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The use of low-energy beams (20 to 50 MeV/nucleon)
with large atomic numbers (Z > 40) in experiments at
RIBF has been attracting attention in recent years. We
are developing hydrogen and deuterium targets for cross-
section measurements at a low beam energy. For the
cross-section measurements, the uniformity of the target
thickness is very important. Polyethylene and deuter-
ated polyethylene films are often used as hydrogen and
deuterium targets since it is easy to produce those tar-
gets with good uniformity. However, the carbon nu-
clei in such polyethylene targets create a background
signal in the cross-section measurement. In RIBF, a
cryogenic proton and alpha target system (CRYPTA)
has been developed and used in experiments with high-
energy beams.1) Since CRYPTA uses thin harbor foils as
the target window, the background from carbon nuclei is
lower than in the conventional film targets. However, it
is difficult to realize a thin and uniform-thickness target
cell with a liquid target system, owing to the bulging of
the window. The non-uniformity becomes considerably
large especially in a thin target for low-energy beams.
The current liquid target system does not satisfy the re-
quirements of the cross-section measurement with low-
energy beams. In order to reduce the non-uniformity, a
high-pressure cold gas target was employed instead of the
liquid target. Since the density of the hydrogen in the
gas phase is much lower than that in the liquid phase, we
can make the length of the target longer than that of the
liquid target with the same substantial thickness. Owing
to the high length of the target, the effect of the bulging
becomes small and the non-uniformity is reduced. We
developed a high-pressure cold gas target system with
large capacity by modifying CRYPTA. The stability of
this system during a cross-section measurement with a
low-energy beam was studied.

There were mainly three improvements made to
CRYPTA for the gas target: (1) Total power of the
heating system was increased from 10 W to 25 W by
adding three heaters. (2) New target cells for a high-
pressure gas with large capacity were built. The length
of the target cells are 50 mm and 70 mm. A heat shield
from radiant heat was attached to the cell with 50-mm
length. The heat shield was not attached to the 70 mm
cells owing to the geometrical limitation. (3) The tar-

Table 1. Summary of the operation of the new target cells

Gas Target Length Temperature Pressure Target Thickness Heat Shield Operating Time Rate of Temperature
H2 70 mm 39.25 K 4.03×105 Pa 18.78 mg/cm2 × 4.4 h 1.28 K/h
H2 50 mm 32.29 K 4.04×105 Pa 17.23 mg/cm2 ◦ 90.5 h 0.13 K/day
D2 50 mm 35.99 K 4.01×105 Pa 28.63 mg/cm2 ◦ 60.5 h −0.01 K/day
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Fig. 1. Correlation with operation time and temperature
change during the experiment.

get windows were also replaced with new ones with a
Harvar foil of 10-µm thickness and 36 mm diameter in
oder to endure the high pressure. A thermometer was
installed at the target cell and the lowest temperature of
the system. The error of the thermometer is 0.01 K. To
keep the target thickness constant, we isolated the tar-
get cell. We applied feedback to the lowest temperature
in the system so that the gas did not transform into the
liquid phase. In order for the gas target to be stable, it
is required that the changes of target temperature and
pressure are small and that the pressure is not more than
5.0×105 Pa, at which the target has never been tested.

Figure 1 shows the change of temperature at the tar-
get cells during the experiment. The temperature of the
target cell with 50-mm thickness was stable, while that
of the 70-mm cell increased by 1.28 K/h. Because the
70-mm target cell was not covered with the heat shield,
molecules floating in a circumference of the chamber
were attracted to the surface of the cold cell, which is
expected to be a source of heat. The conditions of oper-
ation are summarized in Table 1. Because the pressure
change becomes 4.3×105 Pa or less even in the two weeks
of operation, this is very useful for experiments in RIBF.
In conclusion, high-pressure and large-capacity cold gas
target systems were constructed for cross-section mea-
surement at a low beam energy at RIBF. By using this
system with a heat shield, we confirmed its stability.
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Resonance ionization spectroscopy of Nb utilizing a narrowband
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Hyperfine structures and isotope shifts in electronic
transitions contain readily available model-free infor-
mation on the single-particle and bulk properties of
exotic nuclei, namely the nuclear spin, magnetic dipole
and electric quadrupole moments as well as changes in
root-mean-square charge radii.1)

Recently, the implementation of resonance ioniza-
tion spectroscopy (RIS) in a low-temperature super-
sonic gas jet2) utilizing a narrowband first step ex-
citation has gained considerable interest.3) An opti-
mal solution to combine high pulse powers required
for efficient ionization with a narrow bandwidth is the
pulsed amplification of a narrow-band continuous wave
(CW) laser. While for high-gain dye lasers a single
pass amplification is sufficient, the lower gain Tita-
nium:Sapphire gain medium requires a different ap-
proach. In a regenerative amplifier, the cavity length
is locked to a multiple of the seed wavelength allowing
Titanium:Sapphire -based lasers to reach a final out-
put power of several kW (during the pulse) from the
few mW of CW input.
In this work, we present a pulsed injection-locked Ti-

tanium:Sapphire laser for the PALIS laser laboratory4)

based on a design presented in Ref. 5). Numerous ad-
vancements over the previous iterations have been in-
cluded into the design to improve stability and usabil-
ity. These include design choices such as mounting the
cavity mirrors directly on the baseplate and position-
ing the laser feet to minimize the vibration sensitivity.
Furthermore, the laser was designed to accept the seed
laser via a fiber input thus improving reproducibility
when, for example, modifying the Master laser setup.
The laser cavity was designed for flexibility. It can

be reconfigured to two different round-trip lengths and
crystal locations in order to operate the laser with dif-
ferent pulse width and gain modes. The longer cav-
ity round-trip configuration allows us to extend the
tuning range using birefringent plates and has a intra-
cavity second harmonic generation option. The latter
option can lead to increased second harmonic power
and, more importantly, to high-quality beams required
by the long laser transport path at PALIS.
The laser has been shown to perform as designed

with a tuning range across the whole Master laser
range, with a 30% slope efficiency. Importantly, the
laser was applied to hyperfine spectroscopy of 93Nb
(See Fig. 1). These measurements yielded a total
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Fig. 1. An example hyperfine spectra for transition

4d45s a 6D0
1/2 → 4d35s5p y 6D1/2 in 93Nb.

FWHM of ∼ 400 MHz and hyperfine A coefficient of
1866± 8 MHz for the ground state and 1536± 7 MHz
for the first excited state in a good agreement with
the literature values.6) Possible future goals for nio-
bium include the determination of the efficiency of
the newly developed ionization scheme and its appli-
cation for RIS of radioactive niobium isotopes, as well
as studying the possibility to separate the 93mNb iso-
mer from the ground state for the application in in-
tegrated fast neutron dosimetry.7) In conclusions, the
injection-locked Titanium:Sapphire laser system has
been demonstrated to be ready for high-resolution in-
gas-jet spectroscopy at the PALIS facility in the near
future.
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