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Revision

● Non-zero electric dipole moments on non-dege-
  -nerate systems imply P, T violation

● Atoms are rich sources of CP (equivalently P,T)
violation.

● Closed-shell atoms get EDM from the nuclear
sector

● Open-shell atoms get EDM due to electron EDM

● EDMs are enhanced in heavy atoms

● Comparison of atomic theory and experiments give
information about the P,T violating coupling constants



EDM interaction (Lepton)





E and B are the electric and magnetic fields respectively.



Relativistic effects











Electron edm in a non-
relativistic atom

For a non-relativistic atom, though the intrinsic EDM
of an electron is non-zero, the total EDM of the atom
turns out to be zero.



Electron edm in a 
relativistic atom
  For the relativistic case, the same    

energy shift due to EDM interaction 
turns out to be non-zero!





We get the same result as before i.e., EDM of an
atom is zero.



We obtain a non-zero EDM of an atom only if the 
atomic Hamiltonian is relativistic and we use the 
correct relativistic form for the EDM interaction 
Hamiltonian







Tensor-pseudotensor EDM 
interaction 
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Scalar-pseudoscalar EDM 
interaction 

H
T-PT

 = 
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P, T-violating interactions in 
closed-shell  atoms
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EDM experiments – 
electron EDM

Nature, 473, 493–496, (26 May 2011),J. J. Hudson,D. M. 
Kara,I. J. Smallman,B. E. Sauer,M. R. Tarbutt & E. A. 
Hinds

 d
e
 = (−2.4 ± 5.7stat ± 1.5syst) × 10            −28e cm  



Mercury EDM - updates

PRL. 102, 101601 (2009), W. C. Griffith, M. D. Swallows,
T. H. Loftus, M. V. Romalis, B. R. Heckel, and E. N. Fortson

 |d(199Hg)| < 3.1×10-29 e cm (95% C.L.)     



Thallium EDM - updates

B. C. Regan, E. D. Commins, C. J. Schmidt, and D. DeMille,
Phys. Rev. Lett. 88, 071805 (2002).

d
e
 ≤ 1.6 x 10(-27)  e cm



Neutron EDM - updates
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