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OUTLINE

• Introduction  

• Topological diagrams 

• Final-state rescattering 

• CP violation 

• Summary  
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CP VIOLATION IN BOTTOMED BARYON
• A new milestone in direct CP violation of baryons.

The  first-ever observation of CP violation in baryon decays!



CHARM CP VIOLATION
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• Charm CP violation provides an additional window to explore fundamental physics. 

• Charmed meson CP violation has been understood. 

• Charmed baryon CP violation: a new frontier.

naively expected to be 

H.Y. Cheng, C.W. Chiang, PRD 86, 014014 (2012)

ΔACP ∼ 10−4

Hai-Yang Cheng’s talk



CP VIOLATION IN CHARMED BARYON

SCS process: A = λdAd + λsAs

strong phase

 is expectable𝒪(10−3)

Now is the time to theoretically explore charmed baryon CPV!

• Naive expectation 

• Sizable strong phase observed:
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OBSERVABLES        
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UNDERLYING DYNAMICS: TOPOLOGICAL DIAGRAMS

• Charm system: challenging and charming 

• Topological diagrams provide a way to underlying dynamics
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TOPOLOGICAL DIAGRAM @ TREE
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H. L. Zhong, FX, H.Y. Cheng, PRD 109 (2024), 114027; 2401.15926

Weak interaction

• reduce independent diagrams to 7 

• further reduction to 5 by redefinition

(KPW theorem)



TOPOLOGICAL DIAGRAM @ PENGUIN
H.Y. Cheng, FX, H. L. Zhong, PRD 111 (2025), 034011

Similar to tree diagrams

contribute to CPV 



EQUIVALENCE BETWEEN TDA & IRA
• TDA 

• IRA

C.Q. Geng, X.G. He, X.N. Jin, C.W. Liu and C. Yang, PRD 109, L071302

X.G. He, C.W. Liu, Sci. Bull. 70 (2025) 2598

H.Y. Cheng, FX, H. L. Zhong, PRD 111 (2025), 034011; 2505.07150

X.G. He, Y. J. Shi and W. Wang, EPJC 80 (2020), 359



FINAL-STATE RESCATTERING

s-channel

t-channel

u-channel

H.Y. Cheng, FX, H.L. Zhong, PRD 112 (2025) 5, 054022tensor coupling dominated
T.M. Aliev et. al., PRD 80 (2009), 016010

C. P. Jia et. al., JHEP 11, 072 (2024)

Non-factorizable contribution: FSR

Factorizable contribution:

1. LCSR indicates  tensor coupling one order of magnitude larger

2. Realistic calculation in  implies two traces are of the same orderBc → BV

X.G. He, C.W. Liu, Sci. Bull. 70 (2025) 2598



MATCHING FSR & IRA (TDA)

AFSR = AIRA AFSR = ATDA
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T.M. Aliev et. al., PRD 80 (2009), 016010

X.G. He, C.W. Liu, Sci. Bull. 70 (2025) 2598



FIT STRATEGY
• Experimental inputs: 44 BFs and Lee-Yang parameters (updated to 2025/03) 

• To fit 19 parameters corresponding to 5 sets of parameters  tree level 
topological diagrams 

• To extract 5 sets of FSR parameters ( ) and penguin coefficients F+, F−, S−, T−, U−

Belle and Belle-II, JHEP08 (2025) 195;2503.17643
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INPUTS



FITTED PARAMETERS
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fit directly

‣  is not negligible 

‣  is not negligible: compensated by large   

‣  is not negligible: hairpin is contained.

S−

U− ρ+

b̃1



PREDICTION 1: CPV
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 Large CPV  modes: promising to be measured in STCF

 STCF is capable of making judgements 

He-Liu  ‘24

Yang-He-Liu  ‘25

H.Y. Cheng, FX, H.L. Zhong, PRD 112 (2025) 5, 054022



PREDICTION 1: CPV
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 Large CPV  modes: promising to be measured in STCF

‣ The large CPV modes containing one of the neutral 
pseudo- scalar, , some of which indicate a 
significant role of  hairpin diagram .

π0, η, η′￼

Eh

 U-spin symmetry relation also observed as:

X.G. He, Y.J. Shi, W. Wang, 
EPJC 80 (2020), 359

D. Wang, EPJC 79 (2020), 429



PREDICTION II: STRONG PHASE
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(1) two sets for amplitudes

(2) ambiguity in sign of phase-shift 
: relative size of partial wavesγ

: relative sign of phase-shiftβ

only had BF and  in 2024/01, could not solve the problems!α

BESIII, PRL 132 (2024), 031801 
2309.02744

H. L. Zhong, FX, H.Y. Cheng, PRD 109 (2024), 114027; 2401.15926
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(1) two sets for amplitudes

(2) sign ambiguity of phase-shift 

LHCb, PRL 133 (2024), 261804 
2409.02759

Fit 10/2024

solution selected

PREDICTION II: STRONG PHASE

H.Y. Cheng, FX, H. L. Zhong, PRD 111 (2025), 034011



SUMMARY

• TDA & IRA both work for CPV of charmed baryons. 

• FSR  channels are calculated. 

• FSR plays a role to connect tree and penguin parameters in TDA. 

• CPV of about 30 channels are calculated, 4 of them found to have large CPV of 
: . 

• The sign ambiguity of  reported in BESIII has been clarified by recent 
precise measurement provided by LHCb.

u, s, t

𝒪(10−3) Λc → pπ0, Λc → pη, Ξ0
c → Σ0η, Ξ+

c → Σ+η

β, γ
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Backup



AN EXAMPLE: S-CHANNEL CALCULATION
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