
If Baryon Asymmetry of the Universe (multiverse?) is due to CP violation 

6 x 10^-28 e-cm <dn <2 x 10^-25 e-cm 

BUT 

Standard Model (without theta problem) 
               10^-33 e-cm < dn < 10^-31 e-cm 

Theta problem: edm is very large prop to unkown parameter ‘theta’ which 
must be set to ~10^(-10). 
To avoid this Axions were invented => small industry of Axion searches 

Edm searches are the best way to look for 
physics beyound the standard model 
because the expected standard model 
background is so small 



1950 Purcell and Ramsey notice lack of experimental evidence for 
Parity conservation. Dirac monopole cited as a posssible source of 
P violation. Perform experimental search for neuron edm 

1956 Lee and Yang suggest Parity is not conserved. At the time the 
nedm result was best experimental limit on P violation 

1957 Smith, Purcell and Ramsey publish their experimental limit 
for the neutron edm. 
 Landau points out that a non-zero particle edm would violate T 
(CP) as well as P. 
Madame Wu reports the direct observation of P violation 

1958  Ramsey states that T violation is also an experimental 
question 

1964 Discovery of CP violation in Ko decay 











E x v killed of beam experiments 







Beam experiments became less attractive because of 
E x V and increased sensitivity of UCN 

Beginning of a series of room temperature UCN experiments  



Ultra-Cold Neutrons (UCN) 

• E<Vc     critical energy for total refelction 

• UCN totally reflected for all angles of incidence 

 

nevE 210~
o

A500~ T~1mK h~1m (mgh~E) 

B~2 Tesla  (uB~E) 

V 

Material 

Wave fn penetrates material -> wall losses limit storage time 



Leningrad 1986, UCN experiment 
Two chambers, plagued by leakage currents, 
field fluctuations 



Sussex, RAL, ILL experiment 
Single cell, co-magnetometer. 
Plagued by field fluctuations and geometrice phase 

Current best value.. 
3 x 10^(-26)  e-cm 
 



Need for a co-magnetometer 



Based on these results we decided to go for a  
Superconducting shield (cryogenic experiment) 
And a co-magnetometer 



  
• Active worldwide effort to improve neutron EDM  

sensitivity 
 

Exp UCN source cell Measurement 

techniques 

ILL  

CryoEDM 

Superfluid 4He 

Superconducting Shield 

4He Ramsey technique for w  

External SQUID magnetometers 

PNPI – I LL 

           

ILL turbine 

PNPI/Solid D2  

Vac. Ramsey technique for w 

E=0 cell for magnetometer 

ILL Crystal Cold n Beam Crystal Diffraction 

PSI EDM 

Munich edm 

Solid D2  

 

Vac. Ramsey technique for w 

External Cs & 3He magnetometers 

Hg co-mag for P1, Xe for P2? 

SNS EDM Superfluid 4He 

Superconducting Shield 

 

4He 
3He capture for w 

3He comagnetometer 

SQUIDS & Dressed spins 

TRIUMF/JPARC Superfluid 4He 

Superconducting Shield? 

 

Vac. Under Development 

Current projects 

No co-magnetometer 



Comparison of Capabilities 
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Dw via accumulated phase in n polarization 

Dw via light oscillation in 3He capture 

Co-magnetometer ? 

Superconducting B-shield 

Dressed Spin Technique 

Horizontal B-field 

Multiple EDM cells 

Note that red vs green does not  
necessarily signify good vs bad 
But understanding systematics  
requires mix of red & green 

= included 

= not included 



What IF? 

The Sussex-ILL experiment had no co-
magnetometer 

 

Non-zero edm, 

Great sensation 

Dozens of wrong theories calculating their 
number 



Munich, most comprehensive attempt at a room 
temperature experiment..Temp controlled high efficiency 
shields, complex field stabilization 



 



Polarized He3 as: 
 
-Polarizer (partial..beam is polarized 
-Magnetometer 
-Analyzer 
-Detector  



NEUTRON 
BEAM 

He3 polarizer 
Stern Gerlach 

Magnetic shield 
house 

He3 injection volume 

Dilution refrigerator 

Measuuurement cells 

High voltage amplifier 





 



 

Golub and Pendlebury 



 



    Boston U 
    MIT 
   Yale 
    Old Miss 







Neutron absorption by He3 
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Scintillation Rate 
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Factor of 10 reduction in  
Field sensitivity 



Dressed Neutron 
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Critical dressing.  

• The gyromagnetic ratio’s can effectively be 
made equal by applying a RF field to achieve 
critical dressing.  

 

 

• To solve for the critical dressing set 



Principle of Dressed Spin 

)/(' rfrfo BJ w 

n 1.13 

'' 3 n 1.1/ rfrfnB w
when 

We want Brf >> B0  (1-10 mG) so Brf is around 1 G, wrf /2p near 3 kHz  

RF field must be homogeneous at the 0.1-1% level 

 

Heating and gradients due to eddy currents present design challenges 

 

Eliminates need for SQUID magnetometers and might increase 

the sensitivity of the experiment   







Edm         apply electric field 
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 Shows up in scintillation 
rate 



with ,S I
 

parallel 
Absortpion = 0 

Modulate x 
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Scintillation rate 
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Second harmonic  
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  First harmonic growing 
with time        edm! 

Second harmonic for calibration 
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Perpendiculat to v 

Rotates with v BLOCH-SIEGERT 

Frequency shift ~ E^2 

However If rBr ~

Magnetic field 

then   EEvBr 
2

Important systematic effect v
z
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Discovered by Cummins…molecular beam edm experiment 
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Bloch-Siegert 

Average over +/- v 
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Geometric Phase Picture 
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Motion of Spins 
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Velocity autocorrelation function 
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)(x Velocity autocorrelation function 

Bloch-Siegert again 



EXAMPLE 

Circular orbit 
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Bloch Siegert 
result 

Short correlation times  high frequencies 
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Long correlation times  low frequencies  

Diffusion 
limit……bounded 
diffusion 
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Egelstaff,  de Gennes 
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