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Abstract. Exotic, neutron-rich ''*Mo and '®*Ru nuclei, produced in proton-induced fission of 2**U target,
were separated with the IGISOL mass separator. The separator was coupled to the JYFLTRAP Penning
trap to select the ions of a single, desired element out of the isobaric IGISOL beam. Monoisotopic samples
of 1¥Ru and *! Mo ions were observed with a microchannel plate detector after the trap or were implanted
on a catcher foil for gamma- and beta-ray coincidence spectroscopy. In spite of short data taking time new
gamma transitions were identified in the beta decay of very neutron-rich **Ru.

PACS. 23.20.Lv ~ transitions and level energies — 27.60.+j 90 < A < 149

1 Introduction

We report on the beta decay of the exotic, neutron-rich
H5Ru isotope, which is located near the neutron and pro-
ton midshell. Such nuclei belong to the group of refrac-
tory elements and their properties are most conveniently
studied with the IGISOL mass separator [1]. For the first
time beta and gamma spectroscopy of '°Ru was facil-
itated by using a Penning trap at the IGISOL, called
JYFLTRAP [2]. The beta decay of '>Ru with one as-
sociated vy-ray at 292.8keV was first reported in [3]. No
other spectroscopy information on its decay scheme exists
in the literature. The very exotic '''Mo isotope, first iden-
tified in the projectile fission of 238U with the fragment
separator (FRS) [4], was also observed after the trap. Its
yield might be sufficient for a future spectroscopic study
employing isobar cleaning with the JYFLTRAP.

2 Experiment

The nuclei of interest were produced in the fission of a nat-
ural uranium target induced by 25 MeV protons. Fission
products were on-line mass separated with the recently
upgraded IGISOL 3 [5] mass separator. The ions of a se-
lected mass number A were guided with a 30 degree elec-
trostatic bend to a radio-frequency cooler and buncher [6].
Cooled ions were collected in the cooler and released as a
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short bunch to the JYFLTRAP purification trap. The pu-
rification cycle consisting of additional cooling in the trap,
a dipole excitation of the ions to a larger radius, a mass
selective quadrupole excitation centering the ions that are
in resonance with the excitation frequency, and finally the
release of the centered ions through a 2 mm aperture was
employed, allowing an isobaric cleaning of the ion bunch.
Typical total length of the purification cycle in these ex-
periments was of the order of 120ms. The purification
technique is described in more detail in refs. [7,8]. The
cleaned ion samples released from the trap were either
detected with a microchannel plate (MCP) detector, or
implanted into a tape located a few dozens of centime-
ters behind the MCP. The tape was used to remove the
long-lived decay products at regular intervals. The spec-
troscopy took place at the implantation point. Our spec-
troscopy setup consisted of two 4-fold segmented super
clover detectors of the VEGA array for gamma rays, two
low-energy Ge detectors for low-energy gamma rays and a
2mm thick plastic scintillator surrounding the collection
point for detecting electrons from S decay. Data acqui-
sition system was triggered by a signal from any of the
clovers or the g scintillator or any of the low-energy Ge
detectors. Total data taking time for ''">Ru was 16 hours.

3 Results

The quadrupole electric field of the purification trap was
scanned over a wide frequency range covering the whole
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Fig. 1. Ion counts registered with the MCP detector placed
after the purification trap. The well-resolved atomic ions from
the IGISOL isobaric beam are marked with the respective el-
ement symbol. For the most exotic Mo there were about
4ions/s. The total purification cycle time was 121 ms for A =
115 and 111 ms for A = 111.

isobaric chain. The ions leaving the purification trap were
registered with the MCP detector. The scans made for
A =111 and A = 115 isobars are shown in fig. 1. The yield
of each isotope can be reliably deduced from these scans,
as well as the appropriate resonance frequency for their
purification. Figure 1 shows how well the isotopes within
an isobar can be resolved using the purification trap. The
mass-resolving power (MRP) that can be deduced from
these scans is of the order of 30000. In particular, the most
neutron-rich nuclei in each isobar are so well separated
that the isobaric background for them is totally negligible.
The very exotic 111Mo nucleus was observed after the trap
too, see the lower part of fig. 1. The yield of ions after the
trap was satisfactory for spectroscopic measurements with
our setup in the case of 'Ru.

In the mass A = 115 the IGISOL beam was isotopi-
cally cleaned to study the decay of a very exotic nucleus
15Ru. On the basis of the frequency scan at 4 = 115
the purification trap frequency was fixed to correspond
to the 1Ru peak frequency. The effect of purification to
the isotopic level is presented in fig. 2, which shows two
~ spectra measured by one of our low-energy Ge detec-
tors. The lower spectrum is measured at the central beam
line of the IGISOL facility, from an ion sample, separated
with a dipole magnet only. The MRP was about 600. The
upper spectrum is recorded after further purification of
the A = 115 ion beam using the purification trap of the
JYFLTRAP. In the spectrum collected after the trap one
can clearly see «y transitions of ''""Ru #~decay, which are
not visible if only the mass separator is used. The nucleus
identification is based on a proper quadrupole frequency
of the purification trap (found in an earlier scan) and coin-
cidences with the 292.8 keV line known from the previous
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Fig. 2. The upper gamma spectrum was collected with the
purification trap set to **Ru. The lower one was recorded at
the end of the IGISOL separator, set to mass A = 115. The
peaks ascribed to beta decay of '"Ru are marked with their
energies in keV. Vertical lines are to guide the eye.

Table 1. Gamma rays in coincidence with the 292.6 keV
line [3], observed after the purification trap, set to "'*Ru.

E [keV] I°'[%] Coincident y-lines
80.1  12.4(5) 292.6
196.6  7.4(4) 207.1, 292.6
207.1 25(1)  196.6, 292.6
292.6  100(3) 80.1, 196.6, 207.1

IGISOL study [3]. Using the coincidence method three
new transitions in ''"Rh were found: 80.1keV, 196.6 keV
and 207.1keV. The gated spectra observed in the low-
energy Ge detector are shown in fig. 3 and the resulting
coincidence relations are given in table 1. The observed co-
incidences and gamma intensities suggest that the three
transitions 293 keV, 207keV and 197keV form a cascade
in which the 293 keV transition feeds the ground state of
115Rh. A partial B decay scheme of 115Ru, as obtained in
this work, is shown in fig. 4.

In fig. 5 we show a systematics of low-energy excita-
tions in Ru and Rh isotopes, which are drown relative
to 1/27 and 7/2% levels, respectively. In the 3~ decay
of 5/2% ground states of °”Ru and '*Ru, both groups
of medium-spin levels on top of 7/2% ground states and
low-spin levels, based on 3/2T excitation are populated in
109Rh and '""'Rh, respectively. A similar population pat-
tern was observed in the 3 decay of '"3Ru to levels in
L3Rh. This was the reason to propose spin 5/2% also for
the 13Ru ground state [9]. However, as we found in our
recent study, where both, 8 decay and fission data were
analysed, the ground state in 1*®Ru has spin 1/2% [10].
Beta decay of this state populates low-spin levels in ''*Rh,
while medium-spin levels are populated in the 8 decay of
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Fig. 3. Coincidence gamma spectra gated on the transitions in
15Ru. The gates were set in one of the low-energy Ge detectors
and projected to the other one. These spectra were used to
construct table 1. Peak energies given in keV.

a 0.5s isomeric state in ''3Ru, which has spin 7/27 [10].
The 5/2% level in 13Ru is located well above the 1/27
ground state, as seen in the upper part of fig. 5. Thus,
the systematics shown in fig. 5 suggest spin 1/27% for the
ground state in '>Ru. Consequently, 3/2% and 5/2% lev-
els in """Rh are populated in the 3 decay of ''Ru, as
evidenced in the lower part of fig. 5.

There remains an interesting question if the S-decaying
isomer forms only in ''3Ru or if it is present also in ''*Ru.
On one hand, the trend shown by the 7/2~ level in '''Ru
and 13Ru suggest a low-lying 7/2~ in '®Ru forming a
possible -decaying isomer. On the other hand, the lack
of the candidate for 9/2% excitation populated in the 8
decay of '1®Ru points against such a hypothesis.

The case of the very neutron-rich ''*Rh certainly needs
further spectroscopic investigations. The presented results
show that a combination of the IGISOL mass separator
and the JYFLTRAP, which provides isobarically purified
ion samples, is a powerful tool for studying the nuclear
structure very far from stability.
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Fig. 4. A partial '""Ru decay scheme as obtained
in the present work. @ measured with JYFLTRAP is
8165(11) keV [11] and the half-life was measured earlier at
IGISOL [3]. The prediction of the ''*Ru ground-state spin is
based on [10].

200 | 2 % Ru .
-8
100 | ‘m ]
— +
E) olb1/2" R S
e +
& ~100 5 ? : : —]
5 500 r Rh
= 512" ..
o 40024, o
= 32"y P
Z 300t e v
20092 0 Qoo 9) |
100 .
0p7/2" m e o m
109 111 113 115

mass number

Fig. 5. Low-energy levels in odd Ru isotopes are shown relative
to 1/2% levels. Data for '**Ru [12], *!Ru [13] and the spins
of the ground and isomeric states for '3Ru are as proposed
in [10]. In the systematics of the low-energy levels in odd-Rh
isotopes the data for A = 115 obtained in this work.
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