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Introduction

Nuclear structure physics in the low-spin
regime has remained a fertile ground to in-
vestigate and unearth exotic nuclear phenom-
ena, such as, β and γ vibrations, multi-
phonon excitations, octupole vibration, and
even hexadecapole shape. The advent of
high-efficiency γ-ray spectrometers with mu-
tiple types of detectors, coupled with modern
day state-of-the-art electronics and data ac-
quisition system have revitalized the research
in low-spin nuclear structure physics. Ther-
mal neutron induced (n,γ) reactions, and fis-
sion fragment spectroscopy of neutron-rich nu-
clei have enormous potentials for exploration
of new physics in the low- and medium-spin
regimes. Nuclear structure research in this di-
rection will eventually compliment the work
in high-spin domain, carried out in the three
heavy-ion accelerator centres in the country.
With this in mind, basic implementation of
the facility (DURGA: Dhruva Utilization for
Research using Gamma Array) with lim-
ited shielding and number of detectors was
done. Subsequently, multiple test measure-
ments were performed using only natural Cd
target to align the beam, gauze the effective-
ness of shielding and optimize the performance
of electronics. After critical experimental dif-
ficulties were encountered during the early im-
plementation phase (2018-19), the aforesaid
γ-ray spectroscopy facility at Dhruva reac-
tor has recently gone through major upgra-
dation, augmentation and research utilization.
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The previous shielding structure has now been
greatly enhanced following multiple iterations,
to bring down the γ ray background. The
beam collimation was tuned from scratch af-
ter the installation of new shielding structure
in order to extract almost a halo-free neu-
tron beam of average diameter ∼16 mm. at
the geometric center of the mechanical struc-
ture of the array. After recent augmenta-
tion, the gamma array now consists of six
Compton-suppressed clover Ge detectors and
six LaBr3(Ce) fast scintillators. The newly
augmented gamma array has been integrated
with the state-of-the-art, in-house developed,
digital signal processing based data acquisi-
tion system that operates digitizers of multi-
ple frequencies in a single chasis/crate [1]. The
DAQ system runs with minimal human inter-
vention during an experiment, and it boasts
of many novel features.

The first-ever physics investigation has re-
cently been carried out using this facility on
164Dy nucleus, and here in this paper, we re-
port the details about this measurement. Sev-
eral attempts have been made in recent years
to identify two-phonon vibrational states in
164Dy nucleus. Also, it is of interest to at-
tempt to isolate the subset of collective oc-
tupole excitations.

Experimental details

The experiment was performed employing
163Dy(n,γ)164Dy reaction in the newly aug-
mented DURGA facility at Dhruva reactor.
The 163Dy target (I.E.=92.5%) in oxide pow-
der form was sealed in a Teflon-made disk
type capsule with 1 cm. diameter. Ther-
mal neutrons from the reactor bombarded the
enriched sample of weight ∼285 mg. In or-
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FIG. 1: The newly augmented gamma array
(DURGA facility) in front of R3001 beam-port
inside Dhruva reactor hall.

der to minimize the background γ rays, data
were collected at 50 and 60 MWs of reactor
powers. The data were collected without any
prior condition in order to preserve every bit
of information from the excited 164Dy nucleus.
The data, thus acquired, were used to build a
much smaller event file with user-supplied co-
incidence conditions, subsequently.

Results and discussion

The analysis of low-spin states in the de-
formed 164Dy nucleus has revealed several new
γ rays. The newly observed γ rays have
been placed in the level scheme of 164Dy nu-
cleus based on γ-γ coincidence relationship.
The Kπ=2− octupole band structure, which
is the lowest collective octupole band among
the subset of collective octupole excitations
in 164Dy, has been affirmed [2]. Electric
dipole (E1) transitions, connecting the ex-
cited states in this octupole band and the
members of the ground band have been ob-
served. The |∆J | = 0, 1 transitions, connect-
ing the states in the octupole band and those
in the 1-phonon positive parity γ-vibrational
structure, have been observed. The mag-
netic dipole (M1) transitions, connecting the
two signatures in the 1-phonon positive par-
ity γ-vibrational band have been newly ob-

served. The previously proposed 2-phonon γ-
vibrational state (Jπ = 4+) at 2173 keV ex-
citation energy has been observed [3]. In ad-
dition to that, another new candidate for 2-
phonon γ-vibrational state (Jπ = 4+) with
excitation energy of 1979 keV has been found.
This, together with the state at 2114 keV (Jπ

= 5+), can be proposed as the band mem-
bers of the long-elusive 2-phonon γ-vibrational
band in the deformed 164Dy nucleus. With
this measurement, the level scheme of 164Dy
nucleus has been enriched considerably. The
facility thus attests its potential to undertake
other investigations of current interests.
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FIG. 2: Representative gated spectra for the
164Dy nucleus as generated from the γ-γ coinci-
dence matrix. A few of the relevant transitions
are labeled.
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