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Developments of neutron polarizers at J-PARC MLF

・SEOP based 3He spin filters
i) Development & Application

T. Okudaira1), 2), S. Takada1), 3), S. Takahashi1), 4), 
R. Kobayashi1), 4), M. Okuizumi1), 2), T. Ino5), 
T. Oku1), 4)

Application
R. Kiyangi1, K. Hiroi1), T. Honda5), T. Yokoo5) , 
M. Fujita3)

・Magnetic supermirror polarizers development
Ryuji Maruyama1), Dai Yamazaki1)

1)J-PARC Center, JAEA, 2) Nagoya Univ., 3)Tohoku Univ., 4)Ibadraki Univ., 5) J-PARC 
Center KEK



Developments of the SEOP based 3He spin filters 
at J-PARC MLF



3He gas filling system for the 3He spin filter

The 3He polarization is very sensitive to 
impurities such as magnetic impurity, 
Oxygen, Hydrogen. 

An ultra-high vacuum system is 
necessary to fill 3He and alkali metal to 
the glass cell without impurities.

The cleaning is important for the higher 
3He polarization and the longer 
relaxation time.

The glass and stainless tubes are baked 
out over 1 weeks at 400℃ and 200℃, 
respectively.

Alkali metal is distilled for 2 times and 
encapsulated to the glass cell.Ultra-high vacuum system.

Achievable vacuum pressure is 
< 1x10-7 Pa.

T. Okudaira, T. Oku, H. Kira, K. Sakai, T. Ino (2018)



Fabricated 3He cells

We have succeeded in fabricating good quality cells with a long relaxation time of 
τ ~200 hrs for the 3 atm gas-pressure cell.
Here, the theoretical limit is τdipole < 250 hrs for  a 3 atm cell.





High power fiber-coupled laser setup

Power supply
Laser shield box

Contact sensors

Fiber

Fiber input

Top view of the SEOP setup

・Laser power = 110W
・Continuous mode
・Fiber coupled
・The cell is irradiated from both side

H. Hayashida, T. Okudaira et al. (2019)



Neutron transmission experiments

Relaxation time T1 = 174 hrs with 3He 
gas pressure length of 20 atm cm on 
the beamline

P3He=85% was determined with ex-situ setup

P3He=85%
by the neutron transmission 
experiments

Neutro
n 

polariz
atio

n

Neutron transmission

Neutron

3He spin filter 
with the AFP NMR

BL10

T. Okudaira et al., NIM-A 977 (2020)
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How polarized neutrons are used at each BL.



How polarized neutrons are used at BL15.



The small and wide angle neutron scattering

Optica
l devices

（sli
t, c

hopper, p
olarizer, e

tc.）
Neutro

n beam

Detector arrangement

1. Ultra-small-angle 
detector

(2D detector)

Vacuum 
chamber 

3. Middle-angle
2. Small-angle

4. High-angle5. Backward

Sample Stage

Broad bandwidth of neutron wavelength 
+

Detector banks covering wide angle
Efficient measurement in wide-q range

5.0×10-3 Å-1 ≤ q ≤ 17 Å-1

BL15  “TAIKAN” 5 Detector Banks!!



Setup for polarization analysis with 3He spin filter

↑

Magnetic Supermirror polarizer

→ → →

Spin Flipper

→ ↑

Sample
BL15  “TAIKAN”

Neutrons

Sample

Relax. Time ~ 200 hrs

3He spin filter



Examples of polarization analysis exp. @ BL15 of 
Hydrogen contained colloidal samples

TBP (HNO3)x PtCl6 (BEHU-H)2

T. Okudaira et al., J. Appl. Cryst. (2021) 

The coherent and incoherent scattering components were distinguished by the 
polarization analysis.
the coherent components obtained with the low angle detector bank and the middle angle 
detector bank are smoothly connected.
On the other hand, there was a gap in the intensities of  the incoherent components 
between the low angle detector bank and the middle angle detector bank 

Without P. A.
Without P. A.

Coherent

Coherent Incoherent

Incoherent

Small angle Bank
Middle angle Bank

○(open circles) are the data 
obtained with the small-angle
detector bank.

●(filled circles) are the data 
obtained with the middle-angle 
detector bank.

Small angle Bank
Middle angle Bank



4K CRYO

Coils for XYX-method

x軸ステージ

回転 & 1軸ステージ

Collimator

Y-axis stage

回転 & 傾き軸ステージ

The coils is composed of 
5 coils. It can apply a 
magnetic field in any 
direction like the PASTIS 
coil for XYZ-method.

Uniaxial polarization 
analysis can be done by 
magnetic mirror 
analyzer.

XYZ-method (Uniaxial polarization analysis)

Magnetic Mirror 
Analyzer

Top view of the coils

The coils belong to Tohoku Univ.

up/down coils
coil-A
coil-B
coil-C

Fi
el

d 
(G

au
ss

)

Current (A)



How polarized neutrons are used at BL17.



J-PARC/MLF BL17 : Polarized Neutron Reflectometer SHARAKU
Polarization Analysis in polarized neutron reflectometry

Application 1

Magnetic supermirror polarizer
Magnetic supermirror analyzer



Polarization Analysis in polarized neutron reflectometry

2d PSDsample Polarized 
neutrons

2d PSD3He cell

Guide coil
In-situ SEOP

Polarized 
Neutrons

Spin flipper

J-PARC/MLF BL17 : Polarized Neutron Reflectometer SHARAKU

H. Hayashida et al. 

In-situ SEOP 3He spin filter



How polarized neutrons are used at each BL.



How polarized neutrons are used at BL20.

~Diffractometer for the industrial use~



Schematic layout of  iMateria BL20

High-angle detector bank

It has 4 detector banks including a small angle detector bank,
so that it can cover wide q-range.

Magnetic Supermirror
polarizer (m=5)Sample

Spin flipper







How polarized neutrons are used at BL21.



Polarizer and analyzer is 3He spin filter



How polarized neutrons are used at each BL.



How polarized neutrons are used at BL06.



BL06 VIN ROSE

MIEZE
NRSE

The neutron beamline is divided into two branches; one is for MIEZE and 
another one is NRSE(Neutron Resonance SE).



MIEZE

NRSE



3He spin filter as 2nd analyzer for MIEZE
3He spin filter 
(2nd analyzer)

2d-detector Vacuum tube 3He spin filter
Sample:

Ferro-fluid

T. Oda, T. Okudaira, H. Hayashida, T. Oku, M. Hino, and H. Endo

Polarized neutron



How polarized neutrons are used at BL23.



First chopper spectrometer dedicated to
polarized neutrons

T0 chopper

Fermi chopper

Band choppers

In-situ 3He spin filter
Correlation chopper

Spin analyzer

Sample

T. Yokoo, T. Ino et al.



3He cell Polarized neutron beamUnpolarized neutron beam

Laser

Lenses & optics

Magnetically shielded solenoid
60 cm

In-situ polarized 3He spin filter for POLANO
3He spin filter for POLANO is installed and waiting for neutrons.

T. Ino



Polarized neutron capability  of POLANO

u Incident neutron beam polarization by using in-situ

SEOP 3He spin filter whose gas pressure length:10 to 30 

bar·cm which cover neutrons whose energy from10 to 

100 meV

u AFP-NMR is equipped to the 3He spin filter to flip 3He 

spin polarity.

u The scattered neutrons are analyzed by

• 1st phase :  magnetic supermirrors, Ef~40meV

• 2nd phase : 3He spin filter, Ef~100meV



How polarized neutrons are used at BL10.





Polarized Neutron holography experiments at BL10
Ge detector Guide coil

FeCo sample

3He Spin Filter

γrays

Ne
ut
ro
n

Ne
ut
ro
n

Ohoyama (Irabaki Univ.)
Hayashi (Nagoya Institute of Tech.)
Harada, Oikawa, Inamura et al. (JAEA)

3He spin filter
Gas pressure length:19atm-cm 
Cell size: φ3.5 cm
P3He ~ 85%
Relaxation time ~ 160hrs

They have performed neutron holography 
experiments to study structure around the 
dopants.

Ohoyama, Hayashi, Harada, Oikawa, 
Inamura, Okudaira, Oku et al.

We have started to try polarized neutron 
holography experiments, but we have not gotten 
reasonable results so far.



Numbers of experiments with 3He spin filter

(scheduled)



To make the most use of polarized neutron
Some setups of In-situ SEOP are going to be used.

J-PARC MLF BL23
Under commissioning
Almost ready for user experiments

T. Yokoo, T. Ino et al.

JRR-3 6G TOPAN
Installation started

Y. Ikeda, T. Ino, S. 
Takada, M. Fujita et al.

J-PARC MLF BL18
Under preparation

S. Takahashi, T. Oku 
R. Kiyanagi et al.



Current status and perspective

At MLF, polarized neutrons are used at 11 beamlines now, 
and are expected used at 13 beamlines in a future.

✓

✓ Some tests done. Under 
preparation for regular use

Some tests done. Under 
preparation for regular use

3He

3He



Thank you for your 
attention!



Developments of neutron polarizers at J-PARC MLF

・SEOP based 3He spin filters
T. Okudaira, T. Ino, K. Sakai, H. Kira, H. Hayashida
S. Takahashi, K. Hiroi, T. Oku

・Magnetic supermirror polarizers
Ryuji Maruyama












