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Temperature and pressure dependence of ion extraction
from RF gas cell
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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.
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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.
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