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Measuring the edm of a fast decaying particle



1. The EDM of a fundamental particle
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The first measreuiment started 
by Smith, Purcell, and Ramsey in 
1951 (and published in 1957) 
obtaining a limit of 
|dn| < 5×10−20 e⋅cm

1957, Landau realized edm of a 
fundamental particle violates CP

History of Neutron EDM measurement

In order to extract the neutron EDM, one measures the Larmor 
precession of the neutron spin in the presence of parallel and 
antiparallel magntic and electric fields. 

https://en.wikipedia.org/wiki/Larmor_precession
https://en.wikipedia.org/wiki/Spin_(physics)


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

tauon Re(dτ) -2.2  to 0.45 x10-17 ecm,       Im(dτ) -2.5  to 0.08 x10-17 ecm

Lambda |dΛ| < 1.5 x 10-16 ecm,                  Other hyperons, no measurements                    
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Neutron lives long enough, can watch Lomor precission, and 
switch electric field direction to measure.

Electron EDMs are usually not measured on free electrons, 
but instead on bound, unpaired valence electrons inside 
atoms and molecules. In these, one can observe the effect 
of  U = - de . E as a slight shift of spectral lines.

But for fast decaying particles like hyperon and tauon other 
methods are needed, usually through interaction in decay or 
production processes.



Quark model for EDM



EDM of neutron and electron in KM model

Quark EDM Dq and neutron EDM Dn,  Dn = (4Dd-Du)/3

In KM model, quark EDM only generated at two electroweak and one strong 
loop level (3 loop effects)l, very small ~ 10-33 e.cm. (Shabalin, 1978, 1980)

In fact with two weak and one strong interaction vertices, EDM can also be 
generated! 
(He, McKellar and Pakvasa, PLB197, 556(1987), J. Mod. Phys. A4, 5011(1989)

Electron EDM is even smaller, generated at fourth loop level, De <  10-38ecm
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2. 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, PRD 110(2024)076019



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



FA in the SM



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.

Exchange a photon   HT ->



BESIII and STCF sensitivities to Hyperon EDMs
arXiv: 2506.19180

Xuelei Sun et al, arXiv: 2411.19469; HB Li’s group



Naive link: Known data and sensitivity to EDM

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



Perturbative QCD calculation for linking for EDM with non-zero q2

KB Chen, XG He, JP Ma, XB Tong, PRL, arXiv: 2509.22087

When q2 not zero, experimental constraints are much stronger by 
a few order of magnitudes!



3. Tauon edm measurement at e+e- -> τ+ τ -
XG He, CW Liu, LP Ma and ZY Zou arXiv: 2501.06687

Use similar method replacing J/psi -> hyperon pairs by psi(2S) -> τ+ τ 
-, or just e+e- -> γ* -> τ+ τ -

But because tauon decays always has a neutrino in the final state, 
harder to reconstruct  moments, for eaxmple using τ(k) -> π(l) + v. 
Still if spacial resoltution in better than 38.6 μm (the flying lenth of 
tauon from psi(2S) decay, there are substantial 
event to recustract tauon momentu,

STCF can reach a better resoltuion than 
current best bounds.
Bell II can also use Upsilon(4S) to do similar things

do

current bounds from BELLE II



τ(k) -> π(l) + v, ρ(l) + v



Im(dτ) easy to measure.
Re(dτ) needs to reconstruct the  
momentum direction k.







Theoretical model study for tau EDM
ZL Huang, XY Du, XG He, CW Liu, ZY Zou, arXiv:2510.23348

A light ALP example:



A 2HDM realization

In the basis, all λi real

Alignment limit: λ6=0
H heavy, A arbitray mass

Allow CPV 
Yukawa coupling:

A -> a
A renormalizable realization of 
large tauon EDM!



4. Conclusions

BESIII can improve edmby about 2 orders of magnitude from 
J/decays into -pair. 

STCF will be able to improve another two orders of magnitude. 
Can do measurement of EDM for other hyperons too!

Similarly the tauon EDM can also be measured better than current 
bound.

Linking quark EDM at q2 =0 to hyperon q2 not zero can be made!

Large tauon EDM close to current experimental bounds possible!
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