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1. Brief review of the current 
situation





Particle Upper bound on 
EDM (e cm)

Electron 8.7E-29

Mercury 3.1E-29

Proton 7.9E-25

Neutron 2.9E-26

Current upper bounds on intrinsic EDMs



• So far no definitive BSM signal has been 
observed.

• The CP-phase of the CKM matrix remains 
the only source for intrinsic EDMs.

• Question: How far is the CKM-induced 
nucleon EDM below the current 
experimental bound?



Existing studies on SM nucleon EDMs

• Barton and White (1969): first proposal of chiral 
enhancement

• Shabalin (1980): quark EDM starts at three-loops 
• Gavela et.al. (1984, 1985): pole diagram contribution
• Khriplovich and Zhitnitsky (1982): possibility of long- 

range contribution to the SM neutron EDM
• He et.al. (1991): chiral-loop calculation using relativistic 

meson theory: 10-33 -10-31 ecm
• Czarnecki and Krause (1997): detailed calculation of the 

valence-quark contribution: 10-34 ecm
• Mannel and Uraltsev (2012): charm quark contribution 





2. Long distance contribution 
to 

nucleon EDMs
CYS, arXiv:1411.1476 [hep-ph]  (to be appeared in PRC)



















3. Short distance contribution 
to nucleon EDMs

In Collaboration with Mario Pitschmann



• Motivation: the loop-integrals in the long- 
range contribution are UV-divergent. 
Counter-terms      are required. They 
represent incalculable short-distance 
physics.

• Counter-terms are induced by effective 
CP-violating four-quark operators:

Buchalla, Buras and Harlander, Nucl.Phys.,B337,313
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• A conservative naïve dimensional analysis 
(NDA) gives:

cm 104         

)(Im||
216

1~

32

3*
62

2*
2

2
0
,

e

CCVVGd usud
F

pn





loop factor this combination gives the
largest imaginary part
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dimension correct

It could be as large as the long-distance contribution! 
A (model-dependent) detailed study is therefore very much desired.



• Our starting point:
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• MIT bag model is used in our first trial and only ground- 
state quarks are retained. The only diagram at leading 
order is:

Others are suppressed by an extra loop or αs (i.e. extra quark-gluon
interaction) or both. Though αs is not very small, neglecting it will not 
cause order-of-magnitude changes.
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So, what do we understand so 
far?
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Definitely BSM

Definitely consistent with SM

What???



4. Conclusion

1. We reanalyzed the long distance 
contribution to nucleon EDMs within an 
EFT framework that respects power 
counting.

2. The incalculable short distance counter- 
terms are studied using MIT bag model.

3. Nucleon EDMs below 10-31 ecm is 
consistent with the SM prediction.
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