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Abstract
The first results from the stopped beam RISING experimental campaign performed at the GSI laboratory in Darmstadt, Germany,
are presented. RISING (Rare ISotope Investigations at GSI) constitutes a major new experimental program in European nuclear
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structure physics research aimed at using relativistic energy (typically around 1 GeV per nucleon) projectile fragmentation reactions to
populate nuclei with highly exotic proton-to-neutron ratios compared to the line of beta stability. In its high-efficiency ‘stopped beam’
configuration, the RISING y-ray spectrometer consists of 105 individual, large volume germanium crystals which view a focal plane in
which the exotic nuclei are brought to rest (i.e. ‘stopped’). Here, decays from metastable or ‘isomeric’ states with half-lives in the nano to
milliseconds range can be observed, often providing the first spectroscopic information on these exotic nuclear species. This paper intro-
duces the physics aims of the stopped RISING collaboration and presents some technical details on the RISING detector array. Results

of initial commissioning experiments are also shown and details of the planned future experimental program are given.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The aim of the RISING collaboration is to study exotic
nuclei through beam fragmentation or projectile fission at
energies provided by the SIS synchrotron at GSI of a few
hundreds of MeV per nucleon. Previous experimental cam-
paigns have used these detectors for studies of ‘in-beam’ y-
ray spectroscopy at relativistic energies [1]. RISING was
moved to its stopped beam configuration for the first time
in February 2006 (Fig. 1). Two subsequent experimental
campaigns have now been performed aimed at the study
of nuclear structure using the isomer-delayed y-ray spec-
troscopy technique as outlined in [2-4]. Some brief techni-
cal details of a selection of these experiments and the
performance characteristics of the RISING array in this
configuration are presented below.

2. Technichal details
2.1. Basic isotope production, selection and identification

The production of exotic beams is done by the fragmen-
tation of a stable beam from SIS on a thick (typically a few
g/cm?) °Be target. The two-stage FRagment Separator
(FRS) [5,6] is used in achromatic mode for the selection
and identification of the reaction products using time of
flight (ToF) and energy loss measurements. Through posi-
tion determination as measured with plastic scintillators at
the first and second focal plane of the FRS, the magnetic
rigidity of the individual ions can be accurately determined.
The time of flight information provided by these fast plastic
scintillators allows the determination of the particle veloc-
ity, from which a mass over charge (4/Q) ratio can be
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Fig. 1. Up left: the RISING stopped beam set-up, see text for details. Up right example of particle identification spectra obtained following the projectile
fragmentation of the '°’Ag beam. The **Pd ions are selected and used to gate the delayed y-ray energies observed between 500 ns and 2.5 ps following the
ion implantation in the passive (perspex) stopper. These conditions produce the spectrum in the bottom left portion of the figure which shows gamma
cascade associated with the I" = 14" isomer in **Pd [2,9]. Bottom right: measured multiplicity of crystals which fired associated with the particle
identification spectrum shown in Fig. 2-up for two different elements.
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derived when the magnetic rigidity (Bp) is known. Finally
the charge is determined by two MUIti Sampling Ioniza-
tion Chambers (MUSIC) at the end of the FRS (see
Fig. 1) which measure the energy loss of the individual
ions. A variable thickness aluminum degrader at the sec-
ond focal point is used to slow down the ions such that they
can be implanted in a passive stopper at the center of the
germanium array. In the initial stopped RISING experi-
ments, passive stoppers made from perspex, copper and
beryllium were used. To minimize the transmission of
hydrogen and higher charge states, niobium stripper foils
were placed after the production target and the achromatic
degrader.

2.2. The ‘stopped beam’ rising array

2.2.1. Technical data

The RISING array in its stopped beam configuration
comprises 15 seven-element germanium cluster detectors
[7]1in a high-efficiency configuration (see Fig. 1). The detec-
tor were in three angular rings at 51°, 90° and 129° to the
primary beam axis, each containing five cluster detectors.
The average distance from the front face of the detectors
to the centre of the passive stopped at the final focal place
was approximately 22 cm. The measured photopeak y-ray
efficiency for the array in this geometry for sources placed
in the center of the focal plane was approximately 15% at
661 keV.

2.2.2. Electronics

The two outputs from the Euroball pre-ampliers of the
germanium detectors were sent to two separate electronics
branch. The energy signal is processed by full digital elec-
tronic using DGF-4C modules from XIA [8]. This gives
an energy resolution of less than 3 keV at 1.3 MeV under
experimental conditions. Those modules have an internal
clock with a 25 ns step which is used for the germanium
timing signal. The fast plastic signal from the particle
detector at the final focus of the FRS was also sent to each
DGF crate to check the synchronization of the DGF
crates. A second germanium preamplifier signal was sent
to a conventional timing branch (TFA/CFD/TDC) with
the TDC timing measured between the delayed gamma as
a start signal and uses in ‘common-stop’ using the signal
from the plastic in the second focal point. Two ranges of
TDC were used, one with a short range of approximately
1.2 us to give a good definition for short-lived (~10 ns) iso-
mers and the CAEN 767 TDC with a range up to 800 ps.
The total range for timing correlations between implanted
ions and delayed y-rays was determined by the maximum
width of the DGF max coincidence window (400 ps).

3. Selected experimental results
During Feburary—March 2006 three experiments were

performed using the stopped beam RISING set-up using
beams of **Ni, '’ Ag and 2**Pb on Be production targets.

The main physics aims of these studies were (i) the study
of isospin symmetry N = Z nuclei and (ii) the study of
shell-model states in neutron-rich nuclei around the
N =126 shell gap. In addition, these experiments provided
significant new information on the nuclear reaction mech-
anism associated with the population different angular
momentum states in projectile fragmentation reactions.

Fig. 1 shows an example particle identification and
delayed y-ray spectra from the '“’Ag beam experiment
using the DGF timing branch. The clean separation of
the previously reported 1" = 14" isomer in **Pd [2,9] is
readily apparent.

One of the major problems with previous fragmentation
isomer studies has been a loss of y-ray detection efficiency
under the experimental conditions due to the so-called
‘prompt flash’ associated with light particles and brems-
strahlung during the slowing down process in the passive
stopper which are observed by the germanium detectors
[3]. One of the main drivers behind the design of the
stopped beam array was its increased granularity over pre-
viously used set-ups [3,4]. Fig. 1 shows the measured
prompt y-ray multiplicity for Tc and Pd residues observed
using the '*’Ag primary beam stopped in 7 mm of perspex
in the center of the stopped RISING array. These results
suggest that in this experiment only ~5% of the individual
detectors were ‘blinded’ by this prompt radiation compared
to values of ~80% in the closer geometry set-up [4]. The
extra granularity of the RISING set-up thus clearly pro-
vides a major increase in the experimental efficiency for
such studies.

3.1. Charge state separation and internal conversion
suppression

In the majority of cases, the projectile fragmentation
and fission products are transmitted through the FRS fully
stripped of their atomic electrons (i.e. Q = Z), however, a
fraction of the ions can be transmitted in other charge
states, particularly hydrogen-like ions (i.e. Q=2 —1).
This can cause charge state anomalies and misidentification
of ions unless accounted for. The technique outlined in [10]
was used to discriminate between ions which do not change
charge states between the first and second halves of the
FRS (which are predominantly fully stripped ions) and
those which pickup a electron (and thus change their
charge by —1le) in the second portion of the FRS. This
“ABp, AE” technique [10] enhances the selection of fully
stripped bare ions. Fig. 2 shows a particle identification
plot for neutron-rich Pt and Au nuclei produced following
the projectile fragmentation of a ***Pb beam at 1 GeV per
nucleon. The y-ray spectra gated on fully stripped and
hydrogen-like 2°*Pt (N = 126 isotones of the beam) shown
on the right side of Fig. 2 shows the effect the ionic charge
state of the transmitted nuclei have on isomeric measure-
ments. The transitions from isomeric decays in 2**Pt were
observed for the first time in the February 2006 *°*Pb pri-
mary beam experiment. Two distinct isomers were
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Fig. 2. (left) The charge state separation can be demonstrated using the deduced energy loss in the S2 degrader plotted against the energy loss of the ions in
the MUSIC chambers. This can then be used to separate Q = Z (fully stripped) and Q = Z — 1 (hydrogen-like) ions. (right) Transitions identified for the
first time following isomeric decays in the N = 126 isotone 2**Pt for the first time following the fragmentation of a >°*Pb beam. The effect of fully stripping
the ions of electrons and thus ‘switching off” the internal conversion decay branches in flight is clearly demonstrated by the reduced observation of the 96,
1061 and 1158 keV transitions in the hydrogen-like spectrum (lower) compared to the fully stripped one (upper).

observed in this nucleus; with the higher-lying having a sig-
nificant decay branch associated with a highly-converted,
low-energy transition (96 keV). This internal conversion
decay branch is ‘switched off” for fully stripped ions and
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Fig. 3. y-Ray spectra associated with the decays of the high-spin isomers
in "Gd[11] and "**Tb [12] as observed following the projectile of the
208pp beam. These decays represent the highest discrete spins observed to
date in projectile fragmentation reactions.

thus more of this decay survives through the few hundred
nanosecond flight-time through the FRS. This is not the
case for the same nucleus in the hydrogen-like state, where
the decay can occur, thus explaining the difference between
the relative intensities of the transitions shown in the upper
and lower y-ray spectra shown in Fig. 2.

3.2. High spin population in fragmentation

Fig. 3 shows the spectra associated with the previously
reported isomers in '*’Gd [11] and '"*®Tb [12] as observed
in the current work following projectile fragmentation with
the “®®Pb beam. The isomer in '"*®Tb has an angular
momentum of 27 h, which corresponds to the highest dis-
crete angular momentum observed to date in projectile
fragmentation reactions. The population and observation
of such decay augurs well for future studies of high-spin
states in exotic nuclei, particularly for neutron-rich species
inaccessible with standard stable-beam/target fusion evap-
oration reactions.

4. Summary and conclusion

In addition to the brief results presented here from the
197A¢ and 2%®Pb induced experiments, additional studies
have now been performed using the stopped RISING set-
up with *®Ni, **Xe and ***U primary beams. Highlights
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from these studies include the identification of core break-
ing isomers in the **Fe/>*Ni mirror pair and the identifica-
tion of new shell-model isomers close to the '*Sn doubly
magic core. Future plans include the use of fission frag-
ments for studies of neutron-rich 4 ~ 110-130 nuclei and
the implementation of a segmented silicon ‘active stopper’
placed in the centre of the RISING for B-delayed
spectroscopy.
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