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LHCb experiment

LHCb collaboration: 25 counties, 107 institutes, 1770 members
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> Understand matter-antimatter imbalance (CP violation) E%&E;ﬁ?—

» Search for new physics (Rare decays)
» Explore and understand QCD (Hadron properties, exotic hadrons)



LHCDb data samples

Run 1: 3 fb-1, Run 2: 6 fb-1, Run 3: 9.6 fb-1,

—
o

— 2024 (13.6 TeV): 9.56 fb™
— 2023 (13.6 TeV): 0.37 fb™
g~ —2022(13.6 TeV): 0.82 fb!
— 2018 (13 TeV): 2.19 fb™
— 2017 (13 TeV): 1.71 fo™’
6l — 2016(13TeV). 167 fo!
— 2012 (8 TeV): 2.08 fb™

— 2011 (7 TeV): 1.11 b

Integrated Recorded Luminosity (fo™)

Mar May Jul Sep Nov
Month of the year

Large bb and c¢ production cross sections:

O'(bEX) ~ 0.5% X O-ziarzl?elasl a(ceX) ~ 10% X O.Iijr;?elas



FCNC b - sy(I"l") decays

> Angular analysis of B® - K*%e*e™ decays central g2 [arXiv:2502.10291v1]
submit to JHEP

> Photon polarization in BY —» ¢ete™, low g2 JHEP03(2025)047

> Angular analysis of the decay B? — ¢e*e™ low g2 [arXiv:2504.06346v1]
submit to JHEP



b — sl™l™ decays
» b - sl*l~ decays described by effective Hamiltonian
4G " K (6) Wilson Coefficients: C
H=——=ViVis 2; C; 0; + 0

/ AZ ] — Perturbative, short distance physics

g o 5 g — Describes heavy SM+NP effects
New physics can affect Wilson coefficients C; or add new operators 0;
Operators: O,

> SenSitiVity tO Wilson COEffiCientS — Non-perturbative, long distance physics

— Strong interactions, difficult to calculate

b w- s b s By = 11~
I+ [C107687CP]
C7’C9=1°l\ b— sl
[+Cs. P] [C7, Co, C10]

l_

7: photon penguin; 9,10: EW penguin; S,P: (pseudo-) scalar penguin

Theoretical uncertainties

® ; L ess—————

O Pure leptonic decays

O Ratio between e/u/t

O Special angular observables Ry =
O Differential BF

B{b — spp)

B(b — sece)




dB(B° — K*%u* ) /dg?

Angular analysis of B - K*%e*e™ with Run1&2 data
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Observable value
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Angular analysis of B - K*%e*e™ with Run1&2 data

» Angular observables extracted from 4D

fit

» General good agreement with SM
predictions

» Most precise measurements up to date

arXiv:2502.10291

Angular observables
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—0.16 = 0.11 £0.11




Photon polarization in BY — ¢ete™

» Perform angular analysis at very low g2 region , angular observables

are sensitive to ¢, and C;

> First observation

AT = —0.045 £ 0.235 4+ 0.014 ,
AFCP — 0,002 £ 0.247 £ 0.016 ,
= 0.116 4 0.155 = 0.006 ,

Re(CP
AR

Fi,= (04+56+1.2)%,

Candidates / (42.5 MeV/c?)

Candidates / (0.1)

Candidates / (0.09)

Candidates / (0.157)

301

AR

JHEP 03 (2025) 047



Im(C3/C%)

Photon polarization in BY — ¢e™e

1.0

| Constraints at 2o

wisss (BB < X

----- B® » K*%¢*e~ (LHCb)
BY = K*%*e (Belle)

m— BY — pete

B - KQn%y

B? - ¢y
Global

flavio 255

B T e T
-~1.0 —-0.5 0.0 0.5 1.0

Re(C7/Cr)

JHEP 03 (2025) 047

» Consistent with the SM predictions
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Angular analy5|s of the decay BO - ¢pete”
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Angular analysis of the decay BY — ¢ete™
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Observable 0.1 < ¢? < 1.1GeV%/¢* 1.1 < ¢° < 6.0GeV?/e

15.0 < ¢* < 19.0GeV¥/c?

(FL)
{46)
(53)
(As)

0.257512 £ 0.06
0.60 7033 £ 0.05
0.237021 £0.07
0.28 7033 +0.04

0.67 7512 £ 0.06
0.24 7543 £ 0.00
0.07 1531 £0.07
—0.14 7533 £ 0.04

0.43 7511 +0.05
—0.57133: £0.05
—0.011333 £0.08

0.06 7032 4 0.05

» Results compatible with SM predictions



Other FCNC

> Search for D° » hhete™ [arXiv:2412.09414v2] submit to PRL
» Observation of the very rare X — pu*u~ [arXiv:2504.06096v1]
submit to PRL
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Search for D° - tw~ (K*K™)e*te™ with Run 2 data

—&— Data Fit
> FCNC c — UI+l_ N SM -D—m_;frea - D'=srrrnn
O BF~10~° with short-distance contributions B Partially reco.backe. (Comb.backe.
30k Low-m(e”e) []T >1y LHCb

O BF~10~° with long-distance processes ot

> D% > KTt ete™ as normalization channel
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Search for D° - tw~ (K*K™)e*te™ with Run 2 data

m(ete™) region [MeV/c?] Yield S m(eTe™) region [MeV/c? B [1077]

DY — ntm—ete~ DY — ntr—ete™
Low mass 2m,—525 37+13 280 Low mass 2m,—525 < 4.8(5.4)
n H25-565 107 160 7 525-565 < 2.3(2.7)
P’ /w H65-950 97+21 bH.bo P’ Jw 565-950 45+£1.0£0.7x£0.6
0 950-1100 10018 8.lo o) 950-1100 3.8 +0.7+£04+0.5
High mass > 1100 30£11 290 High mass > 1100 < 2.0(2.2)

D' — KTK-ete™ D' — KTK-ete™
Low mass 2m,—525 4+8 120 Low mass 2m,—525 < 1.0(1.1)
i H25-565 1=2 1l.1o 7 525-565 < 0.4(0.5)
00/ > 565 1247 220 0/ > 565 <22(2.5)

B(D" — nr [eTe lmetemysom,) = (133 £ 1.1 £ 1.7+ 1.8) x 107",

> First time observation of D? > Tt ete™

> No evidence of DY > KTK ete™
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Observation of £* - pu™u~ with Run 2 data

» X7 > putu 1s FCNC heavily suppressed in SM
O BF~10712? with short-distance contributions
O BF~[1.2,7.8] x 1078 with the long-distance SM contribution:

2t > (Nm*t - py® To) 7 ©)
O Evidence in HyperCP experiment A P |
B(Xt = putp=)= (86725 +£5.5) x 1078 ~§1°4'§ ) % ) |
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Phys. Rev. Lett. 94 (2005) 021801
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Observation of £* - pu*u~ with Run 2 data
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—olg Orm
» No structure is seen inmy,,,
» Combined with the Run 1 result: B(Xt — puTp~) = (1.09£0.17) x 1075,

» Agreement with the SM predictions
Phys. Rev. D 110 (2024) 052007
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Baryonic decays of B meson



The feature of B baryonic decays

» Two-body baryonic decays suppressed with respect to

multibody decays

» Decays of B mesons into
multiple baryons still far
from being fully understood

2025/4/27

BFs of Charmless Baryonic Modes with Non-Strange Baryons
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Charmless baryons threshold enhancement

» Many channels have the special feature: baryon-antibaryon pair peaks near threshold

PRD 88, 052015 (2013) Phys. Rev. Lett. 119 (2017) 041802
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Charm baryon threshold enhancement

i‘iTﬁ-I‘--*..i+..ii‘l...“‘-i.i

PhysRevD.78.112003

2025/4/27
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> How to understand the kinetic mechanism of the threshold effect
> How to fit the data
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Observation of threshold enhancement at BESIII
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> It can not be pure FSI effect

2025/4/27

22



Two—-body baryonic decays of B

» Provides information on the dynamics of B decays and tests QCD based
models of the hadronization process

» BF of two-body as input to multi-body decays

Phys. Rev. D 95, 096004 (2017)

b > qi

i’ i » BY—>ppand BT - pA as inputs
tree 1777<< penguin %%%\< to predict other B —» 8,3,

"~ » Baryonic B decays are also

«  Interesting in the study of CP
violation

!r » Q’:‘
’ "' annihilation

Ql
‘-H-\

» Pure penguin modes are
expected to be sensitive to new
physics contributions

4.~ penguin annihilation™
2025/4/27

Ir_{ ‘Tl'.
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Two—-body baryonic decays of B at LHCDb

JHEP 04(2017)162 Phys. Rev. D 108, 012007
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> B(Bt > pA) = (24133 +£0.3) x 1077
> B(B® - pp) = (1.27 £ 0.15 + 0.05 + 0.04) x 1078
> B(B? - pp) < 4.5(5.1) x 107°@90%(95%) CL

2025/4/27 24



Prospects
> Upgrade (2025: 14 fb~! and Upgrade-Ii: 300 fb~1)

Observable Current LHCb LHCb 2025 Belle II Upgrade 11 ATLAS & CMS
EW Penguins

Ry (1< ¢* < 6GeV3et) 0.1 [274] 0.025 0.036 0.007

Ry (1 < ¢* < 6GeV3ct) 0.1 [275] 0.031 0.032 0.008 -
Ry, Bpr, Bx - 0.08, 0.06, 0.18 - 0.02, 0.02, 0.05 -
CEKM tests

7, with BY -+ DK (33)° [136] 4¢ - 1° -
~, all modes a0 |167] 1.5° 1.5° 0.35°

sin 28, with B® — J/y KD 0.04 [606] 0.011 0.005 0.003 =
bs, with BY — J/wé 49 mrad [44] 14 mrad 4 mrad 22 mrad [607]
¢s, with BY — DI D 170 mrad (49| 35 mrad - 9 mrad -
$*% with B? — 4o 154 mrad [94] 39 mrad 11 mrad Under study [608]
al) 33 x 107* [211] 10 x 1074 3x 1074

Vol /Vao! 6% [201] 3% 1% 1% -
B, B'—ptpu~

B(B® = u*pu~)/B(B] - ptp~) 90% [264] 34% 10% 21% [609]
TR0ty 22% [264] 8% . 2% -
Siup 0.2

b — cf~ ;) LUV studies

R(D") 0.026 [215,217] 0.0072 0.005 0.002 -
R(J/¥) 0.24 [220] 0.071 0.02

Charm

AAcp(KK — ) 8.5 x 104 [610] 1.7 % 10~ 5.4 x 10~ 3.0 x 109

Ar (= xsin ¢) 2.8 x 107* [240] 4.3 x 1076 3.5 w0 1.0 x 1075 -
zsin¢ from DY - K+n— 13 x 10~* [228] S-dan 0= dGie 10" 8.0 x 10~

zsin ¢ from multibody decays (K37) 4.0 x 1073 (K%wr) 1.2x 107 (K3m) 8.0 x 1078

CERN-LHCC-2018-027, 2021-012



Summary

> There is no sign of beyond the SM source yet
O Many first searches, angular analyses

» Opportunities in future

O Higher precision in rare decay measurements: B, —
utu~, angular distributions and LFU tests in b - sl*1~ decays, ...

O Wider scope for exploitation: more s —» di*1™ decays, ¢ - ul*l~
decays,...

O More B meson baryonic decays are on the way: B~ - Ap, B&) -

ANEAZ, Bl = AEEZ, Boy = EcEq,...
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Thank you



