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Search for a neutron EDM at SNS 

Takeyasu Ito 
Los Alamos National Laboratory 
for the nEDM collaboration 

The nEDM Collaboration is developing an experiment to run at the 
Spallation Neutron Source (SNS) at Oak Ridge National Laboratory to 
search for the neutron electric dipole moment (EDM) with a sensitivity 
of < 10A{-Z7} e cm based on the scheme proposed by Golub and 
Lamoreaux. The collaboration has been working on a various R&D 
experiments to establish the technical feasibility of the experiment 
and to guide the design of the apparatus . The collaboration has also 
been working towards finalizing the engineering of the experimental 
apparatus. In this talk, the principle of the experiment and the 
status of the project will be presented. 
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Outline 

• Overview of the experimental approach 

• Design of the experiment 
- Engineering design 

• Status of the experiment 
- Technical developments 

- Projected sensitivity 

- Schedule 
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nEDM Experiment Overview 
Experimental Concept: 
Golub& Lamoreaux, PHYSICS REPORTS 237,1,1994 

• In situ production of UCN from 8.9 A cold neutron 
beam via superthermal process 

• 3He comagnetometer 

• Use 3He as spin analyzer for the neutron 

• Two complementary approaches to the measurement 

- Free precession method 
- Use SQUID magnetometer to measure the 3He 

precession frequency 

Dressed spin method 
- Apply RF to tune the effective gyromagnetic ratio of the 

neutron and 3He 

• Projected sensitivity: dn < 8 x 10-28 e cm (90% CL) 
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n OM Experimental Approach 
UCN Production 

R.Golub and J.M.Pendlebury, Phys.Lett.A 62,337,(77) 

-8.9 A cold neutrons get 
down-scattered in superfluid 4He 
by exciting elementary excitation 

-Up-scattering process is 

suppressed by a large Soltzman 
factor 

-No nuclear absorption 
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• Expect a production of - 0.3 UCN/cc/s 
• With a 500 second lifetime, PUCN-150/cc and NucN-1.2x1 06 for 

an 8 liter volume 
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nEDM Experimental Approach 
3He as comagnetomer and spin analzer 

• 3He gyromagnetic ratio larger than neutron's by - 10% 

• Neutron absorption on 3He highly spin dependent 

• Rate of neutron loss due to absorption on 3He 

cx:l- P3PnCOS[(W3 -wn)t] 

• Reaction product of n+3He~p+t generates UV (-80 nm) 
scintillation light in SF 4He 

Spin dependent neutron-3He absorption reaction 
provides a measurement of the difference of the 
neutron precession frequency and the 3He 
precession frequency 
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Spallation Neutron Source (S S) at ORNL 

1 GeV, 1.4 rnA Proton Linac 

·SNS construction completed: 2006 
·SNS Total Project Cost: 1.411 B$ 



11A - Powder 
Diffractometer 

Commission 2007 

12 - Single Crystal 
Diffractometer 

Commission 2009 

14B - Hybrid 
Spectrometer 
Commission 2011 

15 - Spin Echo 

17 - High Resolution 
Chopper Spectrometer 

Commission 2008 

SNS Target Hall 

18 - Wide Angle 
Chopper Spectrometer 

Commission 2007 1 B - Disordered Mat'ls 
Commission 2010 

7 - Engineering 
Diffractometer 
lOT CFI Funded 
Commission 2008 

6-SANS 
Commission 2007 

5 - Cold Neutron 
Chopper 
Spectrometer 
Commission 2007 

4B - Liquids 
Reflectometer =------M Commission 2006 

2 - Backscattering 

4A - Magnetism 
Reflectometer 

Commission 2006 

3 - High Pressure 
Diffractometer 

Commission 2008 

Spectrometer SNS I 
Commission 2006 '--------I 
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EDM Experimen~ Schematic 
Dilution 
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Central Detector System 

HV Multiplier 
Light Guide 

PMT 

3He/4He Feed Lin 

7.5x10x40 cm Cel 

V1 Valve 
SQUID 

1200-1 G10 Container 

Ground 
Electrodes 

Electrode 

Ground 
Return 



Magnet System 

Inner Dressing Coil 

Outer Dressing Coil 

coils 

Bo cose Magnet 
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50K Heat Shield 

4K Heat Shield 

Superconducting 
Lead Shield 

Ferromagnetic 
Shield 



Technical challenges 

• Progress towards development of an experiment 

- Central detector module @ 0.3 -0.4SK 

- Magnet module @ 4K 

- Dressing field RF induces eddy currents in 
conductors (big headache at 0.4K) 

- Superconductors distort B-fields 

- SQUIDs can be killed by HV sparks 

- Materials of cell and 3He transport must maintain 
neutron & 3He polarization 
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Technical Developments 

• Polarized 3He Atomic Beam Source tested 

• Relaxation time of 3He on deuteratedpolystyrene 
walls (doped withdTPB) measured 

• Progress towards HV tests at low temperature 

• SuperfluidHe valves tested 

• Magnetic field uniformity measured 

• HV dependence of scintillation light production 
measured 
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Polarized 3He wall relaxation 

2300 

2100 

Need T1 > 10,0005 

v:. 1900 
I-

1700 

140 

dPS-dTPB coating 

Scaled to nEDM cell , T1 = 12,000 s 
Illinois 

T-% 

120 
1500 .J-------.-----------r---.-----.--------,-----. 

CD 
E 00 -c: 
.2 
C;; 60 
)( 

.!!! 
CD 

Q! 40 

20 

0.6 0.65 

• 

Scaled to nEDM cell , T 1 = 25,0005 
Duke/NCSU 

o+-~~~~~~~~~~~~~~~ 

0 30 0.35 0040 0 4S 0 50 055 0.60 0 .65 070 

Cell temperature (K) 

0.7 0.75 0.8 0.85 0.9 

Cell Temperature (K) 

14 



Cryogenic non-metalic superfluild valves 

thermoplastics 
·Valve body made from Torlon -----~ 
·Valve boot & seal made from Vespel 
· Tested for 10,000 cycles sealing superfluid 

He at 1.7K 
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HV test stand 

Cryostat with dilution fridge Dewar for HV e'lectrodes 
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I I I 
Small electrodes -1-4 mm gap 
stainless with 0.01 J.1m finish 

Large electrodes - 5-8 cm gap 
AI with 0.2 & 1.6 J.1m finish 

Operating range of dual-use 
cryostat high voltage system 
stainless with 0.01 J.1m finish 

3500 4000 4500 5000 

To Do ist: Confirm small scale studies (-1 cm electrodes with - few mm gap) 
with large electrodes and large gaps 



iquid helium scintillation in an electric field 8 
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-Liquid helium scintillation intensity was 
measured using an a source as a 
function of the electric field strength up to 
- 45 kV/cm for temperatures between 
0.2-1.1 K. 
-Scintillation intensity reduces by - 150/0 
at 50 kV/cm. 



Magnet development 

acrylic tube 

Nylon/G10 spacers match 
thermal contraction of Nbrri-Cu 
wire 

7.5' length 7 x 3-ring-sets of 
wire locators 

Rings slide in slots on 
acrylic tube 

defines 

.......... '- wire radius 

3-ring set 

Nylon/G 10 spacer 
stand-off rods 

Spring-loaded 
wire tensioners 
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Measured gradientes extrapolated to 
the nEDI\lI geometry 
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Volume averaged gradients 
Measured at 0.9 gauss 

Scaled (Left cell) (Right cell) 
gradients 

dB/dx)/Bo < 5 ppm/em < 9 ppm/em 

dBjdy)/Bo < 5 ppm/em < 5 ppm/em 

dBidz)/Bo -6 ± 1 ppm/em 6 ± 1 ppm/em 

• Gives false EDM due to geometric 
phase < 2 x 10-28 e-cm 

• Need to match these values at 4K and 
low B-field and with full scale magnet 
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Projected sensitivity 

• Statistical sensitivity limited by neutron density in 
storage cells 

- Given by 8.9 A neutron flux 

• Free precession measured by scintillation light from 
neutron capture on 3He 

• Back ground in the scintillation signal (neutron ~ 
decay etc) also contributes to worsening the 
statistical sensitivity 

• Optimizing measurement cycle (Tfill' T meas' PHe3) gives 
a shot noise limit of 

bdn < 8 x 10-28 e· em (90% e.L.) 

in 300 live days 

• Similar sensitivity in the dressed spin method 

21 



Systematic uncertainties 

Systematic errors include 

• Additional noise beyond counting statistics that 
reduce the sensitivity 

- e.g. uncompensated B-field fluctuation 

• False EDM signals (effects that mimic the EDM 
signal) 

- E-field correlated effects -e.g. leakage currents 
- Measure and reduce artificial correlations (e.g. EDM that 

changes sign with direction of B, use of 2 cell 

Physics issues -geometric phase 
- Careful design of apparatus 
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Systematic effects (projected) 

Source Systematic error (e cm) Comments 

Linear vxE (geometric < 2 x 10-28 Uniformity of Bo 
phase effect) 

Quadratic vxE < 0.5 x 10-28 E-field reversal to 10/0 

Pseudonlagnetic field < 1 x 10-28 n/2 pulse, comparing 
effects two cells 

Gravitational offsets < 0.1 x 10-28 With 1 nA leakage 
currents 

Leakage currents < 1 x 10-28 < 1 nA 

Miscellaneous < 1 x 10-28 
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Geometric phase effect 

• Significantly different effects for neultron vs 3He 
- Neutron has COo »(Or (ror is cell traversal frequency) and is 

largely independent of cell geometry 
• Can use previous analysis of geometric phase 

Pendlebury et al Phys Rev A 032102 (2004) 

- 3He has (00 « COT and is sensitive to cell geometry 
• Depends on diffusion time to walls (geometry & temperature) 

• False EDM in rectangular geometry: 
Golub,Swank & Lamoreaux arXiv:081 0.5378 

• Effect depends on Magnetic Field gradients 
80 along x-direction 

In Jii 2L2 (8B). 8B L2 d = -~CO = Y Z Z llf (co) + Y -Y llf (CO) 
f E 2 2 d 't' Z 0 d L2 't' Y 0 

C Zv Y v Z 

'V Z ((°0 ) is related to the velo1city autoc,orrelation function 



· Schedule 

• Critical Decision 2 (C02): xxx/2011 

-. Cost and schedule baselined 

• CD3: xxx/2011 

- Final engineering design and drawings completed 

• Start construction 2011-2012 

• Start cryogenic testing: 2013 

• Install subsystems into the experiment: 2014-2016 

• Start commissioning: 2017 
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More than just the sensitivity .... 

• The "known" systematic effects are part of the 
experimental design 

• Tackling the unknown effects requires unique 
handles in the experiment that can be varied 

• The significance of a non-zero result requires multiple 
approaches to unforeseen systematics 

• nEDM@ SNS is unique in its use of a polarized 3He 
co-magnetometer, characterization of geometric 
phase effects via temperature variation, as well as 
the dressed-spin capability 
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Comparison with other neutron EDM 
experiments 

C C P P r r S S Y Y 
0 0 I I 
E E E E 
D D D D 
M M M M 
1 2 1 2 

fl.w via accumulated phase in n polarization Y Y Y Y 

fl.w via light oscillation in 3He capture N N N N 

Co-magnetometer N N Y YIN 

Superconducting B-shield Y Y N N 

Dressed spin technique N N N N 

Horizontal B field Y Y N N 

Multiple EDM cells N Y N Y 
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Summary 

• Neutron EDM experiment at SNS is underway. 

• An experiment at the SNS can incorporate powerful 
and novel techniques to provide significant scientific 
reach in the search for a neutron EDM 
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