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A polarized solid HD (Hydrogen - Deuteride) has been developed for near future photoproduction
experiment at SPring-8/LEPS. The solid HD target is polarized by the static method in a strong
magnetic field of 17 Tesla and low temperature of about 15 mK at RCNP Osaka university. The
solid HD target is transported from RCNP to SPring-8, under the condition of a magnetic field
larger than 0.1 T for holding the polarization and low temperature lower than 4 K, in which we use
five cryostats. We have achieved a polarization degree of 44 % and a relaxation time of 8 months
for H. We have recently succeeded in the connection among three cryostats used at SPring-8.
After succeeding all the target transportations, we will start the physics experiment at SPring-8.
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1. Introduction

We have studied hadron photoproduction at SPring-8. The unpolarized LH2 and LD2 targets
have been used in the experiments so far. We have developed a new target, i.e., a polarized solid
HD target for a new photoproduction experiment. We deal with five cryostats to make and transport
the HD target and to carry out the experiments. This paper describes recent status of the project.

1.1 Laser electron photon beam line at SPring-8 (LEPS)

The LEPS collaboration has parformed the experiments of photo-nucleon and photo-nuclear
reactions at SPring-8 by using linearly polarized photons from Laser backward compton scattering[1,
2]. Figure 1 shows the overall view of LEPS beam line at SPring-8. Various mesons and baryons
are produced at LEPS. The photon beam with energies from 1.5 to 3.0 GeV can be used. We
have used the LEPS spectrometer to measure hadron. The LEPS forward spectrometer consists of
a dipole magnet and a start counter, a vertex counter, three drift chambers, an aerogel cherenkov
counter, and a time of flight hodoscope (TOF).

Figure 1: LEPS beam line at SPring-8. We use photon beams from Laser backward-Compton scattering.
The 8 GeV electrons and the UV laser beams collide in the SR ring of SPring-8. The produced high energy
photon beams come to experimental hutch.

1.2 Physics motivation of the experiment at LEPS with polarized target

We plan to carry out experiments of hadron photoproduction by using both polarized photon
beam and the polarized solid HD target in the near future. When longitudinally and transversely
polarized targets are used in addition to linearly and circularly polarized photon beams, we can
measure rich physics observables in hadron photoproduction[3, 4]. One of our main objectives is
to measure double polarization observables in ϕ meson production to investigate the strangeness
contents of the proton through the ss knock out process[5].
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2. Polarized solid HD target

The HD is a heteronuclear diatomic molecule consisting of hydrogen and deuterium. We use
static polarization method using Brute-force[6] with strong magnetic field of 17 Tesla and low
temperature of ~15 mK. The polarized solid HD target was firstly proposed by Honig in 1967
[7]. The polarized solid HD target system was used for the actual experiments at LEGS [8, 9] and
GRAAL [10]. Figure 2 shows the target cell and the NMR coil. The Al wires are inserted to the
target cell for cooling the solid HD (Al wire is ϕ =50 µm). The capsule is made of Kel-F which
does not include hydrogen materials. The target base is made of Cu. The diameter of the target is
30 mm and the thickness is 50 mm.

2.1 The process from polarized HD production to experiment

Since purity of commercial HD gas is about 96 % (H2 2 %, D2 2 %), we purified the HD gas
to 99.99 % by using the RCNP distillation system [11]. The pure HD cannot be polarized easily.
We add a small amount of ortho-H2 to shorten the relaxation time [12]. The orth-H2 converts to the
para-H2 with lifetime of 6.3 days. Since the para-H2 does not interact with HD, the HD becomes
spin-frozen. The polarization is kept even at B ~1 Tesla, T ~300 mK [9]. We operate five cryostats
for making and moving the polarized solid HD target. We produce the target at RCNP and carry
out experiment at SPring-8. Firstly the Dilution Refrigerator (DR) is used to polarize and freeze
the solid HD target at B = 17 T, T = ~15 mK at RCNP. Secondly the Transfer Cryostat 1 (TC1) is
used to transport the HD target from the DR to the Storage Cryostat (SC) at B = 0.1 T, T = 4 K.
The SC is moved from RCNP to SPring-8 at B = 1 T, T = ~2 K. In that process we use an iris for
thermal shield(see figure 3). Figure 4 shows the connection of the Transfer Cryostat 2 (TC2) and
the SC. The shield layer is cooled to 50 K by the first stage of a 4K-GM refrigerator. The TC2 has
a MgB2 superconductive magnet. It induces a magnetic field of 0.15 T with a current of 40 A. The
critical temperature is 39 K. Finally the HD target is taken out by the TC2 from the SC to the In
Beam Cryostat (IBC) at B = 0.2 T, T = 4 K [7, 8]. Figure 5 shows the connection of the TC2 and
the IBC. The IBC is used in the experiment at B = 1 T, T = 300 mK.

(a) Target cell (b) Iris shutter and opener

Kel-F Cu

Thin Al wires
CuSUS

Figure 2: (a)The target cell and (b)Iris shutter and opener. The iris is attached to the tip of the TC2 shield
layer to prevent radiation heats from entering to the target.

2.2 NMR

We use the portable NMR system in the measurement of the polarization. We have developed a
portable NMR system [13]. The portable NMR system enables us to measure the polarization of the
solid HD target during the transportation. It consists of a laptop PC, a PXI system, an attenuator, a
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SC

TC2

LHe

GHe

GHe

Figure 3: The connection of the TC2 and the SC. A bellow is used in the connecting part between the TC2
and the SC. The LHe is filled from the top of the TC2 and the He gas escapes from the side pipe. The TC2
moves vertically at this condition. The TC2 length is 4 m, and the temperature of the target layer is 4.2
K cooled by LHe and the temperature of magnet layer is ≤30 K cooled by the second stage of a 4K-GM
refrigerator.

Figure 4: The connection of the IBC and the TC2. A bellow is used in the connecting part between the TC2
and the SC. The TC2 moves horizontally at this condition.
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Gate valves
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Superconducting magnet (NbTi) for horizontal field
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Vacuum chamber

IBC                                               TC2

Figure 5: The cross sectional view of the IBC and the TC2 when they are connected.

preamp, a tune circuit and a coil. The laptop PC includes the LabVIEW software. The PXI system
contains a signal generator and an ADC. The coil dose not contain hydrogen for coating.

2.3 Polarization and Relaxation Time

We measured the polarization and relaxation time of the polarized solid HD target in 2015.
The polarization of hydrogen was 44 ± 1 % and the relaxation time was 239 ± 66 days at T = ~0.3
K, B = 0.9 T (the same condition of the experiment).
We also observed polarization growing of hydrogen by using the Portable NMR system at 17 T
[14]. The result of relaxation time of hydrogen was 5 hours at ~30 mK. If there are too much
ortho-H2, the HD is easy to be polarized, but the aging period becomes longer. If the amount of
ortho-H2 is small, the HD is hard to be polarized. We would like to determine optimal amount of
ortho-H2 for efficiently polarizing the HD. This study can determine optimal amount of ortho-H2.

2.4 Status of the transportation

We have succeeded in connecting the DR and the TC1, the TC1 and the SC also were con-
nected at 4.2 K in RCNP before 2017. The SC and the TC2 were connected at room temperature
and atmospheric pressure in summer of 2017. We will try it at 77 K and vacuum pressure next.
The TC2 and the IBC were connected at 77 K and vacuum pressure in September of 2016, after
that we connected the TC2 and the IBC at 4.2 K and vacuum pressure in summer of 2017. We
will excite the superconducting magnet of each cryostat when the all cryostats are connected at low
temperature and vacuum pressure.

3. Summary

The polarization of the solid HD target obtained until now was 44 % and a relaxation time was
about 8 months in the same condition as that of the future experiment at SPring-8. The growth of
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the Hydrogen polarization have successfully been monitored, so that we will be able to determine
the optimal amount of the ortho-H2. The IBC and the TC2 connection has been succeeded at the
LHe temperature. The TC2 and the SC connection has been succeeded at room temperature. The
connection of the TC2 and the SC will be done at low temperature soon. After succeeding all the
target transportations, we will start the physics experiment at SPring-8.
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