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Outline

● The neutron Electric Dipole Moment (nEDM) and the 
particles used: the UltraCold Neutrons (UCN)

● The new He-II superthermal UCN source at RCNP

● Development on the nEDM experiment

● Outlook
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The neutron EDM group

Spokespeople:  Y. Masuda (KEK), J.W. Martin (Winnipeg)

Collaborators: T. Adachi, M. Barnes, C. Bidinosti, J. Birchall, L. Buchmann, C. Davis, 
F. Doresty, W. Falk, M. Gericke, R. Golub, K. Hatanaka, B. Jamieson, S. Jeong, S. Kawasaki, 
A. Konaka, E. Korkmaz, E. Korobkina, M. Lang, L. Lee, J. Mammei, R. Mammei, R. 
Matsumiya, K. Matsuta, M. Mihara, A. Miller, E. Miller, T. Momose, R. Picker, W.D. Ramsay, 
S.A. Page, E. Pierre, Y. Shin, J. Sonier, H. Takahashi, K. Tanaka, I. Tanihata, W.T.H. van 
Oers, Y. Watanabe

(KEK, U. of Winnipeg, U. of Manitoba, TRIUMF, NCSU,

RCNP, UNBC, UBC, Osaka University)



 4

The neutron Electric Dipole Moment
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The neutron Electric Dipole Moment
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nEDM: status of the art
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nEDM: predictions

Main current limitation: statistics
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nEDM: predictions

First phases in Japan
2014 to 2016

Experiment in Canada
2016 to 2020
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UltraCold Neutrons (UCN)

● ~100 neV energy neutrons
● All the interactions: same order of magnitude
● Can be trapped using physical walls!
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How to produce UCN

Reactor, 
spalation

Reaction

Heavy 
water 

(300K)

Cold 
moderator 

(~20 K)

Depending 
on technics

Fast neutron

Thermal neutron Cold neutron
Ultracold 
neutron

20 000 000 m/s 2 200 m/s 200 m/s 4 m/s

Neutrons are moderated by passing through 
different materials with different temperatures
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Experiments with UCN

● Long storage time: many applications for 
fundamental physics

● n decay, gravity, lifetime, electric charge... 
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How to measure the nEDM

Co-magnetometer needed!
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How to measure the nEDM: the Ramsey's method
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How to measure the nEDM: the Ramsey's method
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Expected statistical sensitivity

  

€ 

σ d =
h

2αEtc N

α = 0.95 exp(-tc/T2) = 0.83

N = (7.5x105 UCN/batch) exp(-tc/τ) 
      x 144 batch/day = 7.1 x107 pol. UCN

tc = 130 s
E = 10 kV/cm

€ 

3600s × 24

600s

10 μA @RCNP

40 μA @TRIUMF σd = 1.6 x 10-26  ecm/day
More improvements @TRIUMF

10 μA @RCNP σd = 3.6 x 10-26  ecm/day

σd = 3.0 x 10-27  ecm/day

assuming 10 minutes cycle

σd = 1.1 x 10-25  ecm/day1 μA @RCNP
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Expected statistical sensitivity

● Such N not achievable with the UCN sources 
used during 2006 experiment.

● This was already know for a long time...

Golub and Pandlebury, Contemporary Physics 
13, 519 (1972) Review on neutron EDM:

“If no effort were to be spared, an nEDM error 
of 2x10-27 e cm might ultimately be achieved”

● New UCN sources must be developed  
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The new way to produce UCN

● Liberate neutrons by 
proton-induced 
spallation.

● Moderate (thermalize) in 
cold (20 K) D

2
O.

● Cold neutrons then 
“downscatter” to near 
zero energy (4 mK) in 
superfluid helium through 
phonon production.
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He-II superthermal source concept 

From MC simulations (R. Matsumiya)
P=14 UCN/cm3/s at 20 K
P=6   UCN/cm3/s at 50 K
P=4   UCN/cm3/s at 80 K
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UCN losses within He-II

● Upscattering: depends on temperature τ~T-7. 
For T=0.8K (reached during last November 
experiment!), we have τ~600 s.

● Absorption with 3He (σ
abs

=5333 b). Natural 

abondance: τ~30 ms. Isopure 4He needed. 
With 10-10 3He impurity, τ~300 s.

● Neutron lifetime: τ~886 s.
● Losses during wall collisions: τ~250 s.
● Global storage lifetime reachable: τ~150 s.
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UCN losses within He-II

● Upscattering: need low temperature

● Absorption with 3He: need isopure Helium

● Neutron lifetime: intrinsic

● Losses during wall collisions: need high 
cleaning of the walls
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First prototype source: vertical 
extraction

Y. Masuda
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First prototype source: vertical 
extraction
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Vertical source: UCN production

Time (s)

UCN count

Background
during
beam

Proton beam

UCN
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Vertical source issue: energy spectrum

Gravity reduces number of UCN which can reach the experimental setup
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New concept: horizontal extraction

Y. Masuda
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Expected UCN number for the new 
horizontal source

● N=Pτ
s
ε

d
V

● Vertical UCN source: P=4 UCN/cm3/s

                                  26 UCN/cm3 at E
c
=90 neV

● Horizontal: dilution factor (V ratio):    x6/9.9

                  cold n flux:                       x1.2

                  UCN production volume: x1.4

                  beam current upgrade:    x10

                  storage lifetime:               x2

Phys. Rev. Lett. 108(2012)134801

Expected number of UCN at RCNP (10 μA beam current): N=7.5x105 
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New source: a source of polarized UCN
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New source: a source of polarized UCN

But we have to be careful to do not depolarize UCN during transport



  

SC magnet at RCNP



  

SC magnet at RCNP

200 A
  PS

    SC 
magnet

Compen-
sation coil

Breaker

Pulse
 tube

Warm bore

Probe



  

SC coil

Copper cooling plates BSCCO strip



  

Magnetic field check on axis
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Horizontal source

● We got first polarized UCN during last 
November!

● Analysis currently on going.
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The nEDM experiment
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Many nEDM experiments!

R. Picker
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nEDM systematics 
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nEDM systematics
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Some developments for the nEDM 
experiment

● New UCN guides for high polarization
● Non magnetic NiMo coating
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Some developments for the nEDM 
experiment

● New UCN guides for high polarization
● Non magnetic NiMo coating
● Successfully coated at TUM (Munich) last 

summer

Magnetron sputtering, T. Lauer
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Some developments for the nEDM 
experiment

● New UCN guides for high polarization
● Non magnetic NiMo coating
● Successfully coated at TUM (Munich) last 

summer
● Should increase polarization from 20% to 99% 

compared to stainless steel!
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Some developments for the nEDM 
experiment

● New high efficiency UCN detector based on 
neutron capture on Lithium 6
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Some developments for the nEDM 
experiment
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Some developments for the nEDM 
experiment

● G4 model
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Some developments for the nEDM 
experiment

● Background study
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The future experiment at TRIUMF
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Outlook

● The new horizontal source has been tested 
successfully two months ago

● Focusing on nEDM developments during 2014 
such as UCN detector tests with real UCN, 
magnetic fields and high voltage

● Expected publishable new nEDM limit for 
2016 in Japan, just before moving the 
experiment to Canada
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Thank you
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