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Introduction

rHCD

00 Violation (OOV) well established in meson decays

¥ baryonic sector fairly lacking

0 quark particularly promising (heavy, long lived)

Enhancement of penguin-diagram contributions in charmless and

doubly-charmed final states
¥ expect greater 0OV

Lack of clear theoretical predictions, due to non-perturbative QCD
contributions

Only direct OOV in baryon decays (no oscillation/interference)
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LHCb Run 1-2 Detector %

Marco Caporale (LHCb) Baryonic CP Violation at LHCb Lepton-Photon 2025/08/26 3/23



G>*# _mMR@k .2i2+iQ"

A/2 HDb2iiBN; MBV T?2vbB+b

*Qp2Zd < 5U+QKTH2K2Mib :S. +Qp2° ;2V

ky ' Kp2'i2t 2bQHmMIiBQM

TT IWKQK2MimK " 2b ®HmiBM20 f#V
1t+2HH2Mi S "iB+H2 A.2MiB}+ iBQM USA.V +

"sA(E! E)' 95W
"sa( ! B <10W

9y 7b /2+ V@iBK2 "2bQHmMIiBQM

(CALah j- 3yy8 L
(ACJS jy UkyR8V F

J+Q * TQ' H2 UG>*#V " CVQMBBQH iBQM i G> G2TiQM@S?QiQM kyk8 K3



M Hvb2b

i b2ib, _mM R MT@ mMHH BB 8118 20V
AMi2:" i2/ HmKBMQ@hB%WU, BNdZ8 h2oV Yiel®Rjh20VV

% T?,*S bvKK2i'(B2h RRR yNkyy9)

9 % 7P # M+?BM;  FBQbHVKHK2Ii'B2b

(S_G Rj9 RyR3yk)

o1 E* ,*S bvKK2i(lvim 2 e9j Ukyk8V RkKk]j

9% % TE? , # M+?BM; rBQbvVHK2i B2b

(G>*#@S S1_@kyk8@yRe)

% @ T?,*S bvKK2i'B2b (G>*#@S S®_@kyk¢
LQi iBQM,

2BM/B+/iRb
*S+QMDm: i2b bi i2b 2 bbmK2/i?2°Qm;:?2Qmi

R mMk QMHYv
J+Q * TQ' H2 UG>*#V " VQMMB+0BQH iBQM i G> G2TiIQM@S?QiQM kyk8Fy3



*S0J2 bm 2K2Mib @ :2M2" H ai i2;v

*So Q#b2°p #HRQi /B 2+iHV ++2bbB#H?2
B9 %D
G+ (%9
ss+ M #2 2H i2/iQi?2 Q#b2 p2/ +QmMiBM;b BN
7Q° 2tT2 BK2Mi H bVvKKgi'v 2z2+ib U

X
xgt B

L% 3L
(% 9= (0:

(% 7,
LC %! 2+ LCY! D

J+Q * TQ' H2 UG>*#V " CVQMBBQH iBQM i G> G2TiQM@S?QiQM kyk8fK3



1tT2 BK2Mi HHv AM/m+2/ bvKK2i Bz

a2p2° H bvKK2i'B2b #v i?2 2tT2 'BK2Mi H b2imT
>) T'Q/m+iBQMLQZ+HABM; # "vQM
(7 /2i2+iBQMTQMiP2Dbi i2
€9 1'B;;2 ' BM; QM
sa() "2H i2/iQ i?2 SA.

S iBH+ M+2HH iBQM Q7 2tT2 BK2Mi H 2z2+ib
+? MM2Hb,
K2 bm 2g= 75 iQMiQH
FEMITRH M HHv M2;HB;B#H2 r'iiQ }M H K2 bm
U* #B##Q@7 pQm 2/ /2+ vb- BMi2 ' K2/B i2 +?

J+Q * TQ' H2 UG>*#V " CVQMBBQH iBQM i G> G2TiQM@S?QiQM kyk8fk3



0
1 T2

(S_. RRR yNkyy9)

% T?;QQ/ 7Q0 b2 "+RP2bBKBH " /B ;"°KbHEQ
USo r2HH 2bi #HBHEC2/1B2yPSkykRVyd38)

MM RK2 bm{8KZ2ZMBdUkyR3lRBRk®)2K iB+ HHV
AKT'Qp2 _mM R K2 bm9%2KDMinrBBQ M b vg KRV
M/T/2i2+iBQM bvKKBIVvVv2KEBE>1S RyUkykRVye

L2r _mM k M HvbBb
PQBY ) M2+2bbBiv i?4MFB iQ+QMi"QH b KTH:

Y L2r bi" i2;v7Q i B;;2  BM/m+2/ bvKK2i ' B2b I

J+Q * TQ' H2 UG>*#V " CVQMBBQH iBQM i G> G2TiQM@S?QiQM kyk8 K3



_2bmHib

6BM H “2bmHib,
+s( %! TE)=( L1 07ypi iv0dypvhW
+s( %1 T )=( 0:2 08ypi iv04yp W

LQ 2pB/2MS$@Q@ Q7
‘HQ# H p2° ;2b BKT"
7 +iQ
J2 bm 2K2Mi Bb bi iB
HBKBi2/

(S_. RRR YN

J '+Q * TQ  H2 UG>*#V " 'vQMB+BQH iBQM i G> G2TiQM@S?QiQM kykBffyly



VECTIE

(S_G Rj9 RyR3yk)

*So 2M? M+2K2Mi B 2b+ ii2'BM; "2;:BQMb 7C
"l 2P0 2+ vIB . Ry3UKkKykjV)

HB;?i "2bQM M+2b K v +QMi'B#mi2 BM bBKB
9% % 7P /2+ VbTQbbB#H2 iQP¥b2 p2

Y HQQF BMiQ mMmMK2 bm 2/ # M+?BM; " iBQb¢

Ib2 %1 ( %! *y /2+ v b+QMi"QH b KTH2
U* #B##Q 7 pQm 2/SM2;HB;B#H?2
B(Y 9! Z2) Lo 22 "o - 7o,
B( %! (%! ) Lo o« Toyogr 2 Tog

s U DY D= sCUDY T s R ) )

J+Q * TQ' H2 UG>*#V " CVQMBBQH iBQM i G> G2TiQM@S?QiQM ky RB/fBj



B( 8/ ¢

T optH )

80

T T T T T T

350F Y

© 1000 LHCb 9 fis* | %\ LHCb 9 fi* S

= — Total fit = 300 — Total fit E D

o 800 4 o —L2® LK'p S 60

[ & 2508 —Xj® LK'p E S s

& 600) ‘P 4 5 200 B AU I

o Comb. bkg S ok - Ly® LKK (mis) g

T e LB Lp* T Comb. bkg. E

400F W Lp'prg E K ® 30

% £ 1% Lppp° % 100 LE@ LK'pg 3 kel

El + c Li® LK*pp! -g 20|

<] - R B T 5 E -

o 5 /\ o RS o o N O g
A, . L ol e L L
5600 5800 6000 5400 5600 5800 6000 S0 5800

w

—~ o~
O T o

m W m
o g Hd

os}
—~
oo To
-

Marco Caporale

m(Lp*p) [MeVic]

(LHCb)

= (46

m(LK*p-) [MeV/c]

0:4
2:6
0:3

0:2
1:4

Baryonic CP Violation at LHCb

Lepton-Photon 2025/08/26

6000
mATK") [MeV/c]

05 0:5(norm)) 10 ©  First observation
14 38(norm)) 10 ®  First evidence (4 )
04 Lil(nom)) 10 ©  Confirmed
10 8 at 90(95)0 CL
0:4  05(10m)) 10 ©  Confirmed
1:2 3:5(10rm)) 10 ®  First observation

[PRL 134 101802
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Ocp( p X ) = 0:013 0:053 0:018

Op( 98 O% )= 0:118 0:045 0:021

Oep( 2 ¥ 0O%0 )= 0:083 0:023 0:016 3.1 evidence!

Op( 20 O %)= 027 012 005

First OOV evidence in baryon decays! [PRL 134 101802] J
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.101802
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Look into the Dalitz plots
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Enhancement of the asymmetry in the 0 * region
(DK"'K > 220, O K+ < 290) Ge\//DZZ

(3.2 significance)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.101802
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Complex dynamic could enhance OOV

rHCh

Look into the 2 ¥ 00 *  decay (against the Cabibbo-favoured
0 + + 0
p 1 (2 r0o ) control sample, removes need for Op( }))
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First observation (5.2 ) of OOV in baryon decays! [Nature 643 (2025) 1223] )
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https://www.nature.com/articles/s41586-025-09119-3
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Performed the OOV measurements for the observed channels
+ search parameter space for possible local OOV

No hints of OOV
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28 U ph (xS

[LHCb-PAPER-2025-021] in preparation for Science Bulletin submission

Fruitful OOV searches in 0 ¥ 000 (O 2 [J;]) transitions for mesons
(>3 evidence of OV in 0" ¥ 0/ 0%, [PRL 134 101801])

Look into 2 ® (0/ ¥ * )OO

Ocp=0c( 590/ 0 ) Ogp(H¥0/ 00)
Uep = Draw( g ¥rg/ 0 ) Draw( ?) ¥i/ 00 )+|:|D(|:| ) |:JD( )

Run 1 measurement [JHEP 07(2014)103] statistically limited,
no hints of OOV

oRunl = (57 2:4 1:2)0
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https://doi.org/10.1103/PhysRevLett.134.101801
https://link.springer.com/article/10.1007/JHEP07(2014)103
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Preliminary results:
ORun2 = (4:03 1:18  0:23)[]
Run 1 and Run 2 combination (Best Linear Unbiased Estimator)

Ocp = (4:31 1:06 0:28)(0 3:9 evidence!

First evidence of OOV in baryon decays to charmonia! [LHCb-PAPER-2025-021] )
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Triple-product asymmetry (TPA) [PRD 92 076013] '
A 1 O(@s=>0) 0@y 0 OC Op=0 0O(
Todd™2 DO(@s>0) O@s 0) O( 0sp>0) 0O(
No evidence of TPA!
Y0/ 0 )=( 137 1150
Y0/ 00 )=( 0:04 1:28)0)

Op=8+ B 8 )  Asul

0
b
— 0
Oa=8 (& 8+) Aol b

Investigation of the phase space for local 0V enhancement
Binning schemes
4 and 128 equally populated bins of the Dalitz
Resonant structures 9 ¥ 0/ O (total of 4 O(0 ) bins)
g ¥ [/ O resonances + [ pair helicity angle #
(8 total bins, 4 mass, 2 000# ? 0)

No variation of the asymmetries! (neither O, nor TPA)
[LHCb-PAPER-2025-021]
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https://doi.org/10.1103/PhysRevD.92.076013

Conclusion

Setting new milestone in the OOV journey:

Direct 0O violation in baryon decays

1956

1964
Parity violation

Strange mesons:
T.D. Lee, CP violationin K°
C. N. Yang, decays
C.S.Wuetal. J. W. Cronin,

V. L. Fitch et al.

2001

Beauty mesons:
CP violation in B®
decays

BaBar and Belle
collaborations

2025

Beauty baryons:
CP violation in Ag
decays

LHCb collaboration

1963
Cabibbo Mixing
N. Cabibbo

1973 2019
The CKM matrix
M. Kobayashi,

T. Maskawa decays

LHCb collaboration

Charm mesons:
CP violation in D°
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Future %
Bright future ahead:
LHCb Run 3 data taking
¥ Upgraded detector! [JINST 19 (2024) P05065]
¥ surpassed Run 1 and 2 integrated luminosity (2024 alone)
Fully software trigger: almost doubled efficiency on flagship and core
physics decay channels [LHCB-FIGURE-2024-030]
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https://iopscience.iop.org/article/10.1088/1748-0221/19/05/P05065
https://cds.cern.ch/record/2912743
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