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All plots and results from the LHCb publication arXiv:2010.06011 (submitted to JHEP)
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http://arxiv.org/abs/2010.06011

Why studying b—> sy ?

~ Y
u/c/t i
In the SM:

FCNC: sensitive to NP

W+ s
b —
Polarisation: L. v W ow  L®
t
TL(R)
In the SM the y is mostly left-handed a right-handed signal would be a sign of NP
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Why studying b—> sy ?

O
In the SM: 5 < 7

4G
Effective Hamiltonian description % ; ~ — —FV,bV;f (C707 - C;O;)

c, A m
TRy 5o 0.02
C7 AL mb

Inclusive branching ratio: BR o (C5M + (I,"%\IP)2 + (C,NF)? B-Factories
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Main options to measure Ag/A.

1. Time dependent rate of Bds = fepy ~ BY— K*(— K1)y or BY— ¢(— K¥K ™)y

B —’ EfCPVR
BB —>fCPVR |nterferer>\\
(=) ATt Al't

B(t) = Boe ™" (cosh— — A% smh— + C cos(Amt) F Ssin Amt))

P ébZIm[e_iqsq C.C.| A5 A £2Re[e_i¢s C.C.l  oy=28B

C. 2 +1C; 2 C-2+IC12 9~ O

'UCLab

e Joliot-Cur French-Ukrainian Workshop 19-23 October 2020 4

Laboratol Physique
des 2 Inflnls



2. Angular analysis of B} - K*%e*e™ at very low g2

BO B d K*O BO B
b a/eft 5 b
W+ ¢
v, 2"
.
d
BO — _ K*O
b u/e/t 5
W+ |

Ve
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2. Angular analysis of B — K*%e*e™ at very low-g?

BO B d - K*O BO B
b u/c/t 5 b

e

At very low-g? the diagrams with a virtual photon dominate
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Which data ?

Full LHCb dataset (~ 102 bb in detector acceptance):
3fbTat7 and 8 TeV, 6 fb' at 13 TeV

Vertex

Detector

reconstruct vertice

decay time resolution: 45 {8
IP resolution: 20 um

Dipole Magnet
normal conducting
bending power: 4 Tm
regular polarity switches

”)CLab RICH detectors
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At LHCb:
* events are busy (hardware trigger needed)

* best reconstruction for p*, n*, K*, p anti-p

* electrons emit quite a fair amount of
bremsstrahlung before the magnet (recovery I
procedure efficiency ~ 50 %) B o ™05

From M. Borsato

Recover brem

in this region
Magnet Tracker RINU2 ECAL

SciFi

M4 M3
M3
M2

i II||.|L
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« Select in M(ee) region between 10 MeV and 500 MeV
Pollution from (axial-)vector currents is negligible in this region

« SMBRisassmallas~ 2 x 1077 but:
« Fully charged final state (K* — K+mn—)

* Semileptonic+combinatorial (SL/C) >
background is phase-space suppressed S 49

&
> 80

Q
g 6

E
530 signal candidates selected with S 4
extremely low background 0
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1 d4(C+7T) 9
d(I' +T')/dg? dg? dcos 0, dcos O dp 167

—|—i(1 — F) sin? Ok cos 260, — Fy, cos? O cos 20,

[%(1 — F,)sin? 0g + F, cos® Ok

+(1 — F)A%®sin” O cos 6,
L(1 — F) A sin? O sin® 6, cos 2

%(1 — FL)AITm sin  sin? 6, sin 2&] .

F longitudinal polarisation fraction of the K™

B° — K*y photon polarisation:

| A%¢ : related to the lepton FB asymmetry
Ar) = | Ayl €20, tany = |AR/AL|

AP = sin2y)cos(gy — ), A(TZ) : averaged between B? and anti-BO
Im .
fo)C_ AT = sinCsinty — b, At P asymmetry
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Control channel: B> K*0y

The information on polarisation is lost when the photon converts in the detector
material but:

+ larger BR

« same final state when the photon converts in the detector

* can be well separated from our signal with M(ee) <10 MeV

What can we check ?

, iy > T ' ]
* signal shape and background composition 2 70FLHCH Forty 3
« signal fit (mass and cos) S 0F [ sue E

E 500 ;— I BoKny —;

S 400F I ok e S

3 300 E B -y 3

§ E - 0 0 L E

. . O 200 E 5 B —K “ete 3

~ 2950 signal candidates g ; E

100 - 2 =

° i — 1] S 3
M) CLab 500 5000 5500

6000
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When g?-0, only cosb is meaningful

S 300 LHCb
g 250
=
§ 200
(0.7 150
FL — OO_OO % 100
compatible with a completely transverse K™ “
polarisation (as expected in the presence of
a real photon) o

cosf
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K*ee angular fit

Fit to B mass and angles in reduced mass region

> T 2
E ~ """ B K Cete - o
3 i L sLe ] ?g
. . . - 0 Bk nere §
*Semilept+combinatorial (SL/C) g Bl o E
. _ = f 'K n(ete ] Q
modelled using B — K*u=ze¥ data 2 e 3
*Other backgrounds from Boo 00 ss00 6000
simulation
S 5
: : g 2
*Fit procedure tested with g g
pseudo- experiments S g
Q
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Fi, = 0.044 £0.026 % 0.014,
AR = —0.06 £+ 0.08 + 0.02,
A® = 4+0.1140.10 +0.02,
AP = +0.02£0.10 £ 0.01,

\_

(" Measurement of the photon

polarisation at the 5% level

Re (Ar/AL) 0.05 £ 0.05

\

Statistical uncertainty dominates

Main systematics:

signal acceptance
« angular background modelling

J

Source of systematic AY Alm AR Ry

Simulation sample size for acceptance | 0.007 0.007 0.007 0.003
Acceptance function modelling 0.004 0.001  0.008 0.001
B — K*%¢*u~ sample size for SL/C | 0.007 0.007  0.007 0.003
SL/C angular modelling 0.012 0.005 0.006 0.005
PR model other than K;(1270) 0.001 0.003  0.002 0.001
n or 7 angular modelling < 0.001 <0.001 0.002 0.010
Corrections to simulation 0.003 0.001  0.003 0.007
Signal mass shape 0.002 0.002  0.004 0.001
Total systematic uncertainty 0.017 0.012 0.015 0.014
Statistical uncertainty 0.103 0.102  0.077 0.026
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Comparison with predictions

Selection : 0.0001<g?< 0.25 GeV?
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0.0008 - 0.257 GeV?
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FL(SM) =
Ar*(SM) =
AP(SM) =
AM(SM) =

0.051 +0.013,
—0.0001 £ 0.0004,

0.033 = 0.020,
—0.00012 £ 0.00034.
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B-Factories
B — K3n%
—— B)— ¢y LHCb
—— B? = K*%%te™ this analysis
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Summary

World-best masurement of photon polarisation in b—>sy transitions
Method very different from B-Factories

Statistically limited measurement
=will keep improving with more luminosity (upgrade)

8
AL »»»»»» Eggl}; gz - ?a( Upgrade 50/fh
. . | — K*ete™
Using the formalism of 1305.3173 | | ATLAS/ONS searches for IV 6
-
=
Seg-LR SSM  Z4¢
sk
N
[ 1k
) Cub T B T
Iréne Joliot-Curie French-Ukrainian Workshop 19-23 October 2020 mir, [TeV]

Laboratoire de Physique
des 2 Infinis



