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Motivation

Ø Matter-antimatter asymmetry in universe

Ø Sakharov three requirements:
• baryon number violation
• C and CP violation
• Out of thermal equilibrium

Ø CP violation in K-, B-, D-meson have been confirmed by B-factories and LHCb.

Ø However, CPV in baryons is not found experimentally by now. Evidence was 
reported by LHCb

Predict CPV in b-baryon decay
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Ø Planck Collaboration (2016)

Ø Sakharov (1967)



Motivation

Ø Direct CPV requires two kinds of decay amplitudes with different weak phases
and different strong phases.

Ø Annihilation diagrams can be evaluated well in PQCD.

PQCD to predict CPV in B meson
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Direct CPV(%) FA BBNS PQCD exp.

𝐵 → 𝜋!𝜋" −5 ± 3 −6 ± 12 +30 ± 20 +32 ± 4
𝐵 → 𝐾!𝜋" +10 ± 3 +5 ± 9 −17 ± 5 −8.3 ± 0.4



Motivation

Ø W-exchange diagrams (E) *40

Ø Bow-tie diagrams (B) *40

Ø Penguin annihilation (P) *40

Ø There are many W-exchange/annihilation diagrams of Λ! two-body decay.

W-exchange/annihilation diagrams in Λ! → 𝑝𝜋
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Ø Cai-Dian Lu, Yu-Ming Wang, Hao zou (2009)



Motivation
Ø Current situation of PQCD calculation for Λ! decay:
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Ø [1] Nsiang-Nan Li, (1993), Sudakov suppression and the proton form factors

Ø [2] B.Kundu, Nsiang-Nan Li, et,al. (1999), The perturbative proton form-factor reexamined

Ø [3] H.H.Shih, S.C.Lee, Hsiang-Nan Li, (1998), The 𝚲𝐛 → 𝒑𝒍𝝂 decay in PQCD

Ø [4] Cai-Dian Lv, Yu-Ming Wang, Hao Zou, (2009), 𝚲𝐛 → 𝒑𝝅, 𝒑𝑲 decays in PQCD

LCSR[5] Lattice[6] PQCD[3] PQCD[4]

Form factor 
𝑓#(𝑞$ = 0)

0.14 ± 0.03 0.22 ± 0.08 2.3×10"% 2.2"&.(!&.)×10"%

[5] A.Khodjamirian, C.Klein, T.Mannel, Yu-Ming Wang (2011)
[6] W.Detmold, C.Lehner, S.Meinel (2015)



Motivation
Form factors of Λ! → 𝑝 in PQCD
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Ø Leading power is smaller than the results from sum rules.

Ø Including high twist light-cone distribution amplitudes.

Leading power 𝜉*(𝑞$ = 0) −0.012"&.&$%!&.&&+

Sum rules (Feldman, Yip, 2011) 0.38
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Framework

Ø Parameterization of this hadronic matrix

Ø Transition form factor can be expressed as the convolution of hadronic wave 
functions 𝜓",、𝜓# and the hard-scattering amplitude 𝑇$
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Framework
Diagrams for Λ! → 𝑝 under PQCD
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Λ$ wave function

Ø By using Bargmann-Wigner equation in the heavy quark limit

Ø General light-cone hadronic matrix element of Λ! baryon
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Ø F.Hussain, J.G.Korner, M.Kramer, G.Thompson (1991) & F.Schlumpf (1992)

Simplified Λ- LCDA

General Λ- LCDA

(Exponential model) (Free parton model)
Ø G.Bell, T.Feldmann, Yu-Ming Wang, M.W.Y.Yip (2013) Ø G.Bell, T.Feldmann, Yu-Ming Wang, M.W.Y.Yip (2013)



LCDAs of baryons
Proton wave function
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Ø V.M.Braun, R.J.Fries, N.Mahnke, E.Stein (2001)
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Form factors at q! = 0
Simplified Λ; wave function + general proton wave function
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General Λ! + general proton

Our results agree to PLB 708,119 (Wei Wang, 2012) 
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Ø R.Mohanta, A.K.Giri, M.P.Khanna (2001)
Ø Yu-Ming Wang, Yue-Long Shen, Cai-Dian Lu (2009)
Ø A.Khodjamirian, C.Klein, T.Mannel, Yu-Ming Wang (2011)

Ø Ming-Qiu Huang, Dao-Wei Wang (2004)

Ø Chao-Shang Huang, Cong-Feng Qiao, Hua-Gang Yan (1998)

Ø W.Detmold, C.Lehner, S.Meinel (2015)
Ø Cai-Dian Lu, Yu-Ming Wang, Hao zou (2009) & H.H.Shih, 

S.C.Lee, Hsiang-Nan Li, (1998)
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= ∫ 𝑑𝑥 𝑑𝑏 ⋅ 𝜙<) ⋅ 𝑇= ⋅ 𝜙>
Hard-scattering functions, 𝑟 = $"

%#$
, 𝑥&,(,): momentum fraction of Λ*, 𝑥&,(,)+ : momentum fraction of proton

Λ- Proton twist-4 Proton twist-5
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= ∫ 𝑑𝑥 𝑑𝑏 ⋅ 𝜙<) ⋅ 𝑇= ⋅ 𝜙>
Hard-scattering functions, 𝑟 = $"

%#$
, 𝑥&,(,): momentum fraction of Λ*, 𝑥&,(,)+ : momentum fraction of proton

Λ- Proton twist-5Proton twist-3
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= ∫ 𝑑𝑥 𝑑𝑏 ⋅ 𝜙<) ⋅ 𝑇= ⋅ 𝜙>
Hard-scattering functions, 𝑟 = $"

%#$
, 𝑥&,(,): momentum fraction of Λ*, 𝑥&,(,)+ : momentum fraction of proton

Λ- Λ-
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Observables
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Summary

Ø The PQCD approach can be used to calculate baryonic decay.

Ø Contributions from high twist LCDAs are dominant in Λ! → 𝑝 form factors.

Ø More researches of high-twist LCDAs of baryons are urgently needed

Ø Form factors in this work are consistent with that from other approaches.

Outlook:
Ø CPV in b-baryon two-body decay Λ! → 𝑝𝜋, 𝑝𝐾
Ø Including TMD LCDAs
Ø Improve PQCD Framework in baryonic decays
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