932 0.504158 0.874123 1.37807

1.18038 0.854018 0.60307 0.434149 0.354312 0.372134 0.497611 0.741741 1.1136 1.61814

1.47334 1.15724 0.916697 0.757252 0.686075 0.711183 0.842213 1.08986 1.46322 1.96769

1.88039 1.57363 1.34237 1.19199 1.12891 1.16088 1.29715 1.54765 1.92194 2.4258

1.92562 1.61151 1.37039 1.20822 1.13203 1.15007 1.2722 1.51003 1.8737 2.36964

1.5092 1.18715 0.938856 0.770455 0.689061 0.703451 0.823702 1.06164 1.42698 1.92582

1.20552 0.875058 0.61901 0.443766 0.356857 0.367129 0.484931 0.722703 1.08897 1.58952

1.01466 0.675411 0.411202 0.228736 0.136657 0.141544 0.256669 0.493768 0.859481 1.36198

0.936862 0.588315 0.315627 0.12577 0.0267022 0.0273189 0.139777 0.37385 0.740345 1.24238

0.971564 0.613649 0.332412 0.134885 0.0293565 0.0247047 0.133559 0.365772 0.731567 1.23353

1.11795 0.750367 0.460801 0.255999 0.144258 0.133817 0.238615 0.468791 0.833077 1.33451

1.37608 0.99895 0.701133 0.488877 0.370013 0.35465 0.455164 0.682898 1.0457 1.54622

1.74372 1.35825 1.05271 0.833073 0.707741 0.68696 0.783347 1.00833 1.36908 1.86806

2.22072 1.82739 1.5144 1.28797 1.15628 1.13026 1.22252 1.44433 1.80258 2.29956
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1.92562 1.61151 1.37039 1.20822 1.13203 1.15007 1.2722 1.51003 1.8737 2.36964

1.5092 1.18715 0.938856 0.770455 0.689061 0.703451 0.823702 1.06164 1.42698 1.92582
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Figure 171: Two dimensional profile likelihoods of c of Im(AL⊥) of B̄ with other amplitude

parameters. The ellipse corresponds to the one standard deviation value provided by HESSE.

Values at -0.5 denote failed fits which need to be rerun with a different starting value.
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1.18124 0.78066 0.517891 0.367619 0.317316 0.363043 0.482608 0.640517 0.855139 1.17381

1.46873 1.05877 0.792319 0.645515 0.60648 0.668046 0.801628 0.950335 1.15019 1.46361

1.86684 1.4428 1.16685 1.0166 0.979825 1.04839 1.1894 1.31893 1.51138 1.82638
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2.32663 1.91523 1.63665 1.44509 1.28572 1.17804 1.16645 1.26292 1.47377 1.8101

1.81262 1.40538 1.12299 0.92655 0.779096 0.698156 0.711019 0.824406 1.04442 1.38388

1.41923 1.01542 0.733282 0.537583 0.404628 0.347667 0.382382 0.510927 0.7385 1.07943

1.14385 0.743911 0.465552 0.275308 0.157348 0.12292 0.177193 0.318382 0.550231 0.891487

0.984613 0.587765 0.314536 0.132744 0.0317424 0.018096 0.0906493 0.241856 0.475358 0.81418

0.938644 0.543703 0.275362 0.104349 0.0215803 0.028289 0.117358 0.275128 0.506878 0.840824

1.00418 0.609 0.344657 0.185179 0.11952 0.146218 0.250772 0.411032 0.636527 0.963602

1.18124 0.78066 0.517891 0.367619 0.317316 0.363043 0.482608 0.640517 0.855139 1.17381

1.46873 1.05877 0.792319 0.645515 0.60648 0.668046 0.801628 0.950335 1.15019 1.46361

1.86684 1.4428 1.16685 1.0166 0.979825 1.04839 1.1894 1.31893 1.51138 1.82638

2.33697 1.87363 1.53914 1.31205 1.17629 1.12877 1.16667 1.2878 1.49868 1.81585

1.83407 1.38384 1.06233 0.846328 0.720306 0.682376 0.728806 0.857041 1.07287 1.39619

1.44206 1.00575 0.697475 0.492409 0.377212 0.348712 0.404462 0.53956 0.760992 1.0893

1.16219 0.739318 0.445708 0.252455 0.146688 0.128029 0.193058 0.335395 0.562351 0.895348

0.994048 0.585581 0.305792 0.12442 0.0291889 0.0210368 0.0945108 0.244871 0.477015 0.814517

0.937864 0.544288 0.277748 0.108327 0.0239269 0.0260574 0.109608 0.267543 0.504627 0.846025

0.995084 0.615943 0.363304 0.205644 0.131524 0.143616 0.237593 0.402677 0.644848 0.990672

1.16565 0.80062 0.561819 0.415412 0.351495 0.374142 0.477939 0.650203 0.897124 1.24768

1.44955 1.09818 0.872591 0.737484 0.683616 0.716739 0.830258 1.00942 1.26107 1.61664

1.84674 1.50882 1.29604 1.17154 1.12744 1.17102 1.29404 1.47952 1.736 2.09742
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2.33697 1.87363 1.53914 1.31205 1.17629 1.12877 1.16667 1.2878 1.49868 1.81585

1.83407 1.38384 1.06233 0.846328 0.720306 0.682376 0.728806 0.857041 1.07287 1.39619

1.44206 1.00575 0.697475 0.492409 0.377212 0.348712 0.404462 0.53956 0.760992 1.0893

1.16219 0.739318 0.445708 0.252455 0.146688 0.128029 0.193058 0.335395 0.562351 0.895348

0.994048 0.585581 0.305792 0.12442 0.0291889 0.0210368 0.0945108 0.244871 0.477015 0.814517

0.937864 0.544288 0.277748 0.108327 0.0239269 0.0260574 0.109608 0.267543 0.504627 0.846025

0.995084 0.615943 0.363304 0.205644 0.131524 0.143616 0.237593 0.402677 0.644848 0.990672

1.16565 0.80062 0.561819 0.415412 0.351495 0.374142 0.477939 0.650203 0.897124 1.24768

1.44955 1.09818 0.872591 0.737484 0.683616 0.716739 0.830258 1.00942 1.26107 1.61664

1.84674 1.50882 1.29604 1.17154 1.12744 1.17102 1.29404 1.47952 1.736 2.09742

1.85805 1.52696 1.31646 1.18552 1.12878 1.15508 1.25915 1.4275 1.67131 2.02336

1.45911 1.11267 0.888327 0.749095 0.685746 0.706321 0.80461 0.97053 1.21196 1.56043

1.17262 0.810704 0.572711 0.423952 0.353712 0.367659 0.460611 0.623863 0.862725 1.20795

0.998868 0.621428 0.369547 0.210688 0.133192 0.140722 0.227646 0.386879 0.624124 0.966538

0.937939 0.54502 0.279102 0.109746 0.0246269 0.0251441 0.106156 0.261524 0.496527 0.836534

0.990351 0.582077 0.301653 0.122002 0.0282515 0.0210583 0.0964986 0.247734 0.480569 0.817552

1.1547 0.730819 0.437408 0.245952 0.143871 0.129617 0.198857 0.345641 0.576197 0.910515

1.4312 0.992472 0.685087 0.482772 0.371828 0.350259 0.413259 0.555618 0.78296 1.11488

1.81883 1.36617 1.04492 0.830935 0.712211 0.682726 0.739448 0.877276 1.10159 1.43066

2.31794 1.85192 1.5167 1.29113 1.16302 1.1265 1.17695 1.31012 1.53107 1.85684
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1.85805 1.52696 1.31646 1.18552 1.12878 1.15508 1.25915 1.4275 1.67131 2.02336

1.45911 1.11267 0.888327 0.749095 0.685746 0.706321 0.80461 0.97053 1.21196 1.56043

1.17262 0.810704 0.572711 0.423952 0.353712 0.367659 0.460611 0.623863 0.862725 1.20795

0.998868 0.621428 0.369547 0.210688 0.133192 0.140722 0.227646 0.386879 0.624124 0.966538

0.937939 0.54502 0.279102 0.109746 0.0246269 0.0251441 0.106156 0.261524 0.496527 0.836534

0.990351 0.582077 0.301653 0.122002 0.0282515 0.0210583 0.0964986 0.247734 0.480569 0.817552

1.1547 0.730819 0.437408 0.245952 0.143871 0.129617 0.198857 0.345641 0.576197 0.910515

1.4312 0.992472 0.685087 0.482772 0.371828 0.350259 0.413259 0.555618 0.78296 1.11488

1.81883 1.36617 1.04492 0.830935 0.712211 0.682726 0.739448 0.877276 1.10159 1.43066

2.31794 1.85192 1.5167 1.29113 1.16302 1.1265 1.17695 1.31012 1.53107 1.85684

1.80717 1.47444 1.26927 1.15541 1.12581 1.18629 1.32697 1.52295 1.78011 2.13722

1.41701 1.07024 0.850706 0.723997 0.681317 0.728295 0.855546 1.04328 1.29543 1.64753

1.14272 0.78017 0.546005 0.405367 0.349247 0.381786 0.495358 0.674367 0.921998 1.26985

0.983373 0.604841 0.354022 0.199422 0.129767 0.147792 0.247884 0.417485 0.660266 1.00453

0.938487 0.54388 0.275985 0.106656 0.0232386 0.0273938 0.113357 0.273205 0.51099 0.852105

1.00814 0.595571 0.312147 0.127684 0.0302407 0.0200603 0.0927901 0.24303 0.475607 0.812804

1.19076 0.761205 0.460423 0.26188 0.150746 0.12682 0.18721 4.03142 0.554881 0.888576

1.48637 1.04052 0.723895 0.509712 0.386061 0.349287 0.397519 0.528717 0.749924 1.07979

1.89586 1.4342 1.10146 0.872819 0.736553 0.687591 0.724534 0.846806 1.06188 1.38713

2.4181 1.93996 1.5919 1.35078 1.20248 1.14214 1.16848 1.28209 1.49066 1.81103
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1.80717 1.47444 1.26927 1.15541 1.12581 1.18629 1.32697 1.52295 1.78011 2.13722

1.41701 1.07024 0.850706 0.723997 0.681317 0.728295 0.855546 1.04328 1.29543 1.64753

1.14272 0.78017 0.546005 0.405367 0.349247 0.381786 0.495358 0.674367 0.921998 1.26985

0.983373 0.604841 0.354022 0.199422 0.129767 0.147792 0.247884 0.417485 0.660266 1.00453

0.938487 0.54388 0.275985 0.106656 0.0232386 0.0273938 0.113357 0.273205 0.51099 0.852105

1.00814 0.595571 0.312147 0.127684 0.0302407 0.0200603 0.0927901 0.24303 0.475607 0.812804

1.19076 0.761205 0.460423 0.26188 0.150746 0.12682 0.18721 4.03142 0.554881 0.888576

1.48637 1.04052 0.723895 0.509712 0.386061 0.349287 0.397519 0.528717 0.749924 1.07979

1.89586 1.4342 1.10146 0.872819 0.736553 0.687591 0.724534 0.846806 1.06188 1.38713

2.4181 1.93996 1.5919 1.35078 1.20248 1.14214 1.16848 1.28209 1.49066 1.81103

2.39835 1.99948 1.65377 1.32009 1.05319 0.891554 0.839397 0.887549 1.03397 1.29118

1.95625 1.54038 1.2044 0.915294 0.695261 0.572722 0.551867 0.625492 0.793999 1.07423

1.57157 1.15175 0.828615 0.571651 0.390543 0.303722 0.313736 0.414246 0.607359 0.911556

1.26152 0.84742 0.538436 0.310744 0.164318 0.111445 0.151467 0.278696 0.49567 0.822527

1.04387 0.640161 0.349634 0.149991 0.0358947 0.0163963 0.0872493 0.241192 0.480318 0.826171

0.941695 0.547153 0.27522 0.102657 0.0207631 0.0351007 0.139747 0.320517 0.579664 0.941061

0.985178 0.588841 0.330493 0.182034 0.132936 0.182755 0.323001 0.533184 0.810369 1.18349

1.19875 0.792559 0.538685 0.408269 0.387008 0.471573 0.650738 0.893835 1.18742 1.56749

1.60096 1.18014 0.922724 0.801378 0.800358 0.914884 1.13412 1.41518 1.72454 2.10679

2.20621 1.76811 1.50194 1.38213 1.39282 1.52879 1.78122 2.10742 2.43339 2.81367
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2.39835 1.99948 1.65377 1.32009 1.05319 0.891554 0.839397 0.887549 1.03397 1.29118

1.95625 1.54038 1.2044 0.915294 0.695261 0.572722 0.551867 0.625492 0.793999 1.07423

1.57157 1.15175 0.828615 0.571651 0.390543 0.303722 0.313736 0.414246 0.607359 0.911556

1.26152 0.84742 0.538436 0.310744 0.164318 0.111445 0.151467 0.278696 0.49567 0.822527

1.04387 0.640161 0.349634 0.149991 0.0358947 0.0163963 0.0872493 0.241192 0.480318 0.826171

0.941695 0.547153 0.27522 0.102657 0.0207631 0.0351007 0.139747 0.320517 0.579664 0.941061

0.985178 0.588841 0.330493 0.182034 0.132936 0.182755 0.323001 0.533184 0.810369 1.18349

1.19875 0.792559 0.538685 0.408269 0.387008 0.471573 0.650738 0.893835 1.18742 1.56749

1.60096 1.18014 0.922724 0.801378 0.800358 0.914884 1.13412 1.41518 1.72454 2.10679

2.20621 1.76811 1.50194 1.38213 1.39282 1.52879 1.78122 2.10742 2.43339 2.81367

2.40246 1.93895 1.60096 1.33471 1.12384 0.989484 0.943562 0.994397 1.14921 1.42034

1.85472 1.42581 1.1146 0.876119 0.701992 0.60478 0.591723 0.667642 0.841892 1.13122

1.43796 1.0311 0.738211 0.52141 0.375409 0.310153 0.328532 0.430576 0.625711 0.93392

1.14508 0.75021 0.470187 0.271606 0.149791 0.11232 0.159034 0.2865 0.502302 0.828958

0.977138 0.585795 0.313988 0.131281 0.0308016 0.0175167 0.0887078 0.23994 0.476388 0.819673

0.942002 0.5463 0.276397 0.105543 0.0228484 0.0287511 0.121992 0.294146 0.550481 0.910583

1.05173 0.641767 0.366895 0.200624 0.129837 0.150528 0.259904 0.450921 0.725433 1.10087

1.32041 0.88618 0.596143 0.424373 0.35617 0.385525 0.505379 0.710478 1.00052 1.38908

1.76513 1.29518 0.976761 0.788515 0.711784 0.738554 0.861774 1.07512 1.37565 1.77322

2.40782 1.88911 1.52973 1.30938 1.21078 1.22328 1.33882 1.55147 1.85449 2.25521
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2.40246 1.93895 1.60096 1.33471 1.12384 0.989484 0.943562 0.994397 1.14921 1.42034

1.85472 1.42581 1.1146 0.876119 0.701992 0.60478 0.591723 0.667642 0.841892 1.13122

1.43796 1.0311 0.738211 0.52141 0.375409 0.310153 0.328532 0.430576 0.625711 0.93392

1.14508 0.75021 0.470187 0.271606 0.149791 0.11232 0.159034 0.2865 0.502302 0.828958

0.977138 0.585795 0.313988 0.131281 0.0308016 0.0175167 0.0887078 0.23994 0.476388 0.819673

0.942002 0.5463 0.276397 0.105543 0.0228484 0.0287511 0.121992 0.294146 0.550481 0.910583

1.05173 0.641767 0.366895 0.200624 0.129837 0.150528 0.259904 0.450921 0.725433 1.10087

1.32041 0.88618 0.596143 0.424373 0.35617 0.385525 0.505379 0.710478 1.00052 1.38908

1.76513 1.29518 0.976761 0.788515 0.711784 0.738554 0.861774 1.07512 1.37565 1.77322

2.40782 1.88911 1.52973 1.30938 1.21078 1.22328 1.33882 1.55147 1.85449 2.25521

1.15065 0.845856 0.702849 0.692834 0.797732 1.01169 1.31736 1.65507 2.03118 2.50158

1.00207 0.667785 0.492105 0.446772 0.516581 0.695189 0.96603 1.26625 1.59264 2.02009

0.939998 0.567219 0.349572 0.259633 0.281912 0.408039 0.619919 0.878693 1.18459 1.58732

0.964873 0.545889 0.278957 0.137724 0.107112 0.179775 0.339179 0.559799 0.8438 1.2265

1.08971 0.619654 0.297596 0.102928 0.0181738 0.0395793 0.153207 0.339349 0.600648 0.963592

1.33791 0.810422 0.431532 0.179515 0.0427196 0.0161903 0.086968 0.241994 0.480658 0.825334

1.73964 1.15144 0.711715 0.402019 0.212883 0.139396 0.172121 0.298039 0.515578 0.841912

2.32987 1.67698 1.17424 0.806607 0.565746 0.447725 0.443643 0.542284 0.740048 1.04913

3.14837 2.42751 1.86059 1.43425 1.1424 0.979865 0.939293 1.01009 1.18798 1.47947

4.2374 3.44718 2.81456 2.32876 1.98435 1.77543 1.69571 1.73587 1.88983 2.1613
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1.15065 0.845856 0.702849 0.692834 0.797732 1.01169 1.31736 1.65507 2.03118 2.50158

1.00207 0.667785 0.492105 0.446772 0.516581 0.695189 0.96603 1.26625 1.59264 2.02009

0.939998 0.567219 0.349572 0.259633 0.281912 0.408039 0.619919 0.878693 1.18459 1.58732

0.964873 0.545889 0.278957 0.137724 0.107112 0.179775 0.339179 0.559799 0.8438 1.2265

1.08971 0.619654 0.297596 0.102928 0.0181738 0.0395793 0.153207 0.339349 0.600648 0.963592

1.33791 0.810422 0.431532 0.179515 0.0427196 0.0161903 0.086968 0.241994 0.480658 0.825334

1.73964 1.15144 0.711715 0.402019 0.212883 0.139396 0.172121 0.298039 0.515578 0.841912

2.32987 1.67698 1.17424 0.806607 0.565746 0.447725 0.443643 0.542284 0.740048 1.04913

3.14837 2.42751 1.86059 1.43425 1.1424 0.979865 0.939293 1.01009 1.18798 1.47947

4.2374 3.44718 2.81456 2.32876 1.98435 1.77543 1.69571 1.73587 1.88983 2.1613

2.39395 1.9666 1.70606 1.58625 1.59102 1.71695 1.95933 2.2945 2.6765 3.11443

1.66579 1.25505 1.00445 0.886953 0.886805 1.00196 1.22711 1.53395 1.88954 2.31535

1.19784 0.800403 0.553844 0.429578 0.413864 0.506572 0.69996 0.969632 1.29789 1.70933

0.970615 0.579458 0.325298 0.181852 0.136944 0.194337 0.347888 0.578912 0.880009 1.2752

0.9531 0.553509 0.27659 0.102231 0.0203069 0.0376919 0.149612 0.343146 0.617313 0.993734

1.09527 0.671935 0.36653 0.157394 0.0385576 0.0150708 0.0869148 0.244998 0.49127 0.846

1.34418 0.900128 0.569223 0.327856 0.171557 0.109464 0.143122 0.266734 0.48358 0.813077

1.67217 1.21762 0.868554 0.597927 0.403696 0.303033 0.299444 0.388747 0.574743 0.876086

2.06022 1.60702 1.25047 0.95057 0.715138 0.573519 0.532473 0.587867 0.742227 1.01368

2.48678 2.05447 1.70041 1.36429 1.07576 0.888829 0.811275 0.835782 0.961755 1.20447
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2.39395 1.9666 1.70606 1.58625 1.59102 1.71695 1.95933 2.2945 2.6765 3.11443

1.66579 1.25505 1.00445 0.886953 0.886805 1.00196 1.22711 1.53395 1.88954 2.31535

1.19784 0.800403 0.553844 0.429578 0.413864 0.506572 0.69996 0.969632 1.29789 1.70933

0.970615 0.579458 0.325298 0.181852 0.136944 0.194337 0.347888 0.578912 0.880009 1.2752

0.9531 0.553509 0.27659 0.102231 0.0203069 0.0376919 0.149612 0.343146 0.617313 0.993734

1.09527 0.671935 0.36653 0.157394 0.0385576 0.0150708 0.0869148 0.244998 0.49127 0.846

1.34418 0.900128 0.569223 0.327856 0.171557 0.109464 0.143122 0.266734 0.48358 0.813077
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Figure 172: Two dimensional profile likelihoods of a of Re(AR⊥) of B̄ with other amplitude

parameters. The ellipse corresponds to the one standard deviation value provided by HESSE.

Values at -0.5 denote failed fits which need to be rerun with a different starting value.
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Figure 173: Two dimensional profile likelihoods of b of Re(AR⊥) of B̄ with other amplitude

parameters. The ellipse corresponds to the one standard deviation value provided by HESSE.

Values at -0.5 denote failed fits which need to be rerun with a different starting value.
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Figure 174: Two dimensional profile likelihoods of c of Re(AR⊥) of B̄ with other amplitude

parameters. The ellipse corresponds to the one standard deviation value provided by HESSE.

Values at -0.5 denote failed fits which need to be rerun with a different starting value.
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Figure 175: Two dimensional profile likelihoods of a of Re(AL⊥) of B̄ with other amplitude

parameters. The ellipse corresponds to the one standard deviation value provided by HESSE.

Values at -0.5 denote failed fits which need to be rerun with a different starting value.
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Figure 176: Two dimensional profile likelihoods of b of Re(AL⊥) of B̄ with other amplitude

parameters. The ellipse corresponds to the one standard deviation value provided by HESSE.

Values at -0.5 denote failed fits which need to be rerun with a different starting value.
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Figure 177: Two dimensional profile likelihoods of c of Re(AL⊥) of B̄ with other amplitude

parameters. The ellipse corresponds to the one standard deviation value provided by HESSE.

Values at -0.5 denote failed fits which need to be rerun with a different starting value.
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Figure 178: Two dimensional profile likelihoods of a of Re(AL0 ) of B̄ with other amplitude

parameters. The ellipse corresponds to the one standard deviation value provided by HESSE.

Values at -0.5 denote failed fits which need to be rerun with a different starting value.
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Figure 179: Two dimensional profile likelihoods of c of Re(AL⊥) of B̄ with other amplitude

parameters. The ellipse corresponds to the one standard deviation value provided by HESSE.

Values at -0.5 denote failed fits which need to be rerun with a different starting value.
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Figure 180: Distribution of events in the upper mass sideband 5450 < m(K+π−µ+µ−) <
5650 MeV/c2 for 1 < q2 < 6 GeV2/c4.
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Figure 181: Distribution of events in the upper mass sideband 5450 < m(K+π−µ+µ−) <
5650 MeV/c2 for 15 < q2 < 19 GeV2/c4.
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Figure 182: Distribution of events in the upper mass sideband showing that the angular
distribution of events is consistent for different mass windows. The black points correspond
to the range 5400 < m(K+π−µ+µ−) < 5500 MeV/c2. The red points correspond to the
range 5500 < m(K+π−µ+µ−) < 5660 MeV/c2. The left-hand column corresponds to
1 < q2 < 6 GeV2/c4 and the right-hand column to 15 < q2 < 19 GeV2/c4.
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L Results of Bootstrapping method for the method1850

of moments1851

In the following we will show the distribution of the pseudo-experiment from bootstrapping1852

the data. The 68% C.L. is also indicated for each observable.1853
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Figure 183: Bootstraps distribution in 0.1 < q2 < 0.98 GeV2/c4 bin
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Figure 184: Bootstraps distribution in 1.1 < q2 < 2.0 GeV2/c4 bin
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Figure 185: Bootstraps distribution in 2.0 < q2 < 3.0 GeV2/c4 bin
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Figure 186: Bootstraps distribution in 3.0 < q2 < 4.0 GeV2/c4 bin
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Figure 187: Bootstraps distribution in 4.0 < q2 < 5.0 GeV2/c4 bin
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Figure 188: Bootstraps distribution in 5.0 < q2 < 6.0 GeV2/c4 bin

hist
Entries  1000000
Mean   0.6435
RMS    0.1094

0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9
0

500

1000

1500

2000

2500

3000

3500

hist
Entries  1000000
Mean   0.6435
RMS    0.1094

Median

S central

Bootstrap MLV

Fl
hist

Entries  1000000
Mean   -0.1226
RMS     0.107

-0.35 -0.3 -0.25 -0.2 -0.15 -0.1 -0.05 0 0.05 0.1
0

500

1000

1500

2000

2500

3000

3500

hist
Entries  1000000
Mean   -0.1226
RMS     0.107

Median

S central

Bootstrap MLV

S3
hist

Entries  1000000
Mean   -0.2774
RMS    0.1558

-0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0
0

500

1000

1500

2000

2500

hist
Entries  1000000
Mean   -0.2774
RMS    0.1558

Median

S central

Bootstrap MLV

S4

hist
Entries  1000000
Mean   -0.09684
RMS    0.1222

-0.3 -0.2 -0.1 0 0.1
0

500

1000

1500

2000

2500

3000

hist
Entries  1000000
Mean   -0.09684
RMS    0.1222

Median

S central

Bootstrap MLV

S5
hist

Entries  1000000
Mean   0.05654
RMS    0.08054

-0.1 -0.05 0 0.05 0.1 0.15 0.2
0

1000

2000

3000

4000

5000
hist

Entries  1000000
Mean   0.05654
RMS    0.08054

Median

S central

Bootstrap MLV

Afb
hist

Entries  1000000
Mean   0.4409
RMS      0.29

-0.2 0 0.2 0.4 0.6 0.8 1
0

200

400

600

800

1000

1200

1400

hist
Entries  1000000
Mean   0.4409
RMS      0.29

Median

S central

Bootstrap MLV

S6c_NC

hist
Entries  1000000
Mean   -0.05193
RMS    0.1018

-0.25 -0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15
0

500

1000

1500

2000

2500

3000

3500

4000
hist

Entries  1000000
Mean   -0.05193
RMS    0.1018

Median

S central

Bootstrap MLV

S6s_NC
hist

Entries  1000000
Mean   0.03875
RMS     0.118

-0.2 -0.1 0 0.1 0.2 0.3
0

500

1000

1500

2000

2500

3000

3500
hist

Entries  1000000
Mean   0.03875
RMS     0.118

Median

S central

Bootstrap MLV

S7
hist

Entries  1000000
Mean   -0.03621
RMS    0.1387

-0.3 -0.2 -0.1 0 0.1 0.2
0

500

1000

1500

2000

2500

3000
hist

Entries  1000000
Mean   -0.03621
RMS    0.1387

Median

S central

Bootstrap MLV

S8

hist
Entries  1000000
Mean   -0.08156
RMS    0.1032

-0.3 -0.25 -0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15
0

500

1000

1500

2000

2500

3000

3500

4000
hist

Entries  1000000
Mean   -0.08156
RMS    0.1032

Median

S central

Bootstrap MLV

S9
hist

Entries  1000000
Mean   -0.6114
RMS     0.614

-1.5 -1 -0.5 0 0.5 1
0

100

200

300

400

500

600

700
hist

Entries  1000000
Mean   -0.6114
RMS     0.614

P1
hist

Entries  1000000
Mean   0.09566
RMS    0.1554

-0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4
0

500

1000

1500

2000

2500

hist
Entries  1000000
Mean   0.09566
RMS    0.1554

P2

hist
Entries  1000000
Mean   0.2006
RMS     0.299

-0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8
0

200

400

600

800

1000

1200

1400
hist

Entries  1000000
Mean   0.2006
RMS     0.299

P3
hist

Entries  1000000
Mean   -0.578
RMS    0.3432

-1.2 -1 -0.8 -0.6 -0.4 -0.2 0 0.2
0

200

400

600

800

1000

1200
hist

Entries  1000000
Mean   -0.578
RMS    0.3432

P4
hist

Entries  1000000
Mean   -0.2008
RMS    0.2667

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4
0

200

400

600

800

1000

1200

1400

1600
hist

Entries  1000000
Mean   -0.2008
RMS    0.2667

P5

hist
Entries  1000000
Mean   0.08278
RMS    0.2595

-0.4 -0.2 0 0.2 0.4 0.6
0

200

400

600

800

1000

1200

1400

1600
hist

Entries  1000000
Mean   0.08278
RMS    0.2595

P6
hist

Entries  1000000
Mean   -0.0744
RMS     0.306

-0.6 -0.4 -0.2 0 0.2 0.4 0.6
0

200

400

600

800

1000

1200

1400
hist

Entries  1000000
Mean   -0.0744
RMS     0.306

P8

1859

314



Figure 189: Bootstraps distribution in 6.0 < q2 < 7.0 GeV2/c4 bin
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Figure 190: Bootstraps distribution in 7.0 < q2 < 8.0 GeV2/c4 bin
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Figure 191: Bootstraps distribution in 11.0 < q2 < 11.5 GeV2/c4 bin
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Figure 192: Bootstraps distribution in 11.75 < q2 < 12.5 GeV2/c4 bin

hist
Entries  1000000
Mean     0.74
RMS    0.08772

0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95
0

500

1000

1500

2000

2500

3000

3500

4000

4500

hist
Entries  1000000
Mean     0.74
RMS    0.08772

Median

S central

Bootstrap MLV

Fl
hist

Entries  1000000
Mean   -0.1603
RMS    0.08164

-0.35 -0.3 -0.25 -0.2 -0.15 -0.1 -0.05 0
0

1000

2000

3000

4000

5000 hist
Entries  1000000
Mean   -0.1603
RMS    0.08164

Median

S central

Bootstrap MLV

S3
hist

Entries  1000000
Mean   -0.3155
RMS    0.09192

-0.5 -0.45 -0.4 -0.35 -0.3 -0.25 -0.2 -0.15
0

500

1000

1500

2000

2500

3000

3500

4000

4500
hist

Entries  1000000
Mean   -0.3155
RMS    0.09192

Median

S central

Bootstrap MLV

S4

hist
Entries  1000000
Mean   -0.3731
RMS    0.09168

-0.55 -0.5 -0.45 -0.4 -0.35 -0.3 -0.25 -0.2
0

500

1000

1500

2000

2500

3000

3500

4000

4500
hist

Entries  1000000
Mean   -0.3731
RMS    0.09168

Median

S central

Bootstrap MLV

S5
hist

Entries  1000000
Mean   0.2989
RMS    0.0506

0.2 0.25 0.3 0.35 0.4
0

1000

2000

3000

4000

5000

6000

7000

8000
hist

Entries  1000000
Mean   0.2989
RMS    0.0506

Median

S central

Bootstrap MLV

Afb
hist

Entries  1000000
Mean    0.392
RMS    0.2583

-0.2 0 0.2 0.4 0.6 0.8
0

200

400

600

800

1000

1200

1400

1600
hist

Entries  1000000
Mean    0.392
RMS    0.2583

Median

S central

Bootstrap MLV

S6c_NC

hist
Entries  1000000
Mean   0.2781
RMS    0.08764

0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45
0

500

1000

1500

2000

2500

3000

3500

4000

4500

hist
Entries  1000000
Mean   0.2781
RMS    0.08764

Median

S central

Bootstrap MLV

S6s_NC
hist

Entries  1000000
Mean   -0.2159
RMS    0.1002

-0.45 -0.4 -0.35 -0.3 -0.25 -0.2 -0.15 -0.1 -0.05 0
0

500

1000

1500

2000

2500

3000

3500

4000
hist

Entries  1000000
Mean   -0.2159
RMS    0.1002

Median

S central

Bootstrap MLV

S7
hist

Entries  1000000
Mean   -0.09084
RMS    0.09639

-0.3 -0.25 -0.2 -0.15 -0.1 -0.05 0 0.05 0.1
0

500

1000

1500

2000

2500

3000

3500

4000

hist
Entries  1000000
Mean   -0.09084
RMS    0.09639

Median

S central

Bootstrap MLV

S8

hist
Entries  1000000
Mean   0.03244
RMS    0.08074

-0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2
0

1000

2000

3000

4000

5000
hist

Entries  1000000
Mean   0.03244
RMS    0.08074

Median

S central

Bootstrap MLV

S9
hist

Entries  1000000
Mean   -1.117
RMS    0.6655

-2.5 -2 -1.5 -1 -0.5 0 0.5
0

100

200

300

400

500

600

hist
Entries  1000000
Mean   -1.117
RMS    0.6655

P1
hist

Entries  1000000
Mean   0.6954
RMS    0.1773

0 0.2 0.4 0.6 0.8 1
0

200

400

600

800

1000

1200

1400

1600

1800

2000
hist

Entries  1000000
Mean   0.6954
RMS    0.1773

P2

hist
Entries  1000000
Mean   -0.1067
RMS    0.3171

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6
0

200

400

600

800

1000

1200

hist
Entries  1000000
Mean   -0.1067
RMS    0.3171

P3
hist

Entries  1000000
Mean   -0.7103
RMS    0.2267

-1.2 -1 -0.8 -0.6 -0.4 -0.2
0

200

400

600

800

1000

1200

1400

1600

1800
hist

Entries  1000000
Mean   -0.7103
RMS    0.2267

P4
hist

Entries  1000000
Mean   -0.8389
RMS    0.2237

-1.2 -1 -0.8 -0.6 -0.4
0

200

400

600

800

1000

1200

1400

1600

1800
hist

Entries  1000000
Mean   -0.8389
RMS    0.2237

P5

hist
Entries  1000000
Mean   -0.4843
RMS    0.2421

-1 -0.8 -0.6 -0.4 -0.2 0
0

200

400

600

800

1000

1200

1400

1600

hist
Entries  1000000
Mean   -0.4843
RMS    0.2421

P6
hist

Entries  1000000
Mean   -0.2111
RMS    0.2289

-0.6 -0.4 -0.2 0 0.2
0

200

400

600

800

1000

1200

1400

1600

1800
hist

Entries  1000000
Mean   -0.2111
RMS    0.2289

P8

1863

318



Figure 193: Bootstraps distribution in 15.0 < q2 < 16.0 GeV2/c4 bin
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Figure 194: Bootstraps distribution in 16.0 < q2 < 17.0 GeV2/c4 bin
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Figure 195: Bootstraps distribution in 17.0 < q2 < 18.0 GeV2/c4 bin
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Figure 196: Bootstraps distribution in 18.0 < q2 < 19.0 GeV2/c4 bin
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Figure 197: Bootstraps distribution in 1.1 < q2 < 2.5 GeV2/c4 bin
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Figure 198: Bootstraps distribution in 2.5 < q2 < 4.0 GeV2/c4 bin
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Figure 199: Bootstraps distribution in 4.0 < q2 < 6.0 GeV2/c4 bin
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Figure 200: Bootstraps distribution in 6.0 < q2 < 8.0 GeV2/c4 bin
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Figure 201: Bootstraps distribution in 11.0 < q2 < 12.5 GeV2/c4 bin
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Figure 202: Bootstraps distribution in 15.0 < q2 < 17.0 GeV2/c4 bin
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Figure 203: Bootstraps distribution in 17.0 < q2 < 19.0 GeV2/c4 bin
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Figure 204: Bootstraps distribution in 0.1 < q2 < 0.98 GeV2/c4 bin
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Figure 205: Bootstraps distribution in 1.1 < q2 < 2.0 GeV2/c4 bin
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Figure 206: Bootstraps distribution in 2.0 < q2 < 3.0 GeV2/c4 bin
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Figure 207: Bootstraps distribution in 3.0 < q2 < 4.0 GeV2/c4 bin
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Figure 208: Bootstraps distribution in 4.0 < q2 < 5.0 GeV2/c4 bin
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Figure 209: Bootstraps distribution in 5.0 < q2 < 6.0 GeV2/c4 bin

hist
Entries  1000000
Mean   -0.07657
RMS    0.1051

-0.3 -0.25 -0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15
0

500

1000

1500

2000

2500

3000

3500

hist
Entries  1000000
Mean   -0.07657
RMS    0.1051

Median

S central

Bootstrap MLV

A3
hist

Entries  1000000
Mean   -0.4602
RMS    0.1574

-0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2
0

500

1000

1500

2000

2500

hist
Entries  1000000
Mean   -0.4602
RMS    0.1574

Median

S central

Bootstrap MLV

A4
hist

Entries  1000000
Mean   -0.01057
RMS    0.1221

-0.2 -0.1 0 0.1 0.2
0

500

1000

1500

2000

2500

3000

hist
Entries  1000000
Mean   -0.01057
RMS    0.1221

Median

S central

Bootstrap MLV

A5

hist
Entries  1000000
Mean   0.08626
RMS    0.08053

-0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25
0

1000

2000

3000

4000

5000
hist

Entries  1000000
Mean   0.08626
RMS    0.08053

Median

S central

Bootstrap MLV

AAfb
hist

Entries  1000000
Mean    0.247
RMS    0.2969

-0.4 -0.2 0 0.2 0.4 0.6 0.8
0

200

400

600

800

1000

1200

1400
hist

Entries  1000000
Mean    0.247
RMS    0.2969

Median

S central

Bootstrap MLV

A6c_NC
hist

Entries  1000000
Mean   0.02839
RMS    0.1019

-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25
0

500

1000

1500

2000

2500

3000

3500

4000
hist

Entries  1000000
Mean   0.02839
RMS    0.1019

Median

S central

Bootstrap MLV

A6s_NC

hist
Entries  1000000
Mean   0.05842
RMS    0.1181

-0.2 -0.1 0 0.1 0.2 0.3
0

500

1000

1500

2000

2500

3000

3500
hist

Entries  1000000
Mean   0.05842
RMS    0.1181

Median

S central

Bootstrap MLV

A7
hist

Entries  1000000
Mean   -0.1974
RMS    0.1417

-0.5 -0.4 -0.3 -0.2 -0.1 0 0.1
0

500

1000

1500

2000

2500

hist
Entries  1000000
Mean   -0.1974
RMS    0.1417

Median

S central

Bootstrap MLV

A8
hist

Entries  1000000
Mean   -0.001878
RMS    0.1033

-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2
0

500

1000

1500

2000

2500

3000

3500

4000
hist

Entries  1000000
Mean   -0.001878
RMS    0.1033

Median

S central

Bootstrap MLV

A9

1880

335



Figure 210: Bootstraps distribution in 6.0 < q2 < 7.0 GeV2/c4 bin
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Figure 211: Bootstraps distribution in 7.0 < q2 < 8.0 GeV2/c4 bin
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Figure 212: Bootstraps distribution in 11.0 < q2 < 11.75 GeV2/c4 bin
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Figure 213: Bootstraps distribution in 11.75 < q2 < 12 GeV2/c4 bin
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Figure 214: Bootstraps distribution in 15.0 < q2 < 16.0 GeV2/c4 bin
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Figure 215: Bootstraps distribution in 16.0 < q2 < 17.0 GeV2/c4 bin
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Figure 216: Bootstraps distribution in 17.0 < q2 < 18.0 GeV2/c4 bin
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Figure 217: Bootstraps distribution in 18.0 < q2 < 19.0 GeV2/c4 bin
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Figure 218: Bootstraps distribution in 1.1 < q2 < 2.5 GeV2/c4 bin
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Figure 219: Bootstraps distribution in 2.5 < q2 < 4.0 GeV2/c4 bin
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Figure 220: Bootstraps distribution in 4.0 < q2 < 6.0 GeV2/c4 bin
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Figure 221: Bootstraps distribution in 6.0 < q2 < 8.0 GeV2/c4 bin
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Figure 222: Bootstraps distribution in 11.0 < q2 < 12.5 GeV2/c4 bin
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Figure 223: Bootstraps distribution in 15.0 < q2 < 17 GeV2/c4 bin

hist
Entries  1000000
Mean   -0.04379
RMS    0.05437

-0.15 -0.1 -0.05 0 0.05
0

1000

2000

3000

4000

5000

6000

7000

hist
Entries  1000000
Mean   -0.04379
RMS    0.05437

Median

S central

Bootstrap MLV

A3
hist

Entries  1000000
Mean   -0.0284
RMS    0.05665

-0.15 -0.1 -0.05 0 0.05 0.1
0

1000

2000

3000

4000

5000

6000

7000

hist
Entries  1000000
Mean   -0.0284
RMS    0.05665

Median

S central

Bootstrap MLV

A4
hist

Entries  1000000
Mean   -0.05458
RMS    0.05009

-0.15 -0.1 -0.05 0 0.05
0

1000

2000

3000

4000

5000

6000

7000

8000
hist

Entries  1000000
Mean   -0.05458
RMS    0.05009

Median

S central

Bootstrap MLV

A5

hist
Entries  1000000
Mean   -0.05591
RMS    0.03704

-0.14 -0.12 -0.1 -0.08 -0.06 -0.04 -0.02 0 0.02
0

2000

4000

6000

8000

10000

hist
Entries  1000000
Mean   -0.05591
RMS    0.03704

Median

S central

Bootstrap MLV

AAfb
hist

Entries  1000000
Mean    0.107
RMS    0.09052

-0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25 0.3
0

500

1000

1500

2000

2500

3000

3500

4000

4500
hist

Entries  1000000
Mean    0.107
RMS    0.09052

Median

S central

Bootstrap MLV

A6c_NC
hist

Entries  1000000
Mean   -0.1003
RMS    0.05317

-0.2 -0.15 -0.1 -0.05 0
0

1000

2000

3000

4000

5000

6000

7000

hist
Entries  1000000
Mean   -0.1003
RMS    0.05317

Median

S central

Bootstrap MLV

A6s_NC

hist
Entries  1000000
Mean   -0.1037
RMS    0.05516

-0.2 -0.15 -0.1 -0.05 0
0

1000

2000

3000

4000

5000

6000

7000

hist
Entries  1000000
Mean   -0.1037
RMS    0.05516

Median

S central

Bootstrap MLV

A7
hist

Entries  1000000
Mean   0.04926
RMS    0.05667

-0.05 0 0.05 0.1 0.15
0

1000

2000

3000

4000

5000

6000

7000

hist
Entries  1000000
Mean   0.04926
RMS    0.05667

Median

S central

Bootstrap MLV

A8
hist

Entries  1000000
Mean   0.1021
RMS    0.05258

0 0.05 0.1 0.15 0.2
0

1000

2000

3000

4000

5000

6000

7000

hist
Entries  1000000
Mean   0.1021
RMS    0.05258

Median

S central

Bootstrap MLV

A9

1894

349



Figure 224: Bootstraps distribution in 17.0 < q2 < 19 GeV2/c4 bin
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M Correlation matrices for the moment analysis1896

The correlation matrixes, obtained by bootstrapping the moments are given in Tables 1281897

through 193.1898

Table 128: Correlation matrix for 0.1 < q2 < 0.98 bin for the Si observables.

FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

1.0 0.02 −0.0 −0.05 0.23 0.02 −0.01 0.05 0.25 −0.19
0.02 1.0 0.04 0.09 −0.01 0.01 −0.04 0.05 −0.01 −0.03
−0.0 0.04 1.0 −0.24 −0.05 −0.07 0.06 0.03 −0.0 −0.15
−0.05 0.09 −0.24 1.0 0.12 −0.0 −0.09 −0.02 0.11 0.02

0.23 −0.01 −0.05 0.12 1.0 0.09 −0.07 −0.04 0.96 −0.23
0.02 0.01 −0.07 −0.0 0.09 1.0 −0.09 0.1 0.07 0.04
−0.01 −0.04 0.06 −0.09 −0.07 −0.09 1.0 0.03 −0.04 −0.08

0.05 0.05 0.03 −0.02 −0.04 0.1 0.03 1.0 −0.03 −0.04
0.25 −0.01 −0.0 0.11 0.96 0.07 −0.04 −0.03 1.0 −0.47
−0.19 −0.03 −0.15 0.02 −0.23 0.04 −0.08 −0.04 −0.47 1.0

Table 129: Correlation matrix for 1.1 < q2 < 2.0 bin for the Si observables.

FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

1.0 −0.02 0.06 0.16 −0.05 −0.03 −0.04 0.09 0.1 −0.05
−0.02 1.0 −0.01 0.03 0.08 0.1 −0.03 0.08 0.05 −0.02

0.06 −0.01 1.0 −0.0 −0.03 −0.13 −0.0 −0.06 −0.02 0.14
0.16 0.03 −0.0 1.0 −0.07 −0.05 −0.11 −0.06 0.01 −0.04
−0.05 0.08 −0.03 −0.07 1.0 0.04 −0.06 −0.1 0.81 −0.0
−0.03 0.1 −0.13 −0.05 0.04 1.0 −0.05 0.01 −0.04 0.01
−0.04 −0.03 −0.0 −0.11 −0.06 −0.05 1.0 −0.01 −0.09 −0.07

0.09 0.08 −0.06 −0.06 −0.1 0.01 −0.01 1.0 −0.06 −0.02
0.1 0.05 −0.02 0.01 0.81 −0.04 −0.09 −0.06 1.0 −0.44

−0.05 −0.02 0.14 −0.04 −0.0 0.01 −0.07 −0.02 −0.44 1.0
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Table 130: Correlation matrix for 2.0 < q2 < 3.0 bin for the Si observables.

FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

1.0 −0.12 −0.14 −0.04 0.11 −0.18 0.04 0.01 0.23 −0.19
−0.12 1.0 −0.09 0.06 0.04 0.08 −0.04 −0.01 0.02 0.0
−0.14 −0.09 1.0 −0.08 0.0 0.03 −0.05 −0.06 0.0 −0.01
−0.04 0.06 −0.08 1.0 −0.1 −0.08 0.04 −0.08 0.05 −0.24

0.11 0.04 0.0 −0.1 1.0 −0.01 −0.1 0.04 0.83 0.14
−0.18 0.08 0.03 −0.08 −0.01 1.0 −0.12 0.01 −0.06 0.03

0.04 −0.04 −0.05 0.04 −0.1 −0.12 1.0 −0.07 0.12 −0.39
0.01 −0.01 −0.06 −0.08 0.04 0.01 −0.07 1.0 0.03 0.01
0.23 0.02 0.0 0.05 0.83 −0.06 0.12 0.03 1.0 −0.43
−0.19 0.0 −0.01 −0.24 0.14 0.03 −0.39 0.01 −0.43 1.0

Table 131: Correlation matrix for 3.0 < q2 < 4.0 bin for the Si observables.

FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

1.0 0.1 −0.01 −0.03 0.01 0.01 −0.16 0.05 −0.28 0.45
0.1 1.0 −0.01 −0.04 0.03 −0.08 −0.04 −0.11 0.02 0.01

−0.01 −0.01 1.0 0.18 0.05 0.01 −0.05 −0.02 0.1 −0.08
−0.03 −0.04 0.18 1.0 0.0 −0.01 0.02 −0.03 0.0 −0.0

0.01 0.03 0.05 0.0 1.0 0.04 −0.03 −0.01 0.76 0.15
0.01 −0.08 0.01 −0.01 0.04 1.0 0.18 −0.08 0.12 −0.12
−0.16 −0.04 −0.05 0.02 −0.03 0.18 1.0 −0.03 0.04 −0.11

0.05 −0.11 −0.02 −0.03 −0.01 −0.08 −0.03 1.0 −0.03 0.03
−0.28 0.02 0.1 0.0 0.76 0.12 0.04 −0.03 1.0 −0.53

0.45 0.01 −0.08 −0.0 0.15 −0.12 −0.11 0.03 −0.53 1.0

Table 132: Correlation matrix for 4.0 < q2 < 5.0 bin for the Si observables.

FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

1.0 −0.01 0.03 −0.12 −0.02 −0.07 0.04 0.1 −0.14 0.19
−0.01 1.0 −0.1 −0.11 0.03 0.08 −0.12 0.07 0.02 0.01

0.03 −0.1 1.0 0.15 −0.03 −0.07 0.21 0.04 0.07 −0.15
−0.12 −0.11 0.15 1.0 −0.03 0.1 −0.02 −0.09 −0.03 0.0
−0.02 0.03 −0.03 −0.03 1.0 0.11 −0.15 0.0 0.77 0.16
−0.07 0.08 −0.07 0.1 0.11 1.0 0.07 −0.07 −0.02 0.18

0.04 −0.12 0.21 −0.02 −0.15 0.07 1.0 0.0 −0.03 −0.15
0.1 0.07 0.04 −0.09 0.0 −0.07 0.0 1.0 0.03 −0.05

−0.14 0.02 0.07 −0.03 0.77 −0.02 −0.03 0.03 1.0 −0.5
0.19 0.01 −0.15 0.0 0.16 0.18 −0.15 −0.05 −0.5 1.0
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Table 133: Correlation matrix for 5.0 < q2 < 6.0 bin for the Si observables.

FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

1.0 −0.03 −0.06 −0.04 −0.01 −0.03 −0.09 −0.02 −0.28 0.35
−0.03 1.0 −0.01 −0.06 −0.11 −0.05 0.02 0.11 −0.08 0.02
−0.06 −0.01 1.0 0.1 −0.03 0.08 0.02 0.01 0.02 −0.05
−0.04 −0.06 0.1 1.0 −0.08 −0.03 0.06 0.07 −0.02 −0.05
−0.01 −0.11 −0.03 −0.08 1.0 0.01 0.0 −0.0 0.69 0.14
−0.03 −0.05 0.08 −0.03 0.01 1.0 0.07 −0.09 0.07 −0.08
−0.09 0.02 0.02 0.06 0.0 0.07 1.0 −0.13 0.03 −0.04
−0.02 0.11 0.01 0.07 −0.0 −0.09 −0.13 1.0 −0.02 0.02
−0.28 −0.08 0.02 −0.02 0.69 0.07 0.03 −0.02 1.0 −0.6

0.35 0.02 −0.05 −0.05 0.14 −0.08 −0.04 0.02 −0.6 1.0

Table 134: Correlation matrix for 6.0 < q2 < 7.0 bin for the Si observables.

FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

1.0 −0.0 −0.24 −0.14 −0.04 0.08 0.07 −0.03 −0.27 0.38
−0.0 1.0 −0.09 −0.17 −0.08 0.02 −0.04 −0.02 −0.09 0.02
−0.24 −0.09 1.0 0.13 −0.12 −0.03 −0.01 −0.04 0.07 −0.28
−0.14 −0.17 0.13 1.0 −0.07 −0.01 −0.01 −0.04 0.09 −0.24
−0.04 −0.08 −0.12 −0.07 1.0 0.02 −0.01 −0.05 0.78 0.08

0.08 0.02 −0.03 −0.01 0.02 1.0 0.21 −0.11 −0.03 0.09
0.07 −0.04 −0.01 −0.01 −0.01 0.21 1.0 −0.06 −0.02 0.03
−0.03 −0.02 −0.04 −0.04 −0.05 −0.11 −0.06 1.0 −0.04 −0.01
−0.27 −0.09 0.07 0.09 0.78 −0.03 −0.02 −0.04 1.0 −0.55

0.38 0.02 −0.28 −0.24 0.08 0.09 0.03 −0.01 −0.55 1.0

Table 135: Correlation matrix for 7.0 < q2 < 8.0 bin for the Si observables.

FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

1.0 0.07 −0.13 −0.22 −0.08 −0.07 −0.01 0.09 −0.25 0.21
0.07 1.0 −0.12 −0.15 0.07 0.05 0.02 −0.01 0.03 0.03
−0.13 −0.12 1.0 0.15 −0.09 −0.05 0.06 −0.0 0.09 −0.25
−0.22 −0.15 0.15 1.0 −0.15 0.13 0.0 0.03 0.02 −0.18
−0.08 0.07 −0.09 −0.15 1.0 −0.02 −0.16 0.04 0.82 0.07
−0.07 0.05 −0.05 0.13 −0.02 1.0 0.07 −0.11 −0.02 0.0
−0.01 0.02 0.06 0.0 −0.16 0.07 1.0 −0.07 −0.11 −0.03

0.09 −0.01 −0.0 0.03 0.04 −0.11 −0.07 1.0 0.06 −0.04
−0.25 0.03 0.09 0.02 0.82 −0.02 −0.11 0.06 1.0 −0.46

0.21 0.03 −0.25 −0.18 0.07 0.0 −0.03 −0.04 −0.46 1.0
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Table 136: Correlation matrix for 11.00 < q2 < 11.75 bin for the Si observables.

FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

1.0 0.15 0.16 0.03 −0.34 −0.05 −0.12 −0.01 −0.52 0.33
0.15 1.0 −0.06 −0.21 −0.06 0.04 −0.0 −0.02 −0.04 0.02
0.16 −0.06 1.0 0.19 −0.19 −0.11 −0.15 −0.04 −0.09 −0.04
0.03 −0.21 0.19 1.0 −0.11 −0.13 −0.1 −0.09 −0.09 0.08
−0.34 −0.06 −0.19 −0.11 1.0 0.03 −0.03 −0.04 0.78 0.01
−0.05 0.04 −0.11 −0.13 0.03 1.0 0.24 −0.03 0.09 −0.1
−0.12 −0.0 −0.15 −0.1 −0.03 0.24 1.0 −0.1 0.11 −0.22
−0.01 −0.02 −0.04 −0.09 −0.04 −0.03 −0.1 1.0 −0.01 −0.02
−0.52 −0.04 −0.09 −0.09 0.78 0.09 0.11 −0.01 1.0 −0.55

0.33 0.02 −0.04 0.08 0.01 −0.1 −0.22 −0.02 −0.55 1.0

Table 137: Correlation matrix for 11.75 < q2 < 12.50 bin for the Si observables.

FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

1.0 0.04 −0.05 −0.01 −0.17 −0.08 0.05 −0.0 −0.33 0.15
0.04 1.0 −0.13 −0.14 0.0 0.02 −0.0 0.05 0.03 0.01
−0.05 −0.13 1.0 0.16 −0.22 0.1 0.18 −0.02 0.0 −0.16
−0.01 −0.14 0.16 1.0 −0.17 0.16 0.08 −0.1 0.02 −0.11
−0.17 0.0 −0.22 −0.17 1.0 −0.08 −0.12 0.07 0.62 0.07
−0.08 0.02 0.1 0.16 −0.08 1.0 0.16 −0.16 −0.01 0.01

0.05 −0.0 0.18 0.08 −0.12 0.16 1.0 −0.08 −0.07 −0.03
−0.0 0.05 −0.02 −0.1 0.07 −0.16 −0.08 1.0 0.02 0.0
−0.33 0.03 0.0 0.02 0.62 −0.01 −0.07 0.02 1.0 −0.69

0.15 0.01 −0.16 −0.11 0.07 0.01 −0.03 0.0 −0.69 1.0

Table 138: Correlation matrix for 15.0 < q2 < 16.0 bin for the Si observables.

FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

1.0 0.05 −0.01 −0.09 −0.34 0.01 0.03 −0.01 −0.27 −0.06
0.05 1.0 −0.15 −0.29 0.06 −0.03 0.02 −0.09 0.05 0.03
−0.01 −0.15 1.0 0.33 −0.06 −0.02 −0.17 −0.01 0.09 −0.23
−0.09 −0.29 0.33 1.0 −0.1 −0.13 −0.02 −0.05 0.04 −0.16
−0.34 0.06 −0.06 −0.1 1.0 −0.01 −0.03 −0.04 0.82 0.04

0.01 −0.03 −0.02 −0.13 −0.01 1.0 0.12 −0.1 −0.01 0.01
0.03 0.02 −0.17 −0.02 −0.03 0.12 1.0 −0.12 −0.03 0.01
−0.01 −0.09 −0.01 −0.05 −0.04 −0.1 −0.12 1.0 −0.02 0.0
−0.27 0.05 0.09 0.04 0.82 −0.01 −0.03 −0.02 1.0 −0.46
−0.06 0.03 −0.23 −0.16 0.04 0.01 0.01 0.0 −0.46 1.0
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Table 139: Correlation matrix for 16.0 < q2 < 17.0 bin for the Si observables.

FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

1.0 0.16 −0.02 0.01 −0.33 0.16 0.03 −0.01 −0.31 0.03
0.16 1.0 −0.12 −0.13 0.04 0.05 −0.01 −0.03 0.1 −0.01
−0.02 −0.12 1.0 0.21 −0.2 0.08 −0.02 0.06 −0.07 −0.16

0.01 −0.13 0.21 1.0 −0.14 0.02 0.07 0.2 −0.02 −0.14
−0.33 0.04 −0.2 −0.14 1.0 −0.05 0.01 −0.02 0.86 0.01

0.16 0.05 0.08 0.02 −0.05 1.0 0.15 −0.13 −0.07 0.05
0.03 −0.01 −0.02 0.07 0.01 0.15 1.0 −0.08 −0.04 0.11
−0.01 −0.03 0.06 0.2 −0.02 −0.13 −0.08 1.0 −0.03 0.03
−0.31 0.1 −0.07 −0.02 0.86 −0.07 −0.04 −0.03 1.0 −0.41

0.03 −0.01 −0.16 −0.14 0.01 0.05 0.11 0.03 −0.41 1.0
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Table 140: Correlation matrix for 17.0 < q2 < 18.0 bin for the Si observables.

FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

1.0 0.06 −0.08 0.05 −0.21 −0.05 0.06 0.0 −0.07 −0.27
0.06 1.0 −0.12 −0.19 0.03 0.09 0.01 −0.08 0.03 −0.01
−0.08 −0.12 1.0 0.14 −0.07 0.05 −0.12 0.0 −0.05 −0.01

0.05 −0.19 0.14 1.0 −0.06 −0.17 0.07 0.06 0.05 −0.18
−0.21 0.03 −0.07 −0.06 1.0 0.01 0.03 0.03 0.88 0.03
−0.05 0.09 0.05 −0.17 0.01 1.0 0.11 −0.2 −0.01 0.05

0.06 0.01 −0.12 0.07 0.03 0.11 1.0 −0.05 0.09 −0.11
0.0 −0.08 0.0 0.06 0.03 −0.2 −0.05 1.0 0.03 0.0

−0.07 0.03 −0.05 0.05 0.88 −0.01 0.09 0.03 1.0 −0.42
−0.27 −0.01 −0.01 −0.18 0.03 0.05 −0.11 0.0 −0.42 1.0

Table 141: Correlation matrix for 18.0 < q2 < 19. bin for the Si observables.

FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

1.0 0.2 −0.21 −0.16 −0.21 0.01 0.1 0.02 −0.31 0.29
0.2 1.0 −0.18 −0.21 −0.03 −0.0 0.05 −0.02 −0.04 0.07

−0.21 −0.18 1.0 0.36 −0.18 0.03 0.0 −0.0 0.03 −0.16
−0.16 −0.21 0.36 1.0 −0.24 −0.01 −0.03 0.02 0.04 −0.25
−0.21 −0.03 −0.18 −0.24 1.0 −0.04 0.02 0.05 0.85 −0.03

0.01 −0.0 0.03 −0.01 −0.04 1.0 0.19 −0.17 −0.06 0.09
0.1 0.05 0.0 −0.03 0.02 0.19 1.0 −0.01 −0.03 0.06

0.02 −0.02 −0.0 0.02 0.05 −0.17 −0.01 1.0 0.02 −0.0
−0.31 −0.04 0.03 0.04 0.85 −0.06 −0.03 0.02 1.0 −0.42

0.29 0.07 −0.16 −0.25 −0.03 0.09 0.06 −0.0 −0.42 1.0

Table 142: Correlation matrix for 1.10 < q2 < 2.5 bin for the Si observables.

FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

1.0 −0.05 −0.02 0.1 0.02 −0.13 −0.03 0.11 0.18 −0.14
−0.05 1.0 −0.04 0.08 0.08 0.11 −0.01 0.01 0.04 −0.01
−0.02 −0.04 1.0 0.02 0.01 −0.08 −0.0 −0.1 −0.01 0.09

0.1 0.08 0.02 1.0 −0.07 −0.04 −0.05 −0.09 0.04 −0.13
0.02 0.08 0.01 −0.07 1.0 0.01 −0.1 −0.05 0.82 0.05
−0.13 0.11 −0.08 −0.04 0.01 1.0 −0.03 −0.02 −0.07 −0.0
−0.03 −0.01 −0.0 −0.05 −0.1 −0.03 1.0 −0.02 0.01 −0.31

0.11 0.01 −0.1 −0.09 −0.05 −0.02 −0.02 1.0 −0.02 −0.01
0.18 0.04 −0.01 0.04 0.82 −0.07 0.01 −0.02 1.0 −0.45
−0.14 −0.01 0.09 −0.13 0.05 −0.0 −0.31 −0.01 −0.45 1.0

356



Table 143: Correlation matrix for 2.5 < q2 < 4.0 bin for the Si observables.

FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

1.0 −0.0 −0.04 −0.04 0.06 −0.04 −0.11 −0.01 −0.13 0.32
−0.0 1.0 −0.04 −0.03 0.02 −0.06 −0.07 −0.04 0.02 −0.0
−0.04 −0.04 1.0 0.06 0.04 0.03 −0.06 −0.0 0.06 −0.05
−0.04 −0.03 0.06 1.0 −0.04 −0.05 0.03 −0.03 0.0 −0.06

0.06 0.02 0.04 −0.04 1.0 0.02 −0.03 0.01 0.79 0.16
−0.04 −0.06 0.03 −0.05 0.02 1.0 0.04 0.0 0.07 −0.08
−0.11 −0.07 −0.06 0.03 −0.03 0.04 1.0 −0.05 0.07 −0.15
−0.01 −0.04 −0.0 −0.03 0.01 0.0 −0.05 1.0 −0.01 0.03
−0.13 0.02 0.06 0.0 0.79 0.07 0.07 −0.01 1.0 −0.48

0.32 −0.0 −0.05 −0.06 0.16 −0.08 −0.15 0.03 −0.48 1.0

Table 144: Correlation matrix for 4.0 < q2 < 6.0 bin for the Si observables.

FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

1.0 0.02 −0.01 −0.11 −0.0 −0.07 −0.01 0.06 −0.21 0.28
0.02 1.0 −0.08 −0.1 −0.03 0.0 −0.04 0.08 −0.04 0.02
−0.01 −0.08 1.0 0.13 −0.03 −0.0 0.12 0.02 0.04 −0.1
−0.11 −0.1 0.13 1.0 −0.06 0.06 0.0 −0.02 −0.02 −0.03
−0.0 −0.03 −0.03 −0.06 1.0 0.06 −0.06 0.0 0.73 0.15
−0.07 0.0 −0.0 0.06 0.06 1.0 0.05 −0.09 0.03 0.04
−0.01 −0.04 0.12 0.0 −0.06 0.05 1.0 −0.06 0.0 −0.08

0.06 0.08 0.02 −0.02 0.0 −0.09 −0.06 1.0 0.0 −0.0
−0.21 −0.04 0.04 −0.02 0.73 0.03 0.0 0.0 1.0 −0.56

0.28 0.02 −0.1 −0.03 0.15 0.04 −0.08 −0.0 −0.56 1.0

Table 145: Correlation matrix for 6.0 < q2 < 8.0 bin for the Si observables.

FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

1.0 0.03 −0.16 −0.16 −0.11 0.0 0.04 0.04 −0.29 0.31
0.03 1.0 −0.11 −0.15 0.01 0.04 0.01 −0.02 −0.01 0.02
−0.16 −0.11 1.0 0.15 −0.08 −0.04 0.02 −0.02 0.09 −0.27
−0.16 −0.15 0.15 1.0 −0.08 0.07 −0.03 −0.0 0.06 −0.21
−0.11 0.01 −0.08 −0.08 1.0 −0.01 −0.08 0.01 0.81 0.06

0.0 0.04 −0.04 0.07 −0.01 1.0 0.15 −0.12 −0.03 0.04
0.04 0.01 0.02 −0.03 −0.08 0.15 1.0 −0.07 −0.07 0.01
0.04 −0.02 −0.02 −0.0 0.01 −0.12 −0.07 1.0 0.03 −0.02
−0.29 −0.01 0.09 0.06 0.81 −0.03 −0.07 0.03 1.0 −0.52

0.31 0.02 −0.27 −0.21 0.06 0.04 0.01 −0.02 −0.52 1.0
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Table 146: Correlation matrix for 11.0 < q2 < 12.5 bin for the Si observables.

FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

1.0 0.1 0.03 0.01 −0.25 −0.05 −0.03 −0.0 −0.42 0.22
0.1 1.0 −0.1 −0.17 −0.03 0.02 −0.0 0.02 −0.0 0.01

0.03 −0.1 1.0 0.17 −0.2 0.0 0.01 −0.03 −0.03 −0.11
0.01 −0.17 0.17 1.0 −0.14 0.02 −0.01 −0.1 −0.02 −0.03
−0.25 −0.03 −0.2 −0.14 1.0 −0.03 −0.07 0.01 0.69 0.04
−0.05 0.02 0.0 0.02 −0.03 1.0 0.21 −0.09 0.04 −0.04
−0.03 −0.0 0.01 −0.01 −0.07 0.21 1.0 −0.09 0.01 −0.11
−0.0 0.02 −0.03 −0.1 0.01 −0.09 −0.09 1.0 0.0 −0.0
−0.42 −0.0 −0.03 −0.02 0.69 0.04 0.01 0.0 1.0 −0.63

0.22 0.01 −0.11 −0.03 0.04 −0.04 −0.11 −0.0 −0.63 1.0

Table 147: Correlation matrix for 15.0 < q2 < 17.0 bin for the Si observables.

FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

1.0 0.11 −0.01 −0.05 −0.33 0.08 0.03 −0.02 −0.28 −0.03
0.11 1.0 −0.14 −0.21 0.06 0.0 0.0 −0.06 0.07 0.01
−0.01 −0.14 1.0 0.26 −0.13 0.04 −0.09 0.03 0.01 −0.19
−0.05 −0.21 0.26 1.0 −0.11 −0.05 0.02 0.07 0.01 −0.15
−0.33 0.06 −0.13 −0.11 1.0 −0.03 −0.01 −0.03 0.85 0.03

0.08 0.0 0.04 −0.05 −0.03 1.0 0.14 −0.11 −0.05 0.03
0.03 0.0 −0.09 0.02 −0.01 0.14 1.0 −0.1 −0.03 0.05
−0.02 −0.06 0.03 0.07 −0.03 −0.11 −0.1 1.0 −0.02 0.02
−0.28 0.07 0.01 0.01 0.85 −0.05 −0.03 −0.02 1.0 −0.43
−0.03 0.01 −0.19 −0.15 0.03 0.03 0.05 0.02 −0.43 1.0

Table 148: Correlation matrix for 17.0 < q2 < 19.0 bin for the Si observables.

FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

1.0 0.12 −0.14 −0.04 −0.21 −0.02 0.07 0.01 −0.18 −0.04
0.12 1.0 −0.15 −0.19 0.0 0.05 0.03 −0.06 0.0 0.02
−0.14 −0.15 1.0 0.23 −0.1 0.03 −0.05 0.01 0.01 −0.11
−0.04 −0.19 0.23 1.0 −0.14 −0.1 0.03 0.05 0.06 −0.22
−0.21 0.0 −0.1 −0.14 1.0 −0.02 0.01 0.03 0.86 0.01
−0.02 0.05 0.03 −0.1 −0.02 1.0 0.14 −0.19 −0.03 0.07

0.07 0.03 −0.05 0.03 0.01 0.14 1.0 −0.04 0.03 −0.04
0.01 −0.06 0.01 0.05 0.03 −0.19 −0.04 1.0 0.02 0.0
−0.18 0.0 0.01 0.06 0.86 −0.03 0.03 0.02 1.0 −0.42
−0.04 0.02 −0.11 −0.22 0.01 0.07 −0.04 0.0 −0.42 1.0
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Table 149: Correlation matrix for 15.0 < q2 < 19.0 bin for the Si observables.

FL S3 S4 S5 AFB S7 S8 S9 S6s S6c

1.0 0.11 −0.07 −0.04 −0.28 0.04 0.04 −0.01 −0.23 −0.04
0.11 1.0 −0.15 −0.21 0.04 0.02 0.01 −0.06 0.04 0.01
−0.07 −0.15 1.0 0.24 −0.11 0.04 −0.07 0.02 0.0 −0.16
−0.04 −0.21 0.24 1.0 −0.11 −0.08 0.03 0.07 0.03 −0.19
−0.28 0.04 −0.11 −0.11 1.0 −0.02 0.0 −0.0 0.86 0.02

0.04 0.02 0.04 −0.08 −0.02 1.0 0.14 −0.15 −0.04 0.05
0.04 0.01 −0.07 0.03 0.0 0.14 1.0 −0.07 −0.0 0.01
−0.01 −0.06 0.02 0.07 −0.0 −0.15 −0.07 1.0 0.0 0.01
−0.23 0.04 0.0 0.03 0.86 −0.04 −0.0 0.0 1.0 −0.43
−0.04 0.01 −0.16 −0.19 0.02 0.05 0.01 0.01 −0.43 1.0

Table 150: Correlation matrix for 0.1 < q2 < 0.98 bin for the Ai observables.

A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

1.0 0.04 0.09 −0.02 0.01 −0.04 0.05 −0.0 −0.04
0.04 1.0 −0.24 −0.07 −0.08 0.07 0.02 −0.02 −0.17
0.09 −0.24 1.0 0.07 0.0 −0.07 −0.01 0.06 0.02
−0.02 −0.07 0.07 1.0 0.08 −0.11 0.0 0.96 −0.16

0.01 −0.08 0.0 0.08 1.0 −0.09 0.12 0.05 0.08
−0.04 0.07 −0.07 −0.11 −0.09 1.0 0.01 −0.09 −0.07

0.05 0.02 −0.01 0.0 0.12 0.01 1.0 −0.0 −0.02
−0.0 −0.02 0.06 0.96 0.05 −0.09 −0.0 1.0 −0.41
−0.04 −0.17 0.02 −0.16 0.08 −0.07 −0.02 −0.41 1.0

Table 151: Correlation matrix for 1.1 < q2 < 2.0 bin for the Ai observables.

A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

1.0 −0.01 0.04 0.06 0.12 −0.05 0.08 0.07 −0.0
−0.01 1.0 −0.06 0.04 −0.16 0.04 −0.1 −0.04 0.12

0.04 −0.06 1.0 −0.05 0.01 −0.11 −0.07 −0.02 −0.03
0.06 0.04 −0.05 1.0 −0.06 −0.07 −0.09 0.89 −0.04
0.12 −0.16 0.01 −0.06 1.0 −0.12 0.1 −0.0 0.0
−0.05 0.04 −0.11 −0.07 −0.12 1.0 −0.04 −0.05 −0.08

0.08 −0.1 −0.07 −0.09 0.1 −0.04 1.0 −0.04 −0.02
0.07 −0.04 −0.02 0.89 −0.0 −0.05 −0.04 1.0 −0.43
−0.0 0.12 −0.03 −0.04 0.0 −0.08 −0.02 −0.43 1.0
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Table 152: Correlation matrix for 2.0 < q2 < 3.0 bin for the Ax observables.

A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

1.0 −0.1 0.06 0.03 0.07 −0.04 −0.02 0.02 0.01
−0.1 1.0 −0.07 0.07 0.06 −0.06 −0.05 0.06 −0.01
0.06 −0.07 1.0 −0.1 −0.07 0.04 −0.07 0.03 −0.23
0.03 0.07 −0.1 1.0 −0.03 −0.11 0.04 0.84 0.14
0.07 0.06 −0.07 −0.03 1.0 −0.15 0.02 −0.05 0.06
−0.04 −0.06 0.04 −0.11 −0.15 1.0 −0.07 0.12 −0.39
−0.02 −0.05 −0.07 0.04 0.02 −0.07 1.0 0.02 0.02

0.02 0.06 0.03 0.84 −0.05 0.12 0.02 1.0 −0.41
0.01 −0.01 −0.23 0.14 0.06 −0.39 0.02 −0.41 1.0

Table 153: Correlation matrix for 3.0 < q2 < 4.0 bin for the Ai observables.

A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

1.0 0.0 −0.04 0.03 −0.12 −0.05 −0.06 0.02 −0.01
0.0 1.0 0.18 0.06 0.01 −0.05 −0.01 0.1 −0.07

−0.04 0.18 1.0 0.01 −0.01 0.01 −0.01 0.02 −0.02
0.03 0.06 0.01 1.0 0.03 −0.05 −0.0 0.72 0.21
−0.12 0.01 −0.01 0.03 1.0 0.18 −0.05 0.11 −0.1
−0.05 −0.05 0.01 −0.05 0.18 1.0 −0.03 0.04 −0.11
−0.06 −0.01 −0.01 −0.0 −0.05 −0.03 1.0 −0.03 0.03

0.02 0.1 0.02 0.72 0.11 0.04 −0.03 1.0 −0.52
−0.01 −0.07 −0.02 0.21 −0.1 −0.11 0.03 −0.52 1.0

Table 154: Correlation matrix for 4.0 < q2 < 5.0 bin for the Ai observables.

A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

1.0 −0.12 −0.11 0.02 0.06 −0.12 0.06 0.01 0.01
−0.12 1.0 0.17 −0.03 −0.06 0.19 0.03 0.08 −0.17
−0.11 0.17 1.0 −0.04 0.14 −0.06 −0.09 −0.01 −0.04

0.02 −0.03 −0.04 1.0 0.1 −0.14 −0.0 0.77 0.17
0.06 −0.06 0.14 0.1 1.0 0.04 −0.08 −0.01 0.14
−0.12 0.19 −0.06 −0.14 0.04 1.0 0.02 −0.04 −0.13

0.06 0.03 −0.09 −0.0 −0.08 0.02 1.0 0.01 −0.02
0.01 0.08 −0.01 0.77 −0.01 −0.04 0.01 1.0 −0.5
0.01 −0.17 −0.04 0.17 0.14 −0.13 −0.02 −0.5 1.0
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Table 155: Correlation matrix for 5.0 < q2 < 6.0 bin for the Ai observables.

A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

1.0 −0.03 −0.07 −0.09 −0.04 0.03 0.11 −0.09 0.04
−0.03 1.0 0.1 −0.03 0.08 0.07 0.03 0.02 −0.03
−0.07 0.1 1.0 −0.08 −0.04 0.07 0.07 −0.01 −0.06
−0.09 −0.03 −0.08 1.0 0.01 −0.01 −0.01 0.69 0.14
−0.04 0.08 −0.04 0.01 1.0 0.07 −0.09 0.07 −0.08

0.03 0.07 0.07 −0.01 0.07 1.0 −0.12 0.03 −0.03
0.11 0.03 0.07 −0.01 −0.09 −0.12 1.0 −0.02 0.02
−0.09 0.02 −0.01 0.69 0.07 0.03 −0.02 1.0 −0.6

0.04 −0.03 −0.06 0.14 −0.08 −0.03 0.02 −0.6 1.0

Table 156: Correlation matrix for 6.0 < q2 < 7.0 bin for the Ai observables.

A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

1.0 −0.08 −0.15 −0.09 0.02 −0.05 −0.02 −0.09 0.01
−0.08 1.0 0.21 −0.15 −0.03 −0.04 −0.04 0.1 −0.34
−0.15 0.21 1.0 −0.1 −0.02 −0.03 −0.05 0.11 −0.31
−0.09 −0.15 −0.1 1.0 0.03 0.0 −0.05 0.76 0.12

0.02 −0.03 −0.02 0.03 1.0 0.22 −0.11 −0.04 0.09
−0.05 −0.04 −0.03 0.0 0.22 1.0 −0.05 −0.03 0.05
−0.02 −0.04 −0.05 −0.05 −0.11 −0.05 1.0 −0.04 −0.0
−0.09 0.1 0.11 0.76 −0.04 −0.03 −0.04 1.0 −0.55

0.01 −0.34 −0.31 0.12 0.09 0.05 −0.0 −0.55 1.0

Table 157: Correlation matrix for 7.0 < q2 < 8.0 bin for the Ai observables.

A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

1.0 −0.07 −0.11 0.04 0.06 0.04 −0.01 0.02 0.02
−0.07 1.0 0.18 −0.07 −0.02 0.05 0.01 0.08 −0.28
−0.11 0.18 1.0 −0.11 0.14 −0.02 0.02 0.02 −0.22

0.04 −0.07 −0.11 1.0 −0.03 −0.14 0.07 0.84 0.1
0.06 −0.02 0.14 −0.03 1.0 0.07 −0.11 −0.02 −0.01
0.04 0.05 −0.02 −0.14 0.07 1.0 −0.08 −0.1 −0.03
−0.01 0.01 0.02 0.07 −0.11 −0.08 1.0 0.07 −0.03

0.02 0.08 0.02 0.84 −0.02 −0.1 0.07 1.0 −0.45
0.02 −0.28 −0.22 0.1 −0.01 −0.03 −0.03 −0.45 1.0
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Table 158: Correlation matrix for 11.00 < q2 < 11.75 bin for the Ai observables.

A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

1.0 −0.08 −0.2 −0.1 0.06 0.03 −0.02 −0.09 −0.0
−0.08 1.0 0.16 −0.14 −0.1 −0.15 −0.04 −0.08 −0.07
−0.2 0.16 1.0 −0.09 −0.11 −0.09 −0.1 −0.11 0.05
−0.1 −0.14 −0.09 1.0 −0.02 −0.07 −0.05 0.83 0.09
0.06 −0.1 −0.11 −0.02 1.0 0.25 −0.02 0.05 −0.12
0.03 −0.15 −0.09 −0.07 0.25 1.0 −0.09 0.07 −0.23
−0.02 −0.04 −0.1 −0.05 −0.02 −0.09 1.0 −0.03 −0.04
−0.09 −0.08 −0.11 0.83 0.05 0.07 −0.03 1.0 −0.48
−0.0 −0.07 0.05 0.09 −0.12 −0.23 −0.04 −0.48 1.0

Table 159: Correlation matrix for 11.75 < q2 < 12.50 bin for the Ai observables.

A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

1.0 −0.12 −0.16 0.01 0.01 0.03 0.06 0.0 0.0
−0.12 1.0 0.17 −0.21 0.08 0.15 −0.05 −0.01 −0.21
−0.16 0.17 1.0 −0.17 0.14 0.12 −0.09 −0.02 −0.13

0.01 −0.21 −0.17 1.0 −0.07 −0.17 0.05 0.66 0.1
0.01 0.08 0.14 −0.07 1.0 0.19 −0.15 −0.05 −0.0
0.03 0.15 0.12 −0.17 0.19 1.0 −0.08 −0.09 −0.04
0.06 −0.05 −0.09 0.05 −0.15 −0.08 1.0 0.02 0.02
0.0 −0.01 −0.02 0.66 −0.05 −0.09 0.02 1.0 −0.67
0.0 −0.21 −0.13 0.1 −0.0 −0.04 0.02 −0.67 1.0

Table 160: Correlation matrix for 15.0 < q2 < 16.0 bin for the Ai observables.

A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

1.0 −0.14 −0.26 0.05 −0.02 0.02 −0.1 0.02 0.04
−0.14 1.0 0.36 −0.12 −0.02 −0.17 0.0 −0.01 −0.19
−0.26 0.36 1.0 −0.16 −0.12 −0.02 −0.04 −0.08 −0.12

0.05 −0.12 −0.16 1.0 −0.02 −0.03 −0.05 0.88 0.01
−0.02 −0.02 −0.12 −0.02 1.0 0.13 −0.09 −0.03 0.02

0.02 −0.17 −0.02 −0.03 0.13 1.0 −0.12 −0.03 0.01
−0.1 0.0 −0.04 −0.05 −0.09 −0.12 1.0 −0.04 0.0
0.02 −0.01 −0.08 0.88 −0.03 −0.03 −0.04 1.0 −0.47
0.04 −0.19 −0.12 0.01 0.02 0.01 0.0 −0.47 1.0
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Table 161: Correlation matrix for 16.0 < q2 < 17.0 bin for the Ai observables.

A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

1.0 −0.08 −0.09 −0.0 0.01 −0.03 −0.04 −0.01 0.01
−0.08 1.0 0.21 −0.22 0.05 −0.02 0.06 −0.15 −0.14
−0.09 0.21 1.0 −0.14 −0.01 0.05 0.19 −0.09 −0.13
−0.0 −0.22 −0.14 1.0 0.02 0.02 −0.01 0.93 −0.03
0.01 0.05 −0.01 0.02 1.0 0.15 −0.13 0.01 0.04
−0.03 −0.02 0.05 0.02 0.15 1.0 −0.08 −0.02 0.11
−0.04 0.06 0.19 −0.01 −0.13 −0.08 1.0 −0.02 0.04
−0.01 −0.15 −0.09 0.93 0.01 −0.02 −0.02 1.0 −0.4

0.01 −0.14 −0.13 −0.03 0.04 0.11 0.04 −0.4 1.0
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Table 162: Correlation matrix for 17.0 < q2 < 18.0 bin for the Ai observables.

A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

1.0 −0.1 −0.16 −0.01 0.1 0.0 −0.06 −0.01 0.02
−0.1 1.0 0.18 −0.1 0.07 −0.14 0.03 −0.1 0.03
−0.16 0.18 1.0 −0.1 −0.16 0.05 0.09 −0.03 −0.13
−0.01 −0.1 −0.1 1.0 0.0 0.05 0.01 0.9 −0.02

0.1 0.07 −0.16 0.0 1.0 0.09 −0.2 −0.03 0.06
0.0 −0.14 0.05 0.05 0.09 1.0 −0.06 0.1 −0.13

−0.06 0.03 0.09 0.01 −0.2 −0.06 1.0 0.0 0.02
−0.01 −0.1 −0.03 0.9 −0.03 0.1 0.0 1.0 −0.46

0.02 0.03 −0.13 −0.02 0.06 −0.13 0.02 −0.46 1.0

Table 163: Correlation matrix for 18.0 < q2 < 19.0 bin for the Ai observables.

A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

1.0 −0.18 −0.2 −0.06 −0.01 0.04 −0.03 −0.06 0.06
−0.18 1.0 0.28 −0.1 −0.02 0.01 0.07 −0.01 −0.23
−0.2 0.28 1.0 −0.15 −0.05 −0.0 0.04 −0.0 −0.31
−0.06 −0.1 −0.15 1.0 −0.01 −0.01 0.03 0.9 0.0
−0.01 −0.02 −0.05 −0.01 1.0 0.21 −0.19 −0.04 0.1

0.04 0.01 −0.0 −0.01 0.21 1.0 −0.03 −0.03 0.07
−0.03 0.07 0.04 0.03 −0.19 −0.03 1.0 0.01 −0.02
−0.06 −0.01 −0.0 0.9 −0.04 −0.03 0.01 1.0 −0.4

0.06 −0.23 −0.31 0.0 0.1 0.07 −0.02 −0.4 1.0

Table 164: Correlation matrix for 1.1 < q2 < 2.5 bin for the Ai observables.

A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

1.0 −0.04 0.08 0.06 0.1 −0.02 0.01 0.05 0.0
−0.04 1.0 −0.02 0.07 −0.08 0.01 −0.1 0.01 0.07

0.08 −0.02 1.0 −0.05 −0.0 −0.03 −0.1 0.01 −0.12
0.06 0.07 −0.05 1.0 −0.05 −0.12 −0.03 0.87 0.04
0.1 −0.08 −0.0 −0.05 1.0 −0.09 0.02 −0.03 0.04

−0.02 0.01 −0.03 −0.12 −0.09 1.0 −0.02 0.03 −0.3
0.01 −0.1 −0.1 −0.03 0.02 −0.02 1.0 −0.01 −0.02
0.05 0.01 0.01 0.87 −0.03 0.03 −0.01 1.0 −0.44
0.0 0.07 −0.12 0.04 0.04 −0.3 −0.02 −0.44 1.0
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Table 165: Correlation matrix for 2.5 < q2 < 4.0 bin for the Ai observables.

A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

1.0 −0.03 −0.04 0.01 −0.07 −0.06 −0.02 0.02 −0.01
−0.03 1.0 0.07 0.05 0.03 −0.06 −0.0 0.07 −0.04
−0.04 0.07 1.0 −0.03 −0.05 0.03 −0.01 0.02 −0.07

0.01 0.05 −0.03 1.0 0.03 −0.04 −0.01 0.77 0.19
−0.07 0.03 −0.05 0.03 1.0 0.04 0.0 0.06 −0.07
−0.06 −0.06 0.03 −0.04 0.04 1.0 −0.04 0.07 −0.16
−0.02 −0.0 −0.01 −0.01 0.0 −0.04 1.0 −0.01 0.02

0.02 0.07 0.02 0.77 0.06 0.07 −0.01 1.0 −0.47
−0.01 −0.04 −0.07 0.19 −0.07 −0.16 0.02 −0.47 1.0

Table 166: Correlation matrix for 4.0 < q2 < 6.0 bin for the Ai observables.

A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

1.0 −0.08 −0.1 −0.03 0.0 −0.05 0.08 −0.04 0.03
−0.08 1.0 0.14 −0.03 0.0 0.12 0.02 0.06 −0.12
−0.1 0.14 1.0 −0.06 0.06 −0.0 −0.02 −0.01 −0.06
−0.03 −0.03 −0.06 1.0 0.06 −0.07 −0.0 0.72 0.16

0.0 0.0 0.06 0.06 1.0 0.05 −0.09 0.03 0.03
−0.05 0.12 −0.0 −0.07 0.05 1.0 −0.06 −0.0 −0.07

0.08 0.02 −0.02 −0.0 −0.09 −0.06 1.0 −0.0 0.0
−0.04 0.06 −0.01 0.72 0.03 −0.0 −0.0 1.0 −0.56

0.03 −0.12 −0.06 0.16 0.03 −0.07 0.0 −0.56 1.0

Table 167: Correlation matrix for 6.0 < q2 < 8.0 bin for the Ai observables.

A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

1.0 −0.08 −0.13 −0.01 0.04 0.01 −0.02 −0.01 0.01
−0.08 1.0 0.2 −0.1 −0.03 0.02 −0.02 0.1 −0.32
−0.13 0.2 1.0 −0.1 0.07 −0.03 −0.01 0.06 −0.26
−0.01 −0.1 −0.1 1.0 −0.01 −0.07 0.02 0.8 0.1

0.04 −0.03 0.07 −0.01 1.0 0.15 −0.12 −0.03 0.02
0.01 0.02 −0.03 −0.07 0.15 1.0 −0.06 −0.07 0.02
−0.02 −0.02 −0.01 0.02 −0.12 −0.06 1.0 0.03 −0.02
−0.01 0.1 0.06 0.8 −0.03 −0.07 0.03 1.0 −0.51

0.01 −0.32 −0.26 0.1 0.02 0.02 −0.02 −0.51 1.0
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Table 168: Correlation matrix for 11.0 < q2 < 12.5 bin for the Ai observables.

A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

1.0 −0.11 −0.17 −0.05 0.03 0.03 0.03 −0.04 0.0
−0.11 1.0 0.16 −0.18 −0.0 0.01 −0.05 −0.05 −0.15
−0.17 0.16 1.0 −0.13 0.02 0.01 −0.1 −0.06 −0.06
−0.05 −0.18 −0.13 1.0 −0.04 −0.11 0.0 0.74 0.1

0.03 −0.0 0.02 −0.04 1.0 0.22 −0.09 0.0 −0.05
0.03 0.01 0.01 −0.11 0.22 1.0 −0.09 −0.01 −0.12
0.03 −0.05 −0.1 0.0 −0.09 −0.09 1.0 0.01 −0.01
−0.04 −0.05 −0.06 0.74 0.0 −0.01 0.01 1.0 −0.59

0.0 −0.15 −0.06 0.1 −0.05 −0.12 −0.01 −0.59 1.0

Table 169: Correlation matrix for 15.0 < q2 < 17.0 bin for the Ai observables.

A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

1.0 −0.11 −0.17 0.02 −0.01 −0.01 −0.07 0.01 0.02
−0.11 1.0 0.29 −0.17 0.01 −0.09 0.03 −0.09 −0.16
−0.17 0.29 1.0 −0.15 −0.07 0.02 0.08 −0.09 −0.12

0.02 −0.17 −0.15 1.0 0.0 −0.0 −0.03 0.9 −0.01
−0.01 0.01 −0.07 0.0 1.0 0.14 −0.11 −0.01 0.02
−0.01 −0.09 0.02 −0.0 0.14 1.0 −0.1 −0.03 0.05
−0.07 0.03 0.08 −0.03 −0.11 −0.1 1.0 −0.03 0.02

0.01 −0.09 −0.09 0.9 −0.01 −0.03 −0.03 1.0 −0.44
0.02 −0.16 −0.12 −0.01 0.02 0.05 0.02 −0.44 1.0

Table 170: Correlation matrix for 17.0 < q2 < 19.0 bin for the Ai observables.

A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

1.0 −0.13 −0.18 −0.02 0.05 0.03 −0.04 −0.03 0.03
−0.13 1.0 0.22 −0.1 0.02 −0.07 0.04 −0.06 −0.09
−0.18 0.22 1.0 −0.12 −0.11 0.02 0.07 −0.01 −0.22
−0.02 −0.1 −0.12 1.0 −0.0 0.02 0.02 0.9 −0.01

0.05 0.02 −0.11 −0.0 1.0 0.14 −0.2 −0.03 0.07
0.03 −0.07 0.02 0.02 0.14 1.0 −0.04 0.04 −0.04
−0.04 0.04 0.07 0.02 −0.2 −0.04 1.0 0.01 0.01
−0.03 −0.06 −0.01 0.9 −0.03 0.04 0.01 1.0 −0.43

0.03 −0.09 −0.22 −0.01 0.07 −0.04 0.01 −0.43 1.0
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Table 171: Correlation matrix for 17.0 < q2 < 19.0 bin for the Ai observables.

A3 A4 A5 A(AFB) A7 A8 A9 A6s A6c

1.0 −0.12 −0.18 0.0 0.01 0.01 −0.05 −0.01 0.03
−0.12 1.0 0.26 −0.14 0.02 −0.08 0.03 −0.07 −0.13
−0.18 0.26 1.0 −0.13 −0.09 0.02 0.07 −0.05 −0.16

0.0 −0.14 −0.13 1.0 0.0 0.01 −0.01 0.9 −0.01
0.01 0.02 −0.09 0.0 1.0 0.14 −0.15 −0.02 0.04
0.01 −0.08 0.02 0.01 0.14 1.0 −0.07 0.0 0.01
−0.05 0.03 0.07 −0.01 −0.15 −0.07 1.0 −0.01 0.02
−0.01 −0.07 −0.05 0.9 −0.02 0.0 −0.01 1.0 −0.43

0.03 −0.13 −0.16 −0.01 0.04 0.01 0.02 −0.43 1.0

Table 172: Correlation matrix for 0.1 < q2 < 0.98 bin for the Pi observables.

FL P1 P2 P3 P4 P5 P6 P8

1.0 −0.0 0.12 0.09 −0.04 −0.23 −0.04 −0.08
−0.0 1.0 −0.02 −0.05 0.04 0.08 0.01 −0.04
0.12 −0.02 1.0 0.06 −0.05 0.11 0.08 −0.08
0.09 −0.05 0.06 1.0 −0.04 −0.01 −0.1 −0.03
−0.04 0.04 −0.05 −0.04 1.0 −0.22 −0.07 0.07
−0.23 0.08 0.11 −0.01 −0.22 1.0 0.01 −0.07
−0.04 0.01 0.08 −0.1 −0.07 0.01 1.0 −0.08
−0.08 −0.04 −0.08 −0.03 0.07 −0.07 −0.08 1.0

Table 173: Correlation matrix for 1.1 < q2 < 2.0 bin for the Pi observables.

FL P1 P2 P3 P4 P5 P6 P8

1.0 0.02 −0.09 0.03 0.21 0.44 −0.35 −0.17
0.02 1.0 −0.17 0.03 0.01 0.08 0.04 −0.04
−0.09 −0.17 1.0 −0.31 −0.17 −0.4 0.31 0.11

0.03 0.03 −0.31 1.0 0.1 0.18 −0.1 −0.04
0.21 0.01 −0.17 0.1 1.0 0.16 −0.24 −0.07
0.44 0.08 −0.4 0.18 0.16 1.0 −0.32 −0.21
−0.35 0.04 0.31 −0.1 −0.24 −0.32 1.0 0.09
−0.17 −0.04 0.11 −0.04 −0.07 −0.21 0.09 1.0
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Table 174: Correlation matrix for 2.0 < q2 < 3.0 bin for the Pi observables.

FL P1 P2 P3 P4 P5 P6 P8

1.0 −0.09 −0.39 −0.0 −0.45 0.2 −0.4 −0.12
−0.09 1.0 0.11 0.01 −0.03 0.02 0.11 −0.01
−0.39 0.11 1.0 −0.03 0.35 −0.24 0.31 0.04
−0.0 0.01 −0.03 1.0 0.04 0.07 −0.01 0.06
−0.45 −0.03 0.35 0.04 1.0 −0.23 0.3 0.08

0.2 0.02 −0.24 0.07 −0.23 1.0 −0.23 −0.03
−0.4 0.11 0.31 −0.01 0.3 −0.23 1.0 0.0
−0.12 −0.01 0.04 0.06 0.08 −0.03 0.0 1.0

Table 175: Correlation matrix for 3.0 < q2 < 4.0 bin for the Pi observables.

FL P1 P2 P3 P4 P5 P6 P8

1.0 −0.23 0.08 −0.33 −0.08 −0.23 0.3 0.07
−0.23 1.0 −0.11 0.38 −0.01 −0.05 −0.04 −0.03

0.08 −0.11 1.0 −0.28 0.06 0.07 −0.05 −0.05
−0.33 0.38 −0.28 1.0 −0.03 −0.11 0.18 0.04
−0.08 −0.01 0.06 −0.03 1.0 0.18 −0.03 −0.06
−0.23 −0.05 0.07 −0.11 0.18 1.0 −0.14 −0.03

0.3 −0.04 −0.05 0.18 −0.03 −0.14 1.0 0.21
0.07 −0.03 −0.05 0.04 −0.06 −0.03 0.21 1.0

Table 176: Correlation matrix for 4.0 < q2 < 5.0 bin for the Pi observables.

FL P1 P2 P3 P4 P5 P6 P8

1.0 −0.34 −0.08 0.24 −0.27 −0.55 −0.24 0.25
−0.34 1.0 0.31 −0.64 −0.14 −0.24 −0.03 −0.0
−0.08 0.31 1.0 −0.37 −0.13 −0.23 −0.01 −0.01

0.24 −0.64 −0.37 1.0 0.13 0.38 0.17 −0.13
−0.27 −0.14 −0.13 0.13 1.0 0.36 0.07 0.03
−0.55 −0.24 −0.23 0.38 0.36 1.0 0.28 −0.25
−0.24 −0.03 −0.01 0.17 0.07 0.28 1.0 −0.05

0.25 −0.0 −0.01 −0.13 0.03 −0.25 −0.05 1.0
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Table 177: Correlation matrix for 5.0 < q2 < 6.0 bin for the Pi observables.

FL P1 P2 P3 P4 P5 P6 P8

1.0 −0.28 0.14 0.19 −0.25 −0.14 0.01 −0.13
−0.28 1.0 −0.18 −0.21 0.08 −0.0 −0.04 0.06

0.14 −0.18 1.0 0.13 −0.14 −0.11 0.01 −0.04
0.19 −0.21 0.13 1.0 −0.11 −0.11 0.08 0.07
−0.25 0.08 −0.14 −0.11 1.0 0.17 0.06 0.06
−0.14 −0.0 −0.11 −0.11 0.17 1.0 −0.04 0.07

0.01 −0.04 0.01 0.08 0.06 −0.04 1.0 0.07
−0.13 0.06 −0.04 0.07 0.06 0.07 0.07 1.0

Table 178: Correlation matrix for 6.0 < q2 < 7.0 bin for the Pi observables.

FL P1 P2 P3 P4 P5 P6 P8

1.0 −0.21 0.2 −0.15 −0.41 −0.33 0.09 0.12
−0.21 1.0 −0.13 0.06 0.02 −0.07 0.0 −0.07

0.2 −0.13 1.0 0.0 −0.22 −0.16 0.05 0.02
−0.15 0.06 0.0 1.0 0.12 0.1 0.09 0.04
−0.41 0.02 −0.22 0.12 1.0 0.25 −0.04 −0.05
−0.33 −0.07 −0.16 0.1 0.25 1.0 −0.03 −0.04

0.09 0.0 0.05 0.09 −0.04 −0.03 1.0 0.21
0.12 −0.07 0.02 0.04 −0.05 −0.04 0.21 1.0

Table 179: Correlation matrix for 7.0 < q2 < 8.0 bin for the Pi observables.

FL P1 P2 P3 P4 P5 P6 P8

1.0 −0.08 0.58 −0.18 −0.26 −0.41 −0.13 −0.16
−0.08 1.0 −0.01 0.03 −0.08 −0.09 0.06 0.03

0.58 −0.01 1.0 −0.19 −0.28 −0.45 −0.12 −0.26
−0.18 0.03 −0.19 1.0 0.05 0.06 0.12 0.11
−0.26 −0.08 −0.28 0.05 1.0 0.26 −0.01 0.13
−0.41 −0.09 −0.45 0.06 0.26 1.0 0.17 0.11
−0.13 0.06 −0.12 0.12 −0.01 0.17 1.0 0.1
−0.16 0.03 −0.26 0.11 0.13 0.11 0.1 1.0
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Table 180: Correlation matrix for 11.0 < q2 < 11.75 bin for the Pi observables.

FL P1 P2 P3 P4 P5 P6 P8

1.0 −0.32 0.6 0.17 0.15 0.02 −0.06 −0.13
−0.32 1.0 −0.24 −0.05 −0.12 −0.19 0.06 0.06

0.6 −0.24 1.0 0.16 −0.03 −0.09 −0.03 −0.14
0.17 −0.05 0.16 1.0 0.05 0.09 0.01 0.07
0.15 −0.12 −0.03 0.05 1.0 0.19 −0.11 −0.14
0.02 −0.19 −0.09 0.09 0.19 1.0 −0.12 −0.1
−0.06 0.06 −0.03 0.01 −0.11 −0.12 1.0 0.24
−0.13 0.06 −0.14 0.07 −0.14 −0.1 0.24 1.0

Table 181: Correlation matrix for 11.75 < q2 < 12.5 bin for the Pi observables.

FL P1 P2 P3 P4 P5 P6 P8

1.0 −0.41 0.55 −0.1 −0.46 −0.47 −0.37 −0.1
−0.41 1.0 −0.48 0.05 0.15 0.16 0.2 0.04

0.55 −0.48 1.0 −0.19 −0.55 −0.57 −0.4 −0.13
−0.1 0.05 −0.19 1.0 0.11 0.18 0.2 0.09
−0.46 0.15 −0.55 0.11 1.0 0.52 0.4 0.23
−0.47 0.16 −0.57 0.18 0.52 1.0 0.45 0.16
−0.37 0.2 −0.4 0.2 0.4 0.45 1.0 0.22
−0.1 0.04 −0.13 0.09 0.23 0.16 0.22 1.0

Table 182: Correlation matrix for 15.0 < q2 < 16.0 bin for the Pi observables.

FL P1 P2 P3 P4 P5 P6 P8

1.0 −0.03 0.41 0.09 0.12 0.06 −0.0 0.05
−0.03 1.0 0.07 0.09 −0.15 −0.28 −0.03 0.01

0.41 0.07 1.0 0.08 −0.02 −0.11 −0.01 −0.01
0.09 0.09 0.08 1.0 0.02 0.06 0.1 0.12
0.12 −0.15 −0.02 0.02 1.0 0.34 −0.02 −0.16
0.06 −0.28 −0.11 0.06 0.34 1.0 −0.13 −0.02
−0.0 −0.03 −0.01 0.1 −0.02 −0.13 1.0 0.12
0.05 0.01 −0.01 0.12 −0.16 −0.02 0.12 1.0
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Table 183: Correlation matrix for 16.0 < q2 < 17.0 bin for the Pi observables.

FL P1 P2 P3 P4 P5 P6 P8

1.0 −0.09 0.33 0.03 0.17 0.23 0.06 −0.01
−0.09 1.0 0.07 0.03 −0.12 −0.14 0.01 −0.02

0.33 0.07 1.0 0.04 −0.15 −0.06 0.02 0.02
0.03 0.03 0.04 1.0 −0.06 −0.18 0.13 0.08
0.17 −0.12 −0.15 −0.06 1.0 0.25 0.09 −0.02
0.23 −0.14 −0.06 −0.18 0.25 1.0 0.02 0.06
0.06 0.01 0.02 0.13 0.09 0.02 1.0 0.14
−0.01 −0.02 0.02 0.08 −0.02 0.06 0.14 1.0

Table 184: Correlation matrix for 17.0 < q2 < 18.0 bin for the Pi observables.

FL P1 P2 P3 P4 P5 P6 P8

1.0 −0.07 0.28 0.11 0.04 0.21 −0.06 0.06
−0.07 1.0 0.02 0.07 −0.12 −0.2 0.1 −0.0

0.28 0.02 1.0 0.0 −0.07 0.01 −0.01 0.06
0.11 0.07 0.0 1.0 0.0 −0.03 0.19 0.05
0.04 −0.12 −0.07 0.0 1.0 0.15 0.04 −0.12
0.21 −0.2 0.01 −0.03 0.15 1.0 −0.17 0.08
−0.06 0.1 −0.01 0.19 0.04 −0.17 1.0 0.11

0.06 −0.0 0.06 0.05 −0.12 0.08 0.11 1.0

Table 185: Correlation matrix for 18.0 < q2 < 19.0 bin for the Pi observables.

FL P1 P2 P3 P4 P5 P6 P8

1.0 0.03 0.39 0.1 −0.06 −0.01 −0.0 0.06
0.03 1.0 0.02 0.03 −0.14 −0.18 −0.0 0.03
0.39 0.02 1.0 0.0 −0.27 −0.29 −0.03 0.07
0.1 0.03 0.0 1.0 −0.01 −0.03 0.17 0.02

−0.06 −0.14 −0.27 −0.01 1.0 0.38 0.03 0.01
−0.01 −0.18 −0.29 −0.03 0.38 1.0 −0.01 −0.03
−0.0 −0.0 −0.03 0.17 0.03 −0.01 1.0 0.19
0.06 0.03 0.07 0.02 0.01 −0.03 0.19 1.0
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Table 186: Correlation matrix for 1.1 < q2 < 2.5 bin for the Pi observables.

FL P1 P2 P3 P4 P5 P6 P8

1.0 0.05 −0.47 0.11 −0.07 0.43 −0.48 −0.23
0.05 1.0 −0.03 0.0 −0.04 0.09 0.05 −0.02
−0.47 −0.03 1.0 −0.17 0.06 −0.43 0.46 0.17

0.11 0.0 −0.17 1.0 0.07 0.17 −0.1 −0.04
−0.07 −0.04 0.06 0.07 1.0 −0.03 −0.01 0.03

0.43 0.09 −0.43 0.17 −0.03 1.0 −0.38 −0.23
−0.48 0.05 0.46 −0.1 −0.01 −0.38 1.0 0.18
−0.23 −0.02 0.17 −0.04 0.03 −0.23 0.18 1.0

Table 187: Correlation matrix for 2.5 < q2 < 4.0 bin for the Pi observables.

FL P1 P2 P3 P4 P5 P6 P8

1.0 0.1 −0.16 0.23 −0.35 −0.05 0.08 −0.07
0.1 1.0 −0.11 0.17 −0.09 −0.04 −0.04 −0.07

−0.16 −0.11 1.0 −0.38 0.25 0.01 −0.04 0.02
0.23 0.17 −0.38 1.0 −0.2 −0.01 0.04 −0.0
−0.35 −0.09 0.25 −0.2 1.0 0.07 −0.05 −0.02
−0.05 −0.04 0.01 −0.01 0.07 1.0 −0.06 0.03

0.08 −0.04 −0.04 0.04 −0.05 −0.06 1.0 0.03
−0.07 −0.07 0.02 −0.0 −0.02 0.03 0.03 1.0

Table 188: Correlation matrix for 4.0 < q2 < 6.0 bin for the Pi observables.

FL P1 P2 P3 P4 P5 P6 P8

1.0 0.2 0.25 −0.27 −0.24 −0.37 −0.13 0.05
0.2 1.0 0.07 −0.15 −0.13 −0.17 −0.02 −0.03

0.25 0.07 1.0 −0.17 −0.16 −0.23 −0.01 −0.02
−0.27 −0.15 −0.17 1.0 0.09 0.17 0.13 0.02
−0.24 −0.13 −0.16 0.09 1.0 0.27 0.05 0.08
−0.37 −0.17 −0.23 0.17 0.27 1.0 0.12 −0.04
−0.13 −0.02 −0.01 0.13 0.05 0.12 1.0 0.04

0.05 −0.03 −0.02 0.02 0.08 −0.04 0.04 1.0
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Table 189: Correlation matrix for 6.0 < q2 < 8.0 bin for the Pi observables.

FL P1 P2 P3 P4 P5 P6 P8

1.0 −0.15 0.41 −0.16 −0.27 −0.3 −0.01 −0.0
−0.15 1.0 −0.06 0.05 −0.05 −0.09 0.04 0.01

0.41 −0.06 1.0 −0.09 −0.21 −0.22 −0.02 −0.07
−0.16 0.05 −0.09 1.0 0.06 0.05 0.12 0.07
−0.27 −0.05 −0.21 0.06 1.0 0.2 −0.04 0.03
−0.3 −0.09 −0.22 0.05 0.2 1.0 0.07 −0.02
−0.01 0.04 −0.02 0.12 −0.04 0.07 1.0 0.15
−0.0 0.01 −0.07 0.07 0.03 −0.02 0.15 1.0

Table 190: Correlation matrix for 11.0 < q2 < 12.5 bin for the Pi observables.

FL P1 P2 P3 P4 P5 P6 P8

1.0 −0.42 0.75 0.08 −0.12 −0.16 −0.14 −0.07
−0.42 1.0 −0.37 −0.06 −0.03 −0.06 0.09 0.04

0.75 −0.37 1.0 0.06 −0.23 −0.23 −0.15 −0.1
0.08 −0.06 0.06 1.0 0.02 0.08 0.08 0.08
−0.12 −0.03 −0.23 0.02 1.0 0.2 0.03 0.03
−0.16 −0.06 −0.23 0.08 0.2 1.0 0.05 −0.0
−0.14 0.09 −0.15 0.08 0.03 0.05 1.0 0.21
−0.07 0.04 −0.1 0.08 0.03 −0.0 0.21 1.0

Table 191: Correlation matrix for 15.0 < q2 < 17.0 bin for the Pi observables.

FL P1 P2 P3 P4 P5 P6 P8

1.0 −0.07 0.37 0.06 0.13 0.13 0.03 0.03
−0.07 1.0 0.07 0.06 −0.14 −0.21 −0.01 −0.0

0.37 0.07 1.0 0.06 −0.08 −0.08 0.0 0.01
0.06 0.06 0.06 1.0 −0.02 −0.07 0.11 0.1
0.13 −0.14 −0.08 −0.02 1.0 0.28 0.04 −0.09
0.13 −0.21 −0.08 −0.07 0.28 1.0 −0.04 0.03
0.03 −0.01 0.0 0.11 0.04 −0.04 1.0 0.14
0.03 −0.0 0.01 0.1 −0.09 0.03 0.14 1.0
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Table 192: Correlation matrix for 17.0 < q2 < 19.0 bin for the Pi observables.

FL P1 P2 P3 P4 P5 P6 P8

1.0 −0.02 0.3 0.11 0.0 0.11 −0.03 0.05
−0.02 1.0 0.02 0.05 −0.14 −0.19 0.06 0.02

0.3 0.02 1.0 0.0 −0.13 −0.11 −0.03 0.04
0.11 0.05 0.0 1.0 −0.01 −0.04 0.19 0.04
0.0 −0.14 −0.13 −0.01 1.0 0.23 0.03 −0.04

0.11 −0.19 −0.11 −0.04 0.23 1.0 −0.1 0.04
−0.03 0.06 −0.03 0.19 0.03 −0.1 1.0 0.14

0.05 0.02 0.04 0.04 −0.04 0.04 0.14 1.0

Table 193: Correlation matrix for 15.0 < q2 < 19.0 bin for the Pi observables.

FL P1 P2 P3 P4 P5 P6 P8

1.0 −0.05 0.33 0.08 0.08 0.13 0.01 0.03
−0.05 1.0 0.05 0.05 −0.14 −0.21 0.02 0.01

0.33 0.05 1.0 0.03 −0.1 −0.07 −0.01 0.02
0.08 0.05 0.03 1.0 −0.02 −0.06 0.15 0.07
0.08 −0.14 −0.1 −0.02 1.0 0.24 0.04 −0.07
0.13 −0.21 −0.07 −0.06 0.24 1.0 −0.07 0.03
0.01 0.02 −0.01 0.15 0.04 −0.07 1.0 0.14
0.03 0.01 0.02 0.07 −0.07 0.03 0.14 1.0
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N Difference between Reco12 and Reco141899

N.1 Overlap between Reco12 and Reco141900

The difference between the angular distributions in B0→ J/ψK∗0 for Reco12-Stripping171901

and Reco14-Stripping20r1 were checked on data using the Reco12-Stripping171902

stripped candidates, where either the Reco12 or Reco14 reconstruction was rerun. For1903

more details see Ref. [13]. A simplified selection was used to select a pure sample of1904

B0→ J/ψK∗0 events, with cuts on the pT of the final state particles, the B0 flight direction1905

and the PID variables of the π− and the K+ applied. Furthermore only one candidate per1906

event was allowed. The comparison of the B0 mass and helicity angles for events which1907

are unique in their corresponding sample is shown in Fig. 225. The B0 candidate mass1908

and the angular distributions are compatible, however in Fig. 226 one can see that the1909

value of these distributions can differ on an event-by-event basis.1910

In Fig. 227 the event-by-event difference is shown for q2 and the helicity angles1911

in the overlapping dataset for B0 → K∗0µ+µ−. These plots are made using the1912

Reco12-Stripping17 and the 2011 part of the Reco14-Stripping20r1 tuple of the1913

B0 → K∗0µ+µ− analysis, i.e. in addition to the changes in the reconstruction shown1914

in the other two figures, also the changes in the selection and the BDT are included.1915

Still, one can see that the differences are of the same order as for the re-reconstructed1916

B0→ J/ψK∗0 events. When assuming a difference of 10 MeV/c2 in the reconstructed1917

mass for the calculation of q2 at a q2 of 9 GeV2/c4 (as seen in B0→ J/ψK∗0), this leads1918

to a difference in q2 of: 32 GeV2/c4 − (3 − 0.01)2 GeV2/c4 ≈ 0.06 GeV2/c4, which is well1919

compatible with what is seen in B0→ K∗0µ+µ−.1920

N.2 Observables from a counting method1921

To check the impact of the differences between the Reco12-Stripping17 and the1922

Reco14-Stripping20r1 B0→ K∗0µ+µ− dataset, the results for the observables S4, S5, S71923

and S8, obtained with a ”counting experiment” (for details, see Ref. [50]) were compared on1924

the Reco12-Stripping17 dataset and on the 2011 part of the Reco14-Stripping20(r1)1925

data set. The results are shown in Figs. 228, 229, 230, and 231. All events were weighted1926

with an event-weight accounting for the acceptance. The B0 candidate mass distribution1927

was fitted with the mass shape taken from B0→ J/ψK∗0 used in Ref. [50] for both datasets.1928

Note that the binning scheme is not the same as in the 2011 analysis, as not exactly the1929

same cuts were used to cut out the contributions from the J/ψ the ψ(2S) resonances,1930

and that there are more unique events in the Reco14-Stripping20 sample than in the1931

Reco12-Stripping17 sample. This, in addition to the fact the the unique events are more1932

dominated by background events, can lead to difficulties in the mass fit, as observed in1933

some bins.1934

As can be seen from these plots, all distributions with the unique events show an1935

agreement compatible with the fact that these datasets are statistically independent but1936

follow the same underlying distribution, while the overlapping datasets show a very good1937
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Figure 225: Angular distributions and B0 candidate mass for B0 → J/ψK∗0 with
Reco12-Stripping17 and Reco12-Stripping20r1 for events unique in the corresponding
data sets.
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N.3 Observables from the folded fit1939

In order to cross check that the differences between Reco12 and Reco14 does not give1940

sizable effects for the angular observables, the analysis performed last year is repeated1941

using the folding technique for the 2011 data reconstructed using Reco12 and Reco14.1942

Since about 35% of the events are unique in each reconstruction version we expect to1943

observe statistical deviations in this comparison. Three kinds of comparison have been1944

performed: analysis of the full 2011 dataset for Reco12 and Reco14 (Fig. 232); analysis1945

of the full Reco12 dataset compared with unique events in Reco14 (Fig. 234); analysis of1946

overlapping events in Reco12 and Reco14 (Fig. 233). As can be observed in the figures1947

perfect agreement (almost exact) is observed for overlapping events. Small differences1948

are expected in this case due to the angular and q2 resolution. Statistical agreement1949

is observed in the comparison of the two statistically independent sample full Reco121950

and unique events in Reco14. It should be noted that some of the fit do not converge1951

nicely given the small statistics, however this does not change our conclusions. The only1952
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Figure 226: Difference of angular observables and B0 candidate mass for B0→ J/ψK∗0 with
Reco12-Stripping17 and Reco12-Stripping20r1 for events that are in both datasets.
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exception is the fourth bin of the observable P ′4 at large q2 which show a significant larger1953

than expected disagreement. This effect is currently under investigation.1954
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Figure 227: Difference of angular observables and q2 candidate mass for B0→ K∗0µ+µ−

with Reco12-Stripping17 and Reco12-Stripping20r1 for events that are in both
datasets.
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Figure 228: Results for S4 using a counting experiment for overlapping events (left) and
unique events (right) of the Reco12 and Reco14 datasets. In red are the Reco14 events, in
black the Reco12 events.
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Figure 229: Results for S5 using a counting experiment for overlapping events (left) and
unique events (right) of the Reco12 and Reco14 datasets. In red are the Reco14 events, in
black the Reco12 events.
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Figure 230: Results for S7 using a counting experiment for overlapping events (left) and
unique events (right) of the Reco12 and Reco14 datasets. In red are the Reco14 events, in
black the Reco12 events.
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Figure 231: Results for S8 using a counting experiment for overlapping events (left) and
unique events (right) of the Reco12 and Reco14 datasets. In red are the Reco14 events, in
black the Reco12 events.
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Figure 232: Comparison between the P ′i observables for full (2011) Reco12 dataset and
full (2011) Reco14 dataset.
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Figure 233: Comparison between the P ′i observables for overlapping events in (2011)
Reco12 dataset and in (2011) Reco14 dataset.
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Figure 234: Comparison between the P ′i observables for full (2011) Reco12 dataset and
unique events in (2011) Reco14 dataset.
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O Performance comparison for determination of ob-1955

servables1956

Several toy studies are performed to evaluate the performance of the fitter. For the1957

following studies the nomial fitter for the observables is used. A detailed comparison with1958

a RooFit based fitter was done and no major differences were found. For the toy studies1959

the EOS MC sample including background, but without acceptance correction is used (see1960

Sec. 3.2). The large sample is divided into subsets which correspond to the yields shown1961

in Tab. 12.1962

In each subset the angular observables are determined separately and compared to the1963

values which were used for the generation (see Tab 3). In the following three different1964

methods are compared: The nominal fit, the folded fit and the method of moments. The1965

sensitivity is determined from the widths of the distribution of the angular observables (σ1966

from a fit of a Gaussian). The values which were obtained for different q2 regions can be1967

seen in Fig. 235. The dependence on q2 is introduced due to a different number of signal1968

events and different values of the parameters in each bin. In general the folded fit and the1969

full fit have similar sensitivities and the method of moments performs around 10% worse.1970

To check the bias of the methods pull distributions are generated ((Si,fitted −1971

Si,generated)/σSi) and fitted with a Gaussian. The mean of these Gaussians is shown1972

in Fig. 236 and the width in Fig. 237. The mean of the Gaussians is ideally zero. Whereas1973

the Method of Moments is most stable and is in every q2 bin unbiased the fits show in1974

some bins statistical significant deviations. The bias depends on the number of events in1975

each bin and it is tested that the bias gets insignificant if the number of events is enhanced.1976

A detailed discussion of the bias was done in Sec. 6.2.9. The widths of the Gaussians is1977

expected to be one. A larger width means that the error in the Fit is underestimated. To1978

guarantee a correct error the method of coverage correction is applied for the real fit on1979

data as described in Sec. 6.2.10.1980

P Treatment of S-wave for determination of observ-1981

ables1982

The toys studies done in the last subsection do not include a possible S-wave contribution.1983

However, a priori the S-wave contribution (including all interferences terms) in the1984

B0→ K∗0µ+µ− channel is not known.1985

As the EOS MC does not include a S-wave contribution, toy events are generated1986

according to a pdf including 10% S-wave fraction (thus FS = 0.1, all interference terms are1987

set to zero). Two possible scenarios are compared. In the first case, events are generated1988

including the S-wave contribution, however in the fit pdf the S-wave is ignored. In the1989

second case, the S-wave is generated and also fitted for. Both cases are compared to the1990

nominal case, where the S-wave is neither generated nor fitted for.1991

The mean and sigma of the pulls for the different methods are shown in Fig. 238 and1992
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Fig. 239. If the S-wave is ignored, this results in an extreme bias of the mean of up to1993

80%. If the S-wave is included into the fit, the additional bias gets statistical insignificant.1994

However, in the latter case the statistical sensitivity of the methods is reduced, as can be1995

seen in Fig. 240. What also can be seen is that an additional prior to FS would reduce1996

this sensitivity loss significantly. Nevertheless, also without this prior, it is possible to1997

include the S-wave in the Fit to B0→ K∗0µ+µ−.1998

Q Angular observables from the decay B0→ J/ψK∗01999

A fit to the full data sample of 2011 and 2012 data (±60 MeV around the nominal J/ψ2000

mass) is performed comparing the different methods to determine the angular observables.2001

The fit is the nominal four-dimensional unbinned maximum likelihood fit in m(K+π+µ+µ−)2002

and the three decay angles cos θl, cos θK and φ. The mass shapes are parametrized as2003

discussed in Sec. 5.1. For the angular distribution of the signal, the full PDF including2004

S-wave as given in Sec. 6.2.1 is used. The background is parametrized using Chebyshev2005

polynomials.2006

There are two possibilities how to implement the angular acceptance. One possibility2007

is to include it using weights which are shown in Fig. 241. The weights are derived on2008

an event-by-event basis and are the inverse of the efficiency for given combination of2009

cos θ`, cos θK , φ and q2 which is described in Chapt. 8. These weights are also used to2010

account for the angular acceptance in the method of moments. In this case each weight is2011

additionaly multiplied by the sWeight to statistically separate the signal component. The2012

second possibility is to implement the acceptance directly in the PDF of the fit. In this2013

case the differential decay rate is multiplied by the expected efficency in this phase space2014

region, as described in Sec. 6.2.3.2015

The result for the two fits and the method of moments is given in Tab. 194. The2016

projections of the mass of the three methods (for the MoM the fit to get the sWeights) is2017

shown in Fig. 242.2018

There is a good agreement betweem all three methods compared to the expected2019

statistical uncertainty expected for the fits of the signal decay B0 → K∗0µ+µ−. The2020

projections of the weighted fit are shown in Fig. 243 and 244. Furthermore two-dimensional2021

pulls are shown in Figs. 245– 247, showing that, accounting for the acceptance effect, the2022

data is well described by the PDF.2023
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Table 194: Result of the observables fit and the method of moments for B0→ J/ψK∗0

data of 2011+2012. In the fit the angular acceptance is either folded into the pdf (no
weights) or implemented using weights (weights). For the method of moments events are
weighted with the product of the sWeight times the acceptance weight. All methods agree
to a level which is sufficient for the B0→ K∗0µµ analysis.

parameter Full Fit (no weights) Full Fit (weights) MoM (weights)

fsig 0.9485± 0.0009 0.9430± 0.0010 0.9467± 0.0011
mB0 5284.33± 0.04 5284.32± 0.04 5284.32± 0.05
fCB1/CB2 0.745± 0.024 0.746± 0.030 0.725± 0.028
σCBm,1 15.61± 0.17 15.68± 0.20 15.56± 0.19
σCBm,2 27.45± 0.86 27.5± 1. 26.94± 0.87
nCB(fixed) 5.2 5.2 5.2
αCB1 1.493± 0.018 1.477± 0.020 1.469± 0.020
αCB2 1.780± 0.067 1.837± 0.096 1.683± 0.060
αbkg 0.00503± 0.00009 0.00543± 0.00009 0.00522± 0.00010
∆mB0

s
90.23± 0.85 89.51± 0.92 89.11± 0.83

fB0
s/B

0 0.01088± 0.00042 0.01125± 0.00049 0.0123± 0.0005
S1s 0.3309± 0.0010 0.3332± 0.0011 0.3340± 0.0011
S3 0.0015± 0.0019 0.0015± 0.0020 0.0012± 0.0021
S4 −0.2774± 0.0020 −0.2773± 0.0021 −0.2813± 0.0024
S5 −0.0018± 0.0020 −0.0018± 0.0020 −0.0033± 0.0023
S6s 0.0017± 0.0016 0.0017± 0.0018 0.0012± 0.0017
S7 0.0009± 0.0020 0.0014± 0.0021 0.0013± 0.0024
S8 −0.0507± 0.0020 −0.0510± 0.0021 −0.0534± 0.0024
S9 −0.0874± 0.0019 −0.0883± 0.0020 −0.0878± 0.0021
Fs 0.0833± 0.0031 0.0860± 0.0033 0.0834± 0.0040
SS1 −0.2292± 0.0034 −0.2361± 0.0033 −0.2363± 0.0040
SS2 0.0003± 0.0022 0.0016± 0.0024 0.0023± 0.0025
SS3 0.0024± 0.0021 0.0025± 0.0022 0.0035± 0.0024
SS4 0.0013± 0.0021 0.0016± 0.0023 0.0018± 0.0024
SS5 −0.0655± 0.0023 −0.0661± 0.0025 −0.0653± 0.0025
cl,1 −0.013± 0.018 −0.017± 0.018 −
cl,2 −0.450± 0.021 −0.469± 0.021 −
cK,1 0.557± 0.018 0.572± 0.018 −
cK,2 0.261± 0.016 0.296± 0.015 −
cφ,1 −0.0096± 0.0059 −0.0126± 0.0058 −
cφ,2 0.0001± 0.0018 0.0005± 0.0018 −
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Figure 235: RMS of the P-wave observables vs q2 for the full and folded fit, and the
method of moments.
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Figure 236: Mean of the pulls of the P-wave observables vs q2 for the full and the folded
fit, and the method of moments.
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Figure 237: Sigma of the pulls of the P-wave observables vs q2 for the full and the folded
fit, and the method of moments.
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Figure 238: Mean of the pull distributions for the Full Fit (left) and the Method of
Moments (right) vs. q2. In the ’no S-wave’ case the S-wave is neither generated nor fitted.
In the ’ignore’ case the S-wave is generated and neglected in the fit. In the case ’inc.
S-wave’ the S-wave is both generated and fitted. The main challenge in fitting the S-wave
is the determination of FS, which is illustrated by the case ’inc. S-wave (fixed FS)’, in
which case FS is fixed to the generated value.
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Figure 239: Sigma of the pull distributions for the Full Fit (left) and the Method of
Moments (right) vs. q2. In the ’no S-wave’ case the S-wave is neither generated nor fitted.
In the ’ignore’ case the S-wave is generated and neglected in the fit. In the case ’inc.
S-wave’ the S-wave is both generated and fitted. The main challenge in fitting the S-wave
is the determination of FS, which is illustrated by the case ’inc. S-wave (fixed FS)’, in
which case FS is fixed to the generated value.
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Figure 240: RMS for the different methods vs. q2. In the ’no S-wave’ case the S-wave is
neither generated nor fitted. In the ’ignore’ case the S-wave is generated and neglected
in the fit. In the case ’inc. S-wave’ the S-wave is both generated and fitted. The main
challenge in fitting the S-wave is the determination of FS, which is illustrated by the case
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390



B mass [MeV]
5200 5400 5600

E
ve

nt
s 

/ 5
.3

 M
eV

210

310

410

510
-1LHCb 3 fb

5200 5400 5600

P
ul

l

-4
-2
0
2
4

B mass [MeV]
5200 5400 5600

E
ve

nt
s 

/ 5
.3

 M
eV

210

310

410

510
-1LHCb 3 fb

5200 5400 5600

P
ul

l

-4
-2
0
2
4

B mass [MeV]
5200 5400 5600

E
ve

nt
s 

/ 5
.3

 M
eV

210

310

410

510
-1LHCb 3 fb

5200 5400 5600

P
ul

l

-4
-2
0
2
4

Figure 242: Projections of the mass for the three methods to extract the angular
parameters from the decay B0→ J/ψK∗0 (compare Tab. 194). The top left plots shows
the non-weighted fit, the top right the weighted fit, and the lower plot the fit to get the
sWeights for the Method of Moments.
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Figure 243: Projections of the full (weighted) fit to B0→ J/ψK∗0 for cos θK for all
available data of 2011+2012.
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Figure 244: Projections of the full (weighted) fit to B0→ J/ψK∗0 for φ and cos θ` for all
available data of 2011+2012.
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Figure 245: 2D pull of cos θK vs mass of the full (weighted) fit to B0→ J/ψK∗0 for all
available data of 2011+2012. The diagonal region with no events stems from the veto-cut
on B+→ K+µ+µ−.
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Figure 246: 2D pull of cos θ` vs mass of the full (weighted) fit to B0→ J/ψK∗0 for all
available data of 2011+2012.
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Figure 247: 2D pull of φ vs mass of the full (weighted) fit to B0→ J/ψK∗0 for all available
data of 2011+2012.
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R Fitting B0→ J/ψK∗0 with a single set of decay am-2024

plitudes2025

For the B0→ J/ψK∗0 decay there are really only a single set of K∗0 decay amplitudes,2026

rather than different left- and right-handed amplitudes as is the case for the B0→ K∗0µ+µ−2027

decay. For B0→ J/ψK∗0, AL‖,⊥,0 = AR‖,⊥,0 = A‖,⊥,0. Applying this relationship forces S5,6,72028

(and A5,6,7) to be identical to zero. In this basis the 4 symmetries of the B0→ K∗0µ+µ−2029

decay are also reduced to one, a global phase rotation that can be used to fix one of the2030

amplitudes to be real, e.g. =(A0) = 0.2031

As a cross-check a fit has also been performed to the B0→ J/ψK∗0 decay using this2032

reduced number of amplitudes. As was the case for the q2 dependent amplitude fit, the2033

scale of the amplitudes is fixed by applying a constraint on the number of signal candidates2034

in the fit,2035

Nsig =

∫ +1

−1

∫ +1

−1

∫ +π

−π

d3Γ[Sig]

d cos θ` d cos θK dφ
ε(cos θ`, cos θK , φ)d cos θ` d cos θK dφ . (115)

The result of this fit is compatible with the more general amplitude fit where left- and2036

right-handed amplitudes are floated separately. The shift seen for S4 between the “full”2037

amplitude fit and the observable fit is also present. See Table 195 for details.2038

Observable Fitting AL,R
0,‖,⊥ Fitting AL

0,‖,⊥ = AR
0,‖,⊥ LHCb-PAPER-2013-023

S1c +0.563± 0.001 +0.563± 0.001 +0.572± 0.020
S3 −0.012± 0.002 −0.012± 0.002 −0.0130±XX
S4 −0.248± 0.001 −0.248± 0.001 −0.250± 0.008
S5 −0.008± 0.002 – –
S6 +0.003± 0.002 – –
S7 +0.001± 0.002 – –
S8 −0.049± 0.002 −0.049± 0.002 −0.048± 0.007
S9 −0.091± 0.002 −0.091± 0.002 −0.084± 0.010

Table 195: Result of fitting B0→ J/ψK∗0 data for constant decay amplitudes in two
configurations, first where separate left- and right-hand amplitudes are considered and
second when the left- and right-handed amplitudes are forced to be identical. The two fits
are compared to the result from LHCb-PAPER-2013-024 [51]. The S-wave observables
have been omitted.

S Fitting run periods and B flavour separately2039

As an additional cross-check the data for B0→ K∗0µ+µ− has been split by run-period2040

and by B flavour and fit separately. The result of these fits is shown in Fig. 248. The2041
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four sub-samples (corresponding to different combinations of year and B flavour) are2042

compatible.2043

shift
-0.04 -0.02 0 0.02 0.04

J1c

J3
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J5

J6

J7
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J9

Figure 248: Comparison of fit results for the Ji/Γ (as opposed to Si or Ai) for B0→ J/ψK∗0

fitting separately for: B0 in 2012 (red square), B0 in 2012 (blue triangular), B0 in 2011
(inverted purple triangle) and B0 in 2011 (green open circle). The Ji are determined from
a fit to the observables and are plotted with respect to a combined fit to the full run 1
dataset (black circle).

T Peaking backgrounds2044

After applying the full selection criteria, peaking backgrounds are reduced to <∼ 1% of the2045

level of the signal. These backgrounds will however have a different angular distribution2046

to the signal and in the case of Λ0
b→ pKµ+µ− the angular distribution of the background2047

is essentially unknown.2048

The mass and angular distributions of B0
s→ φµ+µ− and Λ0

b→ pK−µ+µ− candidates2049

reconstructed as B0→ K∗0µ+µ−, with m(K+π−) within ±100 MeV/c2 of the nominal K∗02050

mass, in the data are shown in Figs. 249–252. In order to produce these distributions, the2051

PID requirements from the pre-selection have been removed and a second BDT has been2052
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trained without the K+ and π− PID information. The candidates are then selected by2053

inverting the PID requirements such that2054

• the pion in the B0→ K∗0µ+µ− decay is kaon-like for the B0
s→ φµ+µ− decay, by2055

requiring that the pion and the kaon have ProbNNK > 0.4;2056

• the pion in the B0→ K∗0µ+µ− decay is proton-like for the Λ0
b→ pK−µ+µ− decay,2057

by requiring that the kaon has ProbNNK > 0.4 and the pion ProbNNp > 0.4.2058

These requirements suppress the background from the B0→ K∗0µ+µ− signal. The cos θl2059

and φ distributions of these backgrounds are reasonably compatible with the signal,2060

however the cos θK distribution is strongly peaked towards cos θK ∼ −1. The distributions2061

in Figs. 249-252 are only illustrative, the distribution in the data will be further influenced2062

by the PID requirements in the pre-selection and by the inclusion of PID in the BDT.2063
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Figure 249: The K+K−µ+µ− invariant mass of candidates after requiring the pion
ProbNNK > 0.4 (left) and the K+π−µ+µ− invariant mass of the candidates that are
compatible with originating from B0

s → φµ+µ− (right). The top pair of plots corre-
sponds to the J/ψ window and the lower plots to candidates with q2 < 6 GeV2/c4 or
q2 > 15 GeV2/c4.
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Figure 250: The pK−µ+µ− invariant mass of candidates after requiring the pion ProbNNp >
0.4 and kaon ProbNNK > 0.4 (left) and the K+π−µ+µ− invariant mass of the candidates
that are compatible with originating from Λ0

b→ pK−µ+µ− (right). The top pair of plots
corresponds to the J/ψ window and the lower plots to candidates with q2 < 6 GeV2/c4 or
q2 > 15 GeV2/c4 .
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Figure 251: Angular distribution of B0
s → φµ+µ− candidates reconstructed as B0 →

K∗0µ+µ−. The top plots correspond to the J/ψ window and the lower plots to candidates
with q2 < 6 GeV2/c4 or q2 > 15 GeV2/c4.
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Figure 252: Angular distribution of Λ0
b→ pK−µ+µ− candidates reconstructed as B0→

K∗0µ+µ−. The top plots correspond to the J/ψ window and the lower plots to candidates
with q2 < 6 GeV2/c4 or q2 > 15 GeV2/c4.
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U Background angular distribution from the ABCD2064

method2065

In the analysis, the background angular distribution in the signal region is determined2066

using the events in the upper mass sideband. To test and to validate this choice the ABCD2067

method [52] is used as a crosscheck and a comparison between the background angular2068

distribution of these two methods is made.2069

The goal of the ABCD method is to infer the distribution of the background in the2070

signal region (A) using the distributions from three control regions (B - D). The candidates2071

in a 2D plane defined by the BDT variable and the B0 mass are divided into four regions2072

as follows and shown in Fig. 253.2073

A. BDT > 0.2 and m(K+π−µ+µ−) < 5350 MeV/c2
2074

B. BDT > 0.2 and m(K+π−µ+µ−) > 5350 MeV/c2
2075

C. BDT < −0.4 and m(K+π−µ+µ−) < 5350 MeV/c2
2076

D. BDT < −0.4 and m(K+π−µ+µ−) > 5350 MeV/c2
2077

B
D
T

m(B0) (GeV/c2)
53505170

-0
.4

0.
2

A B

C
E F

G H

excluded safety regions

5800

-0
.5

5 D

Figure 253: 2D plane defining the different regions of the ABCD method.

The region A corresponds to the signal region and the region B to the commonly2078

called upper mass sideband region. With the ABCD method, the background angular2079
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distribution in the signal region A, is obtained from the background angular distributions2080

of the three other regions by2081

A =
B × C
D

(116)

The method relies on two hypothesis:2082

1. region B,C,D contain only background events;2083

2. and there is no correlation between the BDT variable and the reconstructed mass of2084

the candidate.2085

To ensure that the first hypothesis is true, events with −0.4 < BDT < 0.2 are excluded2086

from the regions B and D. The leakage of signal events into region B is then <∼ 1 in every2087

q2 bin. The advantage of this approach is that there is no assumption that the angular2088

distribution of the background is the same in the sideband and the signal mass window.2089

The ABCD method can then be used to test this assumption.2090

U.1 Validation of the ABCD method2091

Unfortunately, when the BDT requirement is relaxed, there can be a correlation between2092

the BDT response and the mass of the candidate. To take into account this correlation, a2093

correction to the angular distribution in the A region is applied.2094

The correction factor is computed as the following:2095

R =
E ×H
F ×G (117)

where E,F,G and H are subsets of region D, defined as:2096

E. −0.55 < BDT < −0.4 and 5350 < m(K+π−µ+µ−) < 5800 MeV/c2;2097

F. −0.55 < BDT < −0.4 and m(K+π−µ+µ−) > 5800 MeV/c2;2098

G. BDT < −0.55 and 5350 < m(K+π−µ+µ−) < 5800 MeV/c2;2099

H. and BDT < −0.55 and m(K+π−µ+µ−) > 5800 MeV/c2.2100

The correction factors for the different q2 bins are given in Table 196. It has been2101

checked that this correction factor has a negligible angular dependence, see Sec. U.2.2102

A comparison of the background angular distributions in the A region, obtained from2103

the ABCD method, to the upper mass sideband has been done for each q2 bin in both2104

binning schemes and for the three angles. All comparisons are given in Fig. 254, Fig. 255,2105

Fig. 256, Fig. 257 and in Sec. U.2. The resulting distributions for region A are in excellent2106

agreement with the distributions in the upper mass sideband.2107
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q2[ GeV2] Correction factor R

[0.1, 0.98] 1.304
[1.1, 2.0] 1.584
[2.0, 3.0] 1.259
[3.0, 4.0] 1.366
[4.0, 5.0] 1.281
[5.0, 6.0] 1.276
[6.0, 7.0] 1.324
[7.0, 8.0] 1.282

[11.0, 11.75] 1.435
[11.75, 12.5] 1.007
[15.0, 16.0] 1.438
[16.0, 17.0] 0.994
[17.0, 18.0] 1.057
[18.0, 19.0] 0.902

q2[ GeV2] Correction factor R

[0.1, 0.98] 1.034
[1.1, 2.5] 1.517
[2.5, 4.0] 1.301
[4.0, 6.0] 1.282
[6.0, 8.0] 1.304

[11.0, 12.5] 1.206
[15.0, 17.0] 1.176
[17.0, 19.0] 0.968

Table 196: Correction factor R with the two q2 binnings: (left) 1 GeV2/c4 and (right)
2 GeV2/c4 bins.
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Figure 254: Comparison of the cos(θk) distribution for the ABCD method (blue) and the
upper mass sideband (red) in the 2 GeV2/c4 binning scheme
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Figure 255: Comparison of the cos(θl) distribution for the ABCD method (blue) and the
upper mass sideband (red) in the 2 GeV2/c4 binning scheme
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Figure 256: Comparison of the φ distribution for the ABCD method (blue) and the upper
mass sideband (red) in the 2 GeV2/c4 binning scheme
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Figure 257: Comparison of the q2 distribution for the ABCD method (blue) and the upper
mass sideband (red) in the 2 GeV2/c4 binning scheme
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Figure 258: Comparison of the cos(θk) 258(a) ,cos(θl) 258(b), φ 258(c) and q2 258(d)
distribution for the ABCD method (blue) and the upper mass sideband (red) in the large
bin 1-6 GeV2/c4.
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U.2 Correlation correction factor2108
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Figure 259: Correction factor R for the cos(θk) distribution for the 2 GeV2/c4 bin width.
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Figure 260: Correction factor R for the cos(θl) distribution for the 2 GeV2/c4 bin width.
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Figure 261: Correction factor R for the φ distribution for the 2 GeV2/c4 bin width.
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Figure 262: Correction factor R for the q2 distribution for the 2 GeV2/c4 bin width.
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Figure 263: Comparison of the cos(θk) distribution for the ABCD method (blue) and the
upper mass sideband (red) in the 1 GeV2/c4 binning scheme.
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Figure 264: Comparison of the cos(θl) distribution for the ABCD method (blue) and the
upper mass sideband (red) in the 1 GeV2/c4 binning scheme.
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Figure 265: Comparison of the φ distribution for the ABCD method (blue) and the upper
mass sideband (red) in the 1 GeV2/c4 binning scheme.
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Figure 266: Comparison of the q2 distribution for the ABCD method (blue) and the upper
mass sideband (red) in the 1 GeV2/c4 binning scheme.
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V The angular acceptances of the trigger lines2110
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Figure 267: cos(θl) acceptance of the different trigger lines determined using phase-space
K∗0µµ MC.
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Figure 268: cos(θk) acceptance of the different trigger lines determined using phase-space
K∗0µµ MC.
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Figure 269: Φ acceptance of the different trigger lines determined using phase-space K∗0µµ
MC.
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W Correlation Formulas2111

As already discussed in Sec. 7 the correlation of the different angular terms can be2112

calculated analytically using their moments:2113

cor(Si, Sk) =
〈fifk〉 − 〈fi〉〈fk〉√

〈f 2
i 〉 − 〈fi〉2

√
〈f 2
k 〉 − 〈fk〉2

(118)

In the following calculations a different angular basis was used (As = 0.5SS1, As4 =2114

2/3SS2, As5 = 2/3SS3, As7 = 2/3SS4, As8 = 2/3SS5).2115

The angular terms are defined as (x = cos(θk), y = cos(θl)):2116

f1 = x2,

f3 = (1− x2)(1− y2)cos(2φ),

f4 = 2x
√

1− x22y
√

1− y2cos(φ),

f5 = 2x
√

1− x2
√

1− y2cos(φ),

f6 = (1− x2)y,

f7 = 2x
√

1− x2
√

1− y2sin(φ),

f8 = 2x
√

1− x22y
√

1− y2sin(φ),

f9 = (1− x2)(1− y2)sin(2φ),

fFs = 1− y2,

fAs = x(1− y2),

fAs4 =
√

1− x22y
√

1− y2cos(φ),

fAs5 =
√

1− x2
√

1− y2cos(φ),

fAs7 =
√

1− x2
√

1− y2sin(φ),

fAs8 =
√

1− x22y
√

1− y2sin(φ)

(119)

The corresponding moments are:2117
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〈f1〉 = 2/15(6 + 3Fl(Fs − 1)− Fs),
〈f3〉 = −8/25(−1 + Fs)S3,

〈f4〉 = −8/25(−1 + Fs)S4,

〈f5〉 = −2/5(−1 + Fs)S5,

〈f6〉 = −2/5(−1 + Fs)S6s,

〈f7〉 = −2/5(−1 + Fs)S7,

〈f8〉 = −8/25(−1 + Fs)S8,

〈f9〉 = −8/25(−1 + Fs)S9,

〈fFs〉 = 1/5(3 + Fl + Fs − FlFs),
〈fAs〉 = 8/15As,

〈fAs4〉 = 2/5As4,

〈fAs5〉 = 1/2As5,

〈fAs7〉 = 1/2As7,

〈fAs8〉 = 2/5As8

〈f1f1〉 = 8/105(9 + 6Fl(−1 + Fs)− 2Fs),

〈f1f3〉 = −(48/175)(−1 + Fs)S3,

〈f1f4〉 = −(32/175)(−1 + Fs)S4,

〈f1f5〉 = −(8/35)(−1 + Fs)S5,

〈f1f6〉 = −(12/35)(−1 + Fs)S6s,

〈f1f7〉 = −(8/35)(−1 + Fs)S7,

〈f1f8〉 = −(32/175)(−1 + Fs)S8,

〈f1f9〉 = −(48/175)(−1 + Fs)S9,

〈f1fFs〉 = 4/75(9 + 3Fl(−1 + Fs) + Fs),

〈f1fAs〉 = (16As)/75,

〈f1fAs4〉 = (8As4)/25,

〈f1fAs5〉 = (2As5)/5,

〈f1fAs7〉 = (2As7)/5,

〈f1fAs8〉 = (8As8)/25

(120)
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〈f3f3〉 = (32(6 + 3Fl(−1 + Fs) + Fs))/1225,

〈f3f4〉 = −((64(−1 + Fs)S4)/1225),

〈f3f5〉 = −(16/175)(−1 + Fs)S5,

〈f3f6〉 = 0,

〈f3f7〉 = (16/175)(−1 + Fs)S7,

〈f3f8〉 = (64(−1 + Fs)S8)/1225,

〈f3f9〉 = 0,

〈f3fFs〉 = −(48/175)(−1 + Fs)S3,

〈f3fAs〉 = 0,

〈f3fAs4〉 = (16As4)/175,

〈f3fAs5〉 = (4As5)/25,

〈f3fAs7〉 = −((4As7)/25),

〈f3fAs8〉 = −((16As8)/175)

〈f4f4〉 = −32/3675(−15 + 3Fl(−1 + Fs) + Fs − 6S3 + 6FsS3),

〈f4f5〉 = −(16/175)(−1 + Fs)S6s,

〈f4f6〉 = −(16/175)(−1 + Fs)S5,

〈f4f7〉 = 0,

〈f4f8〉 = −(64(−1 + Fs)S9)/1225,

〈f4f9〉 = −(64(−1 + Fs)S8)/1225,

〈f4fFs〉 = 0,

〈f4fAs〉 = (16As4)/175,

〈f4fAs4〉 = (64As)/525,

〈f4fAs5〉 = 0,

〈f4fAs7〉 = 0,

〈f4fAs8〉 = 0

(121)
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〈f5f5〉 = −(8/525)(−9 + 9Fl(−1 + Fs)− 6S3 + Fs(−5 + 6S3)),

〈f5f6〉 = −(16/175)(−1 + Fs)S4,

〈f5f7〉 = −(16/175)(−1 + Fs)S9,

〈f5f8〉 = 0,

〈f5f9〉 = −(16/175)(−1 + Fs)S7,

〈f5fFs〉 = −(8/25)(−1 + Fs)S5,

〈f5fAs〉 = (4As5)/25,

〈f5fAs4〉 = 0,

〈f5fAs5〉 = (16As)/75,

〈f5fAs7〉 = 0,

〈f5fAs8〉 = 0

〈f6f6〉 = 8/525(18 + 15Fl(−1 + Fs)− 11Fs),

〈f6f7〉 = −(16/175)(−1 + Fs)S8,

〈f6f8〉 = −(16/175)(−1 + Fs)S7,

〈f6f9〉 = 0,

〈f6fFs〉 = −(4/25)(−1 + Fs)S6s,

〈f6fAs〉 = 0,

〈f6fAs4〉 = (4As5)/25,

〈f6fAs5〉 = (4As4)/25,

〈f6fAs7〉 = (4As8)/25,

〈f6fAs8〉 = (4As7)/25

〈f7f7〉 = −(8/525)(−9 + 9Fl(−1 + Fs) + 6S3 − Fs(5 + 6S3)),

〈f7f8〉 = −(16/175)(−1 + Fs)S6s,

〈f7f9〉 = −(16/175)(−1 + Fs)S5,

〈f7fFs〉 = −(8/25)(−1 + Fs)S7,

〈f7fAs〉 = (4As7)/25,

〈f7fAs4〉 = 0,

〈f7fAs5〉 = 0,

〈f7fAs7〉 = (16As)/75,

〈f7fAs8〉 = 0

(122)
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〈f8f8〉 = −32/3675(−15 + 3Fl(−1 + Fs) + Fs + 6S3 − 6FsS3),

〈f8f9〉 = −(64(−1 + Fs)S4)/1225,

〈f8fFs〉 = −(32/175)(−1 + Fs)S8,

〈f8fAs〉 = (16As8)/175,

〈f8fAs4〉 = 0,

〈f8fAs5〉 = 0,

〈f8fAs7〉 = 0,

〈f8fAs8〉 = (64As)/525

〈f9f9〉 = (32(6 + 3Fl(−1 + Fs) + Fs))/1225,

〈f9fFs〉 = −(48/175)(−1 + Fs)S9,

〈f9fAs〉 = 0,

〈f9fAs4〉 = (16As8)/175,

〈f9fAs5〉 = (4As7)/25,

〈f9fAs7〉 = (4As5)/25,

〈f9fAs8〉 = (16As4)/175

〈fFsfFs〉 = 8/35(2 + Fl + Fs − FlFs),
〈fFsfAs〉 = (16As)/35,

〈fFsfAs4〉 = (8As4)/35,

〈fFsfAs5〉 = (2As5)/5,

〈fFsfAs7〉 = (2As7)/5,

〈fFsfAs8〉 = (8As8)/35

〈fAsfAs〉 = 8/175(2− 7Fl(−1 + Fs) + 3Fs),

〈fAsfAs4〉 = −(16/175)(−1 + Fs)S4,

〈fAsfAs5〉 = −(4/25)(−1 + Fs)S5,

〈fAsfAs7〉 = −(4/25)(−1 + Fs)S7,

〈fAsfAs8〉 = −(16/175)(−1 + Fs)S8

〈fAs4fAs4〉 = 8/525(15 + 9Fl(−1 + Fs) + 6S3 − Fs(5 + 6S3)),

〈fAs4fAs5〉 = −(4/25)(−1 + Fs)S6s,

〈fAs4fAs7〉 = 0,

〈fAs4fAs8〉 = −(16/175)(−1 + Fs)S9

(123)
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〈fAs5fAs5〉 = 2/75(9 + 3Fl(−1 + Fs) + Fs + 6S3 − 6FsS3),

〈fAs5fAs7〉 = −(4/25)(−1 + Fs)S9,

〈fAs5fAs8〉 = 0

〈fAs7fAs7〉 = 2/75(9 + 3Fl(−1 + Fs) + Fs − 6S3 + 6FsS3),

〈fAs7fAs8〉 = −(4/25)(−1 + Fs)S6s

〈fAs8fAs8〉 = 8/525(15 + 9Fl(−1 + Fs)− 6S3 + Fs(−5 + 6S3))

(124)
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X 2D plots of right sideband2118
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Figure 270: Distribution of B mass vs. cos(θl) of events in the right sideband. Events
are weighted according to their angular acceptance. The plots are corresponding to
different q2 regions: top left: 0.1− 0.98 GeV2/c4, top right: 1.1− 2.5 GeV2/c4, bottom left:
2.5− 4.0 GeV2/c4, bottom right: 4.0− 6.0 GeV2/c4 In the control sample B0→ J/ψK∗0 in
the upper right corner a structure is visible. However, for the real analysis the expected
number of events is small enough to neglect this.
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Figure 271: Distribution of B mass vs. cos(θl) of events in the right sideband. Events
are weighted according to their angular acceptance. The plots are corresponding to
different q2 regions: top left: 6.0 − 8.0 GeV2/c4, top right: 15.0 − 17.0 GeV2/c4, bottom:
17.0 − 19.0 GeV2/c4 In the control sample B0 → J/ψK∗0 in the upper right corner a
structure is visible. However, for the real analysis the expected number of events is small
enough to neglect this.
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Y Goodness of Fit2119

A detailed comparison of different goodness of fit methods can be found in Ref. [53]. The2120

goodness of fit of the one-dimensional mass fits can be checked by looking at the pull2121

distribution. However, due to the high dimensionality (mass and three angles) of the2122

four-dimensional fit and the small number of events it is not possible to use the binned2123

χ2 method to determine the goodness of the fits. Instead the point-to-point dissimilarity2124

method (P2PD) will be used to test the agreement of the fits with data. However, it must2125

be noted that also this method only has limited power to distinguish ”good” and ”bad”2126

fits. Due to the very limited statistics, small disagreements between fitted PDF and data2127

can not be detected. Only if there is a clear disagreement between data and the fitted2128

PDF a significantly lower p-value can be expected. This will be discussed in detail in the2129

following sections.2130

Y.1 Point-to-point dissimilarity method2131

The point-to-point dissimilarity method [53] is designed to test if two data sets origin from2132

the same PDF. A comparison of the fitted PDF with data can be performed by generating2133

toy MC events according to the PDF. It is then tested if the data events agree with the2134

generated toy MC events. To reduce statistical fluctuations, the number of generated MC2135

events should be significantly larger than the number of data events. As a result this2136

method is rather time consuming for a large number of events.2137

The test statistic T for the point-to-point dissimilarity method is calculated according2138

to the following formula:2139

T =
1

n2
d

nd∑
i,j>i

Ψ(|xdi − xdj |)−
1

ndnmc

nd,nmc∑
i,j

Ψ(|xdi − xmcj |) (125)

with nd data and nmc MC events and a function Ψ of the distance between two points.2140

The first term means that Ψ is evaluated and summed up for all data points. In the2141

second term Ψ is calculated for all data and MC events. A third term which calculates2142

the distance between all MC events is usually neglected.2143

There is no strict rule for the choice of the distance function Ψ. As discussed in Ref. [53]2144

a Gaussian function provides good results. The widths of the multidimensional Gaussian2145

must be tuned with simulation to deliver the best results. Nevertheless the results should2146

not strongly depend on this tuning parameter. In the following a Gaussian function is2147

used for Ψ. As the fit is done in four dimensions, a four-dimensional Gaussian function is2148

used:2149

Ψ(xi, xj) = e
−

(mi−mj)2

2σ2m
−

(φi−φj)2

2σ2
φ

−
(θl,i−θl,i)2

2σ2
θl

−
(θk,i−θk,i)2

2σ2
θk (126)

The four tuning parameters (σi) must be tuned such the influence of all four terms is2150

balanced. If one term would be dominating, the effect of the other terms would vanish2151

and only the agreement of the dominating variable would be tested.2152
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The p-value is determined in the following way. First, the test statistic of the data2153

sample is calculated. Afterwards, the data events are replaced by the same number of2154

toy MC events and T is calculated again7. This is repeated several times until the T2155

distribution is known for the specific case. The p-value is the fraction of toys, where the2156

value of T is lower than the one calculated on data. For the toy studies in the next sections2157

the following settings are used:2158

• nmc/nd = 752159

• Ntoys to determine p-value = 5002160

• σm = 40 MeV2161

• σphi = π/22162

• σθl = 12163

• σθk = 12164

Y.2 Comparison of χ2 method and P2PD method2165

To check the performance of the point-to-point dissimilarity method it is compared to2166

the χ2 method. The test scenario is chosen such that the χ2 method is still possible2167

(one dimension, no empty bins) and the P2PD method provides a result in a reasonable2168

computing time. It was chosen to look at 500 events in a broad mass peak (see Fig. 272).2169

The χ2 value is calculated for 10 bins, as shown in the figure. It is tested, that for this2170

case this gives slightly better results than using 20 bins. Events are generated according2171

to the PDF. Afterwards the p-value of the events are calculated with both methods. No2172

fitting procedure is applied.2173

The resulting p-value distribution can be seen in Fig. 273(top left). There is only a2174

small deviation to the ideal flat distribution and within the desired precision there is no2175

bias. To check the power of both methods to identify wrong PDFs, the PDFs are changed2176

before calculating the p-value. Namely the position of the B0 mass peak is shifted to higher2177

values by 10, 25, 50 MeV. In these cases the p-values of both methods get significantly2178

smaller. The P2PD method shows a better discrimination power than the χ2 method.2179

Y.3 Testing P2PD method in a realistic scenario2180

The performance of the P2PD method is tested in scenarios similar to what is expected2181

to be present in the B0→ K∗0µ+µ− fit (see Fig 274). The mass and angular distribution2182

is taken from a B0 → J/ψK∗0 data fit . The signal fraction parameter is reduced to2183

0.80, to account for the significantly larger background fraction which is expected in2184

B0→ K∗0µ+µ− compared to B0→ J/ψK∗0. In each toy 200 events are generated.2185

7Actually due to timing no new MC events are generated, but a subsample is randomly drawn from
the combined pool of MC and data events
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In a first test the power of the P2PD method to identify a shifted mass peak is tested,2186

similar to what was done in the last subsection. Events are generated according to a PDF2187

and afterwards the B0 mass in the PDF is changed. Compared to the last subsection2188

the mass peak is now much better defined and smaller mass shifts are used (namely 1, 5,2189

15 MeV). Two different options are compared. In one case the test statistic is calculated2190

using only the mass, in the second case all four variables (mass and 3 angles) are considered.2191

Because only the mass is modified, it is expected that also testing the mass alone provides2192

better results. The results of this test can be seen in Fig. 275. The P2PD method shows2193

an unbiased performance in this scenario and shows only p values significantly below 1%2194

for a mass shift of 15 MeV. The 1D case performs only slightly better than the 4D case.2195

In a second test the capability to identify a wrong angular distribution is tested. The2196

signal fraction is reduced from originally 0.8 to 0.5,0.3 and 0.1 which affects the angular2197

pdf as signal and background are differently distributed. Again two different options are2198

compared. In the first case the test statistic is calculated using the angles only. In the2199

second case all four variables are used. Modifying the signal fraction has the largest impact2200

on the mass peak. Thus it can be expected, that in this test the option also using mass2201

information performs best, what can be seen in Fig. 276. Nevertheless also the option2202

using only the angular variables is sensitive to a wrong PDF.2203

425



B mass [MeV]
5200 5400 5600

E
ve

nt
s 

/ 5
3 

M
eV

1

10

210

Figure 272: PDF distribution to test both the P2PD and χ2 method. As a test scenario a
broad peak in one dimension with 500 events is chosen. The data points show one possible
toy.
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Figure 273: Distribution of the p value for four different tests. On the top left the
agreement of the data points to the generated PDF is tested. On the top right the mass
peak is shifted after the generation by 10 MeV, bottom left by 25 MeV, bottom right by
50 MeV.
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Figure 274: PDF distribution to test the P2PD method on a realistic scenario. The mass
and angular distribution is taken from a fit to B0→ J/ψK∗0 data. The signal fraction is
set to 0.8 and the number of events is 200. The data points show one possible toy.
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Figure 275: Distribution of the p value for four different tests. On the top left the
agreement of the data points to the generated PDF is tested. On the top right the mass
peak is shifted after the generation by 1 MeV, bottom left by 5 MeV, bottom right by
15 MeV.
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Figure 276: Distribution of the p value for four different tests. On the top left the
agreement of the data points to the generated PDF is tested (fsig = 0.8). On the top right
the signal fraction is set after generation to fsig = 0.5, bottom left fsig = 0.3, bottom right
fsig = 0.1.
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Z Exotic charmonium states in B0→ J/ψK+π−2204

The Belle experiment sees evidence for two exotic charmonium states, Z+
c (4200) and2205

Z+
c (4430), decaying to J/ψπ+ in an amplitude analysis of B0→ J/ψK+π− decays [54].2206

The two states have a favoured JP of 1+. The Z+
c (4430) is consistent with what LHCb2207

sees in it amplitude analysis of B0→ ψ(2S)K+π− [55].2208

To study the possible impact of these Z+
c states in the 795 < m(K+π−) < 995 MeV/c2

2209

mass window used in the analysis, toy experiments were generated using a matrix element2210

squared,2211

|M|2 =
∑

λψ=−1,0,1

∣∣∣∣∣∑
k

Ak,λψR(mK+π−|mk,Γk)d
Jk
λψ ,0

(θK) + (127)

∑
λZψ=−1,0,1

d1
λzψ ,λψ

(θK,Z)AZ,λZψR(mψπ− |mZ ,ΓZ)dJZ0,λzψ
(θZ)

∣∣∣∣∣. (128)

(129)

Here, the dJm′,m are Wigner d-functions and the functions R are relativistic Breit-Wigner2212

functions describing the line shapes of the different states. The amplitudes Ak,λψ and2213

AZ,λZψ were taken from Belles result. By parity conservation2214

AZ,−1 = AZ,+1 (130)

for a JP = 1+ state. This is the same model used in LHCb’s Z+
c analysis.2215

The P-wave observables are not significantly effected by the presence of the Z+
c , but a2216

sizeable difference is seen in the S-wave fraction, FS. Interestingly in toys included the Z+
c2217

states, a difference is seen between the value of FS estimated by the angular fit/moments2218

and the m(K+π−) mass fit (see Table 197). This difference is consistent with what is2219

seen in data. The cos θK and m(K+π−) distribution of toys with and without the Z are2220

included in Fig. 277. Small differences are seen in the 795 < m(K+π−) < 995 MeV/c2
2221

mass window.2222

Table 197: Result of fitting either the angular or m(K+π−) distribution of toy experiments
for the S-wave fraction, FS, in three configurations: one in which only the K∗(892), K0(800)
and K0(1430) were included in the toy; one in which K∗ states up-to J = 4 were included;
and finally one in which the Z+

c states were added.

model angular m(K+π−)
J ≤ 4 + Z(4200) + Z(4430) 0.067± 0.002 0.050± 0.002

J ≤ 4 0.057± 0.002 0.053± 0.002
K∗(892) +K0(800) +K0(1430) 0.052± 0.002 0.047± 0.02
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Figure 277: The cos θK and m(K+π−) distributions of toy experiments produced with:
only the K∗(892), K0(800) and K0(1430) (red short-dashed); all K∗ states up to J = 4
(blue long-dashed); and adding the two Z+

c states observed by Belle (black solid-line). In
each case only events in the 795 < m(K+π−) < 995 MeV/c2 mass window are shown.
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