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Abstract. A technique to enhance the purity of accelerated radioactive ion beams for decay studies is
presented. The technique requires a 3MeV/nucleon beam and a transmission ionization chamber. The gas
pressure in the multi-anode ionization chamber is adjusted so that high-Z components of the beam are
ranged out in the gas transmitting the more exotic, low-Z components to the measuring station. Initial
tests with a radioactive 120Ag and 120In mixed beam indicate at least a factor of 5 relative enhancement
of the 120Ag decay transitions.

PACS. 23.40.-s β decay; double β decay; electron and muon capture – 29.40.Cs Gas-filled counters:
ionization chambers, proportional, and avalanche counters – 27.60.+j 90 ≤ A ≤ 149

1 Introduction

Beta-decay studies on nuclei far from stability have tradi-
tionally been carried out at isotope separator facilities [1]
and at the focal plane of recoil and fragment separa-
tors [2,3]. The isotope separator facilities extract and ac-
celerate beams to a few tens of kilovolts, mass analyze
the beam to one part in 1000, and rely on the purity of
the resulting beam to study these nuclei. Recoil and frag-
ment separators rely on the reaction kinematics to convey
enough energy to either spatially separate and/or elec-
tronically tag the ions prior to implantation and study
of the decay properties. Both techniques offer advantages
and disadvantages. Isotope separator facilities often use
extremely thick targets and large primary beams which
can produce copious amounts of isotopes. However, the
chemistry of how these ions diffuse in the catcher material
and are released from the surfaces inside the ion source
can cause long hold-up times making it difficult to study
nuclei with short halflives. Recoil and fragment separators
usually produce much weaker beams but with fast separa-
tion and tracking detectors the study of very short-lived
species is possible. In both cases, very weak components
of the beams can be swamped by contaminants. In order
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to improve upon the isotope separator technique we pro-
pose to accelerate the ion beams to approximately 3MeV
per nucleon and use an ionization chamber to detect and
enhance the purification of a beam of neutron-rich nuclei.
Beams of neutron-rich nuclei are produced at the Ho-

lifield Radioactive Ion Beam Facility (HRIBF) through
proton-induced fission of a uranium carbide target. While
many different ion sources may be used, the electron-
beam-plasma ion source is presently most often used to
produce neutron-rich beams. Isotopes diffuse out of the
hot target and are extracted and ionized to form a beam
of ions. The beam is mass analyzed and passed though
a charge-exchange cell where positive ions are converted
to negatively charged ions for injection into the 25MeV
tandem accelerator. Prior to injection, the ions are mass
analyzed again. At the terminal potential of the acceler-
ator, the ions are passed through a dilute gas or carbon
foil and electrons are stripped off the ion. The positively
charged ions have a distribution in charge; ions with one
charge state are delivered to the experimental end station.

2 Technique

The experimental end station consists of a microchannel-
plate-plus-thin-foil detector for counting the beam, an ion-
ization chamber filled with CF4 gas for identifying the
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Fig. 1. Energy loss on the last anode of the ionization chamber
versus implantation energy in the Si detector for A = 120
ions at the indicated CF4 gas pressures. An analysis of γ-rays
detected after the ionization chamber indicate that 165 torr is
optimum to transmit 120Ag and suppress 120In.

various isobars, and whatever equipment is required for
decay spectroscopy. In our test runs described here, we
used a 25 cm2 square position sensitive Si detector and a
single, unshielded Ge detector. For actual experiments we
will use a thick double-sided Si detector (DSSD) for halflife
measurements or a compact four clover Ge detector array
surrounding plastic β-detectors and a tape system for re-
moval of unwanted decay products.

The key to our technique is the energy-loss differ-
ence between ions of the same energy [4] as they travel
through matter; at our energies, high-Z nuclei lose more
energy than low-Z nuclei. Thus, it should be possible to
stop some ions in the CF4 gas and thin mylar exit win-
dow while transmitting lower-Z ions to the measuring sta-
tion. This ranging-out of ions requires a well-defined beam
(good emittance as is typical of tandem beams), careful
adjustment of the gas pressure, and some signal such as
decay-γ-rays which are not dependent on the low-energy
thresholds of the ionization chamber and the Si implanta-
tion detector. Spectra showing the influence of gas pres-
sure on a beam of 120Ag and 120In ions are shown in fig. 1.
Although excellent suppression of the In component of the
beam appears possible, these spectra are sensitive to the
signal threshold of the ionization chamber electronics and
do not indicate that the In ions have been stopped in the
chamber or its exit window.

In order to better judge the effectiveness of this tech-
nique, we look at the characteristic A = 120 γ-rays [5]
emitted at the Si detector position. Portions of the spectra
taken at 117 and 165 torr are shown in fig. 2. A suppres-
sion factor of 5 has been measured for the radioactivity
of 120In relative to 120mAg. While not as dramatic as the
electrical suppression had indicated, we will continue to
explore this technique’s potential.

In these tests, the Si detector was approximately 15 cm
from the 1.6 cm diameter exit window of the ionization
chamber. The ions traversed approximately 7.8 cm of gas
in the ionization chamber. The single-crystal Ge detec-
tor was unshielded, located at a small angle directly be-
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Fig. 2. Ungated γ-ray spectra for A = 120 ions at 117 torr
and 165 torr gas pressure in the ionization chamber. Note the
enhancement of the 203 keV, T 1

2

= 0.3 s isomeric transition

in 120Ag. A factor of 5 enhancement is observed.

hind the flange holding the Si detector. The implantation
width of the ions is estimated to be 3 cm full-width half-
maximum; these widths are well-suited to 25 cm2 square
DSSDs and our 35 mm wide tape. We are considering us-
ing a smaller tape located at the exit to the ionization
chamber and moving it at 0.25 s intervals. Other improve-
ments include lead shielding, thinner dead layers on the Si
detectors, and possibly gas catching and transport of the
ions to the tape.

3 Conclusion

We have established a ranging-out technique to study the
radioactive decay of neutron-rich beam components. By
using an ionization chamber and adjusting its gas pres-
sure, we have reduced the contaminants of the transmit-
ted beam by a factor of 5 for isobars with ∆Z = 2 for
Z ≈ 50. This reduction of contaminants should offset the
loss in statistics due to the typical 10% overall beam trans-
mission through the tandem accelerator. Our first exper-
iments will explore Cu, Ga, and Ge isotopes near doubly
magic 78Ni and the r-process path.
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