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Are there Superdeformed states in *°C1?
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Introduction

The nuclei in the neighbourhood of dou-
bly closed *°Ca usually exhibit characteristics
of spherical single particle excitations. This
feature is suitable for applications of spheri-
cal shell model in the sd shell. However, the
spectroscopy of several nuclei in the mass re-
gion revealed deformed states (even superde-
formation) at low-excitation energies, indicat-
ing that the nuclei near the closed shell with Z
or N = 20 can easily lose spherical shape [1, 2].
Large-scale shell model calculations to inter-
pret superdeformed band in 36 Ar[1] have pro-
vided a microscopic description of rotational
motion in nuclei.

3501 is a stable nucleus in this mass re-
gion. We have studied this nucleus exten-
sively by extending its level scheme and mea-
suring the lifetimes of quite a few states using
DSAM technique [3]. In that work we have
pointed out that a few states have been ob-
served whose lifetimes were estimated to be
very short. But due to lower excitation energy
of the compound nucleus populated, we could
not investigate their nature conclusively. In a
subsequent experiment, we have obtained rel-
atively better data to proceed further. In this
work we present our experimental and theo-
retical investigations of those short lived states
and explain the origin.

The Experiment
High-spin states in 3°Cl have been pop-
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FIG. 1: The shifted and unshifted gamma peaks
in 3163 keV gated spectra.

ulated through 2C+2%Si (110 MeV) reac-
tion in the inverse kinematics. The rele-
vant details of the experiment have been dis-
cussed in Ref.[4]. Gamma - gamma coin-
cidence measurement has been done using
the multi-detector array of thirteen Compton
suppressed Clover detectors (INGA setup) at
Inter University Accelerator Centre (IUAC),
New Delhi.

Results and Discussions

Two spectra from detectors at 90° and 57°
(Fig. 1) generated by putting gates on the
3163 keV transition in 3°Cl show the six
shifted peaks from around 900 keV to 3000
keV. The shifted and unshifted peak positions
are marked in the figure. It clearly shows
that the lifetimes of the corresponding states
must be shorter than the characteristic stop-
ping time of 33CI recoils in gold (Au) backing.
The unshifted centroids of these gammas have
been determined by plotting the centroids of
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FIG. 2: Fractional Doppler shifts shown as a func-
tion of gamma energies.

the shifted peaks from spectra obtained from
detectors at different angles as a function of
cos 6. The regular ordering of these gammas
provoked us to propose that they belong to a
regular sequence of deformed states of a col-
lective band. Due to the large Doppler shifts
observed for these gammas (Fig.1), it was very
difficult to generate spectra by putting gates
on these gammas to show their mutual coin-
cidence. So we have resorted to alternative
means to establish their correlation. At first
we conjectured that if these gammas belong
to the same deformed band, they all should
correspond to the same deformation. In or-
der to determine the deformation of this pro-
posed band, the residual Doppler shifts of the
~vs were measured. The average recoil velocity
is expressed as a fraction of the initial recoil
velocity to obtain F'(7). In Fig. 2, the frac-
tional Doppler shifts F'(7) [1, 2] are plotted as
a function of the v -ray energies. The exper-
imental F'(7) values are then compared with
the calculated values based on known stopping
powers. The comparison of the F(7) values
of these transitions with other single-particle
transitions with similar spins and energies are
shown in Fig.2.

Next we have done theoretical calculations
using a version [5] of Particle Rotor Model,
where the excitation energies of the core can
be given as inputs. We have considered 2°C1
as a coupled system of superdeformed core of
36 Ar and a valence proton hole. We have
taken the (s ~ 0.45 as obtained from pre-
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FIG. 3: The Particle Rotor Model results com-
pared with the experimental spectra.

vious experiments on SD bands in 3¢Ar [1].
The energies and lifetimes of these states have
been calculated. The level spectra matches ex-
tremely well with our proposed band (Fig.3).
Conclusion

A sequence of gamma rays decaying from
very short lived states manifested through
their large Doppler shifts has been proposed
to belong to a super deformed band having a
deformation similar to that of a SD band in
36 Ar. Analysis of fractional Doppler shift has
been done to assign deformation to this band.
Theoretical studies using Particle rotor model
exactly reproduces this band. Large scale shell
model calculations will be done to identify the
microscopic origin of these states.
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