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CPV in B - DK*(892)"

D/D" meson is reconstructed through various hadronic states
(mrn, KTK™, 47

+ ) and (K*7

-+ K+ )

JHEP 05(2024)025

Simultaneous fit to D final states in B O/I? invariant mass to
extract CPV observables.
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Parameter Value

Akcr 0.031 4 0.017 £ 0.015
R 0.069 & 0.013 4 0.005
R« 0.093 4 0.013 4 0.005
Agree  —0.01240.018 +0.016
R 0.060 4= 0.014 £ 0.006
R;Kmr 0.038 == 0.014 £+ 0.006
REEK 0.811 4 0.057 +0.017
ALR —0.047 £ 0.063 £ 0.015
. 1.104 £ 0.111 £ 0.026
R —0.034 £ 0.094 £+ 0.016
RE 0.882 4 0.086 4 0.033
A 0.021 4 0.087 4 0.016

60% 1mprovement compared
to the previous best
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https://link.springer.com/article/10.1007/JHEP05(2024)025

CPV in B - DK*(892)"
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https://link.springer.com/article/10.1140/epjc/s10052-023-12376-z
https://link.springer.com/article/10.1007/JHEP05(2024)025
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https://link.springer.com/article/10.1007/JHEP12(2023)013
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https://link.springer.com/article/10.1007/JHEP12(2023)013
https://link.springer.com/article/10.1007/JHEP02(2024)118
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B angle with B — y( — IDK, B~ (= K, 306K

B — w(2S)( = uTu K, : ~43K

[Phys. Rev. Lett. 132 (2024) 021801] B? - Jly( — e*e K, : 24K
Pure CP-even mode, no angular analysis needed CPV parameters:
P () = [BY1) —»f)—TB() = f) S sin(Amyt) — Ccos(Am,i) S= CPV in mixing
T TBY1) — f) + T(BY1) — f)  cosh(1/2AT 1) + Appsinh(1/2AT ) €= CPV in direct decays
time-dependent CP asymmetry S ~ sin2p
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.021801

B angle with B — y( — IDK_

[Phys. Rev. Lett. 132 (2024) 021801 |

B’ = Jiy( = uTu K, : ~306K
B = w(28)( = uTu K, : ~43K
B’ - Jly( — ete )K, : 24K

Pure CP-even mode, no angular analy51s needed
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.021801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.052008

(0,0) - ~ (1,0)

Time-dependent CPYV - ¢, i

(P, 1) dM v — 28
0
Time-dependent CP violation by the interference between B Pdecay
direct decays and BY mixing 5o | \7 X
mix JIwKTK™
SM prediction of ¢, is highly suppressed compared to B U system v /V
¢, ~ -2p. =-0.037+0.001 rad. B) 7 piecay

- . . . - . -2
It 1s highly sensitive to New Physics contributions in Ps = Pmis™ 2P decay
mixing up to O(100%) [RevModPhys.88.045002] ¢ = = 2B, = arg(=V, VEIV V)
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https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.88.045002

¢ in I HCb [Phys. Rev. Lett. 132 (2024) 051802]
S a, l [ |
*Q-)’ —
§ LHCb Run 2, 6 fb™! :
Parameter Values 5., 0.05 —
4] -
¢, [rad] —0.039 +0.022 +0.006 Qlog' 1 | -
4] 1.001 +0.011 +0.005 S R :
_— _
[, — y[ps] ~0.0056 +0.0013 +0.0014 3 1 _— .
‘ G < ~ ’ 3 ¢
AT, [ps~!] 0.0845 +0.0044 +0.0024 o ~—% ,/. -
Am[ps~!] 17.743 +0.033 +0.009 = [ ]
A2 0.2463 +0.0023 +0.0024 ]
Ag|? 0.5179 +0.0017 +0.0032 ~0.05 _
) 1L —50 rad] 2.903 j(())(())772 +0.048 i
5 — & [rad] 3.146 +0.061 +0.052 S T S S
0 0.1 0.2 0.3

(¢ ps) modulo (2/Am,)

e Full Run 2 dataset used in the analysis
VKK = _0.039 +0.022 + 0.006 rad
* No evidence for CP asymmetry observed.
* Most precise measurement but still statistically limited.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.051802

¢, in CMS

« Major improvement on the flavour tagging algorithm and the trigger strategies.

Parameter Fit value Stat. uncer. Syst. uncer.
¢, [mrad ] —73 +£23 + 7

AT, [ps~!] 0.0761 =+ 0.0043 =+ 0.0019
[, [ps'] 0.6613 +0.0015 =+ 0.0028
Am, [hps1 ] 17.757 4+ 0.035 + 0.017
Al 1.011 =+ 0.014 +0.012
Ayl? 0.5300 =+ 0.0016 = 0.0044
Al l? 0.2409 =+ 0.0021 + 0.0030
Ag|? 0.0067 +0.0033 =+ 0.0009
J 3.145 +0.074 + 0.025
5, 2931 4 0.089 + 0.050
S| 0.48 +0.15 + 0.05

Combination with results at 8 TeV [PLB757(2016)97]

¢, =-0.074 +0.023 [rad]

AT = 0.0780 = 0.0045 ps-!
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https://cds.cern.ch/record/2894821

Comparison within LHC
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https://indico.cern.ch/event/1355812/

Al'. measurement

JHEP 05(2024)253

T
o
/ _ — 0.16
CP-even B, = J/ywn' to measure 7; = 1/17 3 heory assumink
— - 0.14 WA =1.519 + 0.004 pp
CP-odd B, —» J/wr™n~ to measure 7, = 1/ S ‘T . \
012] _ CMS 116.1 fb?
L Theory -
Important to measure 1n single measurements to 0.101 7
. . . :
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https://link.springer.com/article/10.1007/JHEP05(2024)253
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.051802

CMS
CMS-PAS-BPH-22-001

t; with B) — J/yK? decays

CPV conserved: CP-odd (CP-even) mode to measure 74 (7;)
Complementary channel of BY — J/ 1//K§) as related through U-spin symmetry (sin(2f + A¢))

2D maximum likelihood fit to decay time and invariant mass to extract the z;; from
BQ — J/l//K;) decays.

CMS Preliminary

140 fb' (13 TeV)

CMS Preliminary

140 fb™' (13 TeV)

2104_ ¢ Data c% ¢ Data
To) — Fit O — Fit
P --B® - Iy K° ? B = Uy K
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Wt 4 L e Comb. Bkg YR Ny e e — —
BY ‘ ‘Good agreement with the SM predlctlon
/ \ B candidates; 727 | Of 1.62 + 0.02 ps V
. Py 10 ) )
1 02 — ' ‘ .
Fr—— BO oo i Compatlble within 2.1¢ with LHCb
Oneff __ i
ok g 0g | | measurement t(JIwK)Y = 1.75(0.12) ps.
- L512“15112513l 513 i5135 51‘;1“[51;15“15151115]]55 “11““5 3 4 | 5 6 7 8 9

m (JIy K?) [GeV]
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https://cds.cern.ch/record/2893917/

Charm decays



Direct CPV in D° — K K.

- First! CMS CP measurement in charm sector

_ Uses D" from the D™ — D"z decays to tag D"s from 7 charge.

arXiv:2405.11606 submitted to Eur. Phys. J. C

CMS

Acp =

_ Ap is measured relative to DY — Kzt z~ reference channel to cancel the

production and detection asymmetries,
— A R
AAcp = Acp —Acp

_ 2D ML fit is to the D™t and DY invariant mass to
extract the yields.

-Ap(KK)=[63+£3.0x02=x0.8 (Ap(Kx"n7)] %
- Consistent with no CP violation

- Consistent with LHCb (3.1 +£1.2+04+0.2)%
and Belle (0.02 +1.53 +£0.02 +£0.17)%
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https://arxiv.org/abs/2405.11606

LHCb-PAPER-2024-008

Mixing and CPV in D — K*z~

Tagging D's from D'* — D%z* decays via z charge

To measure the CPV fit time-dependent WS/RS ratios

D) Kt) e gy (D°(t) - K—n")
T I(DO(t) — K+7) KT D(DO(t) — K-mt) G -

R (1)

since oscillating parameters of x, y < 1

2
n t t
R}gw(t) ~ RKW(lzzAKW)—I—\/RKW(l T AKW)(CK,,T::ACKW) | (C,I(W::AC/I{TF) ( )
TDO TpO
CP-violating parameters mixing parameters
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Mixing and CPV in D — K*z~

first evidence of

quadratic behaviour

Parameters
Ry (343.1 T 2.0) x 107°
CK (51.4 - - 3.5) x 1077
C/Kw (13.1 T 3.7) x 107°
Ap (—7.1 T 6.0) x 1073
AcCr . (3.0 T 3.6) x 1074
A/C,K'W (—1.9 T 3.8) x 107°

J. 40% 1mprovement 1n precision wrt

no evidence of CPV ‘ ’ the preViO}_l.S best phys. Rev. D 97.031101 (2018)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.031101

) . 0 +_—_0
Time dependent CPVin D" - n'n™xn Y2405, 06556

Time dependent asymmetry

Acpfep ) = — 20— » iy A, —

I DO*fCP(t) T Fm—)fcp(t) - 2

direct CPV mixing CPV
— l—_——
X B -
= osk ol ] e ]l AY=(=13%63+24)x 107
s P MM 5 |
= OF Ll jH— | | E No CPV is observed.
Z sk ~3.8M signal
= D'smma’ Excellent agreement with WA : 5. rev 0 107 052008
o2 4 6 3

Jr.,  AY" =(0.9+1.1)x 10
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.052008
https://arxiv.org/abs/2405.06556

Summary

-A long journey towards these precise measurements of CPV observables

-Many achievements with the Run 1 + Run 2 data but still statistically
limited!

CMS _Phase 2 Simulation, 3 ab™ (14 TeV)

-Upgrade 1 & 2 offers much more 1n precision. o F :
20.11- rreliminary + Standard Model —

% E —— 68% CL contour E

7 :L, ...... , ..... 77 m ” E 0.1__ (Alog L =1.15) —
- 28 A, & Am Feamom] - -
_ é— = g 1 Current LHCb 23fb~! I 300fb! 0'09:_ (f‘_‘“&j) _:
= = 1 - — j
IVaol E U 0.08- -

v B —_ —1 : :

| : S 2! 0.07F -
-3 B |

A4 _l | I L1 1 | I L1 1 | I L1 | | I 1 1 1 l L1 | l—

| 0-98 06 —0.05 —0.04 —0.03 —0.02 ~0.01 0

- ¢, [rad]

Solid (dashed) contours contain 68.3% (95.4%)
0.96 0.98 1.00 1.02 1.04
g
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Extra slides



B 2 —> ,l/t+//t_ effective lifetime JHEP09(2023)199 ATLAS

EXPERIMENT

vvvvvvvvvvvvvvvvvvvvvvvvv

e First! 7, measurement corresponding to 2015 + 2016 pp data

HHU E’ 455 arLas e 2015-2016 Data
Q 40 Vs=13 TeV, 26.3 fb’" ianal + Backaround Fi
(263 fb—1 ) A zgg_)le kground Fit
@ 2(5) 5 SSSV Background
e Background-subtracted decay time is fit with simulated templates 20 + T TombioratBactground
15[
. . . . 10 SN
o Data-MC y? scan with several lifetime hypothesis s AN :
Y * - R ——
— +O.42 :zj 5_.*. # O T
Ty = [0.997 57 (stat) £ 0.17(syst)] ps 4 OJH}HHHH H{H.JHHM
. . .« g ~104800 5000 5200 5400 5600 5800
consistent with SM prediction of 7o ;; = 1.624 = 0.009 ps. Dimuon invariant mass eV
S 9
I ¢ e e e e e e p = 4o;—'°:"""""'"""'/;T‘qu‘s””'””"—;
~ - ATLAS - . \s=13TeV, 26.3fo"
2 o5 s=13 TeV, 26.3fb" SE o > ° . - see talk from Z.\Wang
4 u ® _ - e Measured: 0.99 ps .
L - . 30 ¢ : —
20— — - e .
- ® Background-subtracted data . 25 :_ :. _:
155_ . — MC (x = 0.99 ps) —E 205_ s =
ﬂ : 15f :
5] - 10 =
- + bob . - - .
[ B oo o b oy b b by by s | T
0 - 1 1 1 1 1 o ° 0.5 1 1 l5 2 2.5 3 3.5
0 2 4 6 8 10 12 1008 [ps]

Proper decay time [ps]
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https://link.springer.com/article/10.1007/JHEP09(2023)199

