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CPV in B mesons

. . ® Direct CPV
e S
@ CPV in mixing .
\. \./ @ CPV in the interference |

| => Time-dependent CPV

3 Run2 Updates! \,.

B’ = y(— ITIDKN - 7ntrn) BY - ¢( - K*K7)¢p( —» KK™)

LHCb-PAPER-2023-016
555 *+Access to ¢, |A|, AT,
*Access to 5 (sin2f) and C *Accessto g 14] L —T Anft — Goldenschannel
+Small penguin pollution +*b — 555 penguin process s~ S d B |
*Al, =0 *+Expected close to 0. +Small penguin pollution

*SM =~ — 20,



Mass Fit and Selection
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Decay time resolution

M Accounted by convolving final pdf with a Gaussian.
M Widths defined as linear calibrations of decay-time error

B’ - w(— ITIMK)( - o) BY — ¢( - KTK)¢p( —» KTK)
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Efficiencies

Decay-time Acceptance

+Needed for all the three measurements.

te()* (pdf @ G)

+Model based on cubic splines.
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+Only needed in B — ¢¢p & B — J/wKK
+ Normalization factors to each angular term
+ Extracted from simulation iteratively corrected to data

ek
(\9)

W
s | LHCDb simulation (a)
o i
0 ERR|
B® — JIwKK =
2016 3
Eur. Phys. J. C 79 T
(2019) 706 |
[ )0 ;. ] ]
0 0.5 1
cosHu
W : . « 22—
E: LLHCb simulation (b) 'q:) | LHCDb simulation (C)
g | Té Lif —-
= S
> Z.

o '




Flavor Tagging

SS pion
“ Flavor of the B meson at production is needed. SS proton
® SS kaon (for BY B
< Two methods: ; y ‘: .
1. OS tagging: Information from the opposite b- . t .
hadron.
2.SS tagging: Information from the fragmentation of @ —@<+— -~
the b-quark associated to the signal. . =
— aon
< Two informations: Decisions and Mistags (probability of . —% Cs

OS muon
OS electron

a wrong decision). b— X0~ _,.
% Mistags must be calibrated -> Data driven method.

OS vertex charge

OS Charm
Calibrated in B — J/ywK* 1.5SK BY - wK? ~ 4.8 %
Calibrated in B;) — D BY = ¢ ~ 6%
2. SSn/SSp (sin 2) BY — JIwK K™ ~ 4.3 %

Calibrated in B — J/wK*



BY > ng

< I';, Am, & Spline coefficients constrained to their know values.

< FT calibration parameters + &/ pro

, constrained to BY — J/yK*.

LHCb

Full fit
B — Jib(— pp) K¢ E
B — 4(2S)(— ) K2 :
— B° — Jp(— ee) K2

Candidates / 0.0592 ps

100

10

10 12 14

t [ps]

(N
o
D
oo

4 Precision higher than current average
4 In agreement with current average.

L : Small offset from 0, due to production and FT asymmetries
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Summary

' Measurement of sin 2/ using full LHCb Run 2 data set, in agreement with the current world
average. Precision from all channels is higher than the current average.

4 Most precise measurement of time-dependent CP asymmetry in any penguin dominated B meson

decay using Bf — @@ . Result in agreement with SM prediction. No polarization dependence
observed.

M Most precise measurement of the CP-violation phase ¢,, in agreement with SM prediction. No
evidence of CP violation found. No polarization dependence observed. Most precise measurement

of |[A|,Al'yand ', =1,
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Summary

' Measurement of sin 2/ using full LHCb Run 2 data set, in agreement with the current world
average. Precision from all channels is higher than the current average.

4 Most precise measurement of time-dependent CP asymmetry in any penguin dominated B meson

decay using Bf — @@ . Result in agreement with SM prediction. No polarization dependence
observed.

M Most precise measurement of the CP-violation phase ¢,, in agreement with SM prediction. No
evidence of CP violation found. No polarization dependence observed. Most precise measurement

of [A|,Al'yand ', —1T",.

T'hank you tor your attention!
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Using kaon track type combination: LL (1/3) , DD(2/3) + LD + UL J/w (™ 117) (+13%)
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Main systematics B® — J/yK

Table 1: Sources of leading systematic uncertainties for the CP violation parameters S and C' of
the combined fit. Each contribution is a weighted average of the uncertainties of the individual

fits.
Source a(S) o(C)
Fitter validation 0.0004  0.0006
ATl'; uncertainty 0.0055 0.0017

F'T" calibration portability 0.0053 0.0001
FT Aeg,e portability 0.0014 0.0017
Decay-time bias model  0.0007 0.0013

Al ; uncertainty: Pseudoexperiments generated with input values Al ; = * 1o

Portability: Differences between control channels and signal modes on FT calibration parameters, create pseudo
experiments accounting for different calibration.

Different Aemg in simulation, fit to data with different inputs.

Decay-time bias model: Pseudoexperments where the parameters are varied within 16
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BSO system: Polarization dependence

B) — ¢¢ BY — JIwK*K~
0 [ e Parameters Values
s EE U rad , -
, - -
Ps,| — Ps0 = 0.12x0.09 rad, P |rad] 0.034 = 0.023

b5 — % [rad]  —0.0019 % 0.021
b5~ — @7 [rad]  —0.0008 T 57

¢3,L - ¢3,() — e D0 et ,

M| = 1.02+0.17 b0 — @2 [rad]  —0.0022 %0927
B N \’] 0.969F 505
|>\H/)\O = 0.78 £0.21 . A /Y] 1.107f8;8§é

NN 11217 67
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Systematics B, g 1),

Table 2: Systematic uncertainties for physics parameters in the polarization-independent fit, the
-'a.lueb are given in units of 1072 (1073 rad for angles).

sSource (:)::gg ‘)\l |r’1_|_ ‘2 CS” — (50 CSJ_ — CSO
T'1me resolution 49 26 0.8 0.8 0.1 3.4
Flavor tagging 4.8 47 0.9 1.3 1.2 9.7
Angular acceptance 39 49 14 1.7 4.7 1.2
T1me acceptance 23 1.7 0.1 0.1 5.0 0.7
Mass fit & factorization 2.2 4.4 1.9 2.3 2.3 2.5
MC truth match 1.1 0.2 0.1 0.1 0.2 0.3
F'1t bias 0.8 0.7 0.9 0.3 3.0 0.7
Candidate multiplicity 0.3 0.2 0.1 0.8 0.2 0.1
Total 8.8 &6 2.7 3.3 8.5 10.7

Time resolution: Statistical, Portability (signal and prompt), linear calibration, decay-time bias (from prompt).

Flavor tagging: statistical, Portability, Calibration model, Asymmetry from prompt D;r
Angular Acceptance: Statistical and Iterative method (Differences between last 2 iterations).
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Systematics B — J/wKtK~

2 2 (,253 5_|_ — (50 5” — 50 FS — Fd AFS A’ITLS
Souree Ad™ T e W Traa) ) s [l e
Mass parameterization 0.04 0.03 0.03 0.02 0.15 0.12 0.02 0.04 0.03
Mass factorization 0.11 0.10 0.42 @ 0.19 0.54 0.60 0.12 0.16 0.18
Mass: shape statistical 0.04 0.04 0.05 0.09 0.62 0.33 0.02 0.01 0.11
B contamination? 0.04 0.05 - 0.02 - 0.17 (0.07) (0.03) -
f2 component 0.04 0.04 0.02 - 0.07 0.13 0.01 0.03 0.02
Clone candidates 0.07 0.04 0.02 0.10 0.18 0.18 0.02 - 0.01
Multiple candidates 0.01 - 0.27  0.22 0.90 0.41 0.01 0.01 0.24
Particle identification 0.06 0.09 0.27  0.27 1.31 0.51 0.05 0.15 0.46
C'sp factors - 0.01 0.01 0.03 0.73 0.41 - 0.01 0.04
DTR?Z| calibration — — 0.03 0.02  0.11 0.07 — ~ 0.05
DTR model applicalibity = - 0.08 0.03 0.26 0.09 - - 0.09
Time bias correction 0.04 0.05 0.06  0.05 0.77 0.11 0.03 0.05 0.44
Angular efficiency 0.05 0.14 0.25 [ 0.32 0.42 0.44 0.01 0.02 0.13
Angular resolution 0.01 0.01 0.02 0.01 0.02 0.08 — 0.01 0.02
Kinematic weighting 0.24 0.09 0.01 0.01 0.98 0.86 0.02 0.03 0.31
Momentum uncertainty 0.08 0.04 0.04 — 0.07 0.11 0.01 — 0.13
Position uncertainty 0.07 0.04 0.04 — 0.10 0.09 0.02 — 0.31
Neglected correlations - = - - 4.20 4.96 - - =
Total systematic uncertainty  0.31 0.24 0.64 0.54 4.82 5.17 0.14 0.24 0.86
Statistical uncertainty 0.17 0.23 2.15 1.1 7.5 6.1 0.14 0.44 3.3
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Future Prospects 1806.08865
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