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B0→K*0µµ full angular analysis   
•  In SCET/QCD factorisation can reduce to just two form-factors- can 

then construct ratios of observables which are independent of form-
factors at LO [JHEP 1204 (2012) 104]  

•  Form-factor “independent” P5’ has a local discrepancy in two bins – 
(subsequently confirmed by Belle [PRL 118 (2017) 111801]) 

•  Form-factor dependent AFB hints at a trend, but is consistent with SM 
→ 3.4σ discrepancy with the vector coupling ∆C9 = −1.04±0.25 
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Angular analysis of the B0⇤ K ⇥0µ+µ� decay

[LHCb, JHEP 02 (2016) 104, arXiv:1512.04442]
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Update of [JHEP 08 (2013) 131] and [PRL 111 (2013)

191801] to 3 fb�1. Now S-wave is taken
into account, we have finer bins, and
no ⇤ folding is needed.

Angular acceptance obtained
from MC and validated on
B0⇤ J/⇥K ⇥ decays.

Max Likelihood fit: 4D fit to
m(K+��) and three angles in
bins of q2. Here
1.1 < q2 < 6 GeV2/c4

Observables consistent with SM,
except S5

Patrick Koppenburg Recent highlights on heavy quarks 24/08/2016 — QCD@LHC, Zürich [46 / 70]

[JHEP 02 (2016) 104] 

Anomalies in b→sµµ (?)
๏ B→K*(K!)µµ sample provides 

exceptional laboratory
• Complex angular structure:  

3 angles and q2=m2(µµ)
• Allows to separate out different 

Wilson coefficients
• Can construct observables with less 

dependence on form factors (e.g. P’5)
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more e↵ective than branching ratio measurements in disentangling the di↵erent
Wilson coe�cients involved.
An angular analysis of charged and neutral B ! Kµ+µ� decays was performed
at LHCb. The angular distribution of the angle defined by the dilepton decay
with respect to the recoiling K in the B rest frame, ✓`, was used to measure the
forward-backward asymmetry AFB as well as FH, a measure of the contribution
from (pseudo)scalar and tensor amplitudes. Both these parameters are very sup-
pressed in the SM across the whole q2 range [25]. Measurements are found to be
consistent with this prediction.

The angular analysis of the B0 ! K⇤0µ+µ� decay, with K⇤0 ! K+⇡�, is
more complicated, but also richer in physics. As explained in Section 1.3.3, the
angular decay rate (see Equation 1.28) is described by three angles, ✓`, ✓K and
�, and can be used to measure the angular observables Sj and Aj (defined in
Equation 1.29). The very large yield collected by LHCb in the full Run 1 dataset
allows to fit all these parameters at the same time in fine q2 bins and extract
the correlation between them as well as the contamination from K+⇡� in an S-
wave configuration. The first measurement of the complete set of CP-averaged
observables, Sj, was recently presented by the LHCb collaboration [26] using the
whole Run 1 dataset (see Figure 1.4). The set of corresponding CP-asymmetries,
Aj, is expected to be published soon. Good agreement with the SM predictions
was found for all measured observables apart from S5, which presents some tension
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Fig. 1.2: Artistic sketch of the profile of the di↵erential decay rate of B0! K⇤0`+`� as
a function of q2 [13]. The main Wilson coe�cients contributing to di↵erent q2 regions
are represented on top of the curve.
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in the K⇤0 (K⇤0) rest frame. The angle � is the angle between the plane containing
the e+ and e� and the plane containing the kaon and pion from the K⇤0 (K⇤0) in
the B0 (B0) rest frame. The basis is designed such that the angular definition for
the B0 decay is a CP transformation of that for the B0 decay. A sketch of the
three angles is given in Figure 1.8. These definitions are identical to those used
for the B0! K⇤0µ+µ� analysis [17] and are detailed in Appendix A.1.

Using the notation of Ref. [77], the decay distribution of the B0 corresponds to

d4�

dq2 d cos ✓` d cos ✓K d�
=

9
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(1.28)

where the angular coe�cients Ij are only functions of q2. The same equation
holds for �̄ with Īj, no sign change is involved with the current definition of an-
gles. Angular coe�cients Ij can be expressed as bilinear combination of six K⇤0

transversity-amplitudes: four transverse, AL,R
?

and AL,R
||

, and two longitudinal,

AL,R
0 (the labels L and R refer to the left and right chirality of the dielectron sys-

tem). All their expressions are reported in Appendix A.2. This is valid in the limit
of massless leptons, which is a very good approximation for electrons, otherwise
one would need one more amplitude of timelike type. Amplitudes encode the de-

Fig. 1.8: A sketch of the definition of the three angles ✓`, ✓K and � for the B0! K⇤0e+e�

decay (adapted from [17]). Details are in the text below and in Appendix A.1
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