Measurements of the photon

polarisation in H—sy decays
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« Theoretical motivation
 Measuring photon polarization at LHCD
e Results

- First observation of photon polarization in B*— K*m*my
[Phys. Rev. Lett. 112, 161801 (2014)]

- Angular analysis of B - K*e*e in the low g° range
[JHEP04(2015)064]

e Conclusions
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Theoretical Motivation

The b — sy process is a FCNC, forbidden at tree level in the SM. It's described
by the 0, operator in OPE

Heﬁ‘ocz Ci.Oi’ 07y: 1667_[2 [mb<§LaGMVbRa>+ms(§Ra OMVbLa)]Fuv

The SM predicts a suppression of approximately the order m /m, of right

handed with respect to left handed photons, but some BSM models can
enhance this contamination with participation of additional particles in the
loop such as two Higgs Doublet models or SUSY

SM 2HDM
W o= =~s Y
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The LHCh detector

(simplified)

Tracking statior
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The LHCh detector
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e During Run I LHCDb collected 1fbt@ 7 TeV and 2 fb! @ 8 TeV

« Run II is underway, almost 7 pb?! collected @ 13 TeV since June
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Measuring the photon
polarization at LHCb

Since the photon polarization information is lost in the
electromagnetic calorimeter, the polarization must be

extracted from other observables, i.e. by studying the

spatial distributions

 Measuring the up-down asymmetries in the photon
distributions in B* = K*wm'y

 [or dilepton decays such as B? - K%*e one can
measure angular amplitudes and these can be
written in terms of Wilson coetficients, specitically for
C, and C,' related to left- and right-handed

polarizations, respectively
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Angular analysis of B - K'n'my

[Phys. Rev. Lett. 112, 161801 (2014)]

 First observation of photon polarization in b—sy transitions

- Measured a non zero up-down photon asymmetry (A | for
a signal yield of 14k events in 3fb! (Run I data)
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Angular analysis of B - K'n'my
[Phys. Rev. Lett. 112, 161801 (2014)]

A , is proportional to the photon polarization (Ay), related to
the wilson coettficients C ("
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Angular analysis of B - K'n'my
[Phys. Rev. Lett. 112, 161801 (2014)]
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Angular analysis of B - K'n'my
[Phys. Rev. Lett. 112, 161801 (2014)]

The combined results show a 5.20 deviation from the null hypothesis.
We now know (experimentally) that there is a photon polarization,
however, precise determination of A, requires knowledge of the
complicated resonant structures in the mass spectrum

« Combined full amplitude and angular analysis in progress
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Angular analysis of B’ - K%’e
[JHEP04(2015)064]

In the very low g¢ range the photon contribution dominates, and electrons
maximize sensitivity to the Wilson coefficients C.

Angular analysis performed on a vield of 120 signal candidates for 3fb! in the
g® range of .002to 1.120 GeV?/c*

Bremsstrahlung has to be addressed, causes a long tall in the mass distribution
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Angular analysis of B’ - K%’e

[JHEP04(2015)064]
A simultaneous four dimensional fit to m(k*me’e) coso,
cos@,and ¢ is performed to extract the angular
observables F, , A?, Af and A

1 d4(I' +7T) 9 [ 3 ) f
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where ¢=¢+m for ¢p<0
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Angular analysis of B’ - K’e
[JHEP04(2015)064]
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Angular analysis of B’ - K%’e
[JHEP04(2015)064]

The results of the fit (with stat and syst. uncertainties, resp.)
F, = 0.16+0.06+0.03, 4% =—0.23+0.23+0.05,
A7 =+0.14+0.22+0.05, 4,° =+0.10+0.18+0.05,

compatible with SM predictions. These can be related to the
electromagnetic Wilson coefficients € (7 in the q? - 0 limit as

2R(C,C)
c[+[cif

_23(6,¢7)

A(TZ)<q2_>O): T 2 12
c +/c

A7 (g°—0)

to further constrain these parameters
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Conclusions

 First evidence of photon polarization in b—sy decays
N B*=> Ky
- To be followed with a full amplitude and angular
analysis for determining the actual value of A,

e Results from B? —» K%*e consistent with SM

- At the end of Run II we should expect ~500
events, 4 times the yield of the reported analysis

« Current uncertainty around 15%, could be
reduced to 5-7% with Runll data
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Thanks for your attention
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