Recent results of LHCDb

KHE
b K%

HBREREEIS
=K, 20245F7H




Outline

LHCb and introduction
Flavor anomalies
CKM matrix

Charm physics

Hadron spectroscopy
Summary

4300 4250 4300 4350 4400 4450 4500 4550 4600
my. [MeV]



LHCb JINST 3 (2008) S08005
IJMPA 30 (2015) 1530022

* Dedicated flavor experiment at CERN for b, ¢ hadrons O'(b b, 13 TeV) ~ 0.5ub
e pp collisions at+/s = 7, 8,13,13.6TeV, [ L =10 fb~! o(cc) = ZOXO'(bE)
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Flavor physics experiment

e Precise studies of SM flavor structure

Quark mixing matrix (CKM matrix)

VCKM — VﬁVﬁT =

Vud
Ved
Vid

VUS
Ves
Vis

* Probe new physics through rare decay, FCNC, CP violation, CKM test

Complementary to direct detection, possible to probe energy scales beyond collider energy

* Hadron physics
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Measurements of CKM matrix



Quark mixing matrix
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CKM matrix parameterization

CP violation phase
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Standard parameterization: 65, 613, 0,3, §, unitarity ensured
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* |Vep| = AX* ~ 4x107%, measured in b — cuv, decays b o C
* Measured by LHCb with B — D™ uvy, A% - Atu_vu and B — DS(*)+/,£_VH decays
* Measuring decay rate, require external inputs of form factors (or parameterizations)
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| |Vub| at LHC

o |[Vup| = 1423 (p — in)| ~ 4%1073, related to four CKM parameters 4
* Measured with b - uuv, VubW
b u

* Results from LHCb with A) - pu~v, and B - K*u~v, decays
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. The Vub! Vcb pUZZIC
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. E?s)—B&) oscillation with t-loops, allowed to measure |th| b
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Flavor tagging is essential: €(1 — w)? ~ 5% at LHCb
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Measurement of CKM matrix phases



‘Three angles of the Unitarity triangle

VibVua + VepVea + VepViea = 0

a. B - ntmt, pmt, pp decays
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Measurement of angle ,3 JHEP11(2017)170

* 23: BY — B mixing angle, extracted using interference , ( Vil [Vis| Vube’”)
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gbs — _Z,BS PRL132 (2024) 051802

— . Vuof Vsl [Viple™"
e Phase of BY — BY mixin ~ arg|—V/. e ) ]
SC O S S g9 ﬁS d g[ VtS] VCKM = _|Vcd| |Vcs |Vcb|
Vigle™  S[Vis|€™D |Vp|

CKM global fit: ¢¢ = —37 £ 1 mrad, sensitive to NP

* Measured with time dependent CP asymmetry of BY — J /Y@, ] /yn*n~, DI D decays
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Penguin pollution

* Only effective mixing phase measured

» Weak phase in mixing + decay

» Theoretical uncertainty due to penguin
pollution (~ 1°) nonnegligible
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* b —» 5ss FCNC decay: weak phases in mixing and

decay cancel, effective mixing phase ¢5°° ~ 0 N

LHCb measurement with B — ¢¢
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Measurement of angle y

* y directly related to phase of p + in v = argl—VuaVup/VeaVep| = arg[Vuy]

* Mecasured with tree-level decays, theoretically Vil Vi Qple™™
clean observable (5y ~ 1077) Vo= | ~[Vea| Vsl [Vl
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» D and D to same final states to interfere
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Measurements of y

JHEP04(2021)081
JHEP12(2021)141
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New y measurements with B* - D*°K* with D® - Kdn*tn™

e Fully reconstructed D*® —» D% /n®
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‘Global analysis of CKM mechanism (4 parameters)

When LHC started Current status

/ B<0
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Flavor anomalies 1in semi-leptonic decays



b — sI71™ decays

* b - sl™1™ mediated by FCNC loops, SM clean observables, sensitive to BSM physics
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Flavor anomalies in b —» sI*[™ decays

 Anomalous tensions with SM 1n differential rate
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Flavor anomalies in b —» sI*[™ decays

 Anomalous tensions with SM 1n differential rate
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Angular analysis in q°

Q= {cos O, cosO,, ¢}

e Detailed information to test SM calculations

Angular distribution for BY — K*I71~ decay (CP averaged):
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Understanding nonlocal contributions

* b - sl*l™ measurements polluted by nonlocal (wp, ¢, Y, DD...) effects
* Amplitude analysis to separate local and nonlocal contributions

Dedicated form factor (f(q#)) for each component

Direct access to Wilson coefficients
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Gaining experimental precisions
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Lepton flavor anomalies in charged currents

SM W2 couples equally to three generations of fermions, tested through R(H,) data

B(H, = H.77v,)

R(H.) =
(He) B(Hb—>HcN+Vu)
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R (D™) signal extraction

PRL131(2023)111802
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Better knowledge of D™ helps to reduce systematics




D™ longitudinal polarization (FLD Yin B® - D*~t%v, decay

« FP": additional information to understand the anomaly

o< 1 —F (%) + [3F,(q*) — 1] cos® 6,

d?T

dqg?d cos 0

arX1v:2311.05224

0: D*~ helicity angle

* Measured with polarized/unpolarized template fits (4D: cos 0, g%, t;, DI -veto)
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Charm physics



Charm mixing and CP violation

* GIM mechanism very effective for charm decays, SM loops highly suppressed
» Tiny weak phases in first two generations of CKM matrix (< A*~ 0.1%)
e Oscillation and CPV (S 1073) tiny in the SM, room for BSM

* Long distance contribution comparable/larger than short distance

Breakthroughs by LHCDb thanks to huge statistics:
First observation of CPV in D° —» h*h™ decays
ANep = Acp(KTK™) — App(mtn™) = (=15.4 + 2.9)x10™* [PRL(2019)211803]

Evidence of CPV in D° - wtm~ decay
Acp(mtn™) = (23.24+6.1)x107% (3.80)  [PRL(2023)211803]




CP violation measurements

e Energy test of DY and D° samples: average distance between two candidates
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CP violation of D° — K¢ Km decays

JHEP 03 (2024) 107
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D° time-dependent CP violation

* Interference between mixing and decay for favored RS and suppressed WS decays

D* —D'mt, . .D° . Dcs D™ — D mix D° CF
> I _Rs ‘ TN ws
D0 ——— = KT[ >D() > K+n-
CF DCS
Tim-dependent ratio D(DO(t) — K*r-) D(DY() — K—rF)

. T = — - —
between WS and RS:  Fx(t) D(DO(t) — Kt ) Ry (t) = T(D(t) = K 7F)

DCS over CF amplitude

R):t 2
t t
K7‘(‘(t) N Rk (1 = \Kﬂ') - Rk (1 ml¥ \Kﬂ') (CK’/T + ACKT{') <_> ‘% (C;ﬁr i m AC;(W) (—)

'TDO TDO

CPV observables: Ak, (in decays), Ack, (in interference), AC;<7r (in mixing).

a5 e /
Mixing observables: ck ., Che.e




D° - K time-dependent CP violation

LHCb-PAPER-2024-008

* Measured with y1elds RS ~400 M, WS ~1.6 M
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Mixing parameters with D® - Kdm ™ decay
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QCD: hadron spectroscopy



lNCW states observed at LHCDb
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Hadrons:

conventional
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Hadrons: exotic

Expanding of “exotic” zoo
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Study of BY » D** DTK™ decays

® O ® O >
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-+ Sp g No obvious exotics arXiv:2406.03156

B* - D** DFK* topology similar to BY - D~ DTK™ decays
About 1700 signals About 1700 signals
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B* —» D** D*K* amplitude analysis arXiv:2406.03156

e Joint fitto BY* - D** D"K* and BY - D*~ D*K™* decays
* Possible resonance compositions
Charmonium(-like): R - D**D~ and R — D*~ D" amplitudes linked by C-parity
C-even: Agr(D**D™) = Axr(D*"D*) C-odd: Ax(D**D™) = —Axr(D*"D*)  Measuring C-parity
Open charm tetraquarks: Tzs - D®~K* or T.; » D®TKT

* Significant components:
JP(C) Fit fraction(%) Fit fraction(%) Branching fraction

Uomponent Bt — D**D~K* Bt — D*DTK* (x1074)
EFF,++ 1+t 109132120 gotsE s 0.74 7585 7611 £ 0.07 TN\ B
1:(3945) 0+ 3.4100 452 T o 1 0.23 1502 043 +0.02 (New) R —>D *+ D + states,
Xe2(3930) T ot + 185 L7gs o 0.121503 To-08 4 0.01 ) PC
h,(4000) Ak 51710 +Ls 46109414 (93540074010 4 () ()3 >' only conventional |
X1(4010) 1 10.115:5 113 91758 1% 0.697585 1057 £0.06 Charmonium or tetraquarks?
1(4040) T 1~ 2B o 2B ioe 0.19 1503 1003 + 0.02
h.(4300) 1+ 1.2 t02 402 142402 0.08 1603 7002 4 0.01 —
T%,(2900)° 1 0* G5 e 10 = 0.45 1508 1510 2= 0.04 , ot
75,000 1 55t - 0.38 F47 7611 £ 0.03 } Rediscover Teso > DK

+ 4 non-resonant contributions with ~ 50% fraction




Charmonium-like states arXiv:2406.03156

 Different m(D*J—r DJ_r) distributions due to interference of two C-parities
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Open charm tetraquarks arXiv:2406.03156

é\ Statistical significance
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Future prospects



LHC(b) timeline

< Goal: 50 fb-1 b <+—— Goal: 300 fb-1 —
LHCb Consolidation Upgrade 11
Runl+2 Run 3 LS3 Run 4 LS4 Run 5 LS5/ Run 6

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032§2033 2034)2035 2036 2037 2039|2040 /2041 2042

_ 33 ~py-2c-1
L=4x1032cm 257! £=2x10%cms L =2 x 103 cm-2s-1

1.1 visible interactions 55 visible interactions
/ crossing / crossing

8 fb! collected 50 fb~* collected 300 fb! collected

5.5 visible interactions
/ crossing
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LHCb Upgrade I sensitivities

Table 10.1: Summary of prospects for future measurements of selected flavour observables. The projected LHCD sensitivities take no account of potent
detector improvements, apart from in the trigger. Unless indicated otherwise the Belle-IT sensitivies are taken from Ref. [568].

Observable Current LHCb LHCb 2025 Belle 11 Upgrade 11 GPDs Phase 11

EW Penguins

Rk (1 < ¢* < 6GeV3c?) 0.1 [255] 0.022 0.036 0.006

Ri+ (1 < ¢® < 6GeV3c?) 0.1 [254] 0.029 0.032 0.008 -

By Riyies B 0.07, 0.04, 0.11 0.02, 0.01, 0.03

CKM tests

v, with B - Df K~ (30 [124] 4° 1e

7, all modes (122)° [152] 1.5 1.5° 0.35° .

sin 283, with BY — J/¢K? 0.04 [569] 0.011 0.005 0.003 Uncertamty
¢s, with BY — J /¢ 49 mrad [32] 14 mrad 4 mrad 22 mrad [570]

¢s, with B = DD 170 mrad [37] 35 mrad 9 mrad T

%%, with BY — ¢¢ 150 mrad [571] 60 mrad 17 mrad  Under study [572] educed by
a5 33 x 1074 [193] Bxi0* : 3% 104 _

V| /| Vi 6% [186] 3% 1% 1% = factor ~10
BY, B—ptp~

BB — putp~)/B(BY — putu) 90% (244] 34% 10% 21% [573]

TUL'-*/”’/’_ 22%1 [2—1'—1] 8%3 2%‘» O

o 05 1% level

b — cl” 1y, LUV studies a1

R(D*) 9% [199,202] 3% 2% 1% ~ precision
R(J/4) 25% [202] 8% 2%

Charm . . .
AAcp(KK — ) 8.5 x 10~ [574] 1.7 x 10~ 5.4 x 10~ 3.0 x 107 ngh precision
Ap (= xsin¢) 2.8 x 10~ [222] 48 o 107 8.5 s 107 1:0% 10=" .
rsing from DO — K+7~ 13 x 1074 [210) 3.2 x 1074 4.6 x 10~ 8.0 x 1075 charm thSlCS

xsin ¢ from multibody decays (K3m) 4.0 x 107° (K277) 1.2 x10™* (K3x) 8.0 x 1076




‘Summary

* LHC pushes flavor physics to new frontier
» Precision measurements of CKM matrix: 8, y, Vyp, ¢
> b — slT1™: anomalies or underestimated QCD effects?
» Charm mixing/CPV reachable

» Ongoing excitement for hadron spectroscopy
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Introduction

* The Standard Model (SM): remarkably successful at
describing particles of nature and interactions between them

* But answered questions/observations

» Dark matter, dark energy

» Baryon Asymmetry in the Universe (BAU): ng/ng > 1

» Quark/lepton family structure and masses

> ...

Dark

matter Ordinary
27% matter
5%

Dark

1TeV}

1 GeVE

1 MeV:

leVy

energy

Fermion masses

uarks
Leptons Q

Three light v's
summed masses
0.04-0.3 eV

68%

Vv's e w T u d s ¢ b

t

Forces

Must there be New Physics (NP)




Flavor physics

* Most SM parameters related to flavor structure

Yukawa couplings (9), Quark mixing (4), Gauge couplings (3), Higgs potential (2)

* General 1dea of flavor physics for NP o Viet Vi b . qc N
» Possible new physics enters in (low-energy) BSO W§ § OB Bs 923 QI OBS
quantum loops R T

» Deviations w.r.t SM = possible new physics

Reach in new physics scales, with C ~ 1

Complementary to dlyect detection of BSM W 2 E S axiwonons 107
particles/forces, possible to probe energy scales ~ S t M 10°
. > 10° ms s .- A g 10°
beyond collider energy = 00 R 1 YR 35 o
Cs 05 Co - (6) §w - ¥ SN
L= L — 0 — 0 10%. mm s YN S SR 0
o SM_|—AM —I—;Az a 100 _ e § ?1‘?1‘?“ 10!

; NN b ]
> SleaEl e aeenell -

ONp ~ Crya/NY, A" ~ Cpys/Osy SLUERSHERESR

Observable

CP violation, mixing, (forbidden) rare decays, lepton flavor universality/violation, EDM. ..




‘Quark flavor physics

* SM rare/forbidden decays, may be enhanced/allowed by new physics

\0 ~

b W~ s b / S b X ' b g s b t S
Al N Al - X X >
W ‘Wt 7 H— VHT
2" 2 - | -
T ) 7 HO [ N

E.g.: Flavor Changing Neutral Current (FCNC), b — s...

* Charge conjugation-Parity (CP) violation
» One of the Sakharov conditions to explain BAU
» Incorporated in SM by CKM matrix, quark flavor eigenstates = mixing of mass eigenstates

Vid Vus Vb > Unitary matrix
Veku = VLU Vg = Via Vs Vo > 11:01111r parar}lll.etgrs: 3 mi_xinggj ;{}gle and
1 ner
Via Vie Vi phase which generates

» s CKM the only source of CPV? No, CPV from CKM far below that required for BAU

m? —m2) (m? —m2) (m2 —m2) (m2 — m2) (m — m?2) (m2 —m2) _ — —-10
BAU from CKM Jy = Jop (el (me =) (e~ (s ) () (s 7l = 000°%) < 10




l Search for new source of CPV

. . ' d b N
* Consistency test of CKM mechanism e - -
u“ n ?_t\é pV K -—__é# B :——é v
: .. V. 2 a a
4 parameters determine all quark mixings VckM = |¢ L7 | p ST | puT
_ |44
t B =g B" | B, b« B, t\<\b
e Unitarity of 3X3 Vegm = 6 triangles in B =
complex plane . | | | _ | —
= i Am, & Am, =
0.6 F=A : Y Am, &y" Ek % =
. . . _ 05 £5 sin2 i ~
VuaVup + VeaVep + ViaVep =0 3. S ke, 3
0.4 —3 i —
I= C |3 % Vi -
0.3 [N SN azmg<_‘zd“j§b) -
_ o = u o ViaVii -
=>a+p+y =180 o et E
3 ol :
A V¥ \ =
° = arg( - Vcdvékb> s Y B E
0.0 (11 | ! | 5 ) ! ] ) ! ] | ! )
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1
VeaVe

el

B=arg<

VidVy,

N———

.0



B — "1™ decay

BY t 4 _ vi
g Wllson coefficients O = (3Pumryb) (1*0)
s ST Ol = (3Puwyb) (Ty"1°0)

dard ind
75 Gp My, sin” Oy,

SM prediction: _ ’ . o
P BB — i o == IRV 175
BBY = ptp )y = (3.66 £0.14) x 10~
BB > utp )y = (1.03 £0.05) x 10710
2HDM - SUSY )
HO A° KO S HO, A0 O
BSM models 0 e, oSloll o p X DT

B o tan* 3 B x tan® 3




B — "1™ decay: experimental

PRL128(2022)041801 PLB842(2023)137955 0.6x10° CMS 140 fb™' (13 TeV)

OO T cMS  mom(sTev) :

% 40 = 9 fp-! Total - 140 Dt — FyIPOF ] 0.5 5(5

E - BDT > 0.5 e Bg—ww* N 120:_ gzi?iazigm bkg Semileptonic bkg C e, )

(l:; 30 o BU—ZUEU: _: > : _ N 04_ 46

N — Bi-utuy ] $100¢ = - FE

A 2 N R | ] 19 )

& 20f - S 80 1T 03 e

EF ] s 7

G 10: ...... E é i :'% S22

R T 5 ] " 4o 02 VA \\\‘

0 .I. ......... :)--- I . 20; - 0.1 - | C:”x. \\ .
5000 5500 6000 06" 5 5152 53 54 5556 57 56 5.9 - { ( ...;)b; RS
M., IMeV/c?] M [GeV] | AVAVRVEEN 95 P S VPR A Y O P PO SO G [
1 2 3 4 5 6 7
B(B] - u*y)

LHCb+CMS data Future prospects:

B(B? - putu~) = (3.097948)x107° B; — e*e”,t71” decays?
0 +7- 2

B(B® - u*tu~) < 1.9x10~1°@ 95 CL B(Bg - I*17) e m

Precision reaching SM calculations, Related measurements:
. — 1,0 —
further reduced in Run3 and beyond DO — I*17, K5 = I




History of B —» pu*pu~
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Run3+4 (2030, 50 tb-1) projections

Type Observable Current LHCbH Upgrade Theory
precision 2018 (50fb™')  uncertainty
BY mixing 253, (BY — JiY ¢) 0.10 [137] 0.025 0.008 ~ 0.003
28, (B? = Jh fo(980)) 0.17 [213] 0.045 0.014 ~ 0.01
a, 6.4 x 1073 [43] 06 x107*  0.2x10"%* 0.03x10°3
Gluonic 26%(BY = ¢¢) 0.17 0.03 0.02
penguins 234 (BY — K*0K*0) ~ 0.13 0.02 < 0.02
28°€(B° - ¢K?9) 0.17 [43] 0.30 0.05 0.02
Right-handed 28 (BY = ¢) - 0.09 0.02 < 0.01
currents % (BY = ¢v)/1po -~ 5% 1% 0.2%
Electroweak S3(B° = K*%utu;1 < ¢* < 6GeV?/c?) 0.08 [67] 0.025 0.008 0.02
penguins so App(B” = K*utp™) 25 % [67] 6 % 2% 7%
A(Kptp;1 < ¢ < 6GeV3/ ) 0.25 [76] 0.08 0.025 ~ 0.02
B(B* = ntu*tu™)/B(BY - K*tutu™) 25 % [85] 8 % 2.5 % ~ 10%
Higgs BB = utu) 15x10° 13] 05x10° 015x10° 03x 10~
penguins B(B" = utu~)/B(B) = utu”) ~ 100 % ~ 35 % ~ 5%
Unitarity v (B — D™ K®*) ~ 10-12° [243,257] 4° 0.9° negligible
triangle v (B? - D,K) : 11° 2.0° negligible
angles B (B° = Ji K?) 0.8° [43] 0.6° 0.2° negligible
Charm Ar 23 x 102 [43] 040 x 102 007 x 1073 -
CP violation AAcp 2.1x107% (18] 0.65x10~* 0.12x 1073

58



Bremsstrahlung recovery and misID

Background of hadronic decays (B — Khh) are peaking

magnetic field
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R(D*) and R(D**) with D** - D*n®

><106...'_.. x10
944 < ¢ < 11.8 GeV¥/c*

LHCb 2fb!

. —
LHCb 2!

3
L 04
>
3 035
% 03
= 025
- 92
Q
= 0.15
=
5 0.1
st 0.05
0 5 10 0 5 10
¢A[GeV*/c4] m2, [GeV?/c*]
arXiv:2406.033871
a A S I
B B->D't v § 003F 944<¢*<118GeV¥/c*  LHCb 2fb" 3
B B -D* v < 0.025F =
—_— o C ]
B—D'X X @ 002F =
B k% 1~ T~ e : E
B 5D .U_/T v 7 0015F =
Comb + misID = o :
i e "9 001 3
B B2 -Duv i< — 5
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sin2p

O-]-5_"''I""I""I""I""I""I"II

F ® B IR K
0.10F ® B'—=v@2S)Ky
[ ® B Jhp(— ee)KY

Cyxg

55,“% 2 =0.716 4-0.013 (stat) & 0.008 (syst)

CQ'Z;"(S) 2 =0.01240.012 (stat) & 0.003 (syst)

—0.05 | ]
—0.10 F .
—0.15 .
L contours J87% CL
—0.2 oo b b by by e by oy by
' 8.50 055 0.60 065 0.70 0.75 0.80 0.85




K — m puzzle

Considering all possible diagrams

W+
b - m - S
%< q
g 0 =
q - q q >

P (color suppressed)

B > K*n:P+T
Bt > K'n®%:P+T+T.,

o

New equation

T . (color suppressed)

BY - K°7%: P+ T,
BT - K%zt:p

Weak annihilation

u

ACP(K+7T_)+ACP(KO7T+)ZZ§(([I§—_|_::E))Z—2 — ACP(K—l—WO)%Z_j{ACP(KOWO) Bljg(li:_))




$100°5500

0 5500 5600 5700 5800 5900
M(DpK") [MeV/c2]

R =

B([K~nt]ppK~
ICrTIoPIT) _ 71 4 0.8+04

B([K*m~]ppK~)

Interference and CP may be large

. 0 _
CPVin A b — DpK decays arXivi2109.02621
* A new channel sensitive to y angle
Favored (b = ¢) Suppressed (b — u) No relative color
_ _ 0 _ _

A} = [K~n*]ppK Ap = [KTn™]ppK suppression
C300E o w1 Vb ]
> - 9ft R/ e A, = DpK~ 1 > 94! 0 e A - DpK
L 250 ~ Combmatonal o - -~ Combinatorial ]
=k e A DK > 80 e K > DK ]
< 200f 1 S ‘ -
£ 150f 1 2
I ] 3
o C ] o
2 100} -
9] 1] O

SOF - 7

59100 5500 5600 ‘ 5700 5800 5900
M(DpK~) [MeV/c?]

Acp([K*m~]ppK ™) = 0.12 + 0.09

0.02
0.03



CPVinE, - pK~ K™ decays

PRD 104 (2021) 052010

* Charmless b — s transition, CPV as for B — hhh in mesons?

* Amplitude analysis with 6 resonances

Entries / (23.125 MeV)

180
160
140

120 F

100

Mass spectrum Miow (K ™) Mhigh(PK ™)
i T T T T T T T T T T T T T = ) 90 F T v T T T T T T T T T T ) T T T T i T T
_i LHCb —— Data —E E 80% LHCb :gztlta E
2 A Total i 1 g 00 51! R =
3 | ERCR: 1
;:\‘\ =i Ef i:gr:K_Jr' cross-fced:i E 50; I (1753 & ::j
S e reneol I B | =G |
=& 1\ 500 signals 0
5600 5800 6000 6200 6400 0 2 3 = 5
m(pKK") [MeV] m (pK") [GeV] My (PK ) [GeV]
Component A (1072)
Y(1385)  —27+34 (stat) £ 73 (syst) :
A(1405) 1424 (stat) £ 32 (syst) No evidence of CPV
A(1520) —5+ 9 (stat) = 8 (syst) . o e
A(1670) 3414 (stat) = 10 (syst) B(S, »pK K7) =(23+09)x10
2(1775) —47+26 (stat) & 14 (syst) Magnitude similar to B(B — 3h)
X (1915) 11426 (stat) +=22 (syst)




CPV 1n Hb, A% — phhh decays EPIC 79 (2019) 745

1 . -1 A = pr o™

L - b
Six decay modes from 0.5-10K signals (3 tb™") A
* Abundant resonant structures EY »pK ntnm A pK-Ktn~

Ey = pK mtK~ A - pK KtK~
Example: AY —» pK~ntm™

— 3 3 o 350F T T T T ~ I80F
¢ 900 F E Q E U 3
~ E * 0 E > F = 160
= 800f 2 KO Laew 1 2 *F e V1520 B 140 402" H# LHCb E
S 700F 4 o 250F ++ = 20 f E
R 600F = P 3 m ty 2wk ++ E
< s00F 1 & st 4 +++ > t t E
g 400 + q 8 f att A g0 | UARTIRSAIE
5 . F 1 8 Wt 4 5 ef + 47T Thge
S 300F . T e I ) o, = 4 t T
'g 200 - N ABhas e . E (&) s ) ) M = 40F
5 et IR S wf | ]
E " -y o F B
Ee 10 E 0 ¥ L L L ot r L L
200 800 1000 1200 1400 1600 1 200 1400 1600 1 8_00 22000 1000 1200 1400 1600
m(K~m*) [MeV/c2] m(px-) [MeV/c?] m(pr*) [MeV/c2]

* Global and local Acp around resonances studied, relative to CKM favored modes

AAP(A) — pr—rtn™) = (+1.1 £ 25+ 0.6) %
AAP(A) - pK—mrn7) = (+3.2+ 1.1+ 0.6

)

)%« With experimental precision of = 1%
AAP(A) - pK~K*17) = (—6.9£4.9+0.8) %

) %

) %

) %

no evidence of Acp found.
* Baryon Acp small compared to
mesons

AAC(N) - pK~KTK™) = (+0.2+1.84+0.6
AAP(E) » pK—mtn) = (=17 £ 11+ 1
AAF(E) - pK—ntK~) = (—6.8 4+ 8.0+ 0.8



PRD 102 (2020) 051101

CPVin A} - pr~n*n~ decays

* Triple product asymmetry: A3 =
CP violating: acp = (A3 — A7)/2 = (—0.7 £ 0.7 + 0.2)%. No hint of CPV

Parity violation observed: ap = (47 + 47)/2 = (—4.0 £ 0.7 + 0.2)%

No CPV of triple product asymmetry in phase space either
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Charm mixing

PRL127(2021)111801

Rbi (t) =Ty, — \/ﬁ[(l — Tb)be — (1 + Tb)be] I't PRD108(2023)052005

Cy, Sp: DY - KSOT[+T[_ strong phases x =AM/T,y = AT'/2T
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x4 B—-D
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ILHCb detector

Vertex reconstruction
 Large boost

e o;p~20 um

*0,~45fs wrt. 75 = 1.5 ps

candidates / (0.1 ps)

)
" /IRICHI
..... Kooy TT,

« Tagged mixed

| AL

avanoa

3 4
decay time [ps]
e VL 1

Track reconstruction

* €(Tracking)~96%

* 6p/p ~0.5%-1% (5-200 GeV)
® E(m]/lp) ~ 15 MeV

'S

Muon identification
*e(u - w~97%
e MisID rate (m - u)~1 — 3%

Candidates/(6.0 MeV)

1
10

Momentum (GeV/c)

L 0
102

*e(K->K),e(p—p)>90%
* MisID rate (m — K/p) < 5%

68




