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▬ ▲Ͻ▼ 

Charge separation  creates  an electric  dipole   

ÅDefinition  

H2O molecule: 
permanent EDM 

Electric  Dipoles 

Atomic  physics Hadron  physics 

Charges e e 

|r 1-r 2|  10-8 cm 10-13 cm 

EDM (naive) exp. 10-8 e cm 10-13 e cm 

observed  H2O molecule 
2ā10-9 e cm 

Neutron  
 < 3ā10-26 e cm 

ÅOrders of  magnitude 

EDM 3ā10-26 e cm ­ 
charge separation  < 
5ā10-26 cm between  u 

and d quarks 
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Molecules have large EDM because of  degenerated  ground states  with  different parity  
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EDM of  fundamental particles  

Permanent EDMs violate P and T  
Assuming CPT to hold, CP violated also 

Elementary  particles  (including hadrons) have a definite partiy  and cannot have EDM 

Unless  P and T reversal  are violated  

m: magnetic dipole moment 
▀: electric  dipole moment 
(both  aligned with  spin) 

P. Lenisa 
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CP violation  

Å .Universe  dominated  by matter ( and not anti -matter).  

Å ὲ ὲ Ⱦὲ = 6x10-10 

ÅNew sources of  CP violation  beyond SM needed 
ÅCould manifest in EDM of  elementary  particles  

Å1967: 3 Sacharov conditions  for  baryogenesis 
Å Baryon number violation  
Å C and CP violation  
Å Thermal non-equilibrium  

Carina Nebula (Largest -seen star -birth regions in the galaxy) 
P. Lenisa 

Å Equal emounts of  matter and antimatter at  the  Big Bang.  
Å CP violation  in SM: 10-18 expected  
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Theoretical  predictions  

No Standard Model Background!  
P. Lenisa 

planned 
experiments  

J.M . Pendlebury: ănEDM has killed  more theories  than  any other  single expt .ò    



Å EDM searches: only upper limits  yet  
Å E-fields  accelerate  charged  part. ­ search  limited to  neutral systems  
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µ   d 

B E 

hf + = 2µ B + 2d E hf -  = 2µ B -  2dE 

B 
E 

ÅăTraditionalò approach: precession frequency  measurement in B and E fields  

EDM searches: state of the art  



Å EDM searches: only upper limits  yet  
Å E-fields  accelerate  charged  part. ­ search  limited to  neutral systems  
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EDM searches: state of the art  

Particle / Atom  Current EDM Limit  Future Goal   ▀▪ equivalent  

Electron  < 1.6 ³ 10-27 

Neutron  <σ ³ 10ī26 ~10-28 10-28 
199Hg <σȢρ ³ 10ī29 ~10-29 10-26 
129Xe <φ ³ 10ī27 ~10-30- 10-33 ~10-26- 10-29 

Proton <χȢω ³ 10ī25 ~10-29 10-29 

Deuteron  ? ~10-29 ~σ ³10-29- υ ³10-31 

(Till  now) two  kinds of experiments  to measure EDMs: 
Å Neutrons  
Å Neutral  atoms (paramagnetic / diamagnetic ) 

No direct  measurement of electron or proton  EDM yet  

µ   d 

B E 

hf + = 2µ B + 2d E hf -  = 2µ B -  2dE 

B 
E 

ÅăTraditionalò approach: precession frequency  measurement in B and E fields  



new 

Ongoing/ planned Searches  
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PROCEDURE 

EDM of  charged  particles : use of  storage  rings  

Ὠίᴆ

Ὠὸ
Ὠᴆ Ὁ 

Å Search for  time development of  vertical  polarization   

Å Align spin along momentum ( ­freeze  horizontal spin precession) 

Å Place particles  in a storage  ring  
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Frozen spin method  

Two options  to  get  rid  of  terms   ́G (magic condition ): 

Spin motion is governed by Thomas-BMT equation: 

d: electric  dipole moment m: magnetic dipole moment 

1. Pure E ring (works only for  G>0, e.g proton ): 
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2. Combined E.B ring (works also for  G<0, e.g deuteron ) 



(from  R. Talman) 

(from  A. Lehrach)  
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pEDM in all electric  ring at  BNL Jülich, focus  on deuterons ,  
or  a combined machine 

CW and CCW propagating  beams 

Storage ring projects  

Two projects : US (BNL or  FNAL) and Europe (FZJ)  

or  at  FNAL  



A magic storage  ring for  protons  (electrostatic ), deuterons , é 

12 

0=Gw
C

Magic Storage rings  

Possible to  measure ▬, ▀, ἒἭ using ONE machine with   ὶ ͯ σπ m 

B 

Particle   p(GeV/c)  E(MV/m)  B(T)  R(m) 

Proton 0.701 16.789 0.000  ~ 25 

Deuteron  1.000 -3.983  0.160 
3He 1.285 17.158 -0.051 


