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Hyperons decays and their couplings to other particles contain a 
lot of information about weak interactions, P and CP violations.  
This talk will focuse on two subject related to hyperons

1. A new test of CP violation for Hyperon production

2. CP violation in two body weak decays of hyperons

3. Conclusions



1. A new test of CP violation for Hyperon production
a

    X-G He, J-P Ma, B. Mckellar, PRD 47(1993) 1744; X-G He and J-P Ma, PLB839(2023)137834
        Yong Du, X-G He, J-P Ma, X-Y Du, arXiv: 2405.09625 (PRD accepted)



Dipole moment contribution to HT

HT is flavor conserving CP violating. It is extremely small in the SM.

Beyond SM, it may be large. Consider now Λ edm contribution.

Excahnge a photon

We have



The EDM of a fundamental particle
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First fundamental particle EMD measurement: neutron EDM in 1950 by Purcell and 
Ramsey. Landau first pointed out that EDM violates P and T symmetry.

No measurement of a fundamental particle EDM, yet!
Current 90% C.L. limits on EDM:

Proton   |dp| < 2.1 x10-25 ecm,                    electron |de| <1.1 x10-29 ecm 

Neutron |dn| < 1.8 x10-26 ecm,                   muon  |dμ| <1.8 x10-19 ecm

Lambda |dΛ| < 1.5 x 10-16 ecm,                  tauon Re(dτ) -2.2  to 0.45 x10-17 ecm
Other hyperons, no measurements                    Im(dτ) -2.5  to 0.08 x10-17 ecm

Measrements of Hyperon EDM from                     is the value at q2 = mJ/ψ
2
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dJ induced by Z exchange in SM      e+ e- ->Z -> J/Ψ

      e+ e-  -> J/Ψ    Density matrix

     a, B1, B2 and Cij are functions of FV,A, Hσ, T





On-shell production of J/Ψ and observables 





P violating observable

CP violating observable



J/ψ to Octet baryon pairs B anti-B



Known data and sensitivity to EDM

Best known hyperon EDM bound comes from Λ < 1.6 x 10-16 ecm



BES III and STCF sensitivities to Hyeron EDMs

Change hyperon to tauon, one can measure EDMs



2. CP violation in two body weak decays of hyperons

F
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Observables  
(Donoghue and Pakvasa, PRL55(1985)162, Donoghue, He and Pakvasa, PRD 34 (1986)833)

B -> F M   
B initial baryon
F baryon in the final state
M meson in the final state
S p-parity violating
P p-parity conserving
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CPV observables
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i
S,P 

–CP violating phase

i
S,P 

– CP conserving phase



Great Job done at BESIII

A=A + AHyperCP (Femilab E871): 
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Recent measurement from BESIII 
(Nature 606(2022)64)

So far not CP violation effects have been established in baryon decay!. 
Similar ideas can be used for c- and b-baryon decays.



Theoretical understanding
Isospin decomposition of Hyperon decay amplitudes
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Quantities need to know



Amplitudes known from Br



Need to know weak phases S,P
i
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SM calculation for Weak phases S,P
i

A. Buras et al., ReV. Mod. Phys. 23

Tree and penguin contributions



Buchalla et al., Rev. Mod. Phys. 68, 1125(1996) 24



ImC5=Im(-Vtd
*Vts/Vud

*Vus) Y6
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Weak phase induced by KM matrix

ImC5=Im(-Vtd
*Vts/Vud

*Vus) Y6



SM for CPV in Hyperon Decays
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J. Tandean and G. Valencia,
Phys. Rev. D 67, 056001 
(2003)  [hep-ph/0211165].

J. Tandean, PRD 70, 076005 (2004).J. Tandean and G. Valencia, PLB 451, 382 (1999)

Rate asymmetry 2x10-5



Great Job done at BESIII, STCF will do better!

A=A + AHyperCP (Femilab E871): 
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Recent measurement from BESIII 
(Nature 606(2022)64)

So far not CP violation effects have been established in baryon decay!. 
Similar ideas can be used for c- and b-baryon decays.

M. He, X-G He and G.N. Li PRD92(2015)036010



Constraining BSM 
Example: Supersymmetric Model  
He, Murayama, Pakvasa, Valencia, PRD61(2000)071701(R)

Exchange gluino can induce gluonic color dipole interaction

                0.7Bs < Bp < 1.3 Bs
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A() constrained, but can be 
as large as a few x10-4 .
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arXiv: 2502.09603
A two Higgs + darkon model (dark matter scalar) explain Bell II B -> K 
invisible, Dark matter relic density, yet satisfy direct dark matter search limit, 
can have large CP violation in hyperon decays



3. Conclusions

New methods proposed. BESIII can improve edmby about 2 
orders of magnitude from J/decays into -pair. STCF will be able 
to  improve  another  two  o rders  o f  magn i tude .  Can  do 
measurement of EDM for other hyperons too!

CP violation effect exist in hyperon decays.

Correlated ploarization measurement for the quantity A(B) from 
hyperon decays reaching 10-5 sensitivity will test the SM to a good 
precision. With a few 10-4 sensitivity will rule out some theoretical 
models beyond the SM.

STCF can reach SM predicted range.
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