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EDMs cover over huge range of physics and chemistry.

1. The problem how to predict (unambiguously) the EDMs 
in  theories of New Physics.

2. The problem how to extract fundamental parameters 
from the observed or the upper bounds values of EDMs 
using old and new physics.

The targets are particles (quarks, leptons, neutron, protons), 
atoms (paramagnetic and diamagnetic atoms), molecules, 
ions, solid states etc.

The main theoretical problems in EDM are:

1. Introduction



Why do we need New Physics BSM ?

We need more Higgs if  accept electro-weak baryogenesis.

massive neutrinos and their mixings.  Dark matters and Dark energy

Internal insufficiencies:  big hierarchy problem of Higgs mass, so 
many parameters, gauge coupling unification, …

CP phase in CKM matrix is insufficient for  baryon asymmetry.

There are many models. Two Higgs doblet model (2HDM), Higgs 
Triplet (HTM), Left-Right Symmetric Model,  Little Higgs, 
Technicolor, GUT (non SUSY and SUSY).

EDM is very sensitive to these New Physics

Surely BSM

Muon g-2, Top quark forward-backward assymetry,

Could be BSM



particle Loop number EDM value

quark 3

neutron 2(?)

W boson 3

lepton 4

2.  EDM in the SM



Gauge‐invariant effective dipole operator

Magnetic Dipole Moment Electric Dipole Moment

nonrelativistic
 

limit (              )

: Bohr magneton

: anomalous MDM 

: tree level in the SM  cf. flavor changing (           ) decay 
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Quark EDM in the SM

1‐loop :

is the source of the imaginary part (CP violation)

is real no EDM at 1‐loop

2‐loop : is real

is real surprisingly !!

3‐loop :

no large EDM at 2‐loop

PRL 78 4339 (1997)

Sov.J.Nucl.Phys. 28 75 (1978)
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Neutron EDM in the SM is the source of the imaginary part (CP violation)

“strong penguin”

phenomenological Hamiltonian

Khriplovich-Zhitnitskey PLB 109 490 (1982)





He et al. P.L.B197 (1987)





See also Mannel and Uraltsev (arXiv:1202.6270). 

http://arxiv.org/abs/arXiv:1202.6270


Rumor: Pospelov calculated d_n=1¥times 10^{-29} in the SM.



Experimental bounds on EDM

Muon g-2 collab. @ BNL, PRD80 052008 (2009)

B.C. Regan et al. @ BNL, PRL88 071805 (2002)

C.A. Baker et al. @ Institut Laue-Langevin, PRL97 131801 (2006)

Experimental bound on muon
 

anomalous MDM

Muon g-2 collab. @ BNL, PRD73 072003 (2006)

Experimental bounds (90%CL) on 
MEG collab., PRL107 171801 (2011)

Babar collab. @ SLAC, PRL104 021802 (2010)

[ Belle collab. @ KEK, PLB666 16 (2008) ]



d(129Xe) < 4.1×10-27 ecm
Rosenberry and Chupp, PRL 86 (2001) 22

d(199Hg) < 3.1×10-29 ecm
Grifith et al., PRL 102 (2009) 101601

Standard Model
(dn = 10-(31-33) )

Neutron EDM predicted values

d = 1027 e·cm
E = 10 kV/cm



 

= 10 nHz
（

 



 



 

1°/day）

[Pendlebury and Hinds, NIM A 440 (00) 471]



3. EDM in New Physics







BARBAR Collaboration













Hisano et al. Phys.Rev.D80





MSSM+universal boundary condition (CMSSM)





Motivation of SUSY SO(10) GUT

• SUSY ＋
 

GUT
ØØ

 
Experimental evidence:Experimental evidence:

 
three gauge couplings unificationthree gauge couplings unification

with MSSM particle contents.with MSSM particle contents.

•• SO(10) GUTSO(10) GUT
ØØ

 
SO(10) fundamental representation include all the matter in the SO(10) fundamental representation include all the matter in the 
MSSM plus MSSM plus rightright--handed neutrinoshanded neutrinos. . 

ØØ

 
Experimental evidence:Experimental evidence:

 
very tiny neutrino massesvery tiny neutrino masses. 

It can be explained via the It can be explained via the ““seesaw mechanismseesaw mechanism””, and it works , and it works 
well in SO(10) GUT in the presence of the well in SO(10) GUT in the presence of the rightright--handed neutrinoshanded neutrinos.  .  
((Yanagida, Gell-Mann et al. (79’)

 
)



Minimal SO(10) model

•• Two kinds of symmetric Yukawa couplingsTwo kinds of symmetric Yukawa couplings

•• Two Higgs fields are decomposed toTwo Higgs fields are decomposed to

•• SU(4) adjoint SU(4) adjoint 1515

 
have a basis,                                   so as to have a basis,                                   so as to 

satisfy the traceless condition.  Putting leptons into the 4satisfy the traceless condition.  Putting leptons into the 4thth

 
color, we color, we 

get,  so called, get,  so called, ‘‘GeorgiGeorgi--JarslkogJarslkog’’ factor,           for leptons. factor,           for leptons. 

(Babu(Babu--Mohapatra (93Mohapatra (93’’); Fukuyama); Fukuyama--Okada (01Okada (01’’))))



Mass relation

•• All the mass matrices are descried by only two fundamental All the mass matrices are descried by only two fundamental 
matrices. matrices. 

•• 1313

 
inputs : inputs : 66

 
quark masses, quark masses, 33

 
angles + angles + 11

 
phase in CKM matrix,phase in CKM matrix,

33

 
chargedcharged--lepton masses.lepton masses.

⇒⇒

 
fix           and fix           and 

⇒⇒

 
predictions in the parameters in the neutrino sector!predictions in the parameters in the neutrino sector!



Prediction of electron EDM



4. Problem due to many-body system in 
atoms and molecules.





The Schiff’s Theorem





The Schiff’s moment







Engel et al, Phys.Rev 
C68





5. NP after the discovery of Higgs



Is 126 GeV too small from the SM since naively 

However 226 GeV is a little bit too large from SUSY since it naively requires

This condition may be relaxed by the large trilinear term though it 
enforce a new SUSY breaking mechanism.

In analogy of chiral dynamics where scalar meson mass



Hisano et al. P.R.D53





All participants hope Fountain Hotel becomes a memorial place of new 
phase of CP-violation.

Thank you.

Final goal is still far away but LHC results are very （positively) important
for (against) SUSY. 
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