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Abstract 

A polarized 3He neutron spin filter requires a suitably homogeneous magnetic environment to avoid 
depolarization of 3He nuclear spin. In the present study, we discussed the required performance of the 
magnetic shield for an in-situ spin exchange optical pumping neutron spin filter system and designed a 
magnetic shield with T1mag > 100 h under a magnetic field of 3.5 mT perpendicular to the guide field. We then 
constructed the magnetic shield and confirmed its performance. Finally, we succeeded in developing a 
magnetic shield for a polarized 3He neutron spin filter system for J-PARC. 
© 2012 Elsevier BV. Selection and/or peer-review under responsibility of the organizing committee for 
PNCMI 2012. 
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1. Introduction 

Polarized 3He gas functions as a neutron spin filter (NSF), and in recent years, 3He NSFs have been 
extensively developed around the world [1]. 3He has a very large absorption cross section for only neutrons in 
the opposite spin state to that of the 3He nucleus. The scattering cross section of 3He is small. These two 
features allow nuclear-spin-polarized 3He gas to work as a neutron spin filter. Compared with other spin filters 
such as Heusler alloys [2] and magnetic supermirrors [3], 3He gas neutron spin filters have the following 
advantages: they can polarize various energies of neutrons such as cold, thermal, and hot neutrons; they can 
work with broadband neutrons; and they can be used for wide-area and large-divergence neutron beams. 
However, 3He gas neutron spin filter also have the following disadvantages: they require a highly 
homogeneous magnetic field to avoid the depolarization of 3He nuclear spin, and they require much time and 
effort for maintenance. These characteristics are desirable for polarizing the pulsed neutron beam of J-PARC, 
which has a relatively broad energy spectrum. One of the design requirements for a neutron polarizing device 
is that it be as small as possible to minimize the void space of the beamline shielding. The void space of the 
beamline shielding increases experimental background. Therefore, we have designed a compact, in-situ spin-
exchange optical pumping (SEOP [4]) polarized 3He NSF system and employed it as a polarizer for incident 
beams at J-PARC.  

The performance of the polarized 3He NSF depends on the degree of polarization of the 3He gas, the total 
amount of 3He in the cell, and the wavelength of the incident neutrons. When we make a NSF cell, we can 
optimize the total amount of 3He gas by considering the desirable neutron wavelength. More efficient 3He 
polarization results in better performance for a 3He NSF. The maximum 3He polarization is suppressed for 
various reasons. Magnetic field inhomogeneity at the cell position in actual instruments is one such reason. 
We can use solenoid coils with the magnetic shield to avoid stray fields and provide highly homogeneous 
magnetic fields. In this paper, we studied the performance and design requirements of a magnetic shield for an 
in-situ SEOP system and performed magnetic field measurements on the magnetic shield. 

2. Required performance  

The polarized 3He NSF system requires a suitably homogeneous magnetic field to avoid depolarization of 
3He nuclear spin. The depolarization time T1mag (hours) under an inhomogeneous magnetic field is given by: 
[5] 
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where B0 is the strength of the guide magnetic field, B  is the inhomogeneous magnetic field 

perpendicular to B0, and p is the pressure (in atm) of the 3He gas at room temperature. In the case of the in-situ 
SEOP method, the effect of an inhomogeneous magnetic field is limited because optical pumping has 
continued. The 3He polarization after an infinite time of optical pumping is given by: [6]  
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where PRb is the average polarization of Rb, se is the Rb-3He spin exchange rate coefficient, [Rb] is the 

number density of Rb gas, X is x factor, and He is the combined rate of 3He nuclei depolarization by various 
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effects such as diffusion through the inhomogeneous magnetic field T1mag, He-He collisions (T1dipol), and wall 
relaxation (T1wall). He is given by: 
 

walldipolmag
He TTT 111

111 . 

Fig.1 shows the relation between PHe and T1mag. Here, we assumed that X = 0, PRb = 1, and 1
1magHe T , to 

consider the effect of the inhomogeneous magnetic field. The maximum 3He polarization in an actual in-situ 
SEOP system will be suppressed by various effects; however, it is considered that a T1mag of 100 h is 
sufficiently long for the depolarization effect of the magnetic field gradient. Therefore, we set the design goal 
to 14

0 108 cmBB  under the inhomogeneous magnetic field of the experimental room.  

 

 
Fig. 1 Relaxation time dependence of the maximum polarization of 3He gas nuclei. 
 

3. Design of a magnetic shield 

We had previously developed an in-situ SEOP NSF system, [7] but it did not have a magnetic shield. The 
inhomogeneous magnetic field in the experimental room would depolarize the 3He nuclear spin. We improved 
the design to meet the needs of T1mag > 100 h under an inhomogeneous magnetic field in the experimental 
room. Figure 2(a) shows a schematic drawing of the improved design of the in-situ SEOP neutron polarizer 
system intended to fit the 100-mm-diameter and 100-mm-long cylindrical cell. Laser optics for optical 
pumping and the 3He magnetic shield cell were installed in alternating layers. The NSF system was installed 
in the laser shield box that is made of black anodized aluminum plate for laser safety and has dimensions of 
400 × 550 × 600 mm3. Figure 2(b) shows a picture of the magnetic shield. The outer dimensions of the 
magnetic shield are 272 mm in diameter and 364 mm in length. Figure 2(c) shows a schematic drawing of the 
magnetic shield. The magnetic shield has double cylindrical magnetic shielding: a main coil with a 
compensation coil and two side coils. The magnetic shield is made of permalloy B metal and has a thickness 
of 2 mm. The dimensions of the main coil are 220 mm in diameter and 300 mm in length. The main coil has 
560 turns of insulated 1-mm-diameter copper wire and has two compensation coils with 24 turns each at each 
edge. There are two side coils with 36 turns each, a diameter of 120 mm, and a length of 20 mm, and these 
two side coils are placed at the windows of the neutron beam to suppress the depolarization of the polarized 
neutron beam. All the coils are connected in series.  
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Fig. 2 (a) Schematic drawing of the in-situ NSF system; (b) picture of the magnetic shield; (c) schematic 

drawing of the magnetic shield.  
 

Figure 3 shows the magnetic field homogeneity calculated with the finite element method (FEM). B0 at 
the center of the main coil was calculated to be 2.339 mT for a current of 1 A. The worst value of 0BB  for 
a 100-mm-diameter and 100-mm-long cylindrical cell without an external magnetic field was 

14 cm1034.5 , and T1mag was calculated to be 206 h, which was considered to be sufficiently long for an in-
situ SEOP system. 

 

 
 

Fig. 3 Calculated magnetic field homogeneity of the magnetic shield without an external field. 
 
Next, we calculated T1mag as a function of the external magnetic field strength perpendicular to the B0 

direction (Fig. 4). B0 was assumed to 2.339 mT. It was confirmed that the magnetic shield realized a T1mag > 
100 h under an external field of 3.5 mT. In most cases, the magnetic fields around actual instruments are less 
than 3.5 mT. When using the 7-T superconducting magnet at J-PARC, the magnetic field strength 1.7 m from 
the magnet is less than 3mT. Therefore, the performance of this magnetic shield is sufficient for the in-situ 
SEOP NSF system for J-PARC. 

(a) (b) (c) 
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Fig. 4 Calculated magnetic field homogeneity of the magnetic shield with an external field. 
 

4. Magnetic field inhomogeneity of the magnetic shield 

We measured the magnetic field distribution inside the magnetic shield by using an MM-340A 3-axis flux-
gate magnetometer (MTI Corp.). The MM-340A has a range of ±1 mT and a resolution as good as 10 nT. The 
sensor of the flux-gate magnetometer was installed on the nonmagnetic aluminum arm and mounted on a 
computer-controlled X-Y stage. We defined the x-axis as the direction parallel to B0 and y axis as the direction 
perpendicular to B0. Because of the limited measurement range of the MM-340A, the current was kept at 
341.4 mA during the measurement. The origin (0, 0) was adjusted to the center of the magnetic shield. We 
performed magnetic field measurements between (0, 0) and (60, 56) at intervals of 4 mm. The magnetic field 
strength at the center of the magnetic shield was 7876 T, which is nearly the same as the calculated value of 
7986 T. Figure 5 shows the 0BB  distribution at each position. The worst value of 4100.40BB , 

which corresponds to 3681magT  h, was observed at (60, 56).  

 

 
Fig. 5 Magnetic field inhomogeneity measured inside of the magnetic shield.  
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