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High spin spectroscopy and shape coexistence in 73As
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High spin states in 73As have been investigated through the fusion-evaporation reaction 64Ni( 12C, p2n) 73As
with an incident beam energy of 55 MeV. The level scheme has been extended up to J π = (37/2−) and excitation
energy ∼8.7 MeV with the addition of 30 new γ -ray transitions. The microscopic origins of the observed positive-
and negative-parity band structures are discussed in the context of the particle rotor model. Nucleon alignments
and shape evolution with increasing angular momentum are discussed in the framework of the cranked shell
model and relativistic mean-field calculations. The results offer insight into the nature of the observed band
structures and indicate prolate-oblate shape coexistence between positive- and negative-parity bands at low spin.
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I. INTRODUCTION

Nuclei in the mass A ∼70 region exhibit complex behavior
with increasing angular momentum. Shape coexistence and a
rapid transition between prolate and oblate deformations as a
function of both proton and neutron number as well as spin and
excitation energy are observed in this region. These features are
attributed to the dynamical interplay between single-particle
and collective degrees of freedom and due to the presence of
deformed shell gaps at N = Z = 34, 36, and 38. These shell
gaps favor competing oblate and prolate structures, which
coexist over a small range of spin, a phenomenon referred
to as shape coexistence. The coexistence of different nuclear
shapes has been observed in several even-even nuclei in this
region, e.g., 72−74Se [1–3] and 74−78Kr [4–6], but limited
information exists thus far for odd-A and odd-odd nuclei.
Positive-parity decoupled rotational bands have been identified
in the odd-A As and Br [7–10] isotopes. The decoupled nature
of these bands is interpreted to arise from configurations
involving particles in the g9/2 proton subshell, which decouples
from the core due to the strong Coriolis force. Since the
structure of these bands depend on the core deformation
(oblate or prolate), the spectroscopic study of the decoupled
configurations built on the deformation-driving g9/2 orbital
offers a unique experimental opportunity for investigating
shape evolution in this mass region.

Odd-A arsenic isotopes 67−73As [11–14] have been stud-
ied up to Jπ = 33/2+,53/2+,37/2−, and 25/2+, respec-
tively. Although the observed band structures of 67,69,71As
[11–13] have certain common features, with increasing neu-
tron number, differences in structure are evident. For example,
a systematic comparison of positive-parity bands based on the
πg9/2 configuration in these isotopes reveals that the energy
of the 13/2+ → 9/2+ transition decreases from 943 keV
in 67As [11] to 609 keV in 73As [14]. This is indicative
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of the gradual increase in collectivity with neutron number.
These nuclei are predicted to have rapid shape transitions with
increasing angular momentum due to the occupation of the
deformation-driving g9/2 orbital by valence nucleons and also
due to large deformed shell gaps in the Nilsson diagram. For
example, total Routhian surface (TRS) calculations predict
that the nuclear shape changes from oblate in 65As to prolate
in 69As, and to a γ -soft shape in 71As at low spin. Thus, the
triaxial deformation parameter (γ ) varies across these isotopes,
and it is therefore interesting to explore 73As.

The low spin structure of odd-A 73As has been reported
earlier employing γ -spectroscopic methods with the (p,nγ )
reaction [15,16]. Later, the positive-parity, yrast band above the
428.2-keV 9/2+ isomeric state was reported up to Jπ = 25/2+,
and excitation energy ∼4.1 MeV in studies using heavy-ion
reactions: 58Fe(18O, p2n) 73As and 71Ga(α, 2n) 73As [14]. The
origin of low spin states was interpreted by several authors
using various theoretical models [14,15,17–19], such as the
particle-plus-rotor model and Coriolis coupling model. In
this work, we have presented high spin information in both
positive- and negative-parity bands, along with non-yrast band
structures. The deduced band structures and shape change
have been analyzed using the cranked shell model (CSM) and
particle rotor model (PRM) approaches.

The present article is organized as follows. In Sec. II, ex-
perimental details and the level scheme of 73As are discussed.
Section III includes a discussion on the level structures based
on the cranked shell model (CSM) calculations and the shape
evolution in 73As in the context of relativistic mean-field
(RMF) calculations. Further, the observed band structures are
compared with the triaxial PRM calculations in Sec. III C. A
brief summary is presented in Sec. IV.

II. EXPERIMENTAL DETAILS AND RESULTS

High spin states in 73As were populated using the fusion-
evaporation reaction 64Ni(12C, p2n) 73As with an incident

0556-2813/2015/92(6)/064324(9) 064324-1 ©2015 American Physical Society

http://dx.doi.org/10.1103/PhysRevC.92.064324


M. KUMAR RAJU et al. PHYSICAL REVIEW C 92, 064324 (2015)

beam energy of 55 MeV. The 12C beam, with ∼1 pnA current,
was delivered by the 15UD Pelletron accelerator [20] at
Inter-University Accelerator Centre (IUAC), New Delhi, India.
The target used in this experiment was isotopically enriched
64Ni with thickness ∼1.5 mg/cm2 on a thick (∼7 mg/cm2) Au
backing. The γ rays deexciting residual nuclei were detected
with the Gamma Detector Array (GDA) [21,22]. This facility
comprised of 12 Compton suppressed n-type hyperpure
germanium (HPGe) detectors. These detectors were arranged
in three groups, each consisting of four detectors. These were
mounted coaxially in anti-Compton shields subtending angles
50◦, 98◦, 144◦ with respect to the beam direction. The distance
between the target and HPGe detectors was ∼18 cm. The
energy calibration and relative photopeak efficiency of the
GDA array were obtained using 152Eu and 133Ba standard
radioactive sources.

A total of about 13 × 107 twofold or higher γ -γ coinci-
dences were recorded in event-by-event mode using an online
CAMAC-based data acquisition system called Freedom [23,24].
The trigger condition was set such that data were collected
when at least two detectors fired in coincidence. About 20%
of the recorded events correspond to the nucleus of interest
73As. The offline data analysis was carried out using programs
CANDLE, INGASORT [25], and RADWARE [26]. The recorded
γ -γ coincidence data were sorted into a two-dimensional
4k × 4k symmetric Eγ -Eγ matrix with energy dispersion
0.5 keV/channel using the sorting routine INGASORT [25]. This
was the primary data set used for the construction of the level
scheme. One-dimensional energy spectra were extracted from
these matrices by setting gates on specific γ energies.

The multipolarity of the γ transitions was assigned using the
directional correlation orientation (DCO) ratio technique [27].

For this purpose, angle-dependent matrices were constructed
by including energies of γ rays from all detectors at forward or
backward angles on one axis and the coincidence γ energies
from the detectors at 98◦ on the other axis. The experimental
DCO ratio for the present work is defined as the intensity (I ) of
a measured transition at 50◦ or 144◦ when gated on a reference
γ ray at 98◦, divided by the intensity of a measured transition
at 98◦ when gated on a reference γ ray at 50◦ or 144◦ (where
the reference γ ray is of known multipolarity). The expression
for the DCO ratio is

RDCO = Iγ1 at 50◦/144◦ gated by γ2 at 98◦

Iγ1 at 98◦ gated by γ2 at 50◦/144◦ . (1)

If the gating transition is of stretched quadrupole multipo-
larity then this ratio is ∼1 for pure quadrupole transitions and
∼0.5 for pure dipole ones. If the gating transition is of dipole
multipolarity than the ratio is between 0–2 depending on the
mixing ratio, and is 1 for pure dipoles.

Level scheme of 73As

In the present work, the level scheme of 73As has been
extended to Jπ = (37/2−) and excitation energy ∼8.7 MeV.
The partial level scheme of 73As obtained from the present
work is shown in Fig. 1. The γ -ray and level energies are
rounded off to the nearest integer. The level scheme is arranged
into three main bands, labeled band B1, B2, and B3 for
reference in the text. The observed low-spin structure in the
present work is consistent with the reported levels in Ref. [14].
The yrast positive-parity band B1 and negative-parity bands
B2 and B3 have been extended to Jπ = (37/2+), (37/2−),
and (27/2−), respectively. A total of 30 new γ -ray transitions
belonging to 73As have been identified and placed in the level

FIG. 1. Partial level scheme of 73As obtained from the present work. Bands are labeled as B1, B2, B3, G1, and G2 for reference in the text.
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scheme based on γ -γ coincidence relationships and intensity
arguments. The relative intensities of γ rays are determined
from the gated spectra obtained from the Eγ -Eγ symmetric
matrix. The intensity values are normalized with respect to the
609-keV γ -ray transition. The spins and parities for known
low-lying states were adopted from the previous work [14],
and these values are used as a reference for multipolarity
assignments to the new transitions. The DCO ratios are
obtained from the angle-dependent matrices by using gates
on known quadrupole transitions as a reference. The γ -ray
energies, measured relative intensities, directional correlation
orientation (DCO) ratios, multipolarities of observed γ rays
and spin-parity assignments for the levels in 73As are summa-
rized in Table I.

The positive-parity yrast band in 73As determined from
the present work is shown in Fig. 1 as band B1. Prior to this
work, this sequence was known up to spin Jπ = 25/2+ [14].
The present study confirms the previously reported states in
band B1, at excitation energies of 428, 1037, 1949, 2966, and
4083 keV, with spins 9/2+, 13/2+, 17/2+, 21/2+, and 25/2+,
respectively. This band is extended up to spin Jπ = (37/2+)
and excitation energy ∼8.6 MeV. Figure 2 is a representative
γ -γ coincidence spectrum gated on the 1329-keV γ ray,
showing the newly identified transitions in band B1. Three
new γ transitions with energies 1329, 1497, and 1702 keV
are observed in coincidence with all the low spin transitions
of band B1. The measured RDCO ratios (Table I) for 1329
and 1497 keV transitions obtained by gating on the 609-keV
transition (�J = 2) are consistent with �J = 2 character,
suggesting J = 29/2+, 33/2+ spin assignments for the levels
at 5412 and 6909 keV, respectively. We could not measure
the DCO ratio for the 1702-keV γ ray due to low statistics.
Quadrupole character is assigned for this transition. Based
on the coincidence and intensity arguments, this transition
is placed above 33/2+, which extends the band B1 up to a
tentative spin Jπ = (37/2+).

Two new positive-parity non-yrast bands labeled as group
G1 are also established in the present work. These bands decay
to the Jπ = 17/2+ state in band B1 through linking transitions
of energy 1101 and 1541 keV. These are identified up to
Jπ = (27/2+) and (29/2+) with the addition of 974, 1388 and
1096, 1367 keV transitions, respectively. The multipolarity of
these transitions is assigned based on DCO ratios of linking
transitions to band B1, which suggest �J = 2 nature for the
1541- and 1621-keV transitions and �J = 1 nature for the
1058- and 1101-keV ones. The positive-parity assignment
for these bands is tentative, and based on systematics of
neighboring As isotopes [13,28]

Additionally, two negative-parity bands are identified
(shown in Fig. 1 as B2 and B3). In band B2, we could confirm
the previously reported negative-parity states at excitation
energies 67, 929, 2040, and 2848 keV, with spins 5/2−,
9/2−, 13/2−, and 17/2−, respectively. The sequence B2 is
extended up to Jπ = (37/2−) with the addition of five new
γ -ray transitions of energies 903, 1119, 1262, 1302, and
1354 keV. The measured RDCO values of these transitions
are consistent with �J = 2 nature, suggesting Jπ = 21/2−,
25/2−, 29/2−, and 33/2−, respectively. The states in the
unfavored configuration (band B3) are established at level

TABLE I. Properties of observed γ rays in 73As such as transition
energy (Eγ ), relative intensity (Iγ ), DCO ratios (RDCO), multipolarity
of the transition (D: Dipole/Q: Quadrupole), and spins of initial and
final states: (J π

i ) and (J π
f ) are listed. The energy values are rounded off

to the nearest integer. Relative intensities are calculated with respect
to the 609-keV transition by normalizing its intensity to a value of
100. �J = 2 transitions are used as gating transitions for obtaining
DCO ratios. Errors are given in parentheses for Iγ , RDCO.

Eγ Iγ RDCO Multipolarity J π
i J π

f

(keV) (Rel.)

317 0.6(3) - - 9/2− 7/2−

373 1.8(4) - D 17/2− 15/2−

382 2.1(4) - D 13/2− 11/2−

434 3.3(9) - D 15/2− 13/2−

440 0.8(4) - (D) 21/2(+) 19/2(+)

468 1.2(3) - - - 11/2+

480 4.2(5) 0.68(14) (D) 11/2− 9/2−

510 5.4(9) - (D) 7/2− 5/2−

563 2.2(4) - (D) (25/2+) 23/2(+)

577 2.5(3) - (Q) 7/2− 3/2−

601 3.7(3) - D 9/2− 7/2−

609 100 - Q 13/2+ 9/2+

724 2.2(4) - - - 13/2+

729 1.8(4) - (D) 11/2− 9/2−

794 7.5(8) 0.64(11) D 7/2− 5/2−

797 10.7(7) 1.02(10) Q 11/2− 7/2−

808 34.3(10) 1.10(9) Q 17/2− 13/2−

817 14.0(12) 1.12(16) Q 15/2− 11/2−

861 10.5(9) 1.12(11) Q 7/2− 3/2−

862 71.2(11) 1.01(9) Q 9/2− 5/2−

862 2.6(5) - (Q) 13/2− 9/2−

865 2.1(7) - (D) 11/2+ 9/2+

897 9.6(7) 1.15(15) Q 19/2− 15/2−

903 20.3(9) 1.12(7) Q 21/2− 17/2−

912 78.3(9) 0.98(4) Q 17/2+ 13/2+

974 3.1(4) 1.13(18) Q 23/2(+) 19/2(+)

994 4.5(5) 0.54(21) D 19/2(−) 17/2−

1002 6.4(9) 0.92(13) D 13/2− 13/2+

1017 48.9(10) 1.05(11) Q 21/2+ 17/2+

1058 3.9(6) 0.71(14) D 23/2(+) 21/2+

1085 5.9(8) 1.15(15) Q 23/2− 19/2−

1096 3.6(5) - (Q) (25/2+) 21/2(+)

1101 9.2(7) 0.72(13) D 19/2(+) 17/2+

1110 41.3(13) 0.99(5) Q 13/2− 9/2−

1111 4.6(7) 1.17(14) Q 9/2− 5/2−

1117 26.5(12) 0.98(10) Q 25/2+ 21/2+

1119 8.1(9) 1.10(12) Q 25/2− 21/2−

1122 1.3(4) - - (23/2−) 19/2(−)

1229 4.3(4) 1.15(16) Q 27/2− 23/2−

1262 7.2(7) 1.16(17) Q 29/2− 25/2−

1276 0.7(5) - - - 19/2(−)

1302 4.5(6) 1.20(17) Q 33/2− 29/2−

1329 9.7(6) 1.08(11) Q 29/2+ 25/2+

1347 1.0(5) - - (27/2−) (23/2−)
1354 1.5(7) - (Q) (37/2−) 33/2−

1367 0.9(4) - (Q) (29/2+) (25/2+)
1388 0.9(5) - (Q) (27/2+) 23/2(+)

1438 5.9(7) 1.65(19) D 15/2− 13/2+

1497 4.0(6) 1.17(17) Q 33/2+ 29/2+
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TABLE I. (Continued.)

Eγ Iγ RDCO Multipolarity J π
i J π

f

(keV) (Rel.)

1541 5.8(7) 1.21(16) Q 21/2(+) 17/2+

1621 3.6(4) 1.17(18) Q 25/2(+) 21/2+

1702 2.9(5) - (Q) (37/2+) 33/2+

energies 861, 1658, and 2475 keV. The spin assignment is
established only for the 861-keV level with 7/2(−) from the
previous work. In the present work, this sequence B3 was
extended to Jπ = 27/2− by adding three new γ -ray transitions
of energies 897, 1085, and 1229 keV, which deexcite levels
at 3372, 4457, and 5685 keV, respectively. The RDCO values
for the 897, 1085, and 1229 keV γ rays are consistent with
�J = 2 nature, suggesting level spins Jπ = 19/2−, 23/2−,
and 27/2− respectively. The negative-parity assignments for
both bands B2 and B3 are adopted from previous work [14]
and systematics [11–13]. Figures 3 and 4 display representative
γ -γ coincidence spectra showing transitions in the negative-
parity bands B2 and B3, respectively. The coincidence gates
are generated using the AND logic in RADWARE.

A sequence of five new linking γ -ray transitions with
energies 729, 382, 434, 373, and 524 keV, which connect the
negative-parity favored (B2) and unfavored (B3) sequences,
has been identified. This sequence starts from 9/2− at level
energy 929 keV and connects the levels with spin 11/2−,
13/2−, 15/2− 17/2−, and 19/2−, respectively. In addition, a
sequence (group G2) of energies 994, 1122, and 1347 keV
decaying to the Jπ = 17/2− at 2848-keV state are found
to be in coincidence with all transitions in band B2 below
Jπ = 17/2−. The measured RDCO for 994 keV suggests dipole
nature implying Jπ = 19/2(−). The multipolarity of the 1122-
and 1347-keV γ rays could not be determined due to low
statistics. In addition to the above negative-parity bands, a few
interband γ rays with energies 440, 526, 563, and 1276 keV
were also identified and placed in the level scheme.
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FIG. 2. (Color online) A typical γ -γ coincidence spectrum with
a gate on the 1329-keV γ ray illustrating new transitions in band B1.
The gating energy is indicated in red.
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FIG. 3. Representative γ -γ coincidence spectra of 73As display-
ing transitions in band B2, which are in coincidence with: (a) both
808- and 1119-keV γ rays, and (b) both 903- and 1119-keV γ rays.

III. DISCUSSION

In the present article, we have primarily focused on the
interpretation of three main bands B1, B2, and B3. The low spin
part of the one-quasiparticle positive-parity band B1 is based
on the deformed proton g9/2 orbital. These g9/2 yrast states
have been discussed earlier by several authors. Betts et al.
[17] discussed the positive-parity states in 73As below 1 MeV
excitation energy, and found that these were in agreement
with Coriolis interaction calculations with prolate deformation
β ≈ 0.3. The high-j , low-� intruder orbitals of the 1g9/2

shell (1/2+[440] and 3/2+[431] orbitals) have a prolate shape-
driving force. In particular, with regard to collective rotation,
due to the strong Coriolis force, intruder orbitals (for low �)
drive the nucleus to a prolate shape. Further, the prolate nature
of the g9/2 yrast band can be inferred from its decoupled nature
(Ref. [14]). The odd proton in 73As is below the g9/2 shell and
the adopted deformation is smaller than 0.3, and therefore one
can expect a decoupled band built on the g+

9/2 isomeric state.
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FIG. 4. A γ -γ coincidence spectrum illustrating transitions in
band B3, which are in coincidence with both 797- and 817-keV
γ rays.
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The other aspect mentioned in Ref. [29] is that when the Fermi
level is in the region of K = 1/2,3/2 single-particle states
for prolate deformation, there is a considerable lowering of
the 9/2+ state, and a decoupled band with the spin sequence
9/2+, 13/2+, 17/2+, 21/2+, . . . is expected. The positive-
parity band B1 is one such strongly decoupled band observed
in the present work confirming the predictions.

A. Cranked shell model analysis

In the present work, the positive-parity, yrast g9/2 band
B1 shows rotational character, and collectivity appears to
persist up to high spin. This is evident from the kinematic
moment of inertia (J (1)) plotted as a function of rotational
frequency (�ω), shown in Fig. 5(a). The average value of
J (1) for the positive-parity band B1 is ∼20 �

2MeV−1, with
a gradual increase evident around ≈0.5 MeV pointing to
the first band crossing in band B1. This can be seen more
clearly from the plot of dynamic moment of inertia (J (2))
with respect to rotational frequency (�ω), shown in Fig. 5(b).
The dynamic moment of inertia shows a maximum around
�ω ≈ 0.5 MeV associated with the first band crossing in band
B1. For bands B2 and B3, both the kinematic and dynamic
moment of inertia clearly indicate the band crossing around
�ω ≈ 0.45 MeV. Additionally, the moment of inertia for band
B2 exhibits a further increase at higher rotational frequencies
(beyond 0.6 MeV), possibly due to a second alignment in
band B2.
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FIG. 5. (Color online) The variation of: (a) kinematic moment of
inertia and (b) dynamic moment of inertia with respect to rotational
frequency (�ω) for bands B1, B2, and B3 in 73As is presented.
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FIG. 6. (Color online) Nucleon alignments as a function of rota-
tional frequency for the: (a) positive-parity bands and (b) negative-
parity bands in odd-A As isotopes. The data for 73As correspond to
bands B1 and B2 in Fig. 1. Data for other As isotopes are taken from
Refs. [11–13].

The alignments (ix) as a function of rotational frequency
(�ω) for bands B1 and B2 are compared with neighboring odd-
A As isotopes in Fig. 6. The alignments for the positive-parity
band B1 exhibit similar behavior as the neighboring odd-A
isotope 71As; the observed alignment gain at the crossing
is less compared with 67,69As. The positive-parity band B1
has gradual alignment around rotational frequency ≈0.5 MeV
with moderate interaction strength between the crossing bands
above the 21/2+ level at an excitation energy of 2966 keV.
This alignment in band B1 is expected due to a pair of g9/2

neutrons. The g9/2 proton crossing is blocked for band B1, and
in 73As, is predicted at a much higher rotational frequency
(>0.7 MeV) from our calculations. The first alignment leads
to the band structure of B1 to change to a three-quasiparticle
configuration: πg1

9/2νg2
9/2.

For the negative-parity band B2, the first band crossing is
observed around �ω ≈ 0.45 MeV. The alignment in this band
is quite pronounced, and also has its origins in the breaking
of νg2

9/2 pair. Thus, the first band crossings observed in both
positive- and negative-parity bands B1 and B2 are at similar
rotational frequencies, and due to the proximity of the neutron
Fermi surface to the g9/2 subshell. The interaction strength is
somewhat larger for the positive-parity band as compared to the
negative-parity one (Fig. 7) as is evident from the quasineutron
levels obtained from cranked Woods-Saxon calculations [30].
The observed alignment in the negative-parity band B2 is
similar to the alignment in 71As, which occurs around the same
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FIG. 7. (Color online) Quasineutron levels in 73As for: (a) pro-
late deformation (b) oblate deformation, consistent with the positive-
and negative-parity bands B1 and B2, respectively.

rotational frequency. This is in contrast to the first alignment
in the negative-parity band of 69As, which is delayed in
comparison to 71,73As. This may arise from differences in
shapes or configurations. Further, in band B2, there is a hint of
a second band crossing above �ω ≈ 0.6 MeV. This is inferred
from the up bend observed after the first band crossing in band
B2 [shown in Fig. 6(b)]. This second band crossing may occur
due to the alignment of a pair of g9/2 protons, which may
change band B2 into a five-quasiparticle structure above spin
25/2−.

B. Potential energy surfaces

We have also performed potential energy surface (PES)
calculations in the β-γ plane (0 � γ � 60◦) based on the
adiabatic constrained triaxial relativistic mean-field (RMF)
calculations [31,32] with PK1 effective interaction [33]. All

FIG. 8. (Color online) Contour plots of potential energy surface
in β-γ plane (0 � γ � 60◦) for 73As in constrained triaxial RMF
calculations based on PK1 [33] effective interactions. The energy
separation between adjacent contours is 0.2 MeV.

energies are normalized with respect to the binding energy
of the absolute minimum, and the contours join points on
the surface with the same energy (in MeV). The energy
spacing between adjacent contours is 0.2 MeV. Figure 8 is
a representative PES plot for 73As, which clearly shows
two minima, where one of the minima with β = 0.20 and
γ = 60◦ indicates that the ground state of 73As is oblate
deformed, with corresponding valence proton configuration
π (2p3/21f5/22p1/2)5. The second minimum is located around
β ≈ 0.35 and γ ≈ 25◦, and the corresponding valence proton
configuration is π1g1

9/2. The energy difference between these
two minima is about 0.4 MeV and corresponding barrier height
is about 0.8 MeV. The energy surface around these two minima
is γ soft and exhibits characteristics of shape coexistence.

C. Particle-rotor model calculations

A particle-rotor model with a quasiparticles coupled with a
triaxially deformed rotor is applied to study the bands observed
in 73As. The model Hamiltonian of an odd-A nucleus can be
expressed as

H = Hcoll + Hintr. (2)

Where Hcoll, the collective Hamiltonian of a triaxial rotor,
can be written as

Hcoll =
3∑

i=1

R̂2
i

2Ji

=
3∑

i=1

(Îi − ĵi)2

2Ji

, (3)

where R̂i ,Îi ,ĵi respectively, denote the angular momentum
operators for the core, nucleus and the valence nucleon. The
moments of inertia for irrotational flow are given by

Ji = 4

3
J0 sin2

(
γ + 2π

3
i

)
, (i = 1,2,3), (4)
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where J0 depends on the quadrupole deformation β and the
nuclear mass A, while γ denotes the degree of triaxiality.

Hintr in Eq. (2) is the intrinsic Hamiltonian for the valence
nucleon including the Hamiltonian of the unpaired single
particle Hsp and pairing correlation Hpair,

Hintr = Hsp + Hpair. (5)

The single-particle states and corresponding energies εν are
obtained by diagonalizing the Nilsson-type Hamiltonian Hsp

[34,35]. The solutions of the PRM, namely, the level energies,
which could be compared with the experimental data, as well
as the wave functions obtained by diagonalizing the total
Hamiltonian (2) in the so-called strong coupling basis. The
details of the formalism and numerical methods adopted here
can be found in Ref. [36]

In the PRM calculations, the quadrupole deformation
parameters β are taken from the RMF calculation for the
corresponding configurations of 73As, while the triaxiality
parameter γ is taken as a free parameter to search for the
favored value. A variable moment of inertia is used, i.e.,
J0(I ) = J0

√
1 + bI (I + 1) [37]. The Fermi energy λ and

pairing gap � are obtained by fixing pairing strength G =
0.315 MeV. The excitation energies in the rotational spectra for
both positive- and negative-parity bands are calculated using
the PRM for different values of the triaxiality parameter γ ,
ranging from 0◦–60◦. Based on the results of the RMF calcu-
lations (explained in Sec. III B), the quadrupole deformation
parameter β ≈ 0.35 corresponding to the configuration π1g1

9/2
is adopted for the calculations of the positive-parity band and
β ≈ 0.20 with configuration π (2p3/21f5/22p1/2)5 is employed
for calculating the negative-parity states.

The calculated excitation energy spectra E(I ) for values of
γ : 0◦,20◦,40◦, and 60◦ are compared with experimental data
(band B1 in Fig. 9). It is seen that for both prolate deformation
(γ = 0◦) and triaxial shapes (γ = 20◦) calculations can well
reproduce the experimental energy spectra. For both the
shapes, the calculated energy spectra show large amplitude

3

6

9

0 4 8 12 16 200

3

6

9

4 8 12 16 20

PRM
EXP

E
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FIG. 9. (Color online) Rotational spectra for the band with pos-
itive parity calculated by PRM for different triaxiality parameter
γ , and their comparison with data. The parameters β = 0.35,J0 =
8 MeV−1

�
2 and b = 0.1 are adopted for the calculations.

FIG. 10. (Color online) The proton single-particle energy levels
calculated in Nilsson model. The red line denotes the Fermi surface.

signature splitting, thus experimentally the observation of only
the favored signature partner may be understood. This is due
to fact that the positive-parity band B1 has a high value of
K(=9/2), and therefore the valence proton, which couples to
the even-even core has a weak interaction, which leads to one of
the signature partner sequences being favored, while the other
is unfavored. This is also reflected in the PRM calculations of
the energy spectra with triaxiality γ around 0◦ and 20◦. For
near-prolate deformation, wave functions of the states in band
1 obtained by diagonalizing the single-particle Hamiltonian
contain large components of the � = 1/2 orbital from the
π1g1

9/2 subshell. This could lead to the large signature splitting
in this band. Whereas for the calculations with γ = 40◦ and
60◦, a small amplitude of signature splitting is obtained, which
deviates the experimental observation. Therefore the PRM
calculation suggests that triaxial deformation for the positive-
parity band is more likely prolatelike deformed, fulfilled by
the second minimum of the potential energy surface calculated
with the RMF calculations.

The proton single-particle energy levels calculated in
Nilsson model are plotted for different triaxiality parameter
γ and β = 0.20 in Fig. 10, and the proton Fermi surface is
found to lie between the 2p3/2 3/2[312] and 1f5/2 1/2[310]
orbits. Rotational spectra with negative parity calculated by
PRM with triaxiality parameter γ = 0◦,30◦, and 60◦ are
compared with experimental data in Fig. 11. It may be seen
that the rotational spectra are reasonably described for these

0 4 8 12 16 200
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E
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FIG. 11. (Color online) Rotational spectra for the band with
negative parity calculated by PRM for different triaxiality parameter γ

and their comparison with experimental data. The parameters β = 0.2
and J0 = 8 MeV−1

�
2 and b = 0.02 are adopted for the calculations.
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different triaxiality parameters, in particular, the calculations
with γ = 60◦ exhibit the best agreement with experimental
energy spectra. The strong mixing between single-particle
components π2p3/2 and π1f5/2 has been found in this
negative-parity band, as suggested in Fig. 10. Thus, the results
of the triaxial particle-rotor model with adopted deformation
from RMF calculations suggests triaxial-prolate-oblate shape
coexistence in 73As. Overall, the predictions from various
theoretical approaches are found to be in qualitative agree-
ment, and provide a satisfactory description of experimental
data.

IV. SUMMARY AND CONCLUSIONS

The results of a study of high spin states in 73As
are presented, which were obtained through in-beam γ -ray
spectroscopy using the reaction 64Ni(12C, p2n) 73As. The level
scheme has been extended to a spin of J = 37/2� and an
excitation energy of 8.7 MeV. A total of 30 new γ transitions
were identified and placed in the level scheme. The band
crossing frequencies in the positive- and negative-parity band
structures are discussed in terms of CSM calculations. The
observed alignment frequencies are in good agreement with the
predicted ones from the single-particle Routhians calculated
for both neutrons and protons.

The shape evolution in 73As has been described based on
RMF and PRM calculations. The experimentally observed
rotational bands are compared with the triaxial particle-rotor
model, and are found to be in fair agreement for specific
deformation values. The calculations suggest that the positive-
parity band is most likely built on the π1g9/2 configuration
with a triaxial (near-prolate) shape, while the negative-parity
one is characterized by the valence proton configuration
π (2p3/21f5/22p1/2)5 of an oblate shape. The prolate-oblate
shape coexistence between positive- and negative-parity bands
is also evident from the potential energy surfaces of 73As
obtained from the triaxial RMF calculations.
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