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CPV of Λ𝑏 → 𝑝𝑀

Discussions of 𝐵 → 𝓑𝑐
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Summary



Why baryon physics

➢ CP violation for Universal evolution

• Sakharov conditions for Baryogenesis:

• CPV relates to most of parameters of SM, is helpful to test SM and search NP;

• CPV has been established for K, B and D meson decays, CKM mechanism has been 
established for CPV in B meson decays;

• The visible universe is mainly made of baryons. It is of great significance to search for 
baryon CPV！

baryon number violation C and CP violation out of thermal equilibrium

2025/4/25 Studies of baryonic b decay in PQCD 3/24



Opportunities

➢ Hyperon CPV:

➢ charm baryon CPV:

➢ beauty hadron ∼ 10% due to large weak phase difference

➢ Precision of b-baryon CPV measurement reached of order 1%

➢ LHCb is a baryon factory !

➢ non-zero polarization, more observables

𝐴𝐶𝑃
𝛼 Λ → 𝑝𝜋− = 0.0025 ± 0.0048 [BESIII,2022]       v.s.     𝒪 10−5 ∼ 10−4  [theory]

A𝐶𝑃 Λc → 𝑝𝐾+𝐾−/𝑝𝜋+𝜋− = 0.003 ± 0.0091 ± 0.0061[LHCb,2018]     v.s.  𝒪 10−3  [theory]

𝐴𝐶𝑃 𝐵0 → 𝐾+𝜋− = −8.34 ± 0.32 % 𝐴𝐶𝑃 𝐵𝑠
0 → 𝐾−𝜋+ = 22.4 ± 1.2 % [PDG2022]

𝑁Λ𝑏

𝑁𝐵
0,− ∼ 0.5 𝑁Λ𝑏

∼ 1012 [LHCb,2012]

𝐴𝐶𝑃 Λ𝑏 → 𝑝𝜋− = 0.2 ± 0.8 ± 0.4 %

𝐴𝐶𝑃 Λ𝑏 → 𝑝𝐾− = −1.1 ± 0.7 ± 0.4 % [LHCb,2018,2024]

𝐴𝐶𝑃 Λ𝑏 → 𝑝𝐾−𝜋+𝜋− = 2.45 ± 0.46 ± 0.10 % 5.2𝜎 [LHCb,2025]
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Challenges

➢ why CPVs of Λ𝑏 → 𝑝𝜋, 𝑝𝐾 are small ?

➢ QCD dynamics for baryon are different

• non-zero spin/polarization

• one more energetic quark, one more hard gluon

• power counting of baryon is different from meson

➢ QCD studies on baryon are listed

• GFA (Hsiao,Yao,Geng,2017; Liu,Geng,2021)

• QCDF (Zhu,Ke,Wei,2016,2018)

• PQCD (Lü,Wang,Zou,Ali,Kramer,2009; Zhou,et.al.,2022~2023)

• quark model(Geng,Liu,Tsai,et.al.,2019~2022)

• Light-cone Sum rule (Jiang,Cheng,Khodjamirian,Yu, in progress)

Exp.
GFA

(Hsiao,Yao,Geng,

2017)

QCDF

(Zhu,Ke,Wei,

2018)

PQCD(hybrid)

(Lü,Wang,et.al.,

2009)

LFQM

(Geng,Liu,Tsai,

2021)

LCSR

(Jiang,et.al.,

2022)

𝐴𝐶𝑃 Λ𝑏 → 𝑝𝜋− % 0.20 ± 0.89 −3.9 ± 0.4 −3.4 ± 0.4 −31−1
+42 −3.6 ± 0.20 −1.8

𝐴𝐶𝑃 Λ𝑏 → 𝑝𝐾− % −1.1 ± 0.81 6.7 ± 0.4 10.1 ± 2.0 −5−5
+26 6.36 ± 0.28 −0.1
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➢ Collinear factorization, transverse momentum 𝑘𝑇 is ignored

• endpoint singularity,  
1

𝑥𝑖 1−𝑥𝑗 𝑄2

𝑥𝑖,𝑗→0,1
∞

➢ PQCD approach, based on 𝑘𝑇 factorization, retain transverse momentum 𝑘𝑇

• propagators ∼
1

𝑥𝑖 1−𝑥𝑗 𝑄2+ 𝑘𝑖𝑇
2

• After resummation, Sudakov factors to suppress contribution from small 𝑘𝑇

PQCD approach

[Sterman,Hsiang-nan Li,1995~2000]

➢ PQCD has successfully predicted B meson CPV

𝐶𝜋𝜋 𝐵 → 𝜋+𝜋− % 𝐴𝐶𝑃 𝐵 → 𝐾+𝜋− %

∼ −40 [Lü,Ukai,Yang,2000] ∼ −18 [Keum,Li,Sanda,2000]

−30 ± 25 ± 4 [BaBar,2002] −19 ± 10 ± 3 [BaBar,2001]

−12.8−3.29
+3.48

 [Chai,Cheng,Ju,Yan, Lü,Xiao,2022] −5.43−2.34
+2.25

 [Chai,Cheng,Ju,Yan, Lü,Xiao,2022]

−31.4 ± 3 [PDG] −8.31 ± 0.31 [PDG]

2025/4/25 Studies of baryonic b decay in PQCD 6/24



Topological diagrams of two-body decays
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Explain CPVs of Λ𝑏 → 𝑝𝜋−, 𝑝𝐾− in PQCD

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

Tree Penguin

S wave

P wave

𝑤𝑒𝑖𝑔ℎ𝑡𝑠
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Signs between S- and P-wave

➢ PQCD approach

➢ Signs of S- and P-wave depend on interaction and wave functions
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➢ The above crude argument needs to be justified by comprehensive QCD calculations

Partial wave amplitudes of Λ𝑏 → 𝑝𝜋−, 𝑝𝐾− in PQCD
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CPV of Λ𝑏 → 𝑝𝜋−, 𝑝𝐾−
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Quark loop: complex Wilson 

coefficients.
[A.Ali, G.Kramer, C.D.Lü]
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Predict CPVs of Λ𝑏 → 𝑝𝜌−, 𝑝𝐾∗−

Invariant

amplitudes

Partial wave

amplitudes

Helicity

amplitudes

[Koener,Kramer,1992]

[Cheng,1996]
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𝜃𝐾 ∼ 30°/60°

Predict CPVs of Λ𝑏 → 𝑝𝑎1, 𝑝𝐾1 1270 , 𝑝𝐾1(1400)

2025/4/25 Studies of baryonic b decay in PQCD 15/24



• The angle distribution for Λ𝑏 → 𝑝𝐴 → 𝑝ℎ1ℎ2ℎ3 :

• up-down asymmetry :

Results of Λ𝑏 → 𝑝𝑎1, 𝑝𝐾1

[J.P.Wang,Q.Qin,F.S.Yu,2024]
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Summary

large partial-wave CPVs, 

but cancelled

large partial-wave CPVs, 

but not dominate
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Discussions of 𝐵 → 𝓑𝑐
ഥ𝓑𝑐

′

BASED ON JHEP 12 (2024) 159
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➢ The hard amplitude involves eight external on shell quarks, four 

of which correspond to the four-fermion operators and four of 

which are the spectator quarks in the final states.

➢ The hard kernels start at 𝛼𝑠
2 in the PQCD approach.

➢ Hadronic LCDAs are the necessary inputs in PQCD calculations.

𝑀 ∝ 𝜓B ⊗ 𝐻 ⊗ 𝜓𝐵𝑐
⊗ 𝜓𝐵𝑐
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Invariant amplitudes

➢ The subleading contributions can reach as much as (30−70)% of leading ones.

➢ The interference patterns for C and E amplitudes differ, with the former being 

constructive and the latter destructive.

➢ The inclusion of subleading correction can obviously enhance or reduce the total 

amplitudes.

Numerical results

➢ B-meson LCDAs: [Phys. Rev. D 74 (2006) 014027]
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• The contributions of the twist-4-twist-4 combination are less than the dominant twist-

3-twist-3 combination, indicating the reliability of twist expansion of the baryon 

LCDAs.
2025/4/25 Studies of baryonic b decay in PQCD 21/24

➢ Magnitude of amplitude(GeV) from various twist combinations of the baryon and antibaryon 

LCDAs.



➢ Theoretical uncertainties: B meson LCDAs, charmed baryon LCDAs, 

the scale dependence, and the Sudakov resummation.

➢ The branching ratios suffer large theoretical uncertainties from the 

nonperturbative hadronic parameters.

➢ The PQCD predictions for the first two modes agree with the SU(3) 

and PDG data, while those of the last two modes reach half of the 

measured upper limits.

Branching ratios

Mode PQCD SU(3) Data

𝐵− → Ξ𝑐
0Λ𝑐

− 9.5−2.3−3.5−1.4−1.1
+3.0+2.6+1.7+1.2 × 10−4 7.8−2.0

+2.3 × 10−4 (9.5 ± 2.3) × 10−4

𝐵0 → Ξ𝑐
+Λ𝑐

− 8.8−2.1−3.1−1.2−1.0
+2.7+2.6+1.5+1.1 × 10−4 7.2−1.9

+2.1 × 10−4 (12 ± 8) × 10−4

ത𝐵𝑠
0 → Λ𝑐

+Λ𝑐
− 4.0−0.3−0.1−0.7−0.8

+0.7+0.2+0.9+1.0 × 10−5 8.1−1.5
+1.7 × 10−5 < 9.9 × 10−5

𝐵0 → Λ𝑐
+Λ𝑐

− 8.8−2.8−3.6−0.9−0.6
+4.4+3.5+1.1+1.0 × 10−6 2.1−0.8

+1.0 × 10−5 < 1.6 × 10−5
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➢ The most important source of the theoretical errors is the charmed baryon LCDAs.

➢ FSIs gives 𝛾( ത𝐵𝑠
0 → Λ𝑐

+Λ𝑐
−) > 0.8 by considering the LD contributions.(arXiv:2409.11374)

➢ Future experiments will tell us whether this process is dominated by the SD or LD 

contributions.

Asymmetry parameters

2025/4/25 Studies of baryonic b decay in PQCD 23/24



Conclusion

First full QCD analysis of b-baryon decays and two-body doubly charmed baryonic 
B decays 

Find cancellation of partial wave CPVs

Half-integer spin of baryon, different partial wave amplitudes, different dynamics

Small direct CPVs of Λ𝑏 → 𝑝𝜋, 𝑝𝐾 are well explained

Our PQCD calculation have No conflict with known measurements

Large CPV observables are proposed and predicted
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Backup
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chiral factors 𝑅1 ≈ 𝑅2
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Pion twist2 proton

twist3 twist4 twist5 twist6

Λ𝑏 twist2 + - + -

Λ𝑏 twist3 - + - +

Λ𝑏 twist4 + - + -

Pion twist3 proton

twist3 twist4 twist5 twist6

Λ𝑏 twist2 - + - +

Λ𝑏 twist3 + - + -

Λ𝑏 twist4 - + - +

Signs between S- and P-wave hard kernels

“+” means S- and P-wave have same signs

“-” means S- and P-wave have opposite signs
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Λ𝑏 → 𝑝 form factors [J.J.Han,Y.Li,Y.L.Shen,H.n.Li,Z.J.Xiao,F.S.Yu, 

Eur.Phys.J.C 82(2022)8,686]

Λ𝑏

[P.Ball, V.M.Braun, E.Gardi, 2008]

[G.Bell, T.Feldmann, Y.M.Wang, M.W.Y.Yip, 2013]

[Y.M.Wang, Y.L.Shen, 2016]
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Λ𝑏 → 𝑝 form factors [J.J.Han,Y.Li,Y.L.Shen,H.n.Li,Z.J.Xiao,F.S.Yu, 

Eur.Phys.J.C 82(2022)8,686]

proton

[V.Braun, R.J.Fries, N.Mahnke, E.Stein, 2000]
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