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Neutron Electric Dipole Moment (nEDM) signals 
the violation of time-reversal (T) invariance.

Standerd Model :

|dn| < 2.9 × 10-26 e cmPresent upper limit 

New Physics (SUSY ...) : |dn| ~ 10-27 ~ -28 e cm

|dn| ~ 10-32 e cm

is approaching to the predictions of some physics 
beyond the standard model of particle physics.

More precisely !

Spin is reversed. 

T reversal
＋
-

＋
-

Electric charges 
don’t change.
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More Dense UCNs !

Very slow neutrons (Ultra Cold Neutrons : UCNs) can be 
stored in bottle by reflections off the material wall. 

UCNs : energy < 200 neV
velocity < 7 m/s

Change of precession frequency according to 
the direction of electric field is measured.

Neutron density is important to reduce the systematic errors.

⇥±
2�

= 3� 101 B

1µT
± 5� 10�8 dn

10�26e · cm
E

10kV/cm

1μT 1fT equiv.
Small storage area is better. 



Motivation       nEDM at J-PARC (P33)

Pulsed UCN 
converter

(sD2)

EDM cell with 
high precision 
magnetometer

UCN Transport with Rebuncher 
(neutron space-time focusing)

Ultra-cold neutrons

EDM cell

UV laser for 
magnetometerUCNs

proton beam
from LINAC

10-27 e cm (phase1, 5 years)
10-28 e cm (phase2)

Large production by J-PARC LINAC
(instantaneous high power : 20 MW) high 

density

small 
systematic 
errors

+
 Transport optics

(focusing with pulsed neutron decelerator)+
High precision measurement

(magnetometer using UV laser)
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Motivation       nEDM at J-PARC (P33)

Pulsed UCNs spread spatially, 
Density decreases quickly
without any treatment.

Neutron source Storage cell

7

Transport without loss of density!
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Motivation       nEDM at J-PARC (P33)
UCN Rebuncher = Neutron Accelerator

Neutron source Storage cell

If the pulse shape is recovered at storage 
area, the high density can be achieved. 

8

Rebuncher reshapes UCNs into sharp pulse.

t

x
door position

UCN production
at converter

slow UCNfa
st

 U
CN

Rebuncher

Rebuncer decelerates the UCNs according to the velocity,

high density

decelerated

accelerated
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RFB

decelerateion

RF magnetic field in gradient field 
gives/removes the energy with spin flip.

Adiabatic Fast Passage (AFP) spin flipper is used for control 
of the neutron energy.

30 MHz = 1T = 120 neV
2µB = h̄!

1

Opposite-spin neutrons are accelerated. 
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Date(2010/07/17) by(H.M.Shimizu)
Title(Status Report of P33: Measurement of Neutron Electric Dipole Moment at J-PARC)
Conf(10th J-PARC PAC) At(Tsukuba) page 16

Spin Flipper for nEDM F = 6.0787436 MHz

C:\LANL\NEDM\FILPA0A.AF 6-10-2010 0:23:28
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Large
Deceleration Small

Deceleration
Faster neutrons arrive early.

Slower neutrons arrive late.

Large deceleration = High Freq. RF

Small deceleration = Low Freq. RF

Sweeping frequency 
according to time

Energy exchange 
is proportional to 
the RF frequency.

30 MHz = 1T = 120 neV

Adiabatic Fast Passage (AFP) spin flipper is used for control 
of the neutron energy. RF magnetic field in gradient field 

gives/removes the energy with spin flip.
2µB = h̄!

1
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Static Magnet

製作された電磁石
Yoke 材質：SS400 (構造材)

中間磁極：SS400+アルミの積層
コイル冷却：間接水冷

中間磁極

電磁石本体

2011年 2月 23日 水曜日
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Anisotropic inter-poles make 
homogeneous gradient field.

Y. Arimoto et al. / Physics Procedia 00 (2011) 1–13 9
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Figure 8: Bx (left) and dBx/dz (right) as a function of z on the median plane. The symbols indicate the calculated values at at y =0.0 cm (circle),

1.0 cm (square), 2.0 cm (triangle), 3.0 cm (inverse triangle), respectively. Effective spin-flip region is indicated with vertical dashed lines. The pole

and return yoke shape are indicated as same scale and position in z-direction on the upper side of the each figure.
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Figure 9: Calculated Bx components as a function of z at spin-flip-region. (a) x= 0.0, (b) x=0.5 cm, (c) x=1.0 cm, (d) x=1.5 cm. The symbols

indicate the calculated values at at y =0.0 cm (circle), 1.0 cm (square), 2.0 cm (triangle), 3.0 cm (inverse triangle), respectively.

anisotropic inter-pole make similar fringe fields at any z-positions where the gap distance are different. This property

is of advantage to such like this magnet that the gap distance is greatly varied to make a large gradient field.

The designed magnet shows the following field qualities;

1. The maximum B-field of 10 kGauss is achieved and it is decreased to 2 kGauss within a longitudinal distance

of 25 cm keeping a gradient less than 400 Gauss/cm.

Y.Arimoto, et. al.,IEEE Trans. Appl. 
Supercond. 22, 4500704 (2012).
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RF coil
(one-turn)

Resonance circuit

RF Amp 1kW
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UCN beam line PF2
High Flux Reactor
ILL, France

RF coil

Magnet

Resonance circuit

Ni guide tube

Continuous UCN beam was chopped 
by shutter to simulate pulsed source.

Timing signal

Amp

RF resonance circuit

He Detector

Magnet

Ni Guide tube

DAQ

Shutter

 UCNs

180 cm 360 cm

Motor

M

(consists of 
neutron mirrors)

Sweeping RF frequency is 
synchronized with the shutter.
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RF OFF

Y. Arimoto, et., al., 
Phys. Rev. A 86, 023843 (2012).

RF ON

Decelerated!

Blue : Exp. Data
Red : Simulation



10 Sep. 2012, LINAC 2012, Tel Aviv,
M. Kitaguchi, “Accelerator/Decelerator of Slow Neutrons”

page

Demonstration of Rebunching
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Results

Y. Arimoto, et., al., 
Phys. Rev. A 86, 023843 (2012).
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Rebunched !

RF ON

Accelerated
(opposite spin)

Blue : Exp. Data
Red : Simulation

Focusing of UCNs was 
observed !
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Now we can control neutron velocity precisely. 

This type of neutron accelerator can be connected one after another. 

Controllable energy  = 120 neV / T / unit
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We have developed prototype of Neutron Accelerator and 
demonstrated the space-time focusing. 

Neutron EDM (nEDM) signals new physics beyond standard model.
nEDM experiment requires dense Ultra Cold Neutrons (UCNs).

By controlling the energy distribution of UCNs, the pulse shape 
of the UCNs can be reconstructed at experimental area. 

UCN Rebuncher = Neutron Accelerator
Spin flipper with frequency-sweeping RF can be Neutron Accelerator.

We are now planning the new nEDM experiment using this focusing 
technique at J-PARC.


