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Principle of EDM Measurement
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Existence of EDM will change the precession frequency of Neutron

𝜔 =
2 𝜇𝑛𝐵0 ± 𝑑𝑛𝐸0

ℏ

∆𝜔 =
4𝑑𝑛𝐸0
ℏ

Sensitivity 𝜎𝑑𝑛 ≃
1

𝐸0𝜏 𝑁𝑈𝐶𝑁

nEDM@SNS is aiming at a sensitivity of ≃ 𝟏𝟎−𝟐𝟖𝒆 ∙ 𝒄𝒎 (current limit 𝒅𝒏 < 𝟏. 𝟖 × 𝟏𝟎−𝟐𝟔 𝒆 ∙ 𝒄𝒎 𝟗𝟎% 𝑪𝑳 [PDG])    
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• Ultracold Neutrons (UCN) production via superthermal scattering in superfluid He.
• B field of 30 mG and field uniformity of 3 ppm/cm and E field of 75 kV/cm.
• Free precession method

• 3He co-magnetometry to monitor B field via SQUIDS.
• Scintillation rate via spin dependent n-3He reaction.

𝑛 ↑ + 3𝐻𝑒 ↓→ 3𝐻 + 𝑝 + 765 𝑘𝑒𝑉
• Critical spin dressing method for better sensitivity and cross check on systematics

R. Golub and S.K. Lamoreaux, Physics Reports 237, 1 (1994).



Cryogenic Magnet Package and its associated windows
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Cryogenic Magnet Package and its associated windows
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Polarization and Transmission of Neutrons

• Need to measure the transmission and polarization loss of monochromatic 
neutrons from nEDM cryostat magnet windows.

• Especially superconducting Pb shielding and ferromagnetic flux-return 
Metglas.

• Presence of microscopic magnetic domains and the fact that windows can 
act as current sheets can cause diabatic transitions in the magnetic fields 
leading polarization loss.

• Difficult to simulate diabatic transitions so need to measure polarization 
loss experimentally in a magnetic field environment similar of that of the 
final experiment.
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3He Polarimetry
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G. L. Greene et. al, Nuc. Inst. Methods A 356 (1995).

Takes advantage of the spin dependence in the capture cross section of neutrons on 
polarized 3He. 

𝑃𝑛 = tanh 𝜎 𝜆 𝑁𝐻𝑒𝐿𝐻𝑒𝑃𝐻𝑒

𝑇𝑝𝑜𝑙 = 𝑇0 cosh 𝜎 𝜆 𝑁𝐻𝑒𝐿𝐻𝑒𝑃𝐻𝑒

𝑇0 = 𝑁0𝑒
−𝜎 𝜆 𝑛𝐻𝑒𝐿

3He analyzer cell parameters are difficult to accurately measure.

𝜎↑↓~5300 𝑏𝑎𝑟𝑛𝑠 (1.8 Å)

𝜎↑↑~0 𝑏𝑎𝑟𝑛𝑠 (1.8 Å)



Determination of Neutron Polarization

𝑃𝑛 =
𝑅 − 𝑅𝑠𝑓

2𝜀𝑠𝑓 − 1 𝑅 + 𝑅𝑠𝑓
2
− 4𝜀𝑠𝑓

2

𝑅 =
𝑇

𝑇0
, 𝑅𝑠𝑓 =

𝑇𝑠𝑓

𝑇0
and 𝜀𝑠𝑓 =

1

2
1 −

𝑇
𝑠𝑓
𝑎𝑓𝑝

−𝑇𝑠𝑓

𝑇
𝑠𝑓
𝑎𝑓𝑝

+𝑇𝑠𝑓

𝑇𝑎𝑓𝑝−𝑇

𝑇𝑎𝑓𝑝+𝑇

8

• Neutron polarization can be determined by R and Rsf which simply represent ratios of transmissions 
through 3He analyzer.

• 3He polarization and the physical properties of the 3He cell do not need to be known to determine the 
neutron polarization.

G. L. Greene et. al, Nuc. Inst. Methods A 356 (1995).



Spallation Neutron Source

N. Fomin et. al, Nucl. Instrum. Methods A 773 (2015) 45
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Beamline 13 Schematic Diagram

Secondary Shutter

N. Fomin et. al, Nucl. Instrum. Methods A773 (2015) 45
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Determination of Neutron Polarization
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• Neutron polarization can be determined by R and Rsf which simply represent ratios of transmissions through 
3He analyzer.

• 3He polarization and the physical properties of the 3He cell do not need to be known to determine the 
neutron polarization.

G. L. Greene et. al, Nuc. Inst. Methods A 356 (1995).



Mezei coil spin flipper
The Mezei flipper uses a diabatic field perpendicular to the guide field change to project the polarization direction of the beam 
onto any arbitrary field axis.

Useful for monochromatic beams i.e. fixed velocity

A flip of φ radians with respect to the guide field can 
be achieved if the resultant field within the coil, BF, is 
perpendicular to BG  and
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Spin “gymnastics” simulations

• Integrating Bloch’s equations to check for spin 
“gymnastics” transport in the magnetic field for the 
polarimetry components.
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gamma-dose rate

neutron-dose rate

MCNP dosimetry simulations

BL-13 enclosure

BL-13A flight tube

polarizer

nEDM@SNS
cryogenic magnet

BL-13 enclosure

BL-13A flight tube

Polarizer

nEDM@SNS
cryogenic magnet

Collimators

Collimators



Ongoing work…

• Cryogenic Magnet is being commissioned at Caltech and is expected 
to arrive at SNS early 2022.

• Flight tube is undergoing engineering design and construction will 
begin 2021.

• Polarimetry components are being developed and tested.

• Magnetic field simulations are being performed to check for spin 
transport.

• Dosimetry calculations have been performed and reviewed for 
approval.         
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Collaboration
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The work presented is in part supported by U.S. D.O.E award number DE-FG02-03ER41258 
and D.O.E Office of Science, WDTS-SCGSR program under contract number DE‐SC0014664



Back up slides
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W. Treimer et al., Polarized neutron imaging and three-dimensional calculation of magnetic flux trapping 
in bulk of superconductors. Phys. Rev. B 85, (2012) 184522 https://doi.org/10.1103/PhysRevB.85.184522

https://doi.org/10.1103/PhysRevB.85.184522


Supermirror Polarizer
The supermirror polarizer spin filters the neutron beam by preferentially reflecting one neutron spin state. The 
other spin state is absorbed in the Borofloat glass substrate.

𝑛 = 1 −
𝑁𝑏𝑐𝑜ℎ
𝜋

±
𝜇𝐵

2𝜋2ℏ2
𝜆2
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3He Analyzer Cell

• In collaboration with SNS polarimetry 
group.

• Offsite polarization using SEOP.

• Transport to site using transport coils.
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Neutron Detector

• 8 or 6 pack of Reuter Stokes 3He Gas 
Filled Proportional Detectors.

• Borrow these from the SNS polarimetry 
group.

• 3He counter( n+3He→3H+p)
• Proton and triton create avalanche 

multiplication

• Proportional counters operating in Geiger 
mode.
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Beamline 13 with P/T apparatus
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Nab 
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Magnetic Fields 

Super mirror polarizer 
(350 Gauss y-axis)

Spin flipper

B0 coil (30 mGauss)

B0 Flux return 
Metglass

Superconductive Pb

Mu-metal shielding 
(SF=8)

Earth’s Field Compensation 
Coils (1 Gauss) MSE coils (cosθ) to get 30 mG

inside mu-metal

Spin Transport coils x-
axis

zy

x

Neutron 
Detector

3He 
Analyzer

Holding field Coils

Flux return Metglass
for MSE coils
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“Neutator”-guide field rotator
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• Neutron guide field rotator -“neutator”.
• Fix any magnetic field misalignment 

issues.
• This will eliminate the need to rotate 

the spin flipper 
• provide the adiabatic rotation after the 

spin flipper.
• In collaboration with SNS polarimetry 

group. 



Frame Overlap

• Graphite filters do not fully filter 
out the 4.45Å and 2.97Å 
neutrons.

• These neutrons could overlap 
with the 8.9Å neutrons in time.

• This will lead to a systematic 
effect for the polarimetry 
experiment since the neutron 
detector will be counting the 
8.9Å and the overlap neutrons.

Measured spectrum as a function of time of flight
32
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Chopper solution:

Chopper opening angle: 133 deg
Chopper phase: 267.25 deg
Chopper length: 5.5 m from source
Pulse frequency: 60 Hz
Path length to detector: 42.88 m from source
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Effect of polarization loss on scintillation rate

Scintillation rate with 98% neutron polarization
Scintillation rate with 10% neutron polarization
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Effect of polarization loss on scintillation rate

Scintillation rate with 98% neutron polarization Scintillation rate with 10% neutron polarization

Assume dn : 10-24 e·cm
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Ahmed et al. (nEDM collaboration), arXiv:1908.09937 , 2019.
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