
Neutron EDM Measurement with a Pulsed
Beam

Dieter Ries

JGU Mainz / Uni Bern

October 17, 2017



Introduction BeamEDM Idea Experiment Concept Challenges Results

Neutron Beam EDM

“All nEDM experiments are equal,
but some nEDM experiments are less equal than
others.”

George Orwell, 1945
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History
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1977

Dress et al., PRD 15, 9 (1977)
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Why switch to UCN?
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dfalse ≈ 10−20ecm · sinα

for v = 100ms−1

Dieter Ries (JGU Mainz / Uni Bern) nEDM2017 October 17, 2017 4 / 32



Introduction BeamEDM Idea Experiment Concept Challenges Results

Time Dependence

∆ω ∝ dnE+ μnE
v

c2
sin(α)

⇔
∆φ = ∆ωT ∝ dnET + μnE

L

c2
sin(α)

with T the interaction time and L the length of the experiment.
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European Spallation Source ESS

https://europeanspallationsource.se
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nEDM at ESS?
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Experimental Concept

• Use neutron source’s intrinsic pulses
• Fixed installation
• Lenght: 50 m

• dN
dt > 100MHz

• ...
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More Realistic Concept

Phase I Phase II

• Existing DC sources
+ chopper

• Mobile + Beamtimes
• Lenght: 5 m

• dN
dt > 1MHz

• ...
• Proof of Concept

• Use neutron source’s
intrinsic pulses

• Fixed installation
• Lenght: 50 m

• dN
dt > 100MHz

• ...
• Pushing the Limit
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Sensitivity Potential?
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Schematics
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Mechanical Challenges

• 5 m long ...
• Support Structure
• Flight Tubes
• Electrodes
• B0-Coil
• Field Trim Coils
• Active Field Stabilization
• ...

• Mobility
• Weight
• Lab Doors
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CAD Design
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Reality
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Spin Analysis
• Spinfilter + Monitor Detector

• Intensity Reduction (Monitor Statistics)
• Polarizing Mirror:

• 2 beams × 2 polarizations = 4 beam spots

⇓
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Detector View

Beams nicely separated by one row of pixels (6.25 mm).
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Neutron Detector
Requirements:

• High Rate ( > 1 MHz ) Capability
• Large Area ( 100×100 mm2 )
• Pixelated
• High Efficiency

• Availability: Yesterday

Commercially Available: CDT Cascade Detector

• Up to 10 MHz (GEM Technology)
• 100×100 mm2

• 16×16 Pixels (Can be Arbitrarily Distributed)
• ∼ 35 % Efficiency at 5Å (5 10B layers)
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Detector
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High Voltage

• Electrodes
• Material
• Coating
• Contacts
• Under Investigation
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Beamtime at PSI Aug/Sep 2017
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Neutron Rate

Conditions:
• Proton Beam on SINQ Target: 1 mA
• No Electrodes (No Guiding of Neutrons)
• Suboptimal Chopper
• 3 mm wide Beam for Spin Analysis )

Chopper + Spin Analysis: > 100 Hz
Spin Analysis: 40 kHz
Open Beam 2.8 MHz
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Phase Ramsey
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Summary

• v × E Killed Beam nEDM Experiments
• TOF nEDM Experiment Immune to v × E
• Intense Pulsed Neutron Sources Upcoming
• Proof of Concept effort @unibe since 1 year:

• Mechanical Concept: Ø
• Neutron Detector: Ø
• Magnetic Field Stabilization: (Ø)
• Time of Flight: (Ø)
• High Voltage & Eletrodes: TBD

• First Beamtime at PSI in September 2017: Ø
• Upcoming Beamtimes at PSI and ILL (PF1b)
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Thank you for your attention!
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Backup
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Statistical Sensitivity

σBeam(dn) ≈
2ℏ

ητE
p
N

• η: Visibility of Ramsey Patterrn
• τ: Interation Time
• E: Electric Field
• N: Neutron Counts
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Neutron Wavelength Spectrum @ BOA
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