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We are carrying out hadron photoproduction experiments (LEPS) at SPring-8. The photoproduction of the , K, , and 0
mesons is studied by using linearly polarized photon beams with energies of E = 1.5-2.9 GeV. Introducing a polarized
nucleon target is expected to upgrade the LEPS experiments to the next step. The measurement of double spin
polarization asymmetries gives important information to investigate the nucleon hidden structure, hadron
photoproduction dynamics, and exotic hadron property. We started developing a polarized solid HD target in 2005. Five
large refrigerators necessary for the polarized target have been already obtained. Since the proton polarization degree in
the first production of the HD target was 40 % and smaller than the expected value, we performed some improvements
including the development of new systems. We plan to carry out a physics experiment by using the polarized photon
beams and the polarized HD target in 2012.

1.

Introduction

We constructed the LEPS beam-line (BL33LEP) at
SPring-8 in 2000 and carried out hadron
photoproduction experiments by using linearly
polarized photon beams with energies of E = 1.52.4 GeV in 2000-2006 and E = 1.5-2.9 GeV in 20072011. The physics subjects of the LEPS experiments are
summarized as follows:
(1)
meson production
p
p [1,2], d
d [2,3], d
p n [4],
and A
X [5] reactions.
(2) Strangeness production
p
K
[6-8], p
K 0 [6, 7, 9]
0
n K
[9], p K
(1385) [10],
n K
(1385) [11], p K (1405) [10],
and p
K (1520) [12, 13] reactions.
(3) Pseudo scalar meson production
0
p
p [14] and p
p [15] reactions.
(4) Exotic baryon resonance search
n K X reaction [16, 17].
The meson photoproduction is dominated by the
diffractive production within the vector-mesondominance model through Pomeron exchange. Meson

exchanges are suppressed by the OZI rule in the
t-channel. The Pomeron exchange, ss -knockout, and
other reaction mechanisms are studied in the meson
photoproduction. When the polarized photon beams and
the polarized target are used, the ss -knockout process
is clearly observed by measuring double spin
polarization asymmetries [18]. We found a bump
structure at E ~ 2 GeV in the differential cross
sections [1]. Although spin density matrices have been
measured, the bump structure is not explained by the
well-known reaction mechanisms.
Another bump structure was found at a similar
energy in the differential cross sections for the
p K (1520) reaction [13]. One explanation of
the bump structure is a nucleon resonance in the schannel. Theoretical calculations do not reproduce the
cross section and photon beam asymmetry data.
Introducing a polarized nucleon target to the LEPS
experiments is expected to play an important role in
extensively investigating interesting phenomena
observed by the LEPS experiments. We started
developing a polarized HD target in 2005 [19].
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2.

Experiment

2.1. LEPS experiments at SPring-8
SPring-8, which is located at 130 km distant from Osaka
in Japan, has 62 beam-lines. The BL33LEP beam-line is
used for hadron photoproduction experiments. Polarized
photon beams are produced by backward Compton
scattering of a laser from 8 GeV electrons. The energy
range of the tagged photon beams is 1.5-2.9 GeV. The
polarization degree of the linearly polarized photon
beams is typically 90 % at the maximum beam energy.
Unpolarized LH2, LD2, and LHe targets have been
used for the experiments. The momentum and time-offlight (TOF) of produced charged particles are measured
by the LEPS spectrometer consisting of a silicon vertex
detector, three drift chambers, and a dipole magnet with
a magnetic field of 0.7 T. Pions with momenta higher
than 0.6 GeV/c and e+e- pairs are rejected by an Aerogel
Cherenkov counter.
2.2. Characteristics of polarized HD target
Honig firstly proposed the frozen-spin molecular HD
target in 1967 [20]. The polarized HD target is now
used for the actual experiments at LEGS [21-23] and
GRAAL [24-26]. The HD molecule is an ideal target for
experiments to observe reactions with small cross
sections because the HD does not include heavy nuclei
producing many background events. The only impurity
in the HD target is thin aluminum wires which are
needed to insure the cooling. They are at most 20 % in
weight of the HD target. The size of the target is 2.5 cm
in diameter and 5 cm in thickness.
We employ the static method using brute force at
low temperature and high magnetic field to obtain high
polarizations for the proton and deuteron targets. The
polarization degree can exceed 90 % for H after aging
process for 2-3 months at T = 10 mK and B = 17 T. The
polarization degree of 60 % for D can be obtained by
transferring the H polarization to the D polarization by
using a method known as Adiabatic fast passage.
2.3. Refrigerators
The polarization of the HD target is grown and frozen at
RCNP of Osaka university and the target is transported
to SPring-8 by using a truck. Magnetic fields above 300
Gauss are provided to keep the target polarization
during the whole process. Five large refrigerators with
super-conducting magnets are used to maintain low
temperatures and magnetic fields. We have two 3He-4He
dilution refrigerators and three typical 4He refrigerators.

One dilution refrigerator is used to initially polarize the
HD target at RCNP. This dilution refrigerator has a
cooling power of 2500 W at 120 mK and the lowest
temperature of 6 mK. A super-conducting magnet with
a magnetic field of 17 T at T = 4.2 K is placed around
this dilution refrigerator. The other dilution refrigerator
is used to cool the target at 300 mK during the
experiment at SPring-8. The three typical 4He
refrigerators are used for the transportation of the HD
target to SPring-8. NMR measurements are performed
by one of the 4He refrigerators with a temperature of
about 1.5 K and a magnetic field of about 1 T.
3.

Recent results and developments

3.1. First production of polarized HD target
We tried producing a polarized HD target for the first
time in 2009 [27]. After aging the HD target for 53 days
at T = 14 mK and B = 17 T, the polarization degree of
the hydrogen in the HD target was measured. The
polarization degree was 40 % which was smaller than
the expected value of 80 %. The relaxation time of the
hydrogen was about 100 days. The measured relaxation
time was long enough for the actual experiments. If the
HD target is aged for a longer time, the relaxation time
is expected to be longer than 100 days.
Since the measured polarization degree of the
hydrogen was smaller than the expected value, some
causes are considered. One of the causes is poor
calibration of the polarization degree using NMR
signals. We improved the NMR system for better
calibration. Another cause is lack of the amount of o-H2
in the HD gas. Although a small amount of o-H2 plays
an important role in polarizing the HD target, the
amount was not correctly measured by our
spectrometer. A new HD gas analyzer system and a new
HD gas distillation system were developed for
optimizing the amount of o-H2.
3.2. NMR system
Three improvements were performed for the NMR
system. One was to introduce a heater box to stabilize
the temperature of the electronics. The second
improvement was to introduce a double balanced mixer
for canceling the effect of the input signal in the output
signal. As a result of these improvements, the S/N ratio
was increased by a factor of 10.
The third improvement was to develop a portable
NMR system. The polarized HD target is produced at
RCNP of Osaka University and is transported to
SPring-8. The measurements of the target polarization
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are performed at RCNP and SPring-8. The
measurements should be done by using the same NMR
system. However, the conventional NMR system is
large and heavy. Moving the conventional NMR system
is not easy. We developed a portable NMR system [28]
with a weight of 7 kg as shown in Figure 1. The
portable NMR system replaced the devices in the
conventional system with the software system with PCI
eXtensions for Instrumentation (PXI). The portable
system has enough ability for measuring the target
polarization stably.

Figure 2. Three dimensional plot of the elapsed time of the gas
chromatography vs. the mass/charge ratio measured by the quadrupole
mass spectrometer. The vertical axis is the partial pressure of each gas.

3.4. HD gas distillation system

Figure 1. Portable NMR system consisting of a PXI system and a
laptop PC.

3.3. HD gas analyzing system
For efficiently polarizing the HD target, the amount of
the o-H2 impurity in HD should be correctly measured.
However, the amount of o-H2 could not be measured
previously. In the first production of the polarized HD
target, a gas distillation for about three weeks was
performed. It was possible that most of o-H2 decayed to
p-H2 and the amount of o-H2 might be smaller than
0.01 %.
We developed a new gas analyzer system [29]
combining a gas chromatograph with a quadrupole mass
spectrometer. The gas chromatograph is cooled at about
110 K by liquid nitrogen. Figure 2 shows the result of
the gas analysis. The p-H2, o-H2, HD, and D2
components are separately observed. The amount of
0.01 % for o-H2 can be correctly measured by using this
gas analyzer system.

A new gas distillation system [30] has been developed
for producing a pure HD gas with an amount of 1 mol.
The distillation system is equipped with a cryogenic
distillation unit which is cooled at 17-21 K. The
distillation unit is filled with 105 Heli-packs. The Helipacks are small stainless steel cells and have a rolled
shape like a coil for efficient heat conduction. Since the
Heli-packs have large surface area, the thermal contact
between gases and liquids becomes excellent.
Figure 3 shows a result of a gas distillation run for
one week. In the beginning of the distillation run, the H2
concentration is almost 100 % in the extracted gas. The
H2 concentration decreases when the extraction volume
increases. In the final stage of the run, the H2
concentration becomes below 0.01 % and the HD gas
purity becomes better than 99.99 %. The D2
concentration is below the detection limit of ~ 0.001 %.
It is confirmed that the new gas distillation system has
sufficient ability for producing the pure HD gas. We
will be able to efficiently polarize the HD target by
optimizing the amount of o-H2 by adding o-H2 after the
gas distillation.
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Figure 3. Concentration of H2 (o-H2 and p-H2) in the extracted gas
during the gas distillation.

4.

Summary and future plan

We have been developing a polarized solid HD target
for future LEPS experiments at SPring-8. Five
refrigerators necessary for the production and
transportation of the polarized HD target were obtained.
As a result of the first production of the polarized HD
target, the polarization degree was 40 % and the
relaxation time was 100 days for the hydrogen. We
developed the NMR system, HD gas analyzing system,
and HD gas distillation system, and their performance is
good enough. We will carry out some test productions
of the polarized HD target in 2011, and a physics
experiment in 2012.
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