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Test of the MINOS liquid H2 target at RIBF
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MINOS (acronym for MagIc Numbers Off Stabil-
ity) is a device dedicated to perform the spectroscopy
of highly exotic nuclei produced at fragmentation fa-
cilities such as the RIBF accelerator of RIKEN. The
device1,2) consists of a thick liquid H2 target (50–200
mm) surrounded by a time projection chamber (TPC)
used to track the vertex position inside the target. The
advantage of using such a thick H2 target is twofold:
it increases the luminosity and minimizes the energy
loss and straggling of the beam. Furthermore, the use
of a structureless probe allows an accurate theoretical
description of the reaction mechanism. The vertex in-
formation obtained from the TPC helps in preserving
the experimental resolution.
The target was developed at the Accelerator, Cryogen-
ics and Magnetism Division - CEA Saclay. The liquid
H2 is contained in a Mylar envelope less than 150 µm
thick, composed of two parts glued on an Inox support
connected to the H2 circuit. The target is connected
to the cryostat (Fig. 1) equipped with a cryocooler,
allowing to reach the liquefaction temperature of 20.3
K. Within the cryostat, the condenser connected to
the cold head cools down the H2 that is transferred by
gravity to the target (Fig. 2). This system works in
a close loop allowing to minimize the amount of H2 to
be used. A specificity of this system is the possibility
to empty the target in less than 30 s. This can be at-
tained by closing a valve on the return circuit, thence
producing an overpressure that pushes the liquid to the
condenser situated 1 m above. The target can be kept
empty for up to 10 h and filled again in 20 s by opening
the valve. This functionality allows to easily perform
a measurement of the background due to reactions of
the beam on the Mylar envelope. Installation and dis-
mounting of the system take 3 and 1 d, respectively.
The system was tested successfully at the RIBF facil-
ity in July 2013. A full operation cycle was performed
in 72 h: H2 liquefaction and filling of the target, a
demonstration of the “empty target”functionality, H2

evaporation, and emptying of the target. The liquid
H2 target is expected to be used, coupled with the MI-
NOS detection system, to perform physics experiments
at RIBF from Spring 2014.
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Fig. 1. Schematic view of the cryostat.

Fig. 2. Front view of the target being filled with liquid H2.
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Development of KEK isotope separation system
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We have been constructing the KEK Isotope Sep-
aration System (KISS) to study the β-decay proper-
ties of the neutron-rich isotopes with neutron numbers
around N = 126 for astrophysics research1–3). In the
KISS, a gas cell filled with argon gas at a pressure of
50 kPa, which stops and collects unstable nuclei in it,
is an essential equipment for selectively extracting the
isotope of interest by using a resonant ionization tech-
nique. The absolute extraction efficiency of the gas
cell and beam purity of the KISS gas cell can be eval-
uated only from the measurements of the intensities of
beams implanted in and extracted from the gas cell in
an on-line test.

We performed on-line tests using the 56Fe beam with
the energy of 90 MeV/nucleon and the maximum in-
tensity of 4 pnA. The energy of 56Fe beam was de-
graded to 1.5 MeV/nucleon in front of the gas cell by
using an aluminum energy degrader in order to implant
at the center of the argon gas cell. The thermalized
and neutralized 56Fe atoms were re-ionized in the gas
cell, and the ions were extracted and detected by us-
ing a Channeltron detector for ion counting after mass
separation.

We successfully extracted laser-ionized 56Fe atoms
by cleaning the gas cell system and by using a “bent
type” gas cell, which was designed to reduce the plasma
effect. Figure 1 shows the measured efficiency and

Fig. 1. (a) Extraction efficiency of 56Fe ions and (b) beam

purity measured as a function of 56Fe beam intensity.

beam purity as a function of the primary beam in-
tensity. The extraction efficiency was defined as S/I.
Here, S and I present the numbers of laser-ionized 56Fe
atoms and implanted 56Fe atoms in the gas cell, re-
spectively. The measured efficiency was about 0.25%
after the correction of the detector efficiency (16%)
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and the laser repetition rate (20%). The efficiency was
independent of the primary beam intensity, as shown
in Fig. 1-(a), owing to the bend structure of the gas
cell. Beam purity was defined as S/(S + N). Here,
N is the number of the extracted ions with A = 56,
which was measured without irradiation with ioniza-
tion lasers. Figure 1-(b) shows the obtained beam pu-
rity of > 98%, and it depended on the primary beam
intensity. The beam purity decreased with increas-
ing primary beam intensity. However, the impurities
probably consist of molecular ions of argon, which are
stable against radioactive decay and do not affect the
β-decay lifetime measurements.
In the case of the primary beam intensity of 2.5×107

pps, we measured mass distributions without and with
ionization lasers, as shown in Figs. 2, in order to in-
vestigate how many laser-ionized 56Fe atoms formed
impurity molecules with H2O, Ar2, and hydrocarbons.
Figure 2-(a) shows background ions extracted from the
gas cell, which are ionized by the primary beam injec-
tion. Dimers of argon isotopes and their compounds
with hydrogen were dominant. In the case of ioniza-
tion laser irradiation, we clearly observed laser-ionized
56Fe peak and molecular ion peaks of 56Fe(H2O) and
56FeAr2. By reducing the amount of water molecules
in the gas cell, the number of laser-ionized 56Fe atoms
would increase, and as a result, the extraction effi-
ciency of 56Fe would be doubled.

Fig. 2. Measured mass distributions (a) without using ion-

ization lasers and (b) using ionization lasers.
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