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I. Introduction
Nuclei possessing large angular momenta, in the vicinity of the fission barrier, are

expected to have large deformations. So far, the problem of shapes in fissioning nuclei has
been studied with measurements in which GDR 7-decay was detected in coincidence with
the fission fragments (e.g. [1,2]). The analysis and interpretation of such experiments is
however difficult, since the measured spectra contain contributions both from the GDR
decay in the fission fragments (post-fission) and from the fissioning nucleus (pre-fission).
It is therefore clear that measurements associated with nuclei close to the fission barrier
but surviving the fission competition are extremely interesting, since they allow to study
the nuclear shapes in a new regime and in spectra free from fission fragment contributions.
In addition, measurements of this type are important to test the model of thermal shape
fluctuations in this extreme regime close to the fission, which has not yet been explored.

To investigate this problem, we have chosen the compound nucleus 216Rn formed in
the reaction of 96 MeV 18O on 198Pt inducing an angular momentum distribution of lmax =
42 h, and an excitation energy E* = 56 MeV. This choice was related to the fact that a
possible decay path of that compound nucleus competes with fission and strongly feeds the
long-lived high-spin isomers in 211Rn (T1/2 = 201 ns, F = 63/2") and 212Rn (T1/2 = 154
ns, Iw — 30+). In addition, one can expect that the fission limit is below 40 h, since only 1
or 2 discrete transitions feeding this isomer were found [3]. Consequently, the detection of
high-energy 7-rays in coincidence with the delayed radiation from the high-spin isomeric
states allows to select Rn-nuclei at angular momenta close to the fission barrier, but still
surviving the fission competition.

II. Experimental set-up
The basic idea of the experiment was to use the recoil-catcher geometry technique,

similar to that previously employed in the discrete 7-spectroscopy of the Polonium isotopes
[4], or in the GDR studies of Dysprosium isotopes [5]. The 18O pulsed beam, provided
by the LNL Legnaro accelerator facility, with a repetition period of 400 ns and 10 ns
pulse width, allowed to measure coincidences between prompt and isomeric 7-rays. A
self-supported target 198Pt of 1 mg/cm2, where the compound nucleus is formed and the
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prompt 7-radiation takes place, was surrounded by the HECTOR array [6]. The residual
nuclei ejected from the target were stopped in a 6 um thin Mylar catcher with a central 6
mm hole for the beam. The catcher was positioned in the forward direction at a distance
of 40 cm, reached by the recoiling nuclei in about 150 ns. The delayed radiation emitted
by the stopped residues was detected in a cylindrical eight-segmented BGO shield, which
was put on the beam pipe to surround the catcher. A Ge-detector was installed at 146°
for discrete 7-radiation measurement. Fig. 1 illustrates the set-up.
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Figure 1: The catcher set-up added to the standard HECTOR array.

The signals of prompt high-energy 7-rays from the target were recorded on tape only
when followed by delayed radiation detected in the catcher set-up. Additionally, we
measured the time between the reaction and the isomeric decay, and the sum energy of the
delayed 7-transitions. Fig. 2 shows the time spectrum of the delayed 7-rays, corresponding
to the recoils' time of flight convoluted with the isomeric decay curve.

III. Preliminary results
In order to select the high-energy 7-rays feeding the longest isomeric states, a gate on

the TOF. spectrum was set as indicated in Fig. 2. To check whether such a gate causes an
enhancement of feeding to high-spin states, it was also used for gating Ge-spectra. Fig.
3 shows Ge-spectra: the total and the TOF-gated (normalised to the 854 keV line); and
their difference, showing the expected enhancement of high-spin state feeding. Indeed,
the 1062 keV line that feeds the 63/2" isomer in 211Rn, and 925 keV line that feeds the
30+ isomer in 212Rn [3], are both clearly enhanced.

Fig. 4 shows the total, ungated high-energy 7-spectrum (circles). In addition, the
result of the statistical model fit to the total spectrum, assuming a single Lorentzian GDR,
is shown by the solid line. The calculation resulted in a GDR width of 10.0 MeV (see the
inset in Fig. 4), which is much larger than the ground state value (around 4 MeV). This
indicates, that even in the total spectrum, larger deformations and thermal fluctuation
effects are pronounced.

In the same figure, the preliminary spectrum of high-energy gamma rays gated by
isomeric decay (as indicated in Fig. 2) is shown (squares). In addition, it was required that
the sum energy measured in the BGO detector was high enough to further discriminate
the low spin isomers and the background from the radioactivity. Both, gated and total
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Figure 2: Time spectrum of radiation measured in the BGO surrounding the catcher
relative to prompt radiation.

spectra, were normalised at 6 MeV. It can be seen that, in spite of low statistics, the
gated spectrum has relatively higher yield in the E1 = 12-16 MeV region. This might
indicate a larger contribution of prolate deformed shapes, as one would expect for nuclei
on their way to fission. However, a confirmation of this interpretation needs an analysis
based on a Monte-Carlo version of the statistical model code CASCADE. Such analysis
an is in progress and is expected to provide more quantitative information on the shapes
of decaying 216Rn nuclei at very high spins.
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Figure 3: Ge-spectra: gated by delayed radiation (upper spectrum in the top panel), total
(lower spectrum in the top panel) and their difference (bottom panel).
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Figure 4: High energy spectra from the decay of 216Rn*: circles — ungated spectrum;
squares — spectrum gated by long-lived isomers; line — statistical model fit to the ungated
spectrum. In the inset: GDR strength function as obtained from the statistical model fit
to ungated data.
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