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Introduction



Mixing and CPV within the Standard Model

Mixing and CPV in the SM described by Cabibbo-Kobayashi-Maskawa matrix within the Standard Model
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Wolfenstein parametrization

Six vanishing relations from unitarity — unitarity triangle lemssemecos]
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Precise determination of unitarity triangle is powerful SM test CKMFitter Summer 2023 B

—s new and more precise measurements are needed
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The LHCh experiment

LHCh is designed for the study of heavy flavored hadron decays:

exploit LHC cross section

alpp— bbX)* L, (Run2) ~100 kHz
olpp— ccX)* L . (Run?2) ~ 1.5 MHz

forward geometry - large acceptance for 5/¢ hadrons
4% of solid angle - 21% of b quarks

precision tracking + vertexing T a 18TV
o, ~ 45 fs V) ~15um  Ap/p=0.4-06%
particle identification — separate p, K =

inst

LHCb able to collect huge samples of beauty and charmed hadron decays
—s precisely measure mixing and CPV
— test SM with high precision
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Beauty to charmonium



PRL 134, 101801 (2025)

Beauty to charmonium decays

Neutral b— ccq (g =, d) pivotal in 8, B, measurement — BU—>J/1//KSO, BSU—>//1/;K*K " — sin (Zﬂm) - indirect CPV
Suppressed penguin diagrams affect b — ces - difficult to compute on theory

Charged B *—J/y=™:

PRL 95, 221804 (2005) PRD 79, 014030(2009)
CP + + + + . [T
measure A(B *—Jlyx") and BF(B —>]/z/m)—>|mpr0ve/3,[)’S predictions JHEP 03 (2015) 145, 1PG 48. 065002 (2021]

Experimental access to yields asymmetry A™":

i Final state Particle - anti-particle  |——

raw = ACP det prod
Araw = AL+ A + Physical asymmetry detection asymmetry [productionasymmetry} .
Similar procedure

for all presented
det prod (i i i ; : Ty \/
A%®tand AP (nuisance asymmetries) subtracted with a calibration channel (similarly for BF) measurements

Here B *—J/y K™ as calibration channel
AAYT = AP (Bt — Jpprt) — AP (BT — JWK™) R/ =

B(B*— Jhprt)
B(B*— JWK™)
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PRL 134, 101801 (2025)

Beauty to charmonium decays

N(B "—Jlyx") =50k N(B"—=Jlyp K) =12M

—
(=]
S

Yields extracted fitting 5 meson invariant mass

104 SEECEEN LI SR R S | RO L R I T E' LIS LI
E LHCb 5.4 b + R ¢ E LHCb 5.4 fb” o P
il — %35%17? 10°E — 233%,’51
. — Comb bk — Comb bk;
Run 2 results: &5 Part big © | ziPart bkg

- DOre%e
102 B 10? B
: JRICHIKS

R.x = (3.852=40.02240.018) x 1072
AAP = (1.2940.49 +0.08) x 1072

—
o

Candidates / (4.5 MeV/c?)
)

Candidates / (4.5 MeV/c?)

5100 5200 5300 5400 5500 ! 5100 5200 5300 5400 5500
m(J/yrt) [MeV/c?] m(J/yn) [MeV/c?]

Run T+ Run 2 combination (Run 1 result JHEP 03 (2017) 036)

Rrx = (3.846 +0.018 +0.018) x 10~ [ First evidence for direct CPV in beauty to charmonium decays! ]
AAP = (1.42+0.43+0.08) x 1072 r/
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Angle » measurement



Measurement of CKM angle y

LHCb performed two new - angle measurements

Measurement in B * — DK ™ decays: Measurement in Bs0 — D K* decays:
Run 1+2 data (9 fb) - Run2 data (6 b
D—hh(h*h), K80h+h' final states (/1= , K) - accesstoy - 2/38

First observation:

B*— = K']HK** )
B* =[x Ka'x],K* Run 1+ Run 2 combination:

Final > measurement:

— o
v =(63£13)

R CIN SRR N o]
— 08 | 9fb™ (qN| s N

F Nk () N
0.6 r i 1 _| s 0.6 - (8 1+}f) — %
L i '] L S

r o L
04 i ii — 0.4_—68 3% — uj"
“1 i 68.3% — [ o~

B / i C
02F ] ] N 02 : o
r = - 95.4% N
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Lorenzo Pica (lorenzo.pica@cern.ch) Mixing and GPV in Beauty and Charm at LHCb Moriond QCD 2025



mailto:lorenzo.pica@cern.ch
https://link.springer.com/article/10.1007/JHEP02(2025)113
https://link.springer.com/article/10.1007/JHEP03(2025)139

New 14 combination | HCb-CONF-2024-004

CKM angle y, Charm mixing and CPV parameters measurements in a single fit Previous combinations
—s improve precision on single observables exploiting full information Lﬂﬁ%g%“&%%ﬂg?

New update to the combination (LHCb-CONF-2024-004)

1.0 T T T T T T T T T T T T
. ’J - [ 0l T :t7r+ﬂ.—_
9 new LHCh measurements included (2023-2024): © [ LHCb o
. + *y | | Preliminary Ay oo
Y mBaSUI’Bd in B — DK — 0.8F Summer 2024 W B* —» DK

y measured in B — DK

Tension among different B species not present anymore

p.

Final result on angle y:

v = (64.6 + 2.8)°

20 40 60 80 100 120
Precision on y now helow 3°! 7 [°]

Lorenzo Pica (lorenzo.pica@cern.ch) Mixing and CPV in Beauty and Charm at LHCh Moriond QCD 2025

10


mailto:lorenzo.pica@cern.ch
https://cds.cern.ch/record/2905625
http://cdsweb.cern.ch/search?p=LHCb-CONF-2022-003&f=reportnumber&action_search=Search&c=LHCb+Conference+Contributions
https://doi.org/10.1007/JHEP12(2021)141
https://cds.cern.ch/record/2905625

CPV in baryon decays



CPV in baryon decays

CPV established in strange, beauty and charm meson decays

Several searches performed in bayon decays:
- BES Il — light baryons PRL 129 (2022) 131801

- LHCb (non-exhaustive list)
A JHEP 04 (2014) 081 Nature Physics 13 (2017) 391 JHEP 06 (2017) 108
Z PRD104 (2021) 052010 AC JHEP 03 (2018) 182 E, EP) C80 (2020) 986

— no GPV observed in baryon decays

Investigation of baryon decays CPV may shed light on weak decays dynamics in baryon sector
— Improve understanding of CP violation originating from quark transitions
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Candidates / (8 MeV/c?)

[ = Full fit
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https://doi.org/10.1103/PhysRevD.104.052010
https://doi.org/10.1007/JHEP03(2018)182
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(PV evidence in A, decays

A and BF in A Y= "—Ah*h (h = x,K) decays:
- similar dynamics B— fifrh” - CPV up to 75%

—s possible CPV enhancement PR 108.012008 (2023) PRL123. 231802 (2019) PRD 90.112004 (2014)

PRL134, 101802 (2025

—» predicted ACP ~ (-4%EPIC16.393 (2016) PRD 69, 017901 (20041 PRD 56, 096013 (1998] PRD 99, 054020 (2019
A=A (—Ax )7 as calibration:
AAcp(A)/E) — f) = Acp(Ap/ER — f) — Acp(Ay — AY (= AnT)r™)

AAY (A) = Antn™) = —0.013+0.053 £ 0.018
AAY (A) » AK*n™) = —0.118 £0.045 £ 0.021
(
(5

(AACP (A) - AKTK~) = 0.083+0.023 +0.016 |
AAY

— AK"7%) = 027 +£0.12 +0.05,

[ 3.1 o - first CPV evidence in baryon decays in Ab0—>AK*K ] ]

Candidates / (20 MeV/c2)

Candidates / (20 MeV/c?)

so0k LHCb 9 b E
' (a) ﬁ — Total fit ]

400 F i — A)— AK'K” -
X — 2% AK*K- ]

300F === A)— AK*m(mis)
C Comb. bkg.

200F A AKKy
- ] - AV AK*K 70 ]

100 :b‘ E -
W A ety ]

59100 5600 5800 6000

m(AK*K") [MeV/c?]

- LHCb 9 fb™! -
>0 - (b) — Total fit 1
400 — A,— AKK™ -
—E)— AK'K"
3001 --- A,— AK 7r*(mis)
B Comb. bkg.
20 T A~ AK'Ky E
100 E ----- 712—) AK'K n° _E

i =
| B MM 28 M T

2400 5600 5800 6000
m(AK*K") [MeV/c?]

N(A, 0 AKK) = 2k
N(A —>A (—=Ax )7 ) = bk
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LHCh-PAPER-2024-054 (in preparation)

PV observation in haryon decays iy 250416954

A%(A,'—pK 7 ") measured on Run 1+2 data (9 tb) - extracted from A N(A O pK7*7) = 80Kk
§140002—'a')' | LHCbOm ] §140002— (b) " LHGbOm! ]
_ (5 L 1 Data ] (%) L i1 Data ]
Ao = N(AY —» pK—ntm™) — N(A) - pKtr—7™) © 120000 —— Toul fit ] oy — Total fit ]
"N S pK ) A N SRR ) 3 || UETmI o Feer ol
< 8000F .2 Comb. big 1 I sooof E | - Comb. big. ]
§ :g —— A} = pK mtm § N E 72 — pK*nnta’
%’ 50001 = — K- pknary]  § 6000 2 — &, = Ky ()]
. . yyr . . . . . r = A) = prmta 5 3 P = A — prtnat E
Yields obtained fitting the m(A,°) invariant mass distributions 5 “*[ 2 — Kk 5 or 2 —foefi”,,
2000¢~ — )~ pK 'K — 2000 \ \— E, > pK'nK" .
L7 L56 5.8 :s : L7 '516. 5.8 é ,
. ) ] ] m(pK ) [GeV/c?] m@PK*wn*) [GeV/c)
A A "(—pK7 ")z as calibration channel
0 - + 0
Auge (37120.39)% Ay, = (125023)%
ACP(A O pK o) = (2.45 = 0.46 = 0.10)% 0.0 significance
(LHCb Preliminary) First CPV ohservation in baryon decays
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LHCb-PAPER-2024-054 (in preparation)

PV observation in haryon decays iy 250416954

Ab0—>pK "7 "7 decay through several resonances - possible local A®® enhancements

SR(Kx'm
- . AS— T
AT varying across phase space: N b ( )p
(LHCb Preliminary) o A & 00—
Decay topology Mass region (GeV/c?) Acp > L?C]};’az fo > 3500F (C) LII’IC;E fb
O —— Total fit i o E Total fit 1
M- < 2.2 : 3000} 3
A = R(pK~)R(n*7™) o (5244 1.29 + 0.21)% Ao S T Bopwr ] 5 F o f e —
Mptp < 1.1 S — f-pkwr | g BOF S — 5 pKtrn ]
U - — B . Bt Comb. bkg. 3 gl Fe ] Comb. bkg. E
mpﬂ'_ < 1.7 § — Ag—’pK’ﬂ‘ﬂ’HO 1 § 2000 TE — Z;)—’ﬁ[(‘lrn’no ]
0 3 — A= pk (v S 1500F O- — A, > pK*n (=t A
A) — R(prn™)R(K~7t) 0.8 <mgrx- <1.0 (2.73+0.82+ 0.19)% 3 P P 1 3 E = E 2= prosat ]
8 —— A, = pKK'7 § 1000F T A, = pK*K 7t
or 1.1 <mg+g- < 1.6 © : ) ) pK K" 3 - 500F E, - pK'mK* 3
A0 > R(pn—nt)K~- e & 2T 5.39 4 0.86 == 0.10 AR\ R E VAN V- .
b o m) i ( ) % . 538 6 %4 56 538 6
A — R(K—mtn)p MEg-ntr- < 2.0 (2.01+1.16 £ 0.30)% m(pK "m*n") [GeV/c?] m@PK*wwt) [GeV/cH]

Tree/loop relative magnitude + strong phases varying across phase space:
- hadronic effects preventing precise predictions
- amplitude structure investigation potentially clarifying scenario

A new sector of CPV studies and experimental investigation has just started
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LRCh Upgrade

Majority of LHCh measurements are statistically limited
—s bigger datasets to improve precision — increase DAQ rate

LHCb through major upgrade during LS2 (//NST19 (2024) 05. P05065):
x5 instantaneous luminosity wrt Run 2
30 MHz triggerless readout
- increased trigger efficiency
—s started taking data in 2022

Detector upgrades:
tracking stations - sustain higher occupancy
readout replacement - previously limited at 1.1 MHz

Online and trigger systems upgrade:
hardware trigger (LO) removal
HLT1 on GPU - tracking + vertexing @30 MHz

Lorenzo Pica (lorenzo.pica@cern.ch)
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Charm production asymmetries



LHCh-PAPER-2024-052 (in preparation)

Charm production asymmetry

= 2.5E L B T R B
A g (0% D7, D) measured on 2022-2023 data: = 2E5=T&8TeV 35<y<45
S 3
L. =17 pb! for Aprod[DU] L. =96 pb! for Aprod[D 0) < O;_ i
AIDrod from different quark-antiquark content of colliding protons: _0_2§ E
—1E =
o(pp = DX) — o(pp — DX) -15F = PyTHIA 8.1 3
A D) = — HE 3
prodD) = p = DX) + o(pp = DX) B Ervenvan i SO
’ 5 10 15 20 25
T [GeV/
Input for QCD studies and simulation (discrepancies at /-8 TeV JHEP2018.8 (2018)) puo [Gevie]
—s validate new detector - pave way for high-precision measurements
Ao from A, - similarly to already shown procedure: A% canceled with calibration channels

A ~ 0 for [’/ D° — CF decays
_'pnCP d _ d A2 0 for D*— ¢ (6 ~ 10 PRL.122.191803)
Araw A +M +M Araw AW ¥ AM +AP — subtracted
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Charm production asymmetry

Exploited final states:
- D+/DS+—>¢(—>KK]J'L'+
- DV K A

Extracted yields - fit meson invariant mass:

N(D")= 141k N(D ') =218k

N(D%) = 10M

High purity achieved
%3000 f LHCb
Sl P
< 2500 F
5 2023
22000 F
z E =
£1500 | S
S FE
1000 @
< o
O =
500 3
=
0 = v oo . 1 "
1820 1840 1860
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Results

Measurement in bins of 7-p,
— check for dependencies

Simulation comparison after kinematics match
(Pythia8 and Herwig/)
— disagreement on A, vs p; trend

Integrated results:
LHCh Preliminary

( 0.04 £ 0.24 (stat) £ 0.10 (syst))%
(—0.50 £ 0.29 (stat) + 0.12 (syst))%
(' 0.08 £ 0.25 (stat) = 0.07 (syst))%

Aprod(D 0)
Aprod (DY)
Aprod(DY)

Results compatible with no production asymmetry and Run 1 results
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Summary & prospects



summary

LHCb pushing forward knowledge on mixing and CPV in heavy-flavor decays

Precise measurement of unitarity triangle angles:

first CPV evidence in charmonium decays — improve knowledge on 3, 5

new measurements of angle y» — new LHCb combination with precision on y below 3°
CPViin baryon decays:

CPV evidence in A,"—AK"K" decays

CPV observation in Ab0—>pK 7' decays — first ohservation of CPV in baryon decays

Extremely interesting results still coming from Run 2 data

First Run 3 measurement just released - charm production asymmetry measurement:
input for QCD studies and simulation calibration

investigate new detector behavior in harsh conditions - preliminary to high precision measurements

Lorenzo Pica (lorenzo.pica@cern.ch) Mixing and CPV in Beauty and Charm at LHCh
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Prospects

2024 datataking concluded with upgraded detector and trigger

Online selection efficiency significantly improved

— both beauty and charm decays

2024 data-taking - 9.6 fb collected:
- 2024 dataset > 2011-2018

- huge amount of data ready to be analyzed

Integrated Recorded Luminosity (fbo™)

Preparations are also happening for future upgrades:

- Upgrade |l scoping document just released

- up to x7.5 instantaneous luminosity increase w.r.t. Run 3

- start taking data in Run 5 (~2036)

Lorenzo Pica (lorenzo.pica@cern.ch)
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BACKUP SLIDES



Beauty to charmonium systematic uncertainties

Branching fraction ratio

CP-asymmetry difference

2016 2017 2018 2016 2017 2018

][] (%] [107%] [107%] [1077]
Mass fit 0.22 0.16 0.21 0.04  0.06 0.04
Trigger efficiency 0.40 0.39 0.37 = = =
Material budget 0.30 0.30 0.30 = — —
Simulation correction 0.17  0.15 0.14 = — =
PID 0.29 0.22 0.29 0.06 0.07 0.08
Detection asymmetry — — 0.05 0.05 0.05
Production asymmetry = = 0.02 0.02 0.02
Total 0.64 0.58 0.61 0.09 0.11 0.11
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. . . 0 — I/t
Systematic uncertainty y in B.'— DK

Source Cy AT A%F St S5

Invariant-mass fit 0.045 0.095 0.121 0.088 0.112
Flavour tagging 0.256 0.026 0.028 0.012 0.070
Oscillation frequency Ams 0.006 0.005 0.004 0.108 0.101
Detection asymmetry Aget 0.001 0.079 0.082 0.007 0.007
Decay-time resolution model 0.195 0.008 0.008 0.054 0.166
Decay-time acceptance, I's, Al 0.006 0.397 0.400 0.009 0.009
Decay-time acceptance simulation 0.004 0.064 0.064 —  0.004
Decay-time bias 0.062 0.027 0.046 0.188 0.167
Neglecting correlations 0.137 0.081 0.054 0.135 0.043
Total 0.358 0.430 0.439 0.277 0.293
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Systematic uncertainty y in B*— DK

AkS AEE AR Ak BER BN BEN AESS Ameet Apios pRe  prke
Asymmetry corrections 0.17  0.072 0.067  0.078 - - - 0.17 0.073 0.16 - -
Branching fractions = = = - 0.88 1.2 = = = - 3.5 -
Selection efficiencies = = = = 0.87 0.76  0.0024 = &= = 1.2 0.0047
PID efficiencies = - = = 0.22 0.23 - = = = 0.36 =
Signal shape - - 0.046  0.067 0.20 0.26 0.0011 - 0.020 0.069 0.31  0.0021
Combinatorial shape 0.034 0.053 0.14 2.6 0.30 0.29 0.021 0.014  0.22 0.097 0.14  0.0071
Part. reco. background - - = 0.16 0.072 0.12  0.0043 - - - = =
Charmless background - - 4.9 0.034 - 4.5 = — 2.9 — 3.0 2
AY background - - 0.016 0.044 0.030 0.039 - = = = - =
B? background 0.046 0.011 0.38 1.1 0.020 0.032 0.0093 0.038 0.12 0.54 0.27  0.0054
Total systematic 0.18 0.09 49 2.8 1.3 4.7 0.02 0.17 2.9 0.5 4.8 0.01
Statistical 1.4 4.0 9.0 16.4 5.0 9.0 0.19 1.8 6.0 21.8 7.0 0.26
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Charm production asymmetries systematics

Tsyst [70]
Source D+ D DO
Secondary contribution 0.01-0.7 0.03-0.8 0.02 — 0.36
Fit models A, .y <0.5 <04 0.01 — 0.05
Curvature bias <10.25 <0.25 <0.43
Residual Aget <0.15 <0.3 0.04 —0.4
Fit model Ayec(n™) < 0.06 <0.3 —
Non-¢ decays < 0.12 < 0.09 —
Acp 0.05 - 0.06
Flavour misidentification — — & .01
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Charmed hadrons

Unique role of charmed hadron decays in flavor physics

Only access to mixing and CPV involving up-type quark

Mixing and CPV highly suppressed at the SM level

Strong GIM suppression + CPV highly suppressed
(m, << m)) (CKM hierarchy)

44
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High sensitivity to BSM effects with SM null-tests
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How do we measure A[P?

Tag the flavor of the decaying fadron Infer D flavor exploiting sign of .., or u,,,

K _/_ %\ Two “nuisance” asymmetries appear:
oo . K anti-0°.. K - [D*/Bproduction asymmetry]

[+ - L << _ Wi — different probability for 0™/0" B/anti-B
X - | final state detection asymmetry
D *-tagged u-tagged

— asymmetric response of the detector
Experimental access to raw asymmetry

A and A, disentangled with a “calibration channel’
(process with same A and A, as signal)

Ara(£,1) ~ Acp(£,2) +Aaa(£) [+{Aproa(D) !
: - subtract the two A to extract A,

prod
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D mixing in a nutshell

DY time evolutions described by
Off shell transitions

!
Sensitive to new physics

1— | —
ot \ DO (¢)
[ On shell transitions ]
Mixing parameters
T19 = 2| Mya|/T Y12 = [I'12|/T
CPV in mixing by mixing phases
¢3" ~ arg (Mio) ¢y ~ arg ([12)
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Mleng W|th DO—)K+_7T_ decays arXiv:2407.18001

New mixing + CPV measurement with full Run 2 dataset

_______ \ S0 WS
D+ =Dor+  ~“mix  CF
. S~ DO Kot
Measure ratio between: .. DCS .7
D*—D%— K'z)x" — Wrong Sign (WS) I -
D" —DY— Kx)=" — Right Sign (RS)
(promptly produced D) [ Sensitive to mixing ]
Separately measured for the two decay configurations: o > 50 o RS )
D+—=DOn ~“mix ~ DCS™
Do K-1t
\_CF -~
. y,
Pt (= DO = K*0) P (= DD°() = K~7*) - Y \
wenl(t) = T'(DO(t) — K+m) xx(t) = T(D(t) — K-m+) Cancel lifetime acceptance +
detector effects
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arXiv:2407.18001

Mixing with D°— K7 decays

R,Grtlme evolution is

R W)~ R, (1+ A, )+ R, (1A, )y, £ Ac,)t+ (¢, £ AL, )¢t

Mixing observables CPV observables

_ o d d
Oy Ak = ajygs + ags

— X12 COS c,bx si

~ r
Cxn = Y12 COS P, COS|O, .

K ylz(Pll;r Slnl 51(71’

[SY)

ACKH 2 x12¢1]<\i COs

1
/

Con = 1 (x%z +y%2)

Strong phase difference &, =10°+ 3° o1 M _ T

K A ~ —x -
LHCh-CONF-2022-002, Phys, Rev. D 86, 112001, ke = p*12Y 12(Pr ~ P
Fur. Phys. ). C 82,1009 (202)
Moriond QCD 2025
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r6fb!

Candidates / (50 keV/c?)

250—LHCb !

200 :_DO—>K+7Z"

ABM

K

Goos 20

o R |y |
2010 2015 2020
m(D°x) [MeV/c?]

(343.1 £2.0) x 10~°

)
(51.4 £3.5) x 1074
(13.1 £3.7) x 107

)

)

)

(3.0+3.6) x 1074

R

C

CKTr

A (=71+6.0)x 1073
A

A

(—1.9£3.8) x 10~

Lorenzo Pica (lorenzo.pica@cern.ch)

M'xmg W|th D'—

Candidates / (50 keV/c?)

K7™ decays

6
30?,10...,,...._,..__
t LHCb —+ Data ]
2516 fb! D Signal -
E 0 ]
L D>kt Comb. bkg. ]
20p [ Ghost bkg.
15 -
10f RS :
5—_ - ]
: v ~410M A
0'| | L -
2005 2010 2015 2020

m(D°z¥) [MeV/c?]

down by x1.6
Tgst down by x2
wrt PRD97.031107

stat

No GP violation effects

arXiv:2407.18001
7 550F S o—— —
S 7F LHCb ;
o 500F 6 fb! | =
= - ==
= E i
+ 450 & -
L N —}— Data
= ,—tﬂ; ~
400~ o —— Baseline 3
F —ﬁ”"ﬁ No (‘Pwolatlon
350; ]
= ]
= 0 3
= #f#i# :
L —10 —_
ng ]
A _20_ =
0 2 4 6 8
D" decay time / Tpp

T T T T T !

E World average =
&0.35- 5] wora average + this measurement % P
X g

™ !
0.345— 5 .

034~ LHCb .
L | L 1 L | s 1 ;
-05 -04 -03 -02 —0
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Mixing - double-tagged decays “mepmion

Mixing + CPV parameters performed by LHCb also with  double-tagged (DT) 0°— K’z

Complementary to measurement

with prompt sample
5000 l . T T T
§ L LHCD 5.6 fb—! %10 E_ LI;]ICb 5.6_be:1 _g
< 4000 |- S B D _F)f ™
Larger acceptance at 33000 ] - Eﬁi:kgmund ] Swt W Buckgound |
lower decay time P I g |
g 2000 7 i; 10
i i inti § 1000-— — S
Different systematic uncertainties : WS-20k 1
940 145 150 155 140 145 150 155
Am [MeV/¢?] Am [MeV/c?
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LHCb-PAPER-2024-044
(In preparation)

Double-tagged results

WS/RS ratio is measured as before (slightly different parametrization)

N:i: (t) ¢ X/2:i:+ = ¢ 2
RE(t) = = = R +4/Rpy'™ (;)+—y (‘)

Nis(t) 4 T i g ]
Value  Statistical  Systematic -, E + 1 ;
Mixing only N ﬁ“ﬁ‘ Preliminary | ]
Rp [10_3] 3.47 0.06 0.01 - = ey 1
y' [1073] 5.84 1.62 0.16 S5k 1 .
(z/)% [107°] || 0.04 12.25 1.06 N l __DHChEe e ] ]
All CPV allowed S o £ Nodirect CPV | 3
R; [10—3] 3.55 0.08 0.02 3:_ E""fﬁ ggtaCPV allowed _j
Yt [1073] 3.56 2.23 0.26 1o , TP TEEL §
(z/)% [107%] || 10.86 16.17 1.35 S oF 3
R [1078] 3.39 0.08 0.02 ko ]
, Y~ [1073] 8.11 2.34 0.28 ] OOJFILJFJ’{_TLl ................................................................ E
(Results with pi(z-y2 (10-5] | —11.20 |  18.55 1.28 Paper) E sk ! ;
e e e M R e
t [TDU]
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aDCS

Fit is repeated applying external constraint to
—» improved sensitivity to charm CPV observables ¢Dc's

z = (0.41 £0.05)%

y = (0.619 +0.021)%
la/p| = 0.984+0:073

¢ = (-1.6713)°

at, ~ =(24+6)x107*
a% 1 - = (9£5) x 107*
SB™ = (191.4 £ 2.4)°
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0 constraint

Novelty of latest update is

LHCb-CONF-2024-004

a%) g constraint application

Expected CPV for DCS within SM is 0 — only one amplitude contributing to decay

Enhancing "7 CPV evidence!

- Croe —— T
§ o P8l Beauty and Charm b o2 | g#8Ee auty and Gharma
i 0'5: [ Beauty and Charm, a%. =0 1 S 2[ [ Beauty and Charm, o} - R kﬁggﬁ
£ 1 F > Summer 2024
=$T0.4F B ok ] 1
03¢ ; —af -
0.2 . [
4 —4r i
011 ] [\l ]
¥ < LHCb| — -of " :
0.0F ‘“_J)O]’?I@;;J?EY? CpPv grellmnzlgz : o ]
B o T S L el
—0.1 0.0 0.1 0. 2 0 3 8 —0. 000 —0. 025 0. 000 0. 025 0. 050
ek~ (%] la/pl — 1
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Charm production asymmetry

= 25
AWj (D% D, D) measured on 2022-2023 data: +§ .2
L= 17T pb'1f0rApr0d(DU] - L,,=96 pb'1f0rApmd(D*, D) <

First data with upgraded detector
—s validate new detector - pave way for high-precision measurements

-15

Asymmetries arising from different quark-antiquark content of colliding protons: 22
input for QCD studies and precise simulation /
(discrepancies at 7-8 TeV J4FP2018.8 (2018))

Apmd extracted from raw asymmetry A __ - yields asymmetry on data:

Araw(Xc — f) = (1 - fsec)Aprod(Xc) + Adet(f) AC’P(XC — f) . fse Asec(Xc)

Production asymmetry Detection asymmetry of given final state
Aprod(D) _ o(pp — DX) — o(pp — DX)

o(pp — DX) + o(pp — DX) Subtracted exploiting calibration channels
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(s=7 & 8 TeV

35<y<45

T[T TTTT[TTTrT7TT]

. sl

== PYTHIA 8.1 —
- LHCb
PRI S IR T T T S
20 25
pr [GeV/c]

. JHEP2018. 8 (2018)
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5 10

AmW of charm mesons from beauty decays

!
Measured on highly displaced decays and

L subtracted )

CP asymmetry of considered decay

L Negligible if CF or subtract measured value )

Moriond QCD 2025
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Charm production asymmetry

Charged charm mesons: B */ D" — ¢( — KK )z final state Neutral charm mesons: B %— K -=* final state
A, only from 7 detection: A, (K 7") - exploit D’-tagged samples
A () M) - D" =D K7 and D =D O(— KK
[ Tag-and-probe on ] [ Measured on unbiased ] A, (K7)=A (0™ —D0%— K7
K — 7 sample D°— K sample e Aravr:(wnn D% KK Ay (D KK
CP asymmetry non-zero for [ *— ¢ decay Mixing ~ 10 — negligible

— measured at ~ 10-* level (PRL.122.191803) — subtracted

..........................

%2500 £ LHCb ¢ Data

O LHGE : ] % T LHCH $ Dat
%2000 E Dy — ¢m — F,lt _: % so0 [ DY 5K gt — Fit 1
s F 2023 = Signal ] = [ 2023 - Signal ]
Ss00 | com e 3 N([) = 147K 2 com iz 4 | DU) =10M
~ C ] [ ]
1000 | = +) = E 100 | .
R 1 N(D.) = 218k i 1 (untagged)
2.k 3 S = F ]
= 500 . < 200 —
3 - = N ]
O C I

0 & e — C ) L : -

1950 o af 2000 9 1750 1800 1850 1900 1950 2000
m(KtTK—7T) [MeV/c?] m(K~7nt) [MeV/c?
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