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Research logic
Why CP violation in charmed baryon?

SU(3) flavor symmetry (IRA and TDA)

Global analysis for real and complex form factors

Observable CPV in channels

4/22

sunjin0810@ibs.re.kr

ACP(Bc → BM ) =
Γ(Bc → BM ) − Γ(B̄c → B̄M̄ )
Γ(Bc → BM ) + Γ(B̄c → B̄M̄ )

What can  current  data do?
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Why CP violation

1. Explain the matter-antimatter asymmetry

     Sakharov condition   

2. Search for BSM new physics

    NP models with CPV source?

3.Besides meson systems, baryon sector?

    Only K/D/B meson?

4.CPV in b-baryon sector is observed at LHCb

    Charm-baryon?

nB/s ∼ 8.8 × 10−11

Analyze the CPV in charmed baryons 



Experimental search
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Theory research
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Some others…. 
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SU(3) flavor symmetry

1. Extension of isospin symmetry    



2.No dynamics to relate process

u, d → u, d, s

1. Symmetry breaking by mass

2.Need more data to analyze

Advantages 

Disadvantages 
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What can SU(3) do ??
1.Without data

 Obtain symmetry relation, derive the channel with larger Br

  

2. few data

    predict some unobserved channels by symmetry relation


3.More data—(we are at now)

 determine SU(3) amplitude and predict Br of all types channels


4.Enough data

    determine strong phase and then predict CPV



2

3

4

Introduction

Conclusion

1

Charmed baryon two-body decay

CP violation



Charmed baryon decay 
Decay amplitudes sunjin0810@ibs.re.kr
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IRA TDA
SU(3) singlet amplitude

1. triplet quark, anti-triplet anti-quark

2. 2 quarks composed as triplet and sextet

Upper index: (anti)quark annihilation (creation)

Lower index: (anti)quark creation (annihilation)
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Topological diagrammatic approach(TDA) 

Irreducible representation amplitude(IRA) 

7 diagram for 19 amplitude

9 amplitudes

Hij
k → 3 ⊗ 3̄ ⊗ 3 = 3 ⊕ 3 ⊕ 6̄ ⊕ 15

Charmed baryon decay 

Dismatch??



Charmed baryon decay 
Equivalence sunjin0810@ibs.re.kr

13/22

IRATDA

TDA is very intuitive, 

IRA gives independent amplitudes
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Global fits
1. Real form factors

37experimental data
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Exclude the red parts

α(Λ+
c → Ξ0K+) = 0.957 ± 0.018

Br(Ξ0
c → Ξ0π0) = (0.152 ± 0.048) %

χ2/dof = 1.58

How to explain?
Strong Phases? 
Penguin diagram?
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 Each corresponds to more than one 
TDA decay amplitudes 

ℳT1
= ℳT2

, ℳT4
= ℳT5
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fb = fT1
− fT2

,

gc = − g18 − gT7

gb = gT1
− gT2
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fb = fSb + fPbeiϕPNew form factor

CP violation

ACP ∼ 10−3

Share same SU(3) amplitudes −sin θ(c6 − c15 + d6 + e15)

Source: symmetry breaking, penguin, FSR, NP

fPb ≠ 0



CPV
sunjin0810@ibs.re.kr

19/22

Penguin contribution

Both O1,2 and penguin operators contribute to H3. 

Analyze the contribution without distinguish source

c → udd̄ /ss̄

λb ∼ O(10−4) ≪ λd,s

Need enough data to determine CP violation

Oq1q̄2q3
1 = (q̄1αcβ)V−A(q̄3βq2α)V−A Ouq̄q

3,5 = (ūαcα)V−A ∑
q=u,d,s

(q̄βqβ)V∓A

λ = V*cqVuq′￼

λb = V*cbVub

λbFP ∼ 0.01
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Conclusion

1. SU(3) flavor symmetry proves valuable for 
analyzing charmed baryon two-body decays in 
light of current experimental data.


2. The global fit shows that charmed baryon two 
body decays may have large CPV


3.  Both strong phase and penguin operator can 
explain the data

sunjin0810@ibs.re.kr
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Thanks!

谢谢



Charmed baryon decay 
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Charmed baryon

ϕ = (39.3 ± 1.0)∘

Baryon octant Meson octant

Physical meson

Contract all index to construct SU(3) invariant amplitudes 

Hamiltonian 3 ⊗ 3̄ ⊗ 3 = 3 ⊕ 3 ⊕ 6̄ ⊕ 15
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Observables
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Branching ratio Polarization asymmetry

Each amplitude is expressed by parity-violating and conserving form factors

f a = f a
6 − f a

15, ga = ga
6 − ga

15, f a′￼= f a
6 + f a

15, ga′￼= ga
6 + ga

15

amplitudes appear in terms of the  combination a6 ± a15
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Fits for new factors

Non-zero fP may introduce observable CP violation



Outlook
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Compare with new data, the penguin 

diagram analysis is more reasonable

JHEP08(2025)195

(1.10 ± 0.35) %
(0.71 ± 0.12) %
(0.078 ± 0.015) %

Penguin diagram Strong phase
(0.65 ± 0.27) %
(2.02 ± 0.32) %
(0.168 ± 0.018) %

Data
Br(Ξ+

c → Σ+K0
S)

Br(Ξ+
c → Ξ0π+)

Br(Ξ+
c → Ξ0K+)


