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] Introduction

O LHCDb recent CPV results in B decays
%k Measurement of A? in BT — J/ym™ decay
%k Measurement of ¢ in B — J /¢ decay
%k Measurement of ¢ in B — ¢¢ decay
%k Measurement of sin 2 in B® — K decays

O Summary
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CKM 1n the Standard Model

O CPV is necessary for creating the matter-antimatter asymmetry
O CPV strength given by CKM in SM is too small to explain this asymmetry

Measuring CPV observables provides excellent tests of SM:
e.g. direct CPV A", CKM angles [B, fs]
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LHCDb detector

[ Designed for beauty and charm physics, 2 <n <5
% collected 3 fb~1 at+/s = 7 TeV, 2011-2012 (Run 1)
% collected 6 fb™! at+/s = 13 TeV, 2015-2018 (Run 2)
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Recent CPV results with full Run 2 data

O Measurement of A in Bt - J/yn* decay

v" Manshu Li, Shandong University, Phys. Rev. Lett. 134 (2025) 101801

O Measurement of ¢ in BY — J /¢ decay

v' Peilian Li, UCAS, Phys. Rev. Lett. 132 (2024) 051802

O Measurement of ¢ in B? - ¢p¢ decay

v" Kechen Li, HTU, Phys. Rev. Lett. 131 (2023) 171802

O Measurement of sin2f in B® - 1I)K2- decays

v" Vukan Jevtic, TU Dortmund, Phys. Rev. Lett. 132 (2024) 021801
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Measurement of A“” in B* - J/ynr ™t decay

OCPVinBY - J/Y(utu )nt(K™) decays

%k expected CPV at O(1%) for J /Y™ and negligible CPV for J /YK ™+
[PRD 49 (1994) 5904, PRD 52 (1995) 242

* 1deal decay to search for direct CP violation in b decays to charmonium

% control channel to estimate penguin effect on in sin 25 measurement
[PRD 79 (2009) 014030, JHEP 03 (2015) 145]
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Measurement of A“” in B* - J/ynr ™t decay

Measured results
AAP= (1.29 4+ 0.49 4+ 0.08)x1072 (Run 2)
AAP = (1.42 + 0.43 + 0.08)x1072 (Run 1+2)
= Ist evidence (3.20) for direct CPV in the beauty decays to
charmonium final states.
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CPV i1n neutral B mesons

O CPV of interference between mixing and decay
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Measurement of ¢ in BY — ] /W¢ decay

O ¢ in BY = J/p(utpu)p(K+K™) decay

%% precise prediction for b — c¢s decays, i = -2, = —37.019- mrad
[CKM fitter]

% a stringent test of SM and a sensitive probe to NP in B mixing

% golden channel to measure ¢ = pree + ApPEN 4 ApNP

Cc

& previous average ¢S = —50 + 19 mrad [HFLAV 2021]

T T T T T T T T T T T

Weighted cands. / (2.5 MeV/c?)

18000 i . Em
16000 F Eur. Phys.J. C ” LHCb 4 = DB
4 L 013 68% CL contours
14000f (2019)79:706 T E il o 15
12000 Sigtai = ot CMS 116.1 fb~?
10000 S -
8000 " Background _; 0.06 CDF 9.6 fb~!
o900 E LHCb 4.9 b1
4000 = 0.07
2000 J L =
e e i 0.05 . , : :
5200 5300 5400 5500 o o3 o1 o1 03

s[rad]

m(J/wK K") [MeV/c?]

Wenhua Hu ( UCAS) Studies of CPV in B mesons at LHCb experiment 04/26/2025




Measurement of ¢ in BY — ] /W¢ decay

Perform a time-dependent angular analysis
¢I/*? = —39 + 22 + 6 mrad
AT//¥® = 0.085 + 0.004 + 0.002 ps~!
O consistent with SM, no CPV observed
O most precise measurement
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Measurement of ¢ in BY — ] /W¢ decay

Latest combined results
¢cs = —-52 + 13 mrad

S
I — _60 + 14 mrad
— [st evidence for CPV
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Measurement of ¢ in BY — ¢¢ decay

O ¢, in B > ¢(KTK)P(KTK™) decay
* penguin-dominated decay via b — sSs
% close to zero due to a cancellation of mixing and decay weak phases

% sensitive probe to NP in mixing and decay
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Measurement of ¢ in BY — ¢¢ decay

Measured results
$55 = —42 + 75 + 9 mrad (Run 2)
$55 = —74 4+ 69 mrad (Run 142)
O consistent with SM, no CPV observed

0 most precise measurement
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Measurement of sin 28 in B® — K¢ decays

O sin 26 in B® —» YK (r*n™) decay
sk precise prediction sin 287 = 0.7155%3:907% [ckm fitter]

% golden channel to measure sin 28 = sin(287¢€ + Aqﬁpengum + ApYP)
% previous average sin 28 = 0.699 + 0.017 [HrLAV 2021]
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Measurement of sin 28 in B® — K¢ decays

Perform a time-dependent analysis
sin2f = 0.717 + 0.013 + 0.008 (Run 2)
sin2f = 0.724 + 0.014 (Run 1+2)

O consistent with SM

O 1st time to dominate this measurement

sin(2) = sin(29,) F=rn
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O LHCDb performed CPYV studies in B decays with full Run 2 data,
giving the most precise measurements:
v A® in BT - J/yrt decay, 1st evidence
v ¢sin B - J /Y and B2 — ¢p¢ decays

v sin2f in B® - YK decays, 1st time to dominate

O Prospects for Run 3 (2024-2026) :
v" chance to observe CPV in BT - J /Y™ decay
v" chance to see an evidence for ¢ @ LHCb
v" chance to observe CPV for ¢, @ LHC
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Backup
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Controlling the penguin effects

® o(¢ps) ~ 0.016 comparable with the estimation of A¢Peme¥" ~ 1° ~ 0.017
— Better control of penguin effect necessary!

® Combined analysis of penguin contributions in ¢s and ¢4, using SU(3)

flavor symmetry

J.Phys.G 48 (2021) 6, 065002

® More experimental measurements come soon!
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