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Setting up the scene
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The two LHCb incarnations _
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Peak luminosity ~ x 5

- Readout at 40 MHz
—> Removal of the LO hardware trigger

- New tracking system
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Excellent PID (RICH detectors for 1 /K/p)



Integrated Recorded Luminosity (fb™)
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Two main families of analyses for b—s £*€- transitions
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Flavour Changing Neutral Currents: a tool to search for NP

Characteristics: rare ! Rule of the game

* Precisely predicted
* Precise measurements (as
much as possible !)




Anatomy of the decays
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Decay described by
¢ qt = ML)
* 3 angles (only one if B—K{H{)




Branching fractions

measurements
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BF measurements
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LFU tests using Branching Ratios Analyses in bins of q?

5% Bs /s \_ / AR
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R, — dg? 1 Double ratio = cancels out most of the
Hs [ dr(E—Hsete) qoo
dg? systematics due to e/ differences

_ BR(B - Hspp)  BR(B - Hy]/(ee))
= X
BR(B - Hsee) " BR(B — HJ/(up)) L(J/p —eve”)
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Yields obtained from mass fits

Efficiencies obtained from corrected MC using data-driven techniques
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Use of 17/, = and Ry ,s) as cross-checks
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Bs—>¢€€ 2410.13748 submitted to PRL

* Blind analysis in 3 g2 regions
* Narrow ¢ resonance, no partially reconstructed hadronic background (“¢™ “)
* Combinatorial & double semi-leptonic backgrounds suppressed using multivariate classifiers

* Residual hadron—e mids-ID background measured from data
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https://arxiv.org/abs/2410.13748

Similar analysis but using B* - Kntmr £4

One kinematic region 1.1<q?’<7 GeV?/c*
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LHCb-PAPER-2024-046
in preparation

Systematic uncertainty dominated by the modelling of mass distribution of the hadron—e

mids-ID background
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Cross-checks and results

Bt | BfoKmmet |

Phys. Rev. D 1 202 2002

Phys. Rev. Lett. 131 (2023) 051803
LHCD e e —ogos
9fbh! Ry central-g> = 0.94910:0%

Ry low-¢* = 0.927400%

Ry central-¢> = 10274007

a:o 3 —ﬁﬂL
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1.2

* 510 10 % precision

PoData oo, s oo * dominated by statistical uncertainty
— SM ’ o '

0.6F

Ry low-¢° Ry central-¢> Ry low-¢° Ry central-g* 13


https://doi.org/10.1103/PhysRevD.108.032002
https://doi.org/10.1103/PhysRevLett.131.051803

Angular analyses
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Angular analyses

dl'(B - Vuuw)
dQdqg?

— 2 ]i (qz)fl (Q) + additional nuisances parameters (S-wave)
[

EPJS 233, 409-428 (2024)

Amplitudes, Wilson
coefficients, Form
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Could be optimised to reduce the sensitivity to FF
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Global fits using results from branching ratios & angular analyses:

EPJS 233, 409-428 (2024) [ 5 : \
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Two analyses aiming at constraining non-local contributions from data

Analysis with 6D fit (M(Knuu), M(Km), qz,ﬁ)

Sketch from Lakshan@IW 2024

Exp. input on magnitude and phase

L
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0 - s . 0. 15
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Fit REg|Un

g% < 0 theory input

[Gubernari, Reboud, Dyk & Virto]
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https://indico.cern.ch/event/1423686/contributions/6139363/attachments/2954138/5193869/Lakshan-Madhan-Amp_and_angular_FCNC_Implication_2024-v5.pdf
https://doi.org/10.1103/PhysRevLett.132.131801
https://doi.org/10.1103/PhysRevD.109.052009

Analysis with 5D fit (M(Knuu), qz,ﬁ) over the whole g? spectrum
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JHEP 09 (2024) 026

(")

Extract Cg ;4 Cg + non-local

contributions (shift to C, )

Take-away message from these 2 analyses:

* Non-local contributions seem larger
than what has been assumed so far

* C, still shifted from SM

* More data is needed


https://doi.org/10.1007/JHEP09(2024)026
https://doi.org/10.1007/JHEP09(2024)026

dr/dg?

Angular analysis of B® —K*ee in the central q? region
NEW

SN LHCb-PAPER-2024-022

Broad charmonium H H
resonances (above the n p re pCl I’CITIOI’]

open charm threshold)

DOUBLE SEMILEPTONIC
(DSL) DECAYS
B" - D (= K" 7)e*r, SIGNAL

o 5 10 15 20
<« increasing hadronic recoil q2 [Gevz]

increasing dimuon mass =»

MISIDENTIFIED
HADRONIC DECAYS

COMBINATORIAL R
BY 5 K%z (a% )X

Modelling of the mass and angular distributions of all

the components i 4
4900 m(Ktx ete™ ) [MeV/c?]
= Data-driven methods

Angular acceptance modelled in (cos 8,, cos Oy, @, g?), used as
a per-event weight

/

1.0 cos6, 1.0
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Fit projections:
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LHCb-PAPER-2024-022
in preparation

F1, 0.582 £ 0.045 £ 0.050
Ss3 —0.000 = 0.042 = 0.023

S, —0.119+ 0.073 £ 0.042 1.0 — o
Sk —0.077 £ 0.054 £ 0.033 A BB GRVDV
Apg  —0.146 + 0.052 + 0.035 05 - [] ¥ Daa

S;  —0.077 £ 0.056 £ 0.038
S 0.129 £ 0.072 £ 0.056
So 0.066 £ 0.045 £ 0.020

Observable value

t

Y
Main sources of systematics:
* Double semi-leptonic & combinatorial —-0.5 -
backgrounds parametrisation
* Acceptance modeling
-1.0

Fr. S35 S4 Ss A S7 Sg So
In agreement with SM
GRvDV — [N. Gubernari, M. Reboud, D. Van Dyk, J. Virto, JHEP 09 (2022) 133] 25

pred i c'.i on ABCDMN — [M. Alguerd, A. Biswas, B.Capdevila, S. Descotes-Genon, J. Matias, EPJC 83 (2023) 7, 648]
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LFU test p—_ 2%

(1—-F)’
* Use the set of observables which are less sensitive to Form Factors 2 App
‘T 3(1-F)"°
* Compare with the results from the muon fit (as in PRL 132 (2024) 131801 — S,
but without S-wave for overall coherence) P3 = (1-F)’
S45.7.8
. pu) _ (e) P — 251
Q=P¥ -pP 1508 = TRl )
(D]
" — Y T 1 T T T T Ty = LHCb ABCDMN
Ql i : = 04r
1F 0] ABCDMN  * LHCb 9fb"'= E 9fb! $ D
r Belle ] _'_g 0.2+ T
05 :_ - e I 1 .
N ] Q 1
r . o 0.0F l
of ] O I
E @ ~ E _0.2 B T
-0.5 _'_ \;—;_ a - o [ |
: T T : 04+ 1 |
= | e T T T : : : : : P
0 5 10 15 O, @1 Q4 Os O Qs Os O3
q* [GeV*/c4]

* more precise than previous Belle measurement

consistent with LFU conservation



— BD—}K*DE-I-E_
R BD_}K*D#+H—

LHCb 9 fb!

IIIlIIIIIIIIIIIIIIIII

Coy

0.5

0.0

in agreement with the SM but also
with the K*u U results.

LHCb 9 fb!

compatible with O

0.5

1.0
ACy = CH — ¢S

Similar shift in K*uu and K*ee

Form factors constrained from [JHEP 12 (2023) 153] and non-local QCD terms from [JHEP 02 (2021) 088, JHEP 09 (2022) 133]

Hadronic contributions shared between K*uu and K*ee
DISCRETE 2 - 6 December 2024
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Measurement of the photon polarisation using B, — ¢p(—KK)ee
NEW

2411.10219 submitted to JHEP

q° (GeV?)

1.1 6 15

®virtual photon: go for g2 as low as possible
®use electrons : 10 MeV< m__, <500 MeV

DISCRETE 2 - 6 December 2024 24


https://arxiv.org/abs/2411.10219

3 angles to describe the decay
(valid for all g?) :

+ some folding:

~

¢p=¢ifp>0,and ¢ = ¢+ 7 if ¢ <0

DISCRETE 2 - 6 December 2024

1 a3+ 1)
d(r—';f‘) d cos 0;d cos de;,gl
dq
= 9 {3 (1 — F)sin? 0y + F;, cos? 0y,
327 (4

1
+ [Z (1—Fp) sin? 0 — F';, cos® Gk] cos 20,

; _
+ 5 (1= Fr) A7 sin® 6 sin® ) cos 26
+ (1 —FL) sin” 0, cos 0;

1 O Y
+§ (1— Fp) A_%’”’C’ " sin? 0, sin? 6 sin 2(;5}

/
(2) /. 2 __ 2Re(C7C;™) 2
Ar’(@° = 0) = f5 e + A1
!/
ImCP (.2 _ 2Im(C7C;")
AT (q — 0) — |C’7|2-|—|C’§|2

+ Ag?

A; due to Am, and Al



4D fit : m(KKee), cosOy, cos® ¢
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w
1

A=

—0.045 £ 0.235 £ 0.014,

= 0.002 + 0.247 4 0.016,,
5 ARYP =0.116 £+ 0.155 + 0.006,
Fy, < 11.5% @ 90% CL.

effective region:

0.0009 <g? < 0.2615 GeV?/c*

in good agreement with the SM

26



The photon polarisation in b — sy transitions is known with a precision of ~ 4%

All measurements are in good agreement

[LHCb-PAPER-2024-030, in preparation]

1.0
] Constraints at 20

B(B — Xsv)
————— BY - K*%¢te™ (LHCb) 10 < M(ee) < 500 MeV [arXiv:2411.10219]
B? — K*%ete™ (Belle)  M(ee) < 1058 MeV, [arXiv:2404.00201]

61: m—— BY 5 gete
. BY% — K27%y including the new Belle Il result [arXiv:2407.09139]
S BY — ¢
r—aq Ap — Ay
Global

-1.0 +—"—m—m -t
~1.0 —0.5 0.0 0.5 1.0

Re(C%/CY)

27


https://arxiv.org/abs/2411.10219

Summary

* Branching ratio measurements :

* tensions still present in b—s u U
* LFU holds at the few % level

Angular analyses:

tensions still present in b—s y 1 — origin not yet clarified

First BO — K™ ee angular analysis in the central g? region for the first time: in agreement
both with the SM and B® — K® u u

First use of B, — ¢pee to measure the photon polarisation in b—sy transition with is entering
the few % precision era.

We need (and have) more data
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Back-up slides



dI'/dqg?

——T b—css :control modes |

B. —¢ee angular
analysis J P (2S5)
R R R

J P o / < P o

< - phaseslm
B° —K*ee suppression
angular qnalyfis, I I

0) S 10 15 20

«—increasing hadronic recoil

increqsing diIeEp’ron mass —
SCRETE 2 - 6 December 2024
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Background mostly of combinatorial nature due to the very specific kinematical region and ¢ resonance

The radiative decay with a converted photon is a nice control channel : B.—¢(—K*K")y,

Bs—>(|)(—>K+K )')(ee control chunnel B.—¢(—K*K-)ee signal

a> & - .
2 —+— Data ‘8 - Data .
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m(K"K ete”) [MeV/c? , ... 2000 ,3382 K ete) 6[013?6\// c?]
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