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Λ 





 

“The existence of an EDM can provide the “missing link” for explaining why the 
universe contains more matter than antimatter.”

“A nonzero EDM would constitute a truly revolutionary discovery.”
-- Nuclear Science Advisory Committee (NSAC) Long Range Plan (2007)

“The non-observation of EDMs to-date, thus provides tight restrictions to building
theories beyond the Standard Model.”

-- P5 report : The Particle Physics Roadmap (2006)
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



 















Sector Exp Limit
(e-cm)

Method Standard
Model

Electron 1 x 10-27 YbF in a beam 10-38

Neutron 3 x 10-26 UCN in a bottle 10-31

199Hg 3 x 10-29 Hg atoms in a cell 10-33


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
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2 2hf B dEµ+ = + 2 2hf B dEµ− = −

Example:

B = 10 mGauss

E = 100 kV/cm

f = 11 Hz

f+ - f- = 10 nHz

d = 1 × 10-28 e cm 

   
 




 

Beam
    

Stored UCN 
(ultra-cold neutrons)

Cryogenic UCN sources

  






 

Dispersion curves for He-II and 
free neutrons



•  
•  
• 
• 


•  
• 


•  
•   
•   

 











• Sensitivity:  10-28 e-cm, 100 times better than existing limit
• Production of UCN in superfluid helium
• Polarized 3He co-magnetometer

– Also functions as neutron spin precession monitor via spin-dependent n-3He 
capture cross section 

• Detected via wavelength-shifted scintillation light in LHe
– Ability to vary influence of external B-fields via “dressed spins” 

• Extra RF field allows control of n & 3He relative precession frequency
– Can study dependence on B-field, B-gradients & 3He density

• Highly uniform E and B fields
• Superconducting Magnetic Shield
• Two cells with opposite E-field
• Control of central-volume temperature

– Can vary 3He diffusion which changes geometric phase effect on 3He


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
• Demonstrate high E-field in superfluid LHe
• Identify novel electrode materials
• Demonstrate highly uniform B-field inside superconducting shield 

with reduced B-field noise
• Developing a polarized neutron & 3He source for spin precession 

studies at NCSU research reactor 
• Studies of polarized 3He transport


• Complete initial R&D program: 2012-13
• Begin construction of experiment: 2013-18
• Begin operation of experiment: 2019





Booster

AGS

A proposed proton EDM ring location
at BNL. It would be the largest diameter 
all-electric ring in the world.

40 m

Other possible places:
• COSY (Jülich/Germany); proposal for a pre-cursor experiment.
• Fermilab, accumulator ring; Need polarized proton source.


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

1. Magic momentum (MM): high intensity (1011) pol. protons in 
an all-electric storage ring

2. High analyzing power: A>50% at the MM

3. Weak vertical focusing in an all-electric ring: Spin Coherence 
Time allows for 103s beneficial storage; prospects for much 
longer SCT with mixing

4. Co-magnetometer: Counter-rotating beams. The beam vertical 
splitting tells the average radial B-field; the main systematic 
error source












• Have developed R&D plans (need $1M/year for two years) for 

1) Beam Position Measurement magnetometers (need to test in rings)
2) Spin Coherence Time tests at COSY (benchmark estimations)
3) E-field development (first phase R&D done)
4) Polarimeter prototype (first phase R&D done)

• Two successful technical reviews: Dec. 2009 and Mar. 2011. 
• Sent proposal to DOE-NP for a proton EDM experiment at BNL: Nov. 2011

 

12 13 14 15 16 17 18 19 20 21
R&D
ring design

string test
construction

installation

•  
•  






 0atom atom nucleusd d d= + =




0atom atom nucleusd d d= + ≠



          





 

Courtesy of Michael Romalis

2 2 15 H zB dEf
h

µ
+

+
= ≈

2 2 15 H zB dEf
h

µ
−

−
= ≈

0.1 nHzf f+ −− <

E

E

199Hg stable,  high Z,  groundstate 1S0,  I = ½,  high vapor pressure


•  
•  
•  





1S0




 

   

   

   

   

Enhancement Factor: EDM (225Ra) / EDM (199Hg)

• Closely spaced parity doublet – Haxton & Henley (1983)

• Large intrinsic Schiff moment due to octupole deformation
– Auerbach, Flambaum & Spevak (1996)

• Relativistic atomic structure (225Ra / 199Hg ~ 3)
– Dzuba, Flambaum, Ginges, Kozlov (2002)



Ψ− = (|α − |β)/√2

Ψ+ = (|α + |β)/√2

55 keV

|αααα |ββββ

Parity doublet

225Ra:
I = ½

t1/2 = 15 d

225Ra:
I = ½

t1/2 = 15 d
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








 










 

  

 
 
 
 

Presently pursued at Argonne and KVI





 
 
 
 













• 
•   
•  









Presently available
• National Isotope Development Center, ORNL

• Decay daughters of 229Th
• 225Ra: 107 – 108 /s

Projected
• FRIB (B. Sherrill, MSU)

• Beam dump recovery with a 238U beam
• Parasitic operation, available ~ 5 months per year
• 225Ac: 2 x 1010 /s
• 223Ra: 2 x 1010 /s

• ISOL@FRIB, Project-X (I.C. Gomes and J. Nolen, Argonne)
• Protons on thorium target, 1 mA x 1 GeV = 1 MW
• 223Rn: 1011 /s
• 225Ra: 1013 /s



Radon-EDM Experiment

TRIUMF
Canada's National Laboratory for Particle and Nuclear Physics

E-929 Collaboration(Guelph, Michigan, SFU, TRIUMF)

Funding: NSF-Focus Center, DOE, NRC (TRIUMF), NSERC 

TRIUMF E929
Spokesmen: Timothy Chupp & Carl Svensson





123Cs (30 keV)
no radon at TRIUMF yet

1. Bombard foil
2. Heat foil: release to target chamber
3. Freeze to cold finger
4. PUSH to cell (buffer gas)

Maximum efficiency: εεεεmax=75%





Polarization and relaxation rates of radon
Tardiff et al. Phys. Rev. A (2008)



238U fragmentation-in beam  221/223Rn* spectroscopy
J. Berryman, A. Gade, B. Sherrill, TC et al.

State of Michigan

Be target

S800

SeGa
Array

















 










 

Sector Experiment Current 
Limit

5-year 
goal

Beyond 
2020

Standard
Model

Notes

Neutron UCN general 300 50 – 100 3 – 5 0.001 No Schiff shielding

Neutron SNS nEDM 3 0.001 No Schiff shielding

Proton BNL Storage ring 8,000* 0.01 – 0.1 0.001 No Schiff shielding

Nucleus Seattle 199Hg cell 0.3 0.03 0.006 0.000,01

Nucleus ANL 225Ra trap 10 – 100 1 0.01 Octupole enhanced

Nucleus Michigan 223Rn cell 2 0.01 Octupole enhanced




