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CP violation
•Particle physics: study symmetries and symmetry breakings.

•Charge-Parity symmetry violation (CPV) is the key problem 
of flavor physics,

See the logo of LHCb and Peilian’s talk on LHCb review.

•Belle and BABAR observed direct CPV in 2004, 

=> KM mechanism wan the Nobel Prize in 2008.

•Workshops of flavor physics: FPCP, CKM, HFCPV.

•The only one phase in the 18 SM parameters.
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History of CP violation

•1956, Parity violation in weak interaction

•1964, Observation of CP violation in Kaon

•1973, Kobayashi-Maskawa mechanism

•2004, Observation of direct CPV in B meson

•2019, Observation of direct CPV in D meson
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•CPV of baryon? Never established! Why? What? When?



CP violation in baryons

•Sakharov conditions for matter-antimatter asymmetry 
of the Universe:  
1) baryon number violation 
2) C and CP violation 
3) out of thermal equilibrium 

•CPV:   SM < BAU.  => new source of CPV, NP   

•The visible universe is mainly made of baryons.  

• It is of great significance to search for baryon CPV.
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To be or not to be:  
Whether CPV of baryon is from SM?
•Not sure until observation !
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•1865, Maxwell electromagnetic (EM) theory

•1887, Herz successfully observed EM waves

•1887, Michelson-Morley failed to find the Ether 

•Precise test of the SM is important, in particular 
when something is not established. 

•Theoretical prediction and experimental searches
First American winner

 of Nobel Prize



New horizon
•Observation of gravitational waves 

  => not only confirm the General Relativity,

  => but also open the Multi-messenger era of

       cosmology.
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•Meson -> Baryon : More is different.

•New QCD dynamics: exclusive baryon.

•New challenges and opportunities. 
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Puzzle & Opportunities
•LHCb is a baryon factory !! 
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Puzzle & Opportunities
•LHCb is a baryon factory !! 

•Precision of baryon CPV measurements has reached the order 1% [LHCb, ’18]

ACP(Λ0
b → pπ−) = (−3.5 ± 1.7 ± 2.0) % , ACP(Λ0

b → pK−) = (−2.0 ± 1.3 ± 1.0) %

•CPV in some B-meson decays are as large as 10%: 

ACP(B0 → π+π−) = (31.1 ± 3.0) % , ACP(B0 → π+K−) = (8.36 ± 0.32) %

•It can be expected that CPV in b-baryons might be observed soon !!
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•Puzzle: why not yet observed for baryon CPV? What difference of dynamics?



Different dynamics of baryon decays 
•Baryons are very different from mesons!! 

‣Non-zero spin, more information from polarizations and partial waves


‣Three valence quarks, need at least two hard gluons


•SCET: leading-power is one order of magnitude smaller than the total one


•Leading power:     [W.Wang, 2011]


•Total form factor:         [Y.L.Shen, Y.M.Wang, 2016] 

ξΛ(0) = − 0.012

ξΛ(0) = 0.18
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•In 2009, form factors are two orders smaller than LatticeQCD/experiments, 
considering only the leading twist of LCDAs [C.D.Lu, Y.M.Wang, et al, 2009]


•In 2022, when consider high-twist LCDAs, results are consistent with LatticeQCD. 
[J.J.Han, Y.Li, H.n.Li, Y.L.Shen, Z.J.Xiao, FSY, 2022]


•In 2024, it can be understood why CPV of b-baryon decays is so small by PQCD 
[J.X.Yu, J.J.Han, Y.Li, H.n.Li, Z.J.Xiao, FSY, 2024]
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 decays in PQCDΛb

Aexp
CP (Λ0

b → pπ−) = (−3.5 ± 1.7 ± 2.0) % , Aexp
CP (Λ0

b → pK−) = (−2.0 ± 1.3 ± 1.0) %

Ath
CP(Λ0

b → pπ−) = (4.1+0.8+1.2+1.2
−0.3−0.7−0.8) % , Ath

CP(Λ0
b → pK−) = (−5.8+1.2+1.4+1.3

−0.2−3.7−1.2) %



CPV cancelled between S- and P-waves
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ūp⋯(1 − γ5)uΛb
qμ ūpγμ(1 − γ5)uΛb

→ mΛb
ūp(1 + γ5)uΛb

penguin: tree:

Λb → pπ− : AS
CP = 15 % , AP

CP = − 7 % , Atot
CP = (4.1+0.8+1.2+1.2

−0.3−0.7−0.8) %

•CPV of S- and P-waves are as large as B mesons, but cancelled with each other.
•Baryons have spinors and Dirac structures, and thus partial waves. 

ℳ = ūp ( S + P γ5 ) uΛb



Multi-body decays
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•More resonances, more partial waves, thus more chances.

•  evidence in  [LHCb, 2016]. But not observation until now. 

•Total CPV of multi-body decays are usually , due to the CPT 
theorem and thus identical lifetimes of particle and anti-particle. 

•But regional CPV could be very large.

3σ Λb → pπππ
≤ 10 %

B+ → π+π−π+

• S- & P-wave 
interference,

 f0(500) − ρ(770)

•Dynamics is important. Search for 
large regional CPV
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Multi-body decays of Λb
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•For first observation of baryon CPV, it must be multi-body decays of .

•Advantage: more resonances, more chances for large CPV

•Disadvantage: Too many resonances, and with large uncertainties

Λb

•Close to each other, with large decay widths. No clear dominant one. 
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•  usually from  scatterings

•Data from SAID program
N* Nπ

https://gwdac.phys.gwu.edu/

•Partial-wave amplitudes with strong phases!

 scatteringsNπ
Nπ → Nπ

•Data driven, model independent. Skip resonances, more precise strong phases. 
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CPV from  scatteringsNπ

•Short-distance 
weak decays

•Long-distance 
 scatteringsNπ

•Tree:

•Penguin:

•weak phase •strong phase J.P.Wang, FSY, 2407.04110
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CPV from  scatteringsNπ

• Different chirality

➡ different helicity

➡ different partial waves

➡ PWA interference

➡ difference of strong phases

➡ CPV•Short-distance 

weak decays
•Long-distance 

 scatteringsNπ

•Tree:

•Penguin:

•weak phase •strong phase J.P.Wang, FSY, 2407.04110
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CPV from  scatteringsNπ

(Nπ → Nπ) : Λ0
b → (pπ0)π−, (pπ0)K−

(Nπ → ΛK̄) : Λ0
b → (Λ0K+)π−, (Λ0K+)K−

(Nπ → pππ) : Λ0
b → (pπ+π−)π−, (pπ+π−)K−

•Suggestions: processes

•Currently, only consider  and  to show the results


•  and full analysis of  will be done in the near future

Nπ → pπ0 Nπ → Δ++π−

Nπ → ΛK̄ Nπ → pπ+π−
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•All information are in the Dalitz plots

•In some regions, the local CPV could 
reach 20% or even 30%.

Dalitz CPV from 
  scatteringsNπ

J.P.Wang, FSY, 2407.04110



Global CPV from  scatteringsNπ
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J.P.Wang, FSY, 2407.04110



CPV of Legendre moments
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ℒn = (1, − 0.10,0.20, − 0.05,0.009,0.05)

Λ0
b → (pπ0)K− :

Λ0
b → (Δ++π−)K− :

(1, − 0.4,0.4, − 0.5, − 0.03, − 0.12, − 0.005)



Summary and outlook
• Baryon CPV is a new horizon of 
heavy flavor physics.

• We propose a new CPV mechanism 
from  scatterings

• Large CPV could be observed soon. 

•  scatterings can be used in 
amplitude analysis. 

Nπ

Nπ
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China

Thank you!
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CPV from  scatteringsNπ

•Short-distance 
weak decays

•Long-distance 
 scatteringsNπ

•Tree:

•Penguin:

•weak phase •strong phase
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CPV from  scatteringNπ → Nπ

tree

penguin


