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Permanent Electric Dipole Moment

Current upper limit of nEDM：

dn = (0.0 ± 1.1stat ± 0.2sys)×10-26 e･cm

The direct violation of 

the T-symmetry

EB nn dh 22  

High density storage of 
UCNs is required.

𝛿𝑑𝑛 =
ℏ

2𝛼𝐸𝑡 𝑁

C. Abel et al., Phys. Rev. Lett.  124, 081803 (2020)

We aim to search the neutron electric dipole moment with 10-27 e・cm precision.

dn dn

Free precession 

2

Standard Model Predictions

SUSY (F～a/p) Predictions

TUCAN’s goal



TUCAN setup
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Development in Japan

EDM cell

Magnetically Shielded Room

E

E
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secondary

D2 Cryostat
He Cryostat

He cryostat,
in development at KEK

Magnetically Shielded Room and

Ambient Magnetic-field Compensation,
in development at RCNP

Cylindrical UCN Guide, 
tested at J-PARC

~12 m

Ambient Magnetic-field Compensation
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Spin analyzer,
making a plan for a 
performance test at J-PARC



Typical Reflection Models

Surface roughness

The surface flatness of the guide tubes is important for the decrease of the reflection number of UCN 
( = UCN loss).

・ Atomic Force Microscope

・ Off-specular scattering of cold neutrons

・ UCN transmission experiment

Roughness measurement by...
Small piece

m-scale

UCN

・UCN density in an EDM bottle

Perfect mirror Lambert 10%
×1/3

・Lambert’s model ・Microfacet models ・Microroughness model

Uniform diffusion Geometrical optics Physical optics

Specular 
lobe

Directional 
diffusion

multi-reflection, 
etc.



Ultracold neutrons

potential

position

240 neV (Ni)

Ultra-cold Neutrons is…

UCN is a useful probe in precise measurements.

• Neutral particle

• Extremely slow (lower kinetic energy than 240 neV)

• Totally reflected on Ni surface

• Stored in Ni (or often Be) -coated bottle

Moving frame Lab frame

Doppler shifter

Very-cold

Ultra-cold

Super-thermal method

Cold

Ultra-cold

Phonon

Wall

Superfluid helium-4

Fermi pseudo-potential ~200 neV

Magnetic 
potential 
~60 neV/T

Gravitational 
potential 
~100 neV/m

Kinetic energy ≦240 neV

in J-PARC/MLF BL05 in TUCAN 6



Doppler shifter

m = 10 mirror

Prog. Theor. Exp. Phys. 2016, 013C02 (2016)

The Doppler shifter equips four m=10 multilayer mirrors,

with the size of 30mm×35mm, at the tip of 32.5 cm length arm.

The rotation frequency is 33.3 Hz (2000 rpm), so the radial velocity

of the mirrors are 68 m/s.

3cm×3cm

6cm

UCN

～40 cps

25 Hz
33.3 Hz

8.33 Hz



J-PARC/MLF BL05

proton

neutron

Hg target

Unpolarized branch

Overview of beamline 05 in J-PARC MLF. m = 3 supermirror guide tube

The Doppler shifter set at the unpolarized beam branch. 

The repetition frequency of incident beam is 25 Hz. 

Wideband monochromatic mirror

Focus guide

VCN flux through the Doppler shifter
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Transmission experiment in J-PARC

z

x
8.33-Hz
UCN source

35 mm

250 mm

500 or 1000 mm

45 mm × 45 mm
collimator (painted region)

Ni mirror tilted by 45°

guide
Tilted by q

Gravity

f50 mm collimator

155 mm

Conversion flange (SUS), t = 24 mm

UCN detector

• The above setup is in vacuum of approximately 10 Pa.
• The material of the collimators is a polyethylene.
• Neutrons returned to the inlet are absorbed by the collimator or 

an aluminum flange.
• The inner surface of the conversion flange is not well-polished.

10 m copper foil

8.33-Hz UCN pulses

f95.5 mm

Inlet f90 mm43 mm

q ± 6°

Top view

UCN

UCN Detector



Label Length (mm) RMS (nm) q (degree)

UGD 34 500 52.1 – 71.4 0, 30

UGD 37 1000 51.8 – 62.0 0, 15, 30

UGD 40 1000 7 – 11 30

The summary of measured guide names, labeled Root Mean Square (RMS) amplitude of
the roughness, and measured angle q is as follows. All guide surfaces are coated by Nickel
Phosphorus alloy.

We also prepared UGD 35 (Length: 500 mm, RMS: 58.9 – 78.2 nm) and UGD 36 (Length:
1000 mm, RMS: 737 – 744 nm). However, we could not measure the guides because of
the limitation of beamtime.

Transmission experiment in J-PARC

Polished by Irving Polishing & 
Manufacturing, Inc. (USA),
Coated by Advanced Surface Tech. (USA)

Polished by Irving Polishing & 
Manufacturing, Inc. (USA),
Coated by Chem Processing Inc. (USA)

Polished by Ultra Finish Technology (JPN),
Coated by Asahi Precision (JPN)



Count rate vs. Reflection number

A plot of the count rates and exponential fittings of the data of UGD 34
and UGD 37 are as follows. The horizontal axis is the mean number of
reflections calculated by our simulation with specular reflection.

Normalized by 
UGD 34, 0°

0°

15°

30°

Discrepancy?

30°

TOF distance

We now search reflection models and parameters which can reproduce the velocity distributions.

Transmission experiment in J-PARC



Storage Experiment of UCN guide

UCN guide

Detector

Rotary valve

Storage experiment of an UCN guide are carried out in Feb. 9th-16th.

Rough estimation

・Initial stored UCN:

35~40 UCNs / cycle at 600 kW

・Expected lifetime:

54 s

Estimation by Wolfgang

・Detectable UCN after 100s:

2.7 UCNs

• Check of the valves

• Comparison to the previous storage result
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Volume: ～7 L



Storage Experiment of UCN guide
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Guide

Guide

B4C rubber

UCN

Gate valve

Doppler 
shifter

Very cold 
neutrons

3He detector

Rotary valve

We have just finished the storage experiment with UGD 37.



Storage Experiment of UCN guide
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Guide

Doppler 
shifter

Very cold 
neutrons

We have just finished the storage experiment with UGD 37.

UCN
1

2

3

Rotary valve

3He detector



Storage Experiment of UCN guide
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Guide

Doppler 
shifter

Very cold 
neutrons

We have just finished the storage experiment with UGD 37.

UCN
1

2

3

Rotary valve

3He detector

We have succeeded in observing the exponential decrease of 

UCN. Now we are precisely estimating the lifetime of the guide.



Next: Storage Experiment of Tail Section

Tail section

Detector

Rotary valve

Measurement of UCN lifetime in the tail section (UCN source section)

Rough estimation

2.8 m

Cryostat
Cryostat
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Volume: ～65 L

2.6 m

Doppler shifter

Top view

・Initial stored UCN:

250~300 UCNs / cycle at 600 kW

・Expected lifetime:

92 s

・Detectable UCN after 100s:

39 UCNs

Iron shield



Summary
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• We have measured the transmittances and lifetime of UCN guide(s) with UCN
produced by our Doppler shifter at J-PARC/MLF BL05.

• The measured transmittance differs from a Monte Carlo simulation with
uniform diffusions. We now search a proper reflection model to reproduce the
result.

• The storage experiment has just finished. Now we are precisely estimating the
lifetime of the guide. The storage experiment of the tail section of TUCAN
beamline will be carried out with the same setup.


