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Prediction of baryon CPV

Summary




» CPV relates to parameters in SM, is helpful to search NP indirectly.

d W= b
t t
electron positron
b wt d

CP: EBfart4e+ FFRES

» Three conditions for Matter-antimatter asymmetry: [Sakharov JETP Lett.(1967)]
 Interaction to violate baryon number;
e C and CP violation;
* Deviate thermal equilibrium
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Observation of baryon CP violation
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Puzzle of b-baryon CPV

» Why baryon two-body CPV small?

Acp(Ap > p~) = (0.20+ 0.83+0.37)% » LHCb,2024
Acp(Ap = pK™) = (—=1.14 + 0.67 + 0.36)%
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Ay - pn—,pK™

» Baryons have half-integer spin, and thus two partial wave amplitudes.

ANy = pr™,pK™) = iUy (S + Pys)ug,

['(Ap—>ph~)-T(Ap—pht)

~ T(Ap—ph~)+T(Ap—ph+)
_ ME(ISI2-1SI?)+M2|P|*—|P|?
~ M2(|S|2+|5]2)+M2|P|2+|P|?

Adlr —

IPI2
S Acp MZ Agp
— S -
21+A 1+Ac
|S|2+Z; ]C3P| |2 S |S|2+ 2|P|2
+1+4cp 1+4cp T
IS 4s |P|?
Agp + AL
AEENAE 1S|2+|P|2 “"CP
S _|S|2 1S]> —2rgsinA¢sinAdg s <
Acr =15E 118 = 1412 + 2rscosAeosAds Ads = 0p — 07 ,
=|P|2 |P|? B —2rpsinA¢psinAdp P p \rs
or T|PI2+|P2 1+ 7%+ 2rpcosAgcosAdp Adp = 5»p — 57— & _,L
partial-wave CPVs strong phase difference
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Topological diagrams
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Explain CPVsof Ay, —» pn~,pK~

» Baryons have half-integer spin, and thus two partial wave amplitudes.
A(Dp = pr~,pK™) = ity (S + Pys)u,,
Swave S =[\r|Sr|e?7 +()\’p|S’p|6i57SD
Pwave P =|\\r|Pr|e"T +8‘P|PP|€i6£

Tree Penguin

b ol ” ie )
(\ /) ~ YL =y, ~ L ysJun,

u & u
}d " d\

T Abs_wave = ngZW“"e — 675—Wave -
different by
d > d A6P—Wave = II;CTZWCW@ - 5£—Wave

U~ u,(1+ Vs)()’slfn)(}fAb)/s)ﬁp(l —ys)up, ~ Up(1 —ys)uy,
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CPVs in PQCD

» Strong phases need to be determined by QCD calculations
» Based on kq factorization, PQCD approach has successfully predicted B meson CPV

Co(B - i )% Acp(B - K*tn™)%

~ —40 [Lii,Ukai,Yang,2000] ~ —18 [Keum,Li,Sanda,2000]
—30 + 25 + 4 [BaBar,2002] —19 + 10 + 3 [BaBar,2001]
—12.8+3:28 [Chai,Cheng,Ju, Yan, Lii,Xia0,2022] —5.43%2-22 [Chai,Cheng,Ju, Yan, Lii, Xiao,2022]
—31.4 + 3 [PDG] —8.31 + 0.31 [PDG]

» Amplitudes are expressed as convolution of hard kernels and LCDAs
M = (p Ml Hef fI Ab) [Sterman,Hsiang-nan L1,1995~2000]
~ [ld*ky ) [d*ka)[d*ka, | ¥, ([ ], 1) e Chena], 0¥, ([, | 1) - Ci@H([Kp ), Teag], (K, ) 1)

1
- | Tae] btz ) [ 10205 (020 17KE, 10 (], 1) el 10, (e, ) )

- C;(WH ([xp, kp |, Dew, ki1, [%4,, k2, | 1)

» Free of end-point singularity
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Results of Ay = pmr™

TABLE V.

Invariant amplitudes of the A, — pz~ decay classified by topologies without the CKM matrix elements. in unit of 10~°

2026/7/15
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A, = pn~ N 55(°) Real(S) Imag(S) |P| 5f (%) Real(P) Imag(P)
T/ 707.17 0.00 707.17 0.00 1004.44 0.00 1004.44 0.00
™/ 51.72 -96.64 -5.98 -51.38 267.72 -97.92 -36.90 —265.17
T/ + 1 703.07 -4.19 701.19 -51.38 1003.22 -15.33 967.54 —265.17
G, 29.37 154.96 —26.61 12.43 41.51 179.80 —41.51 0.14
E, 66.94 —145.26 -55.01 —38.14 72.58 119.94 -36.23 62.89
B 10.40 112.64 -4.00 9.60 23.65 —-122.56 -12.73 —-19.93
Tree 619.26 —6.26 615.57 —-67.49 904.75 —-14.21 877.08 —222.06
pc{ 58.44 ' 0.00 Y 58.44 0.00 2.90 ( 0.00 Y 2.90 0.00
PC’I’f 1.24 —115.38 -0.53 -1.12 11.16 -95.25 -1.02 -11.11
pc| + pC’ 57.91 ~1.11 57.90 ~1.12 11.27 ~80.38 1.88 ~11.11
PC, 13.36 -116.10 -5.88 -12.00 14.93 71.96 4.62 14.20
PEY 9.48 —87.62 0.39 -9.47 8.83 114.44 —3.65 8.04
PB 1.36 -51.30 0.85 —1.06 1.55 —159.86 —1.46 -0.53
PE‘II + PE, 3.87 -98.18 -0.55 -3.83 1.41 —12.55 1.37 -0.31
Penguin 59.45 —27.54 52.71 —27.49 10.65 74.93 2.77 10.28
SIK &) FRARAL P& &) 3R ARAL




Results of baryon CPV

MZ 52
1S1° M2 171
AcClIiDr — gpwave 4+ + AP wave
2 S 2
Mi1+ Acp 1+ A M

AZh AT (ks) ACP™ (xp) Atp Acp Acp
Ay = pr” 0.05109%2 0.171005(49%) —0.06709%(51%) 0.021001 0.2270:%8 0.11799%
Ay, - pK~ —0.0613% —0.057093(94%) —0.215332(6%) 0.041293 —0.44700% 0.02192¢

A(é};) A.g‘;wave (KST) A(D+S -wave ( KD st ) Ag};wave (KPl ) Aggwave (KPz) AgP
Ay = pp~ 0.03750: 0.01750, (7%) 0.02750; (44%) 0.03%55 (45%) 0.177006 (4%) —0.0155%]
Ap = pK*= 0055010 —0.151032(6%) 0.27109(33%) —-0.237219(55%) |  —0.141002(6%) 0.021004

ir T_wave D+S)-w. -wavi -wave

A%P Agp"™ (k) A(CP+ ( Kp4st) Pl “(x Kp,) Ag} (kp,) AgP

Ay = pa7(1260) —0.0150%  —0.2270-19(6%) [ —0.117055(46%)  0.1870.5(40%) | —0.241077(8%) —0.249%

Ay = pK7(1270) (6 = 30°)  0.0973%  0.347002(8%) | —0.1110,2(42%)  0.197017(42%) | 0.33%0%4(8%)  0.2610%
Ay = pK7(1270) (6 = 60°)  0.0773%  0.4670%2(9%) \ 0.06705(37%)  —0.071090(45%) ) 0.4613%(9%)  0.4010%
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Predictions of large CPV in Ay, — paq, pKq

* The angle distribution for A, » pay » prn ntn™:

dl’
dcosf

e up-down asymmetry :

O R Re(STPy) cosé

['(cos® > 0) —I'(cosf < 0) T e
Aup = = P.
YP = T(cos@ > 0) + ['(cosb < 0) R Relprba)
vp _ Aup + Aup
Acp = -
Aup — Aup //,
[J.P.Wang,Q.Qin,F.S.Yu,2024]
A2
Ay — pay (1260)  —0.0955:07 7501 70701 001 —~0.2475:0376.070.06-0.06

Ay — pK (1270)(30°
Ay — pK 7 (1400)(30°
Ay — pK7 (1270)(60°
Ay — pK (1400)(60°

N’ N N NS

-0 19+0.03+0.02+0.01+0.01
*+“—-0.02-0.02—-0.01-0.02

—0 38+0.06+0.10+0.05+0.00
"9~ —0.06—0.09-0.07—-0.03

—0.94+0-04-0.04+0.01+0.00
+4%-0.02—0.03—0.02—0.03

-0 04—|—0.02+0.02+0.01+0.02
"Y' *—-0.01-0.05—-0.03—-0.01

0 26+0.02+0.03+0.01+0.00
=¥ —-0.03—-0.08—0.04—-0.04

0 72+0.05+0.13+0.07+0.05
*14—-0.05-0.23—-0.03—-0.12

0 40+0.02+0.03+0.02+0.01
**Y—-0.01—0.04—0.03—-0.07

—0 19+0.12+0.14+0.00+0.06
*+2—0.18—0.19—-0.20—-0.00
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[LHCb Nature(2025)]%...... the generally small CP
asymmetries in beauty-baryon decays imply that the
dynamics in baryon decays are more complicated than in
meson decays. For instance, the CP asymmetries for
various angular-momentum amplitudes of the same

> resonance may cancel 5o ...... ”
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[LHCb JHEP(2025)]“...... The vanishing CP asymmetry observed for the A) - pKm™ decay
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B — 7tx~ (PDG
B® - K*+x~(PDG
B = K~ (PDG
B - K~ K*(PDG
Ay — pr~ (LHCDb

Ay, = pr— (S wave
Ay — pr— (P wave
Ay, — pK~ (direct
Ay, — pK~ (S wave
Ay — pK~ (P wave)

)
)
)
)
)
Ay — pK~(LHCb)
)
)
)
)
)

a4 Ay — pr~(direct)

large partial-wave CPVs,
but may cancelled

<

/\
V

Ay — pay (1260)(UD)
Ay — pK{ (1270)(30°)(UD)
Ay, — pK{ (1270)(60°)(UD)

A |

large CPVs in angular
observables

¥ R ——

A

A Y

——]

—50%

> Jia-Jie Han, Ji-Xin Yu, Ya Li, Hsiang-nan Li, Jian-Peng Wang, Zhen-Jun Xiao, Fu-Sheng Yu, Physical Review Letters 134 (2025) 221801.

—30%

—10%

10%

30%

> Jia-Jie Han, Ji-Xin Yu, Ya Li, Hsiang-nan Li, Jian-Peng Wang, Zhen-Jun Xiao, Fu-Sheng Yu, Physical Review D 112 (2025) 053007.

50%

2026/7/15

CPV in b-baryon decays



