
Gamma-vibrational states and other high-spin band
structures in the deformed 162Er nucleus

P. K. Nayak1,2,∗ S. Mukhopadhyay1,2,† R. Chakrabarti3, S. Frauendorf4,
U. Garg4, K. Mahata1,2, A. Shrivastava1,2, K. Debnath5, A. K. Mandal5,

R. Shil5, A. Chakraborty5, S. Suman6, S. K. Singh6, S. K. Tandel6,
S. S. Nayak7, Snigdha Pal7, Suchorita Paul7, S. Chakraborty7, S.
Panwar7, S. Bhattacharya7, S. Bhattacharyya7, G.Mukherjee7,
A. Sharma8, S. Kundu8, P. K. Giri8, R.Raut8, and S.S.Ghugre8

1Nuclear Physics Division, Bhabha Atomic Research Centre, Mumbai 400085, India
2Homi Bhabha National Institute, Anushaktinagar, Mumbai 400094, India

3Department of Physics, University of Mumbai, Vidyanagari, Mumbai 400098, India
4Department of Physics, University of Notre Dame, Notre Dame, IN 46556 USA
4Department of Physics, Visva-Bharati University, Santiniketan, 731235, India

6 Department of Physics, Shiv Nadar Institution of Eminence, Delhi-NCR 201314, India
5Variable Energy Cyclotron Centre, Kolkata 700064, India and

7UGC-DAE Consortium for Scientific Research, Kolkata Centre, Kolkata 700098, India

Introduction

Collective excitations in nuclei have been
the focus of comprehensive investigation due
to their important roles in nuclear structure
studies. Among all the collective excitation
modes, γ vibration, and in particular, multi-
phonon γ vibration in nuclei have been quite
fascinating. The γ-vibration with K = 2
corresponds to oscillations in γ, and it rep-
resents a dynamic time-dependent excursion
from axial symmetry in nucleus. Among the
deformed, neutron-deficient, even-even Er iso-
topes, the data on vibrational modes of excita-
tions (γ, β, octupole etc.) in 162Er are rather
sparse. The 2+, 3+, 4+ states of the γ band
were reported earlier by de Boer et. al [1].
Following that, the band was extended up to
8+ state by West et. al. employing 160Dy(α,
2n) reaction [2]. Subsequently, the aforesaid
band was further extended up to Iπ = 11+

by Janssens et. al with another measurement
that utilised the 165Ho(p, 4n) reaction [3]. The
present work primarily aims to further extend
as well as characterize this γ band, and ex-
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plore the possibility of 2-γ phonon state(s) in
this nucleus.

Experimental details
The experiment was carried out at the

Room Temperature Cyclotron (RTC) facil-
ity at VECC, Kolkata. Higher-spin states in
the 162Er nucleus were populated using the
161Dy(α, 3n) reaction at a beam energy of 43
MeV. The 161Dy target was prepared by de-
positing enriched Dy2O3 powder(I.E.∼92.1%)
on mylar foil (thickness 25 µm) employing
the centrifugal precipitation technique. Two
such targets, each having an average thickness
of ∼5 mg/cm2, were stacked together during
the measurement, with the backing-mylar of
one facing the beam, and the other one fac-
ing the beam-dump. Deexciting γ-rays were
detected using the Indian National Gamma
Array (INGA) spectrometer, which consisted
of 11 Compton-suppressed clover HPGe de-
tectors and 1 LEPS detector during the time
of the present measurement. Out of the to-
tal 11 clovers, six were placed at 900, three
at 1250 and two at 400 with respect to the
beam direction. The only LEPS that was
mounted in the array was at 400 w.r.t. the
beam direction. The events were recorded us-
ing the PIXIE-16 digitizers-based data acqui-
sition system [4]. Data sorting was carried out
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FIG. 1: Representative gated spectrum showing
the transitions deexciting the states in the γ band.
Some of the newly observed transitions have been
marked in red colour (also in Fig. 2).
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FIG. 2: Partial decay scheme of 162Er showing the
γ band and the Kπ=4+ state.

using the BINDAS software package [5]. The
crucial in-beam auto calibration feature in this
software was used to correct for instrumental
drift in the data, if any. Finally, γ − γ coin-
cidence matrices (both symmetric and asym-
metric) as well as γ − γ − γ coincidence cube
were generated for further analysis employing
the RADWARE suite of programs [6].

Results & discussion
The ground-state rotational band has been

observed beyond the i13/2 neutron alignment,

up to spin, Iπ=26+, in the present data. The
γ band has been extended up to the Iπ = 15+

(Ex = 3.7 MeV) level based on the newly ob-
served 480 keV ((10+)→ 8+), 527 keV ((13+)

→ 11+) and 489 keV ((15+)→ (13+)) in-band
γ transitions (Figs. 1, 2). New inter-band M1
and E2 transitions, connecting these newly ob-
served states to the ground-band have also
been observed. DCO and polarization mea-
surements will be undertaken to unambigu-
ously assign spins and parities to these lev-
els. This γ band will be further interpreted by
comparing the experimental branching ratios
of the inter-band transitions to those obtained
from the Alaga intensity rules.

The 4+ level (K=4) with Ex= 1712 keV,
which was observed earlier in the β-decay of
162mTm [1], and decays exclusively to the γ
band, has also been observed in the present
data. This level was suggested earlier as
originating from two quasiparticle excitations.
However, further investigation is required to
find the real character of this state and other
members, if any, based on this Kπ=4+ band-
head state.

Apart from these, from the preliminary
analysis of the data, a new strongly-coupled
band structure has been observed. The infor-
mation on the previously reported β-band and
negative-parity octupole bands in this nucleus
is limited in literature. Such states will also be
investigated in detail in the ongoing analysis.
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