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nB/ng = 6 x 10-10 

 

 

1.Very early in the Big Bang (t<10-6 s), matter and antimatter were  

in thermal equilibrium (T>>1 GeV). There was exact balance between  

matter and antimatter.  

 

2.At some point, there was a symmetry breaking process that led to a small 

imbalance between the number of Baryons and Anti-Baryonséi.e a few more 

Baryons. 

 

3.When the Universe cooled to below T~1GeV, All the anti-baryons annihilated 

leaving a few baryons and lots of high-energy annihilation photons. 

 

4.   The photons are still around! They have been highly red shifted by 

subsequent expansion and are now microwaves as the Cosmic Microwave 

Background. 



Requirements for Sakharov process 

 

The process must violate Baryon Number 

Conservation 

 

There must be a period of Non-Thermal Equilibrium 

 

There must be a process that violates  

Time Reversal Non-Invariance ---  ñT-violationò 

 

  

 

 



Non-zero EDM violates both 
parity P and time reversal T  

Ÿ Violates CP  

Ÿ Understand mechanism of 
CP  violation  



nEDM limits  
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Rearth Ñ 1ɛm 

If a neutron were blown up to the size of the 
earth, the current limit on its EDM would 
correspond to a displacement of + and ð electron 
charge by ~1 ŀm 



EDM couples to an electric field as a MDM couples to a 
magnetic field:  

 

 

 

Measure EDM from the difference of precession 
frequencies for parallel/anti -parallel fields:  

 

 

 

A moment of 10 ð27 eÅcm in a 10 kV/cm 
electric field corresponds to a shift in 
frequency of ~5 nHz 



  

 

 

 

Superfluid helium 4He  purposes: 

 

produce UCN through down-scattering  process 

 

create  scintillation  light  

 

work as dielectric  material  for  applying extremely  high electric  
fields  up to 50 kV/cm   
 

3He polarized atoms purposes: 

Co-magnetometer  

Neutron spin-analyzer 

 

 

                nEDM at SNS  uses a three-component fluid:  

UCN ƪ =500 n/cc 
3He ƪ = 1012  atoms/cc  
4He ƪ =1022  atoms/cc  

 
  



Spin-dependent reaction  

 

ůJ=0 = 2.4 ķ10-6 barn at v0=5 m/s 

 

ůJ=1 å 0             at v0=5 m/s 

 

 

The rate of neutron absorption 
on 3He 

 is proportional to  



Look for a difference in precession frequency  

fn-f3 =2(ɛn-ɛ3)B Ñ 2dnE 

fn = 2ÕnB Ñ 2dnE 

 

 E B E B 

f3 = 2ɛ3B       (measured by SQUIDs)  

ɛ3 = 1.1 ɛn 



OPERATION OF THE EXPERIMENT 



Major systematics 

B=vĬE effect 

Fluctuations of magnetic field  

E    = Applied Electric Field 

T    = Observation Time  

N  = Number of neutrons observed 

 

Expectations at SNS: 

E  - 50 kV/cm 

Tstore - 500 s  

N  - 106  



4 Layer ɛ-metal Shield 

Insert for Neutron 

Beam Guide 

Central Detector 

(300mK) 

3He Injection 

Volume 

Magnetic coil and 

shielding package 



2.2 m 

1.7 m 

5.5 m 

7.6 m 


