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Abstract. The collective band structures of the 2°Cs nucleus have been investigated by in-beam 7-ray
spectroscopic techniques following the °Pd (!°F, 4n) reaction at 75 MeV. The previously known level
scheme, with rotational bands built on mg7/2, mge 2 and mhyy/» orbitals, has been extended and evolves
into bands involving rotationally aligned v(hi; /2)2 and 7(hyy /2)2 quasiparticles. A strongly coupled band
has been reassigned a high-K mh1,/2 ®vg7/2 @ Vh1, /2 three-quasiparticle configuration and a new side band
likely to be its chiral partner has been identified. Configurations assigned to various bands are discussed
in the framework of Principal/Tilted Axis Cranking (PAC/TAC) model calculations.

PACS. 21.10.Re Collective levels — 23.20.Lv -~y transitions and level energies — 21.60.-n Nuclear-strucutre

models and methods — 27.60.4+j 90 < A < 149

The 55Cs isotopes lying in the transitional region above
the Z = 50 and below the N = 82 shell closures are pre-
dicted to possess relatively flat potential-energy surfaces
with respect to the quadrupole shape asymmetry param-
eter () [1]. The triaxial deformation in this mass region
has been evidenced by interpretation of observed cross-
ing frequencies, staggering behaviour and Al = 1 doublet
bands, which have been explained as the manifestation
of chirality [2]. Chiral bands have been observed in var-
ious odd-A [3] and odd-odd nuclei [4] with multiquasi-
particle configurations that have substantial angular mo-
mentum components along the three principal axes. An-
other important feature is the magnetic dipole bands gen-
erated through the shears mechanism and have also been
reported in the odd-A '31Cs [5] and doubly odd *2Cs
isotopes [4]. Among the 55Cs isotopes, band-terminating
states have been recently observed in 123Cs at I ~ 30% [6].
The present in-beam gamma spectroscopic investigations
are planned to probe for the above-mentioned structural
features in the '25Cs nucleus.

The excited states in the 2°Cs nucleus were popu-
lated using the 19Pd (YF, 4n) fusion-evaporation reac-
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tion at Ejpp = 75MeV. The F ion beam was delivered
by the 15 UD pelletron accelerator at the Inter-University
Accelerator Centre (IUAC), New Delhi. The target con-
sisted of a self-supporting 1 mg/cm? thick 11°Pd foil. The
emitted y-rays were detected using the Gamma Detec-
tor Array (GDA) comprising of 11 Compton-suppressed
Ge detectors, one unsuppressed clover detector and a 14-
element BGO multiplicity filter. The Ge detectors were
mounted in three groups of four each making angles of
45°,99° and 153° with the beam direction and having an
inclination of £23° with the horizontal plane. A total of
500 million coincidence events were collected in the ex-
periment. Nuclides with major population in the reaction
were 124Cs (~ 25%), 12°Cs (~ 50%) and '**Xe(~ 10%).
In the off-line analysis, the recorded coincidence data were
sorted into 4k x4k I, -, matrices. RADWARE graphical-
analysis package [7] was used to establish coincidence and
intensity relationships for various gamma transitions. The
dipole/quadrupole nature of the v-ray transitions was in-
ferred from angular-correlation analysis based on the DCO
method, which helped in level-spin assignments. The level
scheme of 125Cs is shown in fig. 1 with the band structures
labeled 1-8.
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Fig. 1. The level scheme of 12°Cs established from the present work. The inset shows the excitation energy systematics of the
mgo/2 band in the H97127 (g jsotopes. The isomeric levels have been shown as thick lines.

The spin and parity of the ground state (t,/, = 46.7m)
have been assigned I™ = 1/2% by Arlt et al. [8] from the
EC decay of 1?*Ba. The earlier-known level schemes [9,
10] established through in-beam spectroscopy following
fusion-evaporation reactions have been substantially ex-
tended up to I = 59/2% with the addition of about 40
transitions. The present level scheme preserves major fea-
tures of the previous level schemes [9,10], which revealed
rotational structures based on the mhyy/; (band 1), the
mhy1 /2 ® 7y vibrational band (band 2), 7gg/o (band 5) and
mg7/2 (band 6) orbitals, a coupled band 3 that was as-
signed the wg7 /o ®@vhy1/2®vgr /o configuration and band 8.
The negative-parity band 1 built on an I™ = 11/27 iso-
meric state (t;, = 0.90 (3) ms, excitation energy =
267keV) is most intensely populated. The decay of this
isomer has been adopted from the studies by Suguwara et
al. [11]. Band 3 comprises strong dipole transitions along
with weak FE2 crossover transitions. It decays into the
states of band 1 through high-energy dipole 1688, 1119
and 766 keV transitions. The present DCO analysis also
confirms the previously established [10] dipole nature of
these transitions. Several new states de-exciting to both
the signatures of the coupled band 3 form a new side
band 7. This band is composed of a regular sequence of
low-energy transitions (likely to be M1) which are weak
compared to the interband transitions to band 3. The -~
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Fig. 2. The added v-ray coincidence spectrum with gates on
the transitions (indicated by *) of band 3. The unmarked peaks
correspond to contaminations mainly from *2*Cs.

coincidence spectrum for these bands is shown in fig. 2. A
newly observed sequence of transitions (likely to be E2) is
shown as band 4 in fig. 1 The decay of this band is frag-
mented, mostly connecting to the low-lying states with



K. Singh et al.: Rotational structures in the '?°Cs nucleus

S
O Band 1
—%— Band 2

e
Band 3
g\ F —A— Band 4
o -1 —*—Band5
2 o —¥%— Band6
hadd oF —&— Band7
o F

3EF

Ll 1 Lo vl 1 1

12 ()

s |-
~~
<
s
.—1><

4k

—e— Band 3
—é— Band7

[ . ! . ! . ! . !
12 14 16 18 20
Spin (1)

Fig. 3. Experimental plots for Routhian (a) and alignment (b)
for bands 1-8, and staggering S(I) for bands 3 and 7 (c).

both the parities, and could not be established. On the
basis of a partially identified decay pattern and the simi-
larity to a band observed in '23Cs (band 4 fig. 1 of [12]),
the lowest observed state of the band is expected to have
an excitation energy of ~ 3MeV and I™ = (23/27). In the
previous works [9,10], the mgg/, band (band 5) is shown
to decay to the 11/27 isomeric state through 275keV
(9/27 — 11/27) and 584keV (11/27 — 11/27) transi-
tions without any spectroscopic measurements, which are
indeed difficult due to weak population. The systematics
of the mgg o band in 97 27Cs [5,12,13] shown in inset of
fig. 1 suggests that i) the 275keV transition may be as-
signed as 11/2% — 9/2% and the 584 keV crossover tran-
sition as 13/2% — 9/2%, and ii) the 9/2% bandhead is
expected to be a long-lived isomer that decays into the
7/2% and 5/2% states rather than the 11/2~ isomer. The
energy for the 9/2% bandhead is expected to be ~ 600keV
from the excitation energy parabola for the 55Cs isotopes.
The mgg/o bandhead excitation energies in the 51Sb and
53] also exhibit a parabola-like trend as a function of neu-
tron number [13].

The level scheme of '2°Cs shows properties typical
of a collectively rotating deformed nucleus. Observed
bands have been analyzed in the framework of either
the Principal Axis Cranking (PAC) model calculations or
the hybrid version of the Tilted Axis Cranking (TAC)
model [14]. The pairing parameters are chosen as 80%
of the odd-even mass difference, i.e., A, = 1.0906 MeV
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Fig. 4. The experimental spin (I) wvs. rotational frequency
(hw) and those predicted using TAC/PAC model calculations
for band 1 (a) and band 3 (b).

and 4, = 0.7568 MeV. The total energy is minimized
by using Nilsson-Strutinsky method. Both the favoured
( = —1/2) and unfavoured (o = +1/2) signatures for
the yrast 7hy;/ band (band 1) exhibit almost constant
initial alignment ~ 4h (fig. 3(b)) and large signature
splitting (Ae’ ~ 360keV at hiw = 0.30MeV). The sig-
nature partners with « = —1/2 (4+1/2) exhibit upbends
at a rotational frequency of hw ~ 0.43 (0.41) MeV, each
with a corresponding alignment gain of ~ 64. On the ba-
sis of blocking arguments, these upbends are attributed
to rotational alignment of a pair of hi;/o neutrons that
have oblate driving tendency. It may be noted that the
signature splitting remains large (Ae’ ~ 180keV) after
the alignment and the transitions from the favoured to
unfavoured signature could also be observed. For this
band, we have performed i) PAC model calculations in
a self-consistent manner with a single-particle configu-
ration 7hyq/o and ii) TAC calculations using the three-
quasiparticle mhy1/, ® (Vh11/2)2 configuration. The self-
consistent minimized energy locates the deformation pa-
rameters at ea = 0.20, ¢4 = 0.0, v = 0° before the align-
ment; and ez = 0.20, ¢4 = 0.0, v = 58° (nearly oblate)
with an average tilt angle 8 ~ 20° after the alignment. The
calculations show good agreement with the experimental
plot of spin (I) vs. rotational frequency (fiw) (fig. 4(a)).
The TAC calculations result in B(M1)/B(E2) ratios with
values dropping from ~ 17 (ux /eb)? at hw = 0.37MeV to
~ T(un/eb)? at 0.67 MeV for the Thi1/s ® (Vh11/2)2 con-
figuration. The experimental average value ~ 5 (uy /eb)?
at hw ~ 0.45 MeV compares well with the calculated ones.
Also, the calculated B(M1) values show a mild decreas-
ing trend, viz, B(M1) = 3.4 u% at 0.37MeV and 2.2 u%
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at 0.67 MeV, which support the magnetic-rotation char-
acter. Similar behaviour after the neutron pair alignment
has also been observed in the 7hy; /5 band of 127,131 [5).

Band 3 shows a large initial alignment ~ 7h
that remains constant in the frequency range 0.30—
0.45MeV and shows near to zero signature splitting. The
Tg7/2 @ Vhi1/2 @ vg7/9 configuration has been previously
associated with this band [10]. Indeed, it favours a
three-quasiparticle configuration with likely involvement
of the vhii/p quasiparticle on the basis of blocking
arguments. However, it is difficult to reconcile the earlier
assigned configuration, where the added alignment of
the three quasiparticles is ~ 4h that is well below the
observed value ~ Th. It may be added that this band
does not decay into the states of the mg7/o and 7(gg/2)
bands, which makes the other possible configurations, viz,
7g7/2/7(g9/2) ® V(h11/2)2 unlikely. Band 3 feeds states of
both the signatures of the whi; /o band. Further high-K
vhi1/2 ® vgrj2 bands characterized by strong AI = 1
transitions and lack of signature splitting have system-
atically been observed in the even-even '?* 128Xe and
1247128 B3 isotopes. In an odd-Z nucleus, this high-K two-
quasineutron configuration would be coupled to the yrast
odd mhy; /2 quasiproton, i.e., the whyy /o @ vhi1/2 @ vg7/2
configuration is favoured for band 3. Strongly coupled
bands with configurations involving similar three different
quasiparticles mgy/o/mhi1/2 ® vhiy/2 ® vg7/2 have been
seen in the Cs and La isotopes [5,12], where the mg7 /5 or
mhy1/2 orbital whichever is lower in energy is preferred
in the configuration. We have carried out the TAC
calculations for the 7g7/o/mh11/2 ® Vhiy /2 ® Vg7 /2 config-
urations. The energy minimization fixes the deformation
parameters at ea = 0.202, ¢4 = 0.0, v = 0° (prolate
shape) and an average tilt angle § ~ 32° for the earlier
assigned 7g7/2 ® vhyiy/2 ® vg7/o configuration [10] and
e = 0.202, ¢4 = 0.0, v = 4° (nearly prolate) with an
average tilt anglc 0 = 60° for the 7Th11/2 ® Vhll/Q & var/2
configuration. The observed bandhead spin and overall
plot of spin, I, ws. the rotational frequency, hw, is
reproduced for the 7hyy /o ® vhyiy/s ® vg7 o configuration
(fig. 4(b)). Further, the calculations show variation in the
B(M1)/B(E2) values ~ 16 (uy/eb)? at hw = 0.07 MeV
to ~ 2 (un/eb)? at hw = 0.60MeV. These results
compare reasonably well with the average observed
value ~ 10 (un/eb)?. The interband AI = 1 and
AI = 2 transitions from levels of new band 7 to those
of band 3 supports the same parity for these bands.
The Routhians for band 7 lie about 250keV above and
parallel to that for band 3 (fig. 3(a)). These bands show
a smooth variation of the staggering parameter defined
as S(I) = [E(I) — E(I — 1)]/2I as a function of spin
(fig. 3(c)). These observed characteristics are in adherence
to the observed chiral bands in the region. In odd-A '2°Cs,
configuration for the chiral bands is based on the yrast
mhy1/2 @ vhyy /o configuration responsible for the chirality
in odd-odd Cs isotopes coupled with a normal parity
g7/2 quasineutron, which acts as a spectator. Similar
chiral bands have been observed in odd-Z, even-N '°°Rh
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nucleus [15], which involve a spectator g7/, quasineutron
coupled to the yrast mgg /o ® vhy1 /2 configuration yielding
chiral band in the odd-odd '9419Rh isotopes. The mea-
surement of transition probabilities and refined calcula-
tions would be very helpful to corroborate this suggestion.

The positive-parity band 4 exhibits large initial align-
ment ~ 7h (fig. 3(b)), which implies a three-quasiparticle
configuration with likely involvement of the aligned
m(h11/2)? or v(hi12)? pair. The alignment plot for this
band exhibits an upbend at fiw ~ 0.40 MeV with an align-
ment gain > 6h. On the basis of blocking arguments,
the wgg/2/mg7/2 @ T(h11/2)? /v(hi1/2)? configurations are
favourable for the lower observed part of band 4. This
band is observed to be decoupled and does not feed the
Tgy/2 band (band 5), which makes the configurations in-
volving the mgg /o quasiparticle unlikely. TAC calculations
favour the mgr /o ® V(h11/2)2 configuration with the defor-
mation parameters e = 0.181, ¢4 = 0.0, v = 60° with
an average tilt angle ~ 40° (the oblate shape). The cal-
culated excitation energy plot is in reasonable agreement
with the expected experimental value. The PAC calcu-
lations for 7g7/, ® W(h11/2)2 configuration result in the
deformation parameters e; = 0.195, ¢4 = 0.0 and v = 0°
(the prolate shape). The calculated plot of I vs. hiw shows
a trend similar to the experimental one, however, the pre-
dicted bandhead excitation energy for this configuration
is ~ 4MeV higher than that for the mg7/, ® l/(h,ll/g)z.
The calculated B(M1)/B(E2) ratios for both the config-
urations are small favouring a decoupled band. More ex-
perimental information for this band is indeed desirable
for a conclusive configuration assignment.
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