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The SLOWRI facility relies on gas catcher cells to
employ the radio-frequency (RF) ion guide method for
thermalizing and transporting radioactive ions.1) Dur-
ing an online experiment, we studied the pressure and
temperature dependence of ion extraction from the gas
cell. Molecular impurities in the gas cell can react and
exchange charge2) with the ions of interest during their
transport, and even after extraction, the ions can be neu-
tralized and combined with molecular impurities. Be-
cause of the relatively low mobility of molecular impuri-
ties, they decrease the overall extraction efficiency of the
gas cell. To reduce the amounts of molecular contami-
nants, we used high-purity helium and a gas purification
system and operated the gas cell at very low tempera-
tures. At temperatures below 50 K, most of these molec-
ular impurities are absorbed at the wall of the gas cell.

In this online test setup, secondary beams passed
through the ZeroDegree spectrometer and stopped in the
gas cell. Subsequently they were extracted from the gas
cell and transported to a multi-reflection time-of-flight
(MRTOF) mass spectrograph for mass measurements.

The setup, as implemented in the commissioning runs,
allowed for cooling the gas cell to ≈180 K. To avoid con-
voluting the stopping and extraction efficiencies, a pres-
sure regulation system maintains a constant gas density
of ≈33 µg/cm3 for all temperatures. As shown in Fig. 1,

Fig. 1. Rates of 135Sb+ at different temperatures of the gas-
cell chamber.

∗1 Institute of Modern Physics, Chinese Academy of Sciences
∗2 Wako Nuclear Science Center (WNSC), IPNS, KEK
∗3 School of Nuclear Science and Technology, Lanzhou University
∗4 RIKEN Nishina Center
∗5 Department of Physics, Osaka University
∗6 Department of Physics, The University of Hongkong
∗7 Advanced Science Research Center, JAEA Ibaraki
∗8 Dep. of Chem. and Biochem., New Mexico State University
∗9 Institute of Mass Spectrometer and Atmospheric Environ-

ment, Jinan University

Fig. 2. Rates of 135Sb+ and 136Te+ observed at MRTOF as
functions of RTE gas-cell pressure.

the extraction of 135Sb+ increases dramatically as the
temperature falls below 210 K, at which some molecular
impurities, such as H2O, SO2, and Cl2, start to decrease.
As the cryogenic cooling system reaches its lower limit
before the extraction efficiency saturates, we intend to
implement improvements to allow better cooling prior
to the next online campaign.

By varying the gas density, we can probe the stopping
efficiency. Figure 2 shows the results of such a measure-
ment, performed with the gas cell at ≈180 K, with the
observed rate of 136Te+ and 135Sb+ plotted as functions
of room temperature-equivalent (RTE) helium pressure.
As one might expect, the stopping fraction increased as
the gas density increased. As such, we must consider
how to safely operate at the highest possible gas density.

We used lise++ to evaluate the stopping efficiency in
the gas cell. With a pressure of 220 mbar RTE, 6.4%
of 136Te and 6.5% of 135Sb should be stopped in he-
lium gas, while decreasing the pressure to 133 mbar RTE
would result in the reduction of stopping efficiencies to
2.3% and 2.4%, respectively. As shown in Fig. 2, the
rates improved by a factor of 3.4 for 136Te and 4.3 for
135Sb, while lise++ indicated that the stopping efficien-
cies should only increase by a factor of 2.7 from 133 mbar
to 220 mbar. The difference likely results from the pres-
sure dependence of the RF ion guide efficiency and ion
mobility. Detailed analysis is underway to find an op-
timum operation condition ahead of the next online ex-
periment.

References
1) M. Wada et al., Nucl. Instrum. Menthods Phys. Res. B

204, 570 (2003).
2) D. J. Morrissey et al., Nucl. Instrum. Menthods Phys. Res.

B 266, 4822 (2008).

1

RIKEN Accel. Prog. Rep. 54 (2021)

Degrader optimization for ZeroDegree gas cell
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Using a high-quality beam provided by BigRIPS and
the ZeroDegree spectrometer, a system combining a gas
cell and a multi-reflection time-of-flight (MRTOF) mass
spectrograph was set up at F11 to study the masses
of exotic nuclei.1) The first online commissioning was
conducted in the winter of 2020 as parasitic experi-
ments during the HiCARI campaign. To achieve the
mass measurement in the MRTOF device, the radioac-
tive beams received from ZeroDegree must be stopped
in the gas cell, which is 500-mm long and filled with
He gas. The typical beam energy behind ZeroDegree is
100–200 MeV/nucleon. To stop such high-energy beams
in the He gas, a degrader is essential, and its thickness
must be precisely adjusted. Therefore, a movable de-
grader system was introduced.

Figure 1 shows a sketch of the gas cell with the de-
grader system. The degrader system contains a rota-
tional flat degrader placed in front of the gas cell and a
downstream silicon detector array inside the outer cham-
ber. The flat degrader was coupled to a step motor,
which can rotate the degrader plate from 0◦ to 55◦ in
steps of 0.0072◦; therefore, it can finely adjust the ef-
fective thickness of the degrader. The downstream sil-
icon detectors contain 15 Si PIN photodiods s3204-09,
arranged in a 5× 3 array to cover the full range of the
beam spot. After losing most of its energy in the flat
degrader, part of the beam is stopped in the He gas,
while the rest deposits energy in the Si detectors. The
signal from the Si detectors was acquired in coincidence
with the beam-line detectors of ZeroDegree for particle

Fig. 1. Sketch of the ZeroDegree gas cell and degrader sys-
tem.
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Fig. 2. Degrader optimization for 85Ge (solid) and 85As
(dash). The black curve shows the ratio of the rate de-
tected by an Si detector to the rate at F11. Only one Si
detector was used in the analysis. The red curve is the
rate of isotope identification in the mass spectrum. The
inset shows the ZeroDegree particle identification. The
upper panel displays the corresponding lise calculations
using the beam energy measured in ZeroDegree.

identification; therefore, optimization can be performed
for specific isotopes. The stopping in He gas can be op-
timized according to the beam energy loss measured by
the Si detectors2) or simply using the beam rate from
the Si detectors.

Figure 2 demonstrates the degrader optimization with
a 2.5-mm-thick Al flat degrader for 85Ge and 85As dur-
ing the commissioning run. The fractions (black), cal-
culated as the beam rate detected in the Si detectors
compared with the rate at F11, decrease with increas-
ing degrader angle. The rates of isotopes observed in
the MRTOF mass spectrum (red) show peak structures,
from which we can determine the optimized degrader
angle for each isotope. The lise calculations well re-
produce the measured pattern; however, discrepancies
in the absolute angles are observed, which emphasize
the importance of such direct measurement in experi-
ments. For low-intensity isotopes (rate in MRTOF as
low as 1 count/h), the direct measurement of the rate
curve in MRTOF is not feasible. In this case, the frac-
tion curve from Si can still be measured. Combined with
the lise calculation, the optimized degrader angle can be
determined in future experiments.
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