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Study of shape transition in the neutron-rich Os isotopes
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Abstract.

The neutron-rich isotopes of tungsten, osmium and platinum have different shapes in their
ground states and present also shape transitions phenomena. Spectroscopic information
for these nuclei is scarce and often limited to the gamma rays from the decay of isomeric
states. For the neutron-rich even-even osmium isotopes '**Os and 8Os, a shape transi-
tion between a slightly prolate deformed to an oblate deformed ground state was deduced
from the observed level schemes. For the even-even nucleus lying in between, 1960,
no gamma ray transition is known. In order to elucidate the shape transition and to test
the nuclear models describing it, this region was investigated through gamma-ray spec-
troscopy using the AGATA demonstrator and the large acceptance heavy-ion spectrom-
eter PRISMA at LNL, Italy. A two-nucleon transfer from a '8Pt target to a stable 32Se
beam was utilized to populate medium-high spin states of '°°Os. The analysis method
and preliminary results, including the first life-time measurement of isomeric states with
AGATA, are presented.
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1 Introduction

The nuclei with A = 190 between Hf and Pt exhibit a great variety of nuclear phenomena, including K-
isomeric states, triaxiality, different shapes in their ground states and shape transitions between them.
The ground states of the lighter isotopes are prolate deformed. When going to the more neutron-rich
isotopes a shape transition occurs and the ground state becomes oblate deformed. The spherical shape
is believed to be restored at the N = 126 shell closure.

Experimentally, these nuclei are very difficult to populate and therefore the spectroscopic in-
formation is rather scarce. Multi-nuclei transfer and fragmentation reactions are the only possible
methods to reach such nuclei. In the present experiment we used a multi-nucleon transfer reaction
together with the large-acceptance magnetic spectrometer PRISMA [1] and the gamma-ray spectrom-
eter AGATA [2, 3] in order to study the nuclear properties in this interesting nuclear region.

2 Experiment

A $2Se beam impinging on a 2mg/cm? self-supporting '8Pt target was used to populate the Os
nuclei. The beam, with an energy of 426 MeV and an intensity of around 2 — 3 pnA, was provided
by the Tandem-ALPI accelerator complex at LNL, Italy. The beam-like fragments were detected by
the PRISMA spectrometer, placed at the grazing angle of the beam-like recoils (57°). The AGATA
demonstrator, placed at a distance of 15.5cm from the target, was used for detecting the emitted
gamma rays. Additionally, an array of four DANTE [4] micro-channel plate heavy-ion detectors was
placed around a cone of 58° with respect to the beam axis, to detect the beam-like as well as the
target-like recoils.

Figure 1 (left) shows the sketch of the experimental setup where the kinematics of the reaction is
shown. The beam-like ions enter the PRISMA spectrometer after an average time of flight of around
10 ns, while the binary partner of the beam-like recoil, gets implanted in one of the DANTE detectors
or the target chamber. Therefore, delayed gamma rays in coincidence with PRISMA can be observed
only for the target-like ions. The time of flight for these recoils is around 15 ns, and consequently the
sensitivity for isomeric states gets reduced for lifetimes shorter than 15 ns.
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Figure 1. (left) Sketch of the experimental setup and of the reaction kinematics. The dimensions are not in scale.
(right) Measured yield of the beam-like recoils for the 82Se on Pt multi-nucleon transfer reaction at a beam
energy of 426 MeV.
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3 Data Analysis

The identification of the beam-like recoils is performed event-by-event by measuring their atomic
charge and mass. The extracted yield is shown in Figure 1. The Doppler correction for the beam-like
recoils uses the velocity vector measured by PRISMA and the first interaction point of the tracked
gamma ray in AGATA. The velocity vector of the heavier target-like recoil is reconstructed using
relativistic two-body reaction kinematics. The energy loss in the target for each recoil is calculated
for every trajectory using the Northcliffe-Schilling [5] approximation. It is assumed that the reaction
occurs in the centre of the target and particle evaporation is neglected. Doppler-corrected spectra for
the beam as well as the target ions are shown in Figure 2. The FWHM of the 729.1keV (67) — 4}
transition of '8Pt is 4.4 keV (0.61%).

With traditional HPGe detector arrays the time between the heavy-ion detector and the different
germanium detectors is measured by using TACs or TDCs. In AGATA the reconstructed trajectory of
the gamma ray can span over more than one segment and crystal. Hence, the time of the interaction of
each gamma ray is deduced from its first interaction point, as reconstructed by the tracking algorithm
OFT [8]. The time of each interaction is calculated on a sub-timestamp level using the recorded traces.
In order to improve the resolution of the prompt peak in coincidence with PRISMA, the data has been
corrected by the time of flight of the ions entering PRISMA. A second correction is applied to account
for offsets in time with respect to different sections of the focal plane detector.

Previous HPGe detector arrays coupled to a magnetic spectrometer such as, CLARA [9] and
EXOGAM [10] have anti-Compton shields and collimators in front of the detectors to achieve a
good peak-to-total ratio and to suppress the background. Hence, the efficiency drops for gamma
rays, not emitted at the target position. AGATA instead does not have any anti-Compton shields and
reconstructs the Compton-scattering among the crystals by using a tracking algorithm. Therefore, the
detection efficiency of gamma rays emitted by the ions implanted in the target chamber is significantly
higher than with traditional arrays.

In Figure 3 (left) the matrix of the corrected time difference of PRISMA and AGATA versus the
tracked gamma energy is shown. In order to study and verify 57 the isomeric state known in 198 Au, the
matrix is gated on all arsenic isotopes identified in PRISMA with a mass smaller than 82As. The two
transitions visible at 215keV and 97 keV belong to the deexcitation of the 57 isomer in '*®Au. This
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Figure 2. Doppler-corrected gamma energy spectra for 82Se (top) and the binary partner '**Pt (bottom). The
transitions are marked tentatively according to the previously reported data [6, 7].

02057-p.3



EPJ Web of Conferences

isomer was reported in the sixties and seventies [11-14] with a half life ranging from 118 (8) ns [14]
to 128 (15) ns [11]. In our experiment the half life was measured to be 107 (6) ns. It was obtained by
a least-square fit of the exponential decay after subtracting the background, see Figure 3 (right). This
is the first life-time measurement of isomeric states with AGATA.
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Figure 3. (left) Matrix of the corrected time difference of PRISMA and AGATA versus the tracked gamma energy
gated on all arsenic isotopes with a mass of 82 and smaller. The time axis has an arbitrary offset. (right) Expo-
nential least-square fit of the decay curve of the 215 keV transition with the half-life derived for the 5] isomer in
198 AL

4 Conclusions and Outlook

The gamma-ray data obtained in this multi-nucleon-transfer experiment are promising and they will
help to elucidate the shape transition occurring in the A ~ 190 region. In addition to the Os isotopes,
a great variety of other reaction channels were populated. In particular, the binary partner of '*°Os,
84Kr, was detected with a high yield.
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