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Introduction

Indirect CPVin K;, — 77~
[PRL 13 (1964)]

Direct CPV in K g — 7t /2%

o (P violation arises from complex phase in CKM [IMP A (2000)

matrix
CPV in B" decays
[PRL 87 (2001)] [PRL 87 (2001)]

* Observed in a many meson decays over the last 60
CPV in B* decays

years [PLB 712 (2012)]

 5till no observation in baryon decays CPV in B decays
[PRL 110 (2013)]

o CP effects seem to be smaller there, why? CPY in D decays
[PRL 122 (2019)]

CPV in baryons?

A. Villa Search for CPV in charmless decays of beauty baryons at LHCb


https://doi.org/10.1103/PhysRevLett.13.138
https://doi.org/10.1142/S0217751X00005115
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.87.091801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.87.091802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.110.221601
https://doi.org/10.1016/j.physletb.2012.05.060
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.211803

Introduction

* Charmless decays of beauty baryons are a promising d - b
direction u| 1-3¥ A AN (p—in)
- : “j”b ~ 0.1
o Tree-level transitions suppressed — interference with C A b= A L
penguin contributions might enhance CPV
t [AN(1—p—in) —AN 1
* Theoretical predictions difficult because of large QCD
o LHCb searches for CPV involving...
uncertainties
* Overlooked in tavour of mesons until now
4% 4%
u — _ 5 —
f{— E<m<d’§ b<m<d’8
W+ d,s
9‘%< U Z[v U
b -¢ -¢ U B B
d,s > T > d,s ) )
) ) - - - -
d, s d, s d, s ) d, s R
P PEW Mesons Baryons
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The LHCD detector (Run 1-2)  prrz=2t =1

/-

ECAL HCAL
SPD/PS
VELO Magnet RICH2 M 1\12 _
o(IP) = 154+ 29/p; ym T2T3
o(f) ~ 45 fs {_RICHI 1l

S48 A TT \

rte &5

oc¢ato _ \ \\

T TR 2<n<5
30 — 250 mrad
% 0
— [JINST 3 (2008)]
= - 7 | [IIMP. A30 (2015)]
- : D 10 % '

=
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https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227

Measurement of CP asymmetries with Ag — ph~ decays

o CPVin baryons still relatively unexplored

» Tree-level transition suppressed — penguin
contribution to Ag — ph~ could enhance

CP-violating effects

Yu et al.
arXiv:2409.02821

Geng et al.
PRD 102 (2020)

Hsiao et al.
PRD 95 (2017)

Zhu et al.
PRD 99 (2019)

Liu et al.
PRD 80 (2009)

CDF
PRL 113 (2014)

LHCb Run 1
PLB 781 (2018)

PDG
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Measurement of CP asymmetries with Ag — ph~ decays

o CPVin baryons still relatively unexplored

» Tree-level transition suppressed — penguin
contribution to Ag — ph~ could enhance

CP-violating effects

o Similar diagrams to B’ — K*7~ (A-p = 8%) (pro 9 (201s)

W= U
b - > U

—0 b
AY - ', B 5 -

Yu et al.
arXiv:2409.02821

Geng et al.
PRD 102 (2020)

Hsiao et al.
PRD 95 (2017)

Zhu et al.
PRD 99 (2019)

Liu et al.
PRD 80 (2009)

CDF
PRL 113 (2014)

LHCb Run 1
PLB 784 (2018)

PDG

Yu et al.
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Measurement of CP asymmetries with Ag — ph~ decays

[JHEP 10 (2021)

- LHCb E
(s=7TeV, 11b™" :
- Magnet up —
- —4— Average

- —+— Magnet down

e Update of Run 1 measurement and addition of

Run 2 sample (Z =9 b~ 1)

Ap [%]
S

» Run 1 precision improved thanks to A P(Ag) and

i
T
#

A4.(p) measurement

e Run 2: Ag — ATz~ control sample to remove

0 . s [oic T
Ap(A\}) contribution % GesTev.2n -

6:— —+— Magnet up _:

| —¢— Average -

* New data-driven techniques for trigger-induced af & Magnet down :
corrections | _’:+ } |

1] {* ...... 4 _i— ................................. -

» Better control of uncertainties from PID i ST
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https://link.springer.com/article/10.1007/JHEP10(2021)060

N
W
(e}

e New Run 2 measurement:

450 [ 450
%400;— hlaége%%ifn _t Dua %4005— hlfgge%%ifn _t Dus
=t | = A) - pK- = f A0 Pt
S 350 BY - K*K- S 350 BY— K*K-
_ ~ [ B — 7*K- = [ B> K*a~
ACP(Ag — pK™) = (—1.39 £ 0.75(stat) = 0.41(syst)) % 2 300F Ao 5 300F R
O 3;2505— _—— Pe(l)rrtl.lréco.gbkg. _ &;2505_ —_— Pe(l)rrtr.lréco.gl.)kg. _
Acp(\) — pr™) = (0.42 £ 0.93(stat) = 0.42(syst)) % & 2001 Preliminary] & ,qf Preliminarys;
150 : 150 F :
. . . 100 F : 100 F
* Combination with updated Run 1 results: - isadi ol
0* ST 50 5 60 o2 0= =52 56 58 60 62
0 m(pK~) [GeV/c?] m(pK*) [GeV/c?]
Acp(\, = pK™) = (—1.14 £0.67 £ 0.36) % [ R
0 Ezso: 1I\XHCb]__z)om | Data Ezsoz hHCb]__z)ms I D
—_— ) B agnet Down —— Fit ) B agnet Down —— Fit
ACP(Ab — P ) = (020 + (.83 = 037) %0 E - A A —pr E - R} —pr
200 B K <200 Bk
> AY = pK- > R K
. o O - Comie
e No evidence of CP violation 2 150 ST s e
S | Preliminary] & | Preliminary?
100 F | _' 100k -
* Not dominated by systematics anymore 5o sof
: _ :' . il{ Tt TR I & _...) ;L“ ‘. il “' '
. 527754 56 58 60 62 527754 56 53 60 62
» 3 X improvement over current PDG average o) GV o) GEVIE
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Study of AO and ._‘2 decays to AhTh ™ final states

o Large CPV found in nxr <> KK rescattering
regions of B — h*h*h ~ decays

450; 3
400E
350F |
300F

250F
200
150
100

Candidates / 0.25 GeV?/c*

» Light resonances could play a role in CPV?

O_I | 1 I | | | I | | 1 I | | | | | | | I | 11 Illlllllll III

 Similar dynamics involved in Ag/ Eg — AhTh= " T L M

decays

400E "
3505 |
3000+
250F

o BF predictions: 1077 — 107° |
Ap predictions: 0 — 4 % 0

PRD 58 (1998)] [PRD 69 (2004)] [EPIC 76 (2016)] 100
PRD 95 (2017)] [PRD 99 (2019)] [PRD 107 (2023)] My

L1 Lo L1 L1 Lo RN T T TR TN S R R
4 6 8 10 12 14 16 18
m2(K*1) [GeV?/ 4]

Candidates / 0.25 GeV?/¢4
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https://doi.org/10.1103/PhysRevD.108.012008
https://doi.org/10.1103/PhysRevD.108.012008
https://doi.org/10.1103/PhysRevD.58.096013
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.053009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.093001
https://link.springer.com/article/10.1140/epjc/s10052-016-4255-x
https://doi.org/10.1103/PhysRevD.69.017901
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.054020

Study of Ag and Eg decays to AhTh ™ final states

 New LHCb study of A)/E) — A( — pr )hth™
with the full Run 142 dataset (&£ =9 fb~!)

|LHCDb-PAPER-2024-043], in preparation

a0 2500 = T T 1 T . . . ]
» Measurement of all 6 BF's and CP asymmetries = ﬁ LHCb Preliminary
O 2000 b ¢ —
in 4 of the channels = — Toul it :
g 1500 [~ — A= AN A E
0 n 4 . . 8 1000k Comb. bkg. B
o Ab — A( = Azn")rn” used for normalisation =" || .. A A AT
Fc% 500
@,

>< L N | o
B(A)— AF (= Axt)m=) N 4+ _ €q0(= 7 faoez0y ] 5400 5600 5800 6000
b c N—= AT (= Ant A (=0 )\ s AR+ R/ AT (=
e (AT (=0) o m(As+) [MeV/c?]

B(A) (Z))— AhTh'™) Nao(s0)yoantn- €405 4% (5 Antym- f a0

AAcp(Ay /2 — f) = Acp(My /2 — f) — Acp(Ay = Af (= AnT)n™)
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Study of AO and ._‘2 decays to AhTh ™ final states

|LHCb- PAPER—2024 043] in preparatlon

C\/]Q-;IOOO_— I .I .I _ C{; | N 1000__ I | B
S A ( ) LHCb Preliminary = LHCb Preliminary ; I LHCb Prehmmary i
0 - \€ — Total it > — Total fit o g0l — Total fit -
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< 600 A acwmy ] S S o0 By el
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= I VY .° "R A — Axta % N -— ___,52_> AK* m-7° 84 C omb. bkg. h
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_\‘ o) I D T - + -0 -
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S — 71 rr rr rr 1 r 1T T '] —_ —
o 0 o yﬁ LHCh Preliminary : B(N) —» Antn™) =(5.3+£0.4£0.5+0.5(norm)) x 107°
o 300F \C — Total fit -
> 5ok | R A : B(A) > AK*z™) = (4.6 £0.2 £ 0.4 £ 0.5(norm)) x 107°
~ - o ‘539 o .
:/ 200 F === A, — Ax*a~(mis) = _ _
> A AR Kmis BN > AKTK™) =(10.7£0.3 0.4 = 1.1(norm)) x 107°
- . b
S 150F Comb.bkg. e
= ol L\F ] BE) - Arta) = (1L0£26 % 142 38(10rm) X 10°°
< u
Q &

el L ” BE) - AK %) = (104 £ 1.4 £ 1.2 £ 3.5(norm)) x 107
5400 5600 5800 6000
m(AK* ) MeVi?] B(E) - AK"KT) < 2.4 x 107° (90% CL)

A. Villa Search for CPV in charmless decays of beauty baryons at LHCb



Study of AO and ._‘2 decays to AhTh ™ final states

SN o & . < 1000 ' 5
= 1000 - LHCb Preliminary - 2 LHCb Preliminary ; LHCb Pl’ el1mmary i
) : (e) — Total fit % —— Total fit D) 800 — Total fit __
E 800 — Ay Azt y > e Sl > — A AK'KC ]
@ T ‘:8% A”+ﬂ_ . : g - - E’é—> Amt - (mis) (‘C\]D 600 — 32% AK'K~ ]
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% i Comb. bkg. ] ® cee B0 AK*7y A Cb . .
o e 50 + =0 D] . . )
s 400 . /v v Ay Am'my - 5 s At 5 400 o 7
= T Ng N — Antm® =) = L 4\ o A= AK'K™y :
5 3 < T Y AV AK*K 7" -
S 2001 - 3 g 200 b -
Q : ______ -!Lﬁw U U -
O.‘ ------ o . e . . | . " 0=—_-.—"~. LR RIS . | h l L (] WTTICIITI AR S E

5400 5600 5800 6000 5400 5600 5800 6000 5400
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; f [Er— BN - Artr™) = (53 %04 +0.5 % 0.5(norm)) X 10 -
> 5o — ke B(N) - AK*77) = (4.6 £0.2 + 0.4 £ 0.5(norm)) x 107° Conﬁrmed
% T £b5K<<z>> BN - AKYK™) = (10.7 0.3 = 0.4 + 1.1(norm)) x 1076 [Contirmed
2 o ¥ | amam, S RBE) - Arta) = (11.0 £ 2.6 £ 1.4 £ 3.8(norm)) x 107
O V] AT i, (=0 AK2%) = (104 £ 1.4 £ 1.2 %+ 3.5(norm)) X 1076

5400 5800 6000
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Study of AO and ._‘2 decays to AhTh ™ final states

p—k
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Study of AO and ._‘2 decays to AhTh ™ final states
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Study of Ag and Eg decays to AhTh ™ final states

|LHCb-PAPER-2024-043], in preparation
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Study of A} and E) decays to Ah™h™ final states

~ T T T T " T 1 B T r— + ' 1 T T T 1 T ] . .
L oof LHCb Preliminary - Lok ) LHCb Preliminary - |LHCb-PAPER-2024-043], in preparation
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Study of A} and E) decays to Ah™h™ final states

T T T T |LHCb-PAPER-2024-043], in preparation
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o First evidence of direct CP violation in baryon

decays (3.10)
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Study of AO and ._‘2 decays to AhTh ™ final states

SR LHCb Preliminary ] 2 500 ) LHCD Prehmmary—_ |LHCb-PAPER-2024-043], in preparation
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Conclusions

* LHCD is catching up with searches for baryonic

CPV
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* Huge increase in sample size expected for Run 3
with higher hadronic selection efficiencies — stay
tuned!
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Measurement of CP asymmetries with Ag — ph~ decays

A. Villa

|LHCb-PAPER-2024-048], in preparation

Run 1

Run 2

N — pK~  A)— pr

N — pK~  A)— pr

Fit model 0.05 0.15 0.05 0.15
Particle identification 0.25 0.25 0.15 0.16
TIS trigger 0.12 0.11 0.04 0.04
TOS hardware trigger 0.20 0.21 0.10 0.10
TOS software trigger 0.33 0.32 0.20 0.20
Proton detection 0.10 0.10 0.04 0.04
Kaon detection 0.25 - 0.10 0.03
Pion detection - 0.10 0.04 0.04

A production 0.12 0.13 - -
Control sample size - - 0.28 0.28
Total systematic 0.97 0.53 0.41 0.42
Statistical 1.55 1.86 0.75 0.93

Search for CPV in charmless decays of beauty baryons at LHCb



Study of Ag and Eg decays to AhTh ™ final states

* Branching fractions:

|LHCb-PAPER-2024-043], in preparation

o CP asymmetries

A. Villa

Channel PhSp Fit Veto PID Control Eff. Total.
/12 — AnTx— 0.091 0.049 0.007 0.005 0.042 0.017 0.113
A) — AKTx—  0.076 0.026 0.009 0.001 0.034 0.015 0.089
A) — AKTK~ 0.026 0.020 0.005 0.004 0.018 0.014 0.041
Eg — Axt7— 0.112 0.110 0.021 0.004 0.056 0.018 0.168
Eg — AK~7* 0.102 0.076 0.003 0.002 0.029 0.014 0.131
=) - AKTK~ 0.100 0.992 0.504 0.001 0.024 0.021 1.117
Channel Fit  Shape Correction Control Veto Total
A) — Axrtx—  0.007 0.005 0.009 0.013 0.004 0.018
A) — AK 7~ 0.011 0.005 0.010 0.013 0.002 0.021
A) — AKTK~ 0.003 0.002 0.009 0.013 0.002 0.016
=) — AK 7~ 0.022  0.009 0.043 0.013 0.006 0.051

Search for CPV in charmless decays of beauty baryons at LHCb



