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Motivation:

Introduction

« FCNCs (b — sll) are good candidates to probe new physics (NP)

« FCNC is suppressed in SM ( Loop level, CKM, GIM )

« NP processes compete with SM in tree level and can modify the effective couplings

Experimental evidence:

- Discrepancies in model dependent/independent measurements of different observables from SM in several B decays:

- Branching fraction
« Angular Observable

b — suu:
- Bt K'utu~
- B KOty
= B — ¢utpu”
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Challenges:

« Theoretical: Estimating non-perturbative contributions (four quark interactions)

« Experimental: Precision measurement

Goal:

* Precision measurement

« Better understanding of SD/LD physics
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.011802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.161802
https://link.springer.com/article/10.1007/JHEP11(2021)043
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https://iopscience.iop.org/article/10.1088/1126-6708/2009/01/019
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https://iopscience.iop.org/article/10.1088/1126-6708/2009/01/019

LHCDb Experiment
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« Large fraction of B hadrons are upgrade
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https://doi.org/10.1088/1748-0221/14/04/P04013

Rare Decays, Branching Ratio

CMS DETECTOR 2N YORS
Total weight nes SILIC
Overall diameter : 15. (o
Overalllength 287 m
Magneticield 38T
LENOID
ibe, 480 Res

HCAL
ECAL M5
SPD/PS M4

M3 ~250mrad

RICH2 M1 M2
3

Belle Il

JHEP 06 (2014) 133 np,\/s = 7,8,13[TeV] ete™\/s = 10.58[GeV]
— 20 - LC.SR . .La,’tqc? T.TD,at.a. ———— ENLCSR Lattice —®-Data EN].CSR Lattice —®-Data
('\l> i . * . _: (r\l—| L S B S B S e e S m s -0| L 0' 7T E t\'I— LI S S S B S A S S e S e S S e e e m —:
8 : B —> K ‘Lt !"‘ : % B —_ K u"'#_ : % B+_> K+ﬂ+ﬂ_ E
Q 15f LHCb - 5\9 LHCb - 5\9 LHCb 4
Q i i &Y ] o .
oox ol _ 1 x X =
= + 1 =2 _+_ = ++ ;
al S5 - (o] (] ]
St . ) S =
I .- g ! ;
= % ST s e © .1.0....1.5....2.02.. S e R T
g2 [GeV¥ 4] q* [GeV7/ct] ¢ [GeV?/c4]
x 10 LHCD-PAPER-2024-032 JHEP 06 (2015) 115,JHEP 09 (2018) 145 «10-6 JHEP11(2016) 047
S uE 1mcw = Laohon 16 . . . n 015
°.'> - LHCb 3fb~! bl dB .o M | % I LHCb ]
12 ' SM (LCSR+Lattice) i =7 2 >~ 0 0 _ 7
S m_U SMLCSR) o g 0 R | 3 01I B® — K*(892)°u* 1
:\'8.4 .:-— SM (Lattice) 1oL _ :"g.‘ ) -
~ 8_:}-1 ] < B .
’u“ ) Iy y(2S) ] 0.8} _IH 4 % . .
3. N % ! J
¥ 6

S b T o 1 005 o
EUTME e LD
w 2F TV 1 ep : :
= - L . N T 1 I - | | | ——

% 00 5 10 15 0‘00 B 5 10 15 20 0 5 10 15
2 2 2/ .4
q* [GeV?/c] ¢ [GeV? g* [GeV?/c*]

Zahra Gh.Moghaddam Flavour Highlights LHCb EFT Meeting 2nd Dec 2024



https://arxiv.org/pdf/1403.8044
https://arxiv.org/pdf/1503.07138
https://arxiv.org/pdf/2410.13748
https://link.springer.com/article/10.1007/JHEP11(2016)047
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https://arxiv.org/abs/2304.07330
https://cds.cern.ch/record/2899589/files/BPH-21-002-pas.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.011802
https://arxiv.org/abs/2012.13241
https://link.springer.com/article/10.1007/JHEP11(2021)043
https://arxiv.org/abs/1609.04736
https://arxiv.org/pdf/1808.00264

LEU Test

pp.A/s =7.8,13[TeV] This result  c¢te—\/s = 10.58[GeV]
Phys. Rev. Lett. 131 (2023) 051803
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https://cds.cern.ch/record/2900176/files/LHCb-PAPER-2024-007.pdf
https://doi.org/10.1103/PhysRevLett.131.051803

 Motivation:

« Maximising statistical Power

« No Loss of information
- Enhanced sensitivity to New Physics due to its higher precision

e Challenges:

« Computationally heavy

« Sensitive to statistical fluctuations

« Challenging systematics uncertainty

 LHCb Analysis Recent Unbinned Analysis:

l. Z-expansion:

ll.Dispersion Model:
PRD. 109 (2024) 052009
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Unbinned Analysis B - K utu~

. 1-particle (Vector Resonances coupling to muons)
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Eur.Phys.J.C 80 (2020) 12, 1095
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https://link.springer.com/article/10.1007/JHEP09(2024)026
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.052009
https://arxiv.org/pdf/2001.04470

. Differences: Unbinned Analysis B - K utu~

- g° region: Limited Vs Broad
« Non-local treatment: z-expansion, dispersion relation

« Luminosity ( PP collision data) : Run 1+ 2016, 4.7[fb_1] Vs RUN [+11, 8.4[]”]9_1

e Similarities:
 Local FFs, Asatrian, Greub. Virto [JHEP 04 (2020) 012]:
« LQSR
« LQCD Eur.Phys.J.C 80 (2020) 12,1095
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https://link.springer.com/article/10.1007/JHEP04(2020)012
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.052009
https://arxiv.org/pdf/2001.04470
https://link.springer.com/article/10.1007/JHEP09(2024)026

Dispersion Model

dPTB° - Ko up) 9
(B” =K'z p"u”) _ Z](qz)f(cosel, cosb, $)g(m?.)

dg2dQdm?, - 32z

. Angular Observable( 7}, S;, A
e P-wave and S-wave amplitude contribution

e Local and non-local form factors:

e Local:

B) + Angular Functions + 0.796 < mg ) < 0.996[GeV/c?]

£P-Wave line shape: RBW

l-S-Wave line shape:LASS
" Phys RevD 109.052009

« P-wave->LCSR + LQCD Asatrian, Greub. Virto [JHEP 04 (2020) 012]
S-wave->Data Driven method (S-wave amplitude treated as nuance parameter)

. Non-local : Absorbed into %eﬁ; K*
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https://link.springer.com/article/10.1007/JHEP04(2020)012
https://doi.org/10.1103/PhysRevD.109.052009
https://link.springer.com/article/10.1007/JHEP09(2024)026

JHEP09(2024)026 Non-Locals
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dependent w(4040), y(4160) Asatian, Greub, Vit
shift [JHEP 04 (2020) 012]
Eur.Phys.).C 80 (2020) 12, 1095 p(770), w(782), p(1020)
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https://link.springer.com/article/10.1007/JHEP04(2020)012
https://link.springer.com/article/10.1007/JHEP04(2020)012
https://link.springer.com/article/10.1007/JHEP09(2024)026
https://arxiv.org/pdf/2001.04470

Analysis Strategy JHEP09(2024)026

Total PDF in q2 regions(i) Diffdecayrate Acceptance Resolution

ol Q. q%) = [, [(C(Q, ¢°) X €(Q,67) @ R'(gH)] + (1 = f1;, )P (2, 4°)
. Signal fr h_~ bkg
 Signal @;ig(g’ q2)

- Signal Shape in My, mass is integrated out

- Signal decay rate is modeled in 4-D
- Background

« Combinatorial
. Resonant (e.g. J/y prompt combined with random K*77)

. Fully combinatorial (Fully random K™z~ pu*pu™)

e Unbinned maximum likelihood fit in 4-D (150 par)

. Re(Cy), Re(C\), Re(Cy), Re(Cjy), Re(Cy)

AC; per helicity

Category q? region [ GeV?/c? | Signal fraction (f&%})
* Mag. and phase 1P Low-g [0.10, 3.24] 0.9196 =+ 0.0088
. Re. and Im. Of open charm 2P Fully combinatorial mid-¢*  [3.24,8.20] U [10.6,11.56]  0.8045 £ 0.0093
Resonant mid-g? 8.20, 10.6] 0.9934 + 0.0002
. Acceptance Fully combinatorial high-g? [11.56,12.40] U [14.40,18.00] 0.8656 + 0.0088
. Form Factors. JHEP 09, 133 (2022 Resonant high-¢2 [12.40, 14.40] 0.9862 + 0.0010

o Systematic uncertainty dominated -> 95’(B0 — K'Y/ ), Phys. RevD 90 (2014) 112009
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https://link.springer.com/article/10.1007/JHEP09(2022)133
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112009
https://link.springer.com/article/10.1007/JHEP09(2024)026

— Results JHEP09(2024)026
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https://link.springer.com/article/10.1007/JHEP09(2024)026

Results

PRD 109 (2024 052009 JHEP 09 (2024) 026
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https://link.springer.com/article/10.1007/JHEP09(2024)026
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.052009

e Impact from nonlocal

contributions on WCs (per

~ 6 —

ga [ B LHCb 8.4fb" .
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https://link.springer.com/article/10.1007/JHEP09(2024)026

Results

« 90% CL:

Wilson Coefficient results

Co 3.56 +£0.28 £0.18

A - 1%y,] <50
. Best 90% CL: B(B° — K'0rtz7) ~ 3.1 X 1073 (

JHEP 09 (2024) 026

)

« |6y,| < 680 (Belle result)
Belle, Phys. Rev. D108 (2023) L011102

ICHEP_EWPLFV_BELLEBELLEI_0719.pdf
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Third Generation
enhancement expected

in many NP models
New Physics in 3red gen, JHEP03(2024)049
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.L011102
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.L011102
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.L011102
https://link.springer.com/article/10.1007/JHEP09(2024)026
https://link.springer.com/article/10.1007/JHEP03(2024)049
https://indico.cern.ch/event/1291157/contributions/5878355/attachments/2899895/5085133/ICHEP_EWPLFV_BELLEBELLEII_0719.pdf
https://indico.cern.ch/event/1291157/contributions/5878355/attachments/2899895/5085133/ICHEP_EWPLFV_BELLEBELLEII_0719.pdf

Summary

» Rare decays are promising probe to search for NP

. b = sl™l™ global fit, shows ~ 46 from SM

- Model independent/dependent measurements of various observables in
BY > K*O,u+,u_ show tension wrt SM ( Br fr, Angular Observables )

« Latest unbinned results compatible with one another -> €, still shifted from SM
expectation:

- Non-Local contributions are more important than SM expected

. nggvp = —0.71 £ 0.33 corresponding to 2.1o deviation from %gM =4.27

- First direct measurementof ¢, = (—1.0 2.6 £+ 1.0) X 10°
- Competitive sensitivity to direct measurements, Phys. Rev. D 108, L011102

. Run Il LHCb data, 9.6[ fb]!, will help
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https://doi.org/10.1103/PhysRevD.108.L011102
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https://inspirehep.net/files/99111f36a43aa499c3a86026eb0b7987
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Low-¢>2 0.10 < ¢> < 3.24GeV?¥/ct

Mid-¢2  3.24 < ¢% < 11.56 GeV?/c?

High-¢®> 11.56 < ¢? < 18.00 GeV?/c?
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https://link.springer.com/article/10.1007/JHEP09(2024)026
https://cds.cern.ch/record/2909652/files/main-3.pdf
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