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Lifetime measurements and evidence for triaxial nuclear shapes in '*’Cs
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Rotational bands built on single quasiproton excitations in '2’Cs have been investigated using the
1218b(12C, 2n) reaction and the ROSPHERE detector array at IFIN-HH, Bucharest. The lifetimes in the yrast
negative-parity band based on the proton in A, orbital have been measured by applying the Doppler-shift
attenuation method. The lifetime of the 7/2% 273-keV state, member of the rotational band associated with the
proton g7/, orbital, has been determined as T = 1.22(5) ns by the fast timing technique. The experimental data
were compared with the calculations performed using the quasiparticle plus triaxial rotor model and deformation
parameters €, and y have been derived for the positive- and negative-parity structures. Evidence for triaxial
nuclear shapes in the states described by the proton #;,,, orbital was provided by both signature splitting and

B(E2, AJ = 2) transition strengths.

DOLI: 10.1103/PhysRevC.104.054309

I. INTRODUCTION

The existence of nuclei with static triaxial shapes is a
topic of major interest in nuclear-structure physics. Nonaxial
nuclear deformation could be induced through core polar-
ization by valence particle in anisotropic orbitals [1]. Such
is the case for nuclei in the A &~ 130 region, where valence
protons occupy low-$2 orbitals from the bottom of the why;»
subshell, while valence neutrons occupy high-$2 orbitals from
the vhyi/, subshell. In odd-A nuclei of the region, rotational
bands based on orbitals of the A1/, subshell were systemati-
cally identified and the energy differences between their two
signature components, i.e., the signature splitting, was shown
to be highly sensitive to the y shape-asymmetry parameter. In
odd-N nuclei, the bands involve orbitals with high-Q2 values
and are expected to show vanishingly small signature splitting
for prolate shapes; however, these bands exhibit unusually
large values of signature splitting. By using the quasiparticle
plus triaxial rotor (QTR) model [2], large values of y in the
range 20-30° were established for several odd-neutron iso-
topes, such as '2713Xe [3,4], 127-131Ba [4], 12131 Ce [5], and
133Nd [6]. In the odd-Z nuclei, the yrast negative-parity bands
involve the 2 = 1/2 orbital and are expected to show large
signature splitting at prolate shape. The observed staggering
was described within the QTR model, and good description
was obtained for large y values in 125-129C¢ [7].

In recent years, considerable effort has been devoted to
investigate nuclear chirality and wobbling motion as direct
evidence for triaxiality. The experimental manifestation of the
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intrinsic chirality is a structure of two, almost degenerate,
AJ = 1 rotational bands having equal parity and linked to
each other by interband y-ray transitions [8]. Chiral doublet
bands were reported for the first time in odd-odd nuclei of the
A ~ 130 mass region, and described by the 7whii» ® vhl_ll/2
configuration [9,10]. At present, chirality is a well-established
phenomenon, with a large number of chiral bands observed
over many parts of the nuclear chart [11].

Wobbling bands are experimentally observed as multiple
rotational bands developed on high-;j orbital, connected via
AJ =1 M1 + E2 transitions, which exhibit a dominant E?2
character. Evidence for the nuclear wobbling mode was found
in several odd-mass nuclei of the A &~ 160 region [12-16].
Very recently, candidates for wobbling bands were reported in
odd-mass nuclei with A &~ 130, namely '°Pr [17,18], '3La
[19], and '*"Xe [20]. Wobbling excitations in odd-A nuclei
with high-j aligned particles were theoretically treated by
Hamamoto [21] and Frauendorf and Dénau [22].

Valuable information about the shape of nuclear states is
provided by electromagnetic transition probabilities. The aim
of the present study is to investigate the deformation parame-
ters of excited states in '?’Cs through lifetime measurements.
The high-spin level scheme of '>’Cs was investigated previ-
ously by Liang et al. [23]. In our experiment, spectroscopic
studies of the bands associated with the g7/2, ds/2, g9/2, and
hy1/2 proton orbitals have been performed. Lifetimes of high-
spin states were determined by applying the Doppler-shift
attenuation method (DSAM), and the in-beam fast timing
method was used to derive lifetimes of lower lying states.
The experimental details are briefly presented in Sec. II. The
experimental results including the level scheme and the life-
time measurements are presented in Sec. III, while in Sec. IV

©2021 American Physical Society
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the observed properties of the one-quasiparticle structures in
127Cs are interpreted within the quasiparticle plus triaxial rotor
model.

II. EXPERIMENTAL PROCEDURE

The excited states of '*’Cs were populated via the
121Sh('2C, a2n) fusion-evaporation reaction. The '2C beam
with an energy of 54 MeV was supplied by the FN Tandem
accelerator of the Horia Hulubei National Institute of Physics
and Nuclear Engineering (IFIN-HH) in Bucharest. The tar-
get consisted of 1 mg/cm? isotopically enriched '>'Sb layer
evaporated on a 50 mg/cm? 2%8Pb foil. The y-ray transitions
were measured by using the ROSPHERE mixed array [24],
which includes 14 high-purity germanium detectors (HPGe)
and 11 LaBr3(Ce) scintillator detectors. The HPGe detectors
were placed in three rings at the angles of 143°, 90°, and
37° with respect to the beam axis. The LaBr;(Ce) scintillators
were placed in angular rings at 110°, 90°, and 70° with respect
to the beam direction. Energy and efficiency calibrations were
performed using a '>?Eu source.

In the off-line analysis, data from HPGe detectors were
sorted in a symmetric y -y coincidence matrix and three asym-
metric matrices created using the detectors in the rings at
37°, 90°, and 143° on the first axis, and all detectors on the
second axis. The y-ray intensities were derived from spectra
created using the symmetric matrix, while the asymmetric
matrices were used for transition multipolarity assignment.
For this purpose, the y intensities corrected for efficien-
cies, from spectra gated on the axis with all the detectors,
were used to calculate the angular distribution from ori-
ented nuclei ratio Rapo defined as [25] Rapo = [1,(37°) +
I,(143°)]/21,,(90°). In the present experimental conditions,
typical Rapo values are =0.8 for pure dipole stretched tran-
sitions and 1.4 for quadrupole stretched transitions and for
dipole transitions with AJ = 0. The AJ = 1 transitions
having Rapo significantly different from 0.8 are mixed tran-
sitions of E2/M 1 type, with § < O for Rapo < 0.8 and § > 0
for RADO > 0.8.

To derive lifetimes by the Doppler-shift attenuation
method, spectra were created with appropriate gates in the
asymmetric matrices and the experimentally observed line
shapes were analysed using the code LINESHAPE [26]. The
slowing history of the '>’Cs recoils in the target and backing
was simulated using Monte Carlo techniques and a statistical
distribution was created for the projection of the recoil ve-
locity with respect to the direction of the detected y ray. For
the description of the electronic and nuclear scattering, the
Ziegler stopping powers [27,28] have been used. Extraction
of lifetimes was done step by step, starting from the upper
levels. At each level, the intensity balance of feeding and de-
caying transitions was investigated to establish the amount of
side feeding from unobserved transitions. In a study devoted
to lifetimes and side-feeding population of the yrast band
levels in *'La using the 122$n(14N, 5n) reaction [29], spin-
dependent effective side-feeding times were derived, with
values ranging from ~0.13 ps at spin 21/2 to ~0.08 ps at
spin 35/2 for the contribution from quasicontinuum levels.
These values for the side-feeding times were adopted in the

present work. To test the validity of this choice, we performed
a DSAM analysis for the 23/27, 27/27, and 31/2~ states of
the yrast negative-parity band in '*La, well populated in our
experiment. The derived lifetimes were found in very good
agreement with previously reported values [30], what gave us
confidence in the adopted procedure.

Lifetimes of excited states in the nanosecond range were
investigated by the fast-timing method using the array of
LaBr3(Ce) detectors. Following the procedure presented in
detail in Ref. [31], data were sorted into E,; — E,» — AT
cubes, where E,; and E, , represent the energies measured in
the LaBr3;(Ce) detectors, while AT represents the time differ-
ence between the detection of the two y rays. To clean the
coincidence spectra, the cubes were created with additional
conditions set in the HPGe detectors.

III. EXPERIMENTAL RESULTS

A. Single-quasiproton bands in '*’Cs

The high-spin level scheme of '?’Cs was investigated pre-
viously by Liang er al. [23], who reported five rotational
bands associated with single-quasiproton excitations and four
rotational structures built on proton-neutron three quasiparti-
cle configurations. In the present work, the rotational bands
associated with the proton g7/2, ds/2, g9/2, and Ay, orbitals
were observed to be in good agreement with Ref. [23]. The
structures involving three quasiparticle configurations were
much more weakly populated, and only the lowest transitions
could be seen due to low statistics. The '*’Cs level scheme
studied in the present work is shown in Fig. 1, while in Table I
are given the level and transition energies, the y -ray intensities
and the Rapo ratios. Examples of gated coincidence spectra
are illustrated in Fig. 2.

On the positive-parity side, the observed lowest lying
bands were associated in Ref. [23] with the favored signa-
ture of the wds;, 1/2[420] orbital, and with the favored and
unfavored signature partners of the mg7,, 3/2[422] orbital.
Note that in the present study the configuration assignment
for the observed bands is different from that of Ref. [23].
The band assigned previously to the 1/2[420] orbital (band
3 in Ref. [23]) is assigned now as the unfavored signature
partner of the wg7,, 3/2[422] orbital. Correspondingly the
structure interpreted in Ref. [23] as the unfavored component
of the 3/2[422] orbital is associated with the wds;, 1/2[420]
configuration. This change in configuration assignment was
suggested in recent studies devoted to band structures in '’Cs
[32] and 'Cs [33], and is supported by the signature split-
ting analysis in the g7, band (see Sec. III). In the present
study, a new weak transition of 107.3 keV was placed be-
tween the low-lying levels at 246.1 and 139.0 keV. A mixed
M1 + E2 character was assigned to several AJ = 1 transitions
between low-spin states, based on the measured Rppg. For the
206.7-keV 7/27 — 5/27% transition a value § = +0.28(3) was
reported [34], supported by the Rapo(206.7 keV) = 1.32(9)
derived in our study.

The g9/, band, consisting of dipole transitions and weak
crossover quadrupole transitions, was associated in Ref. [23]
with the wgg/» 9/2 [404] proton-hole orbital from below the
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FIG. 1. Partial level scheme of '2’Cs investigated in the present work. The transition energies are given in keV and the widths of the arrows

indicate their relative intensities.

Z = 50 shell closure. The Rapo values of the 581, 277, 312,
347, and 380 keV AJ = 1 transitions indicate mixed M1 +
E?2 character, with positive mixing ratios (see Table I). This is
in agreement with mixing ratios § = +0.19(2), +-0.11(6), and
+0.11(1) derived for the 581-, 277-, and 347-keV transitions,
respectively, in Ref. [23].

The negative-parity band hy;2(1) was associated in
Ref. [23] with the 1/2[550] orbit, the two AJ = 2 sequences
corresponding to the favored and unfavored signature part-
ners. The states of the unfavored signature branch decay
toward the states of the favored signature branch by intense
AJ = 1 transitions of mixed M1 + E2 character. Mixing
ratios § with values of —0.70(5) and —1.1(8), were reported
in Ref. [23] for the 21/27 — 19/27 and 25/27 — 23/2~
transitions, respectively. The Rapo ratios derived in our study
for these two transitions, Rapo(659.7 keV) = 0.45(10) and
Rapo(678.0 keV) = 0.38(9), support the assigned mixing
ratios. A mixing ratio § = +0.28(3) was reported in Ref. [23]
for the 220.8-keV, 27/2~ — 25/2~ transition; however, we
assigned it as a pure dipole transition, based on the measured
Rap0(220.8 keV) = 0.75(9).

The second negative-parity structure described by the /4y,
orbital was observed up to spin 31/27. It is a AJ = 2
band showing at each member a significant E2 branch to
the favored signature states of the hji/2(1) band. The first
two states decay also by AJ = 1 mixed M1 + E2 tran-
sitions to the unfavored signature members of band 4y,
(1). The measured Rapo of the 465- and 523-keV transi-

tions, 0.60(4) and 0.39(4), respectively, support the large
negative mixing ratios —0.84(28) and —0.9(3) reported in
Ref. [23].

B. Lifetimes of the high-spin negative-parity states

In the present work, the lifetimes of the high-spin states
of 1?7Cs have been investigated by applying the Doppler-shift
attenuation method. For this purpose, spectra have been cre-
ated from the asymmetric matrices with narrow gates on the
fully stopped transitions at the bottom of the bands. In the
case of the negative-parity band /;;,,(1), gates were set on
the intense 414- and 592-keV transitions at the bottom of the
band, and lineshapes were analysed for de-exciting transitions
of the states with J* = 21/27 to 31/27. Due to the much
lower statistics, no DSAM analysis could be done for the other
rotational bands in '?’Cs.

The experimental line shapes and the corresponding fits
are illustrated in Figs. 3 and 4. The derived lifetimes for
the 23/27, 27/27, and 31/2~ states of the favored signature,
and for the 21/27, 25/27, and 29/2~ states of the unfavored
signature, are collected in Table II.

C. Lifetime of the 272.9-keV 7/27 state

The lifetime of the 7/2% state at 272.9-keV excitation
energy, member of the favored signature band with the g7/
configuration, was measured by applying the fast-timing
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TABLE I. Energies E; of the levels in the rotational bands of 127Cs associated with the proton excitation in the g7/2, ds;2, 89,2, and hyy 2
orbitals, as well as transition energies E,, spins and parities of the initial and final states J;" and Jf, y-ray intensities /,, ADO ratios, and
multipolarities.

E; (keV) E, (keV) Jr J}T I, Rapo Multipolarity
g2 band
139.0 72.9(1) 3/2+ 5/2+ >6.0°
139.0(2) 1/2+ >2.6° 0.67(15) M1
246.1 107.3(2) 5/2+ 3/2+ 0.7(2)
180.0(2) 5/2+ 6.4(2) 1.35(15) M1
272.9 133.92) 7/2+ 3/2+ 14(1) 1.48(19) E2
206.7(2) 5/2+ 102(3) 1.32(9) MI1+E2
686.4 231.6(3) 9/2+ 9/2+ 1.02) 1.49(29) M1
413.5(3) 7/2+ 2.8(5) 1.30(15) M1+E2
440.3(2) 5/2+ 8.6(3) 1.36(15) E2
707.3 252.3(2) 11/2+ 9/2+ 1.13) 1.12(22) M1+E2
434.4(2) 772+ 30.409) 1.44(9) E2
1317.4 631.003) 13/2+ 9/2+ 5.3(2) 1.24(18) E2
1323.7 616.4(3) 15/2+ 11/2+ 22.5(7) 1.33(8) E2
2097.7 774.03) 19/2+ 15/2+ 15.4(4) 1.31(11) E2
2107.1 789.7(3) 17/2% 13/2°F 3.1(2) 1.25(17) E2
2962.9 855.8(4) 21/2* 17/2% 0.5(2) 1.34(19) E2
3001.9 904.2(4) 23/2* 19/2% 5.7(3) 1.35(12) E2
3004.7 907.0(4) 23/2* 19/2% 5.903) 1.28(14) E2
7Td5/2 band
66.1°¢ 66.1(2) 5/2+ 1/2+ >18.44
454.8 181.8(3) 9/2+ 7/2% 1.2(2) 0.71(18) M1
388.7(3) 5/2+ 16.9(7) 1.42(8) E2
1044.8 337.6(9) 1372+ 1172+ 0.8(2)
590.0(3) 9/2+ 12.1(6) 1.29(7) E2
1805.0 760.2(4) 17/2+ 13/2+ 5.5(9) 1.35(8) E2
2695.4 890.4(5) 21/2* 17/2% 2.3(5) 1.25(12) E2
T892 band
853.9 167.5(3) 9/2+ 9/2+ 0.8(2)
581.0(2) 7/2* 13(1) 1.07(6) M1+E2
1130.4 276.5(2) 1172+ 9/2+ 9.5(6) 1.38(9) MI1+E2
1442.0 311.6(2) 13/2+ 11/2+ 6.0(4) 1.11(7) MI1+E2
588.2(4) 9/2* 0.8(2) 1.37(17) E2
1788.6 346.6(3) 1572+ 13/2% 3.2(4) 1.16(8) MI1+E2
658.2(4) 11/2+ 1.203) 1.37(17) E2
2168.9 380.3(3) 17/2* 1572+ 2.9(4) 0.97(14) MI1+E2
726.7(6) 13/2% 1.1(3)
2580.4 411.5(7) 19/2+ 17/2+ 1.5(5) 0.88(14) M1
791.8(7) 1572+ 0.5(2)
3020.7 440.3(6) 21/2* 19/2% 1.2(4) 0.86(13) M1
852(1) 17/2+ 0.4(2)
7'[]’111/2(1) band
4522 179.3(3) 11/2- 7/2+ 49(3) M2¢
386.1(4) 5/2+ 12(1)
866.5 414.3(3) 15/2~ 11/2~ 100(3) 1.53(15) E2
1458.2 591.7(3) 19/2- 15/2- 74(5) 1.40(14) E2
1493.0 626.5(4) 17/2- 15/2- 20(4)
2117.9 625.0(6) 21/2~ 17/2~ 7(2)
659.7(3) 19/2~ 16(2) 0.45(10) MI1+E2
2259.2 801.0(4) 23/2" 19/2- 323) 1.39(14) E2
2937.2 678.0(4) 25/2~ 23/2° 3.6(4) 0.38(9) MI1+E2
819.3(4) 21/2- 4.5(2) 1.48(24) E2
3159.2 220.8(4) 27/2" 25/2" 2.2(5) 0.75(9) M1
900.0(4) 23/2° 12(1) 1.53(21) E2
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TABLE 1. (Continued.)

E; (keV) E, (keV) Jr J }T L, Rapo Multipolarity
3818.9 659.7(4) 29/2~ 27/2~ 1.0(3)
881.6(5) 25/2~ 1.8(4) 1.44(29) E2
4105.4 286.5(4) 31/2~ 29/2~ 0.6(3)
nh11/2(2) band
946.2(4) 27/2~ 3.9(8) 1.34(21) E2
1957.9 464.9(2) 19/2~ 17/2~ 7.3(6) 0.60(4) MI1+E?2
1091.4(3) 15/2~ 5.1(3) 1.25(10) E2
2640.4 522.5(3) 23/2~ 21/2~ 2.9(3) 0.39(4) MI1+E2
682.5(3) 19/2~ 5.3(4) 1.41(15) E2
1182.3(5) 19/2~ 0.9(4)
3368.2 727.8(3) 27/2~ 23/2~ 3.7(5) 1.31(18) E2
1109.0(7) 23/2~ 1.4(6)
4179.9 1020.7(8) 31/2- 27/2~ 2.2(6) 1.24(21) E2

“Isomeric state with 7;, = 24.88(30) ns (Ref. [34]).

Isomeric state with Ty = 55(3) us (Ref. [34]).

“Lower limit estimated using the measured intensity of the transition feeding the 139-keV level and the relative intensities of the 72.9- and
139.0-keV y rays from Ref. [34].

dLower limit estimated from the measured intensities of the transitions feeding the 66.1-keV level.

¢From Ref. [34].

method. According to the procedure presented in Ref. [31], tector array, with a gate in HPGe detectors set on the 616-keV
aFE,; — E,» — AT cube was created using the LaBr3(Ce) de- 15/2% —11/2* transition of the band. To derive the lifetime
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FIG. 2. Coincidence spectra from the symmetric y-y matrix showing transitions in the gy, band (a), g7,> band (b), and A/, band (c).
Transitions denoted by a solid circle belong to 127Cs (band 1 of Ref. [23]) and those denoted by a star belong to 1301 a (Ref. [35]).
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FIG. 3. Experimental and calculated lineshapes for transitions
de-exciting the states in the favored branch of the negative-parity
yrast band in '?’Cs, with J* = 23/2(a), 27/2(b), and 31/27(c),
respectively. The fitted DSAM spectra are shown in red dashed lines.

of the 7/2% state, delayed coincidences between the feeding
y ray of 434 keV and the de-exciting 207-keV transition have
been investigated. Figure 5(a) shows the LaBr3(Ce) spectrum
obtained by using gates on 616-keV y rays detected in HPGe
and 434-keV y rays detected in the LaBr;(Ce) detectors. In
the used procedure, from the time spectrum gated by the
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FIG. 4. Experimental and calculated lineshapes for transitions
de-exciting the states in the unfavored branch of the negative-parity
yrast band in '?’Cs, with J* = 21/27(a), 25/2~(b), and 29/2(c),
respectively. The fitted DSAM spectra are shown in red dashed lines.

TABLE II. Measured level lifetimes for the mh;,(1) band in
127Cs. The quoted uncertainties include the fitting and population
pattern errors, as well as the systematic errors due to the stopping
power (10%) and side-feeding times (15%).

mwhyi2 band E (keV) J* 7 (ps)

Favored signature 2259.2 23/2~ 2.55(69)
3159.2 27/2 1.23(33)
4105.4 31/2- 1.15(30)

Unfavored signature 2117.9 21/2~ 2.45(74)
2937.2 25/2~ 1.21(34)
3818.9 29/2~ 0.96(27)

207-keV y rays, a time spectrum gated by the nearby back-
ground was subtracted. As illustrated in Fig. 5(b), no prompt
coincidences are present in the background subtracted time
spectrum of the 207-keV y rays. By fitting it with an expo-
nential curve, a lifetime of T = 1.22(5) ns has been derived
for the 7/2 state.

IV. DISCUSSION

Experimental reduced transition probabilities estimated by
using the lifetimes and y intensities determined in the present
work are given in Table III. The table includes also the 5/2%
state at 66.1 keV, that is an isomeric state with a halflife

LaBr,(Ce): gate on 616 keV in HPGe  (2)
gate on 434 keV in LaBr,(Ce)

=207

200 400 600 800
Energy (keV)

+
E, =273 keV J*=7/2" (b)
1=1.22(5) ns

Counts

1 T T T T T T

Time (ns)

FIG. 5. (a) LaBr3(Ce) energy spectrum obtained by gating on
the 616-keV y ray in HPGe detectors and on the 434-keV y ray in
LaBr3(Ce) detectors. Peaks belonging to the g7/, favored signature
band are marked by energy. (b) Experimental background-subtracted
time spectrum for the 206.7-keV and the exponential fit. The gates
used for the peak and background time spectra are illustrated in panel
(a) with red and blue dotted lines, respectively.
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TABLE III. Experimental reduced transition probabilities B(M1) and B(E2) in '?’Cs, derived by using the lifetimes from the present work
and from Ref. [34]. In the case of the AJ = 1 transitions of 206.7, 659.7, and 678.0 keV with a mixed M1 + E2 character, the mixing ratio
values of Ref. [34] were used. Total conversion coefficients ar were taken from Ref. [36].

E; P E, BMI) B(E2)
Band (keV) (ps) VA VA (keV) 5 ar 13 @)
wds)s 66.1  24880(300)*  5/2* 1/2* 66.1(2) 8.29(15) 0.194(4)
T8 272.9 845(35)" 7/2* 5/ 206.7(2) 028(3)  0.1218(18)  0.0036(2)  0.010(2)

3/20 133.9(2) 0.667(10) 0.158(12)
whii 2259.2 1.77(48)" 2327 19/27  801.0(4) 0.00283(4) 0.097(26)
Favored 3159.2 0.85(23) 27/27 25,27 2208(4) 0.1001(15)  0.66(22)

23/27 900.0(4) 0.00216(3) 0.094(26)

4105.4 0.80(21)° 3127 29/27  286.5(4) 0.0502(8) 0.28(15)

27/27 946.2(4) 0.00193(3) 0.080(22)
whii 2117.9 1.70(51)° 2127 19/27  6597(3)  —070(5)  0.00562(10)  0.038(12)  0.061(20)
Unfavored 1727 625.06) 0.00519(8) 0.106(39)

2937.2 0.84(24)° 2527 23/27  6780(4)  —LI®)  0.0049(8) 0.03026)  0.114(82)

21/27 819.3(4) 0.00268(4) 0.101(29)

3818.9 0.67(19)° 29/27 27/27 659.7(4) 0.00615(9)  0.073(27)
25/2°  881.6(5) 0.00227(4) 0.102(32)

4Reference [34].
"Present work.

Ti» = 24.88(30) ns [34]. Total conversion coefficients were
taken from Ref. [36]. In the case of the AJ = 1 transitions of
206.7, 659.7, and 678.0 keV with a mixed M 1 + E?2 character,
the mixing ratios given in Ref. [34] were used. The other
AJ =1 transitions were considered pure M 1.

In the present study, we performed calculations of the
positive- and negative-parity structures in '*’Cs using the
QTR model of Ref. [2]. The single-particle energies are calcu-
lated in a modified oscillator (Nilsson) potential with the x and
w parameters taken from Ref. [37]. Pairing was treated in the
usual way within the BCS approximation with standard value
for the pairing strength [38]. The core moments of inertia
were calculated in such a way that the experimental energy of
the 27 state of the even-even *Ba nucleus was reproduced.
In evaluating the B(M1) transition strengths, an effective g
factor of O.7g§ree has been used and gy has been taken as
Z/A. Quadrupole moments of the core were calculated macro-
scopically. For the positive-parity state calculations, all the
N = 4 single-particle orbitals were included, while for the

components from the g7/, orbital with some mixing from the
ds» orbital.

As seen in Fig. 6, the experimental signature splitting val-
ues S(J) for the g7/, band are very well reproduced for y =
0°. The good description with the QTR model gives support
to the adopted configuration assignment for the low-lying ds»
and g7/, bands, that is different from that of Ref. [23]. With
the inclusion of a nonzero y parameter, the description of the
low-lying states is worse. In particular, for small values of
the triaxial parameter (1° < y < 13°) the spin of the ground
state is predicted 3/2% instead of 1/2F. For all y values, at
low spins the experimental S(J) are not reproduced by the
calculated ones (see Fig. 6 for an illustrative example).

By comparing the experimental transition probabilities
B(E2)(5/2" — 1/2%) and B(E2)(7/2" — 3/2") with QTR
estimates in the ds,, and g7/, bands (see Fig. 7), a quadrupole

negative-parity state calculations all orbitals of the A, state 3 -0 Experiment g, band
have been considered. The deformation parameters €, and y 5 LeQTR y=0°
were varied to obtain the best description of both the reduced = QTR y=22°
transition probabilities B(E2) and the signature splitting S(J), 1F
calculated with the expression (Ref. [3]) S ok
@
S(J)_E(J)—E(J—l)J(J+1)—(J—2)(J—1) -1
TEU)-EJ-2) JU+1)—JUJ-1) oL
ey
The calculations revealed that by changing €, there was a S
. . . . | | | | | | | | | | |
significant change in B(E?2) values, but practically no change a2 7/ 112 152 192 232
in the signature splitting. Spin J ()
The QTR model calculations of the positive-parity states,
performed for y = 0°, reproduce well the experimentally FIG. 6. Experimental signature splitting S(J/) for the band based

observed sequences of states, with the 1/2% ground state
described by a dominant 1/2[420] configuration from the ds >
orbital. The structure of the g7/, band involves predominant

on the g7, proton orbital (empty black circle) compared with the
theoretical values calculated for a quadrupole deformation €; = 0.18
and y = 0° (red full circle) and y = 22° (blue full square).
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® o Experiment
0.4 ©4 QTR £=0.18 y=0°

® o ntd;, band
A 2 g, band

0.3

B(E2) (e°b?)

0.2

0.1
| | | | | | | | | | |
3/2 7/2 11/2 15/2 19/2 23/2

Spin J (h)

FIG. 7. Experimental transition probabilities B(E2)(5/2" —
1/27) (full black circle) and B(E2)(7/2" — 3/2%) (full black tri-
angle) compared with QTR model calculations for the proton ds/
band (red empty circle) and g7/, band (red empty triangle)

deformation parameter €, = (.18 has been established for the
positive-parity states in '>’Cs.

The energy of the 9/27 state with the dominant 9/2[404]
configuration from the gg,, orbital is predicted by the QTR
model to be strongly dependent on the quadrupole deforma-
tion. For €, = 0.14 its energy is calculated at 1313 keV, while
for €, = 0.22 the energy is predicted at 309 keV, below the
energies of the 9/2" states in the ds/, and g7/, bands. Inter-
estingly, for the quadrupole deformation €, = 0.18 adopted on
the basis of B(E2) values, the calculated excitation energy of
the g9,> bandhead is 827 keV, close to the experimental energy
of 854 keV. The observed decay of this state toward members
of the g7/» band and the lack of transitions toward the ds»
band is also well described by the QTR calculations, giving
support to the present rearrangement of these bands.

It is worthwhile to mention that the deformation of the
positive-parity states adopted on the basis of B(E2) transition
probabilities is in excellent agreement with the value €, =
0.175 predicted for the >’Cs ground state in the macroscopic-
microscopic calculations tabulated in Ref. [39].

The structure of the negative-parity states was calculated to
involve a mixing of states from the 7/, orbital. The yrast
favored signature states exhibit a dominant K = 1/2 value,
while the unfavored states have a dominant K = 3/2. The
experimental signature splitting is compared in Fig. 8 with
QTR model calculations. For y = 0°, no good fit can be ob-
tained, as the calculated S(J) values are much larger compared
to the experimental ones. The calculated staggering is found
to decrease by using a triaxial parameter different from zero.
As seen in Fig. 8, the best description is obtained for a triaxial
parameter y = 22°. This is similar to the conclusion obtained
in the study of Ref. [7].

By comparing the experimental reduced transition prob-
abilities in the yrast negative-parity band with QTR model
calculations, a deformation parameter ¢, = 0.11 has been
determined. The experimental B(E2) values are illustrated
in Fig. 9 together with theoretical values calculated for this
quadrupole deformation and for y = 0° and y = 22°. An
interesting feature revealed by the calculations is that for y =
0° a staggering of the B(E?2) values between the two signature

3 |- O Experiment nth,, (1) band

5 | * QTRy=0°
= QTR y=22°
1+ QTR y=28°
’_'J\
noF

1 1 1 1 1 1 1 1 1
15/2 19/2 23/2 27/2 31/2

Spin J ()

FIG. 8. Experimental signature splitting S(J) for the band based
on the proton A/, orbital (empty black circle) compared with the
theoretical values calculated for a quadrupole deformation €, = 0.11
and y = 0° (red full circle), y = 22° (blue full square), and y = 28°
(magenta full triangle).

partners is predicted, the values being larger for the favored
signature. No staggering is observed in the experimental
data, in accordance with the calculations performed using
y = 22°. Direct evidence for triaxiality is thus provided by
the measured lifetimes in the 7wh;/, band. It is worthwhile to
mention that lifetimes in the 7 /11, band have been previously
reported in '2>1%7La [40], '®La [30], '*'La [29] and '*°Cs
[41]; however, in all these studies only the favored signature
branch was investigated. In the present work, for the first time
B(E2) values were reported in both favored and unfavored
signature states and this was crucial for probing the triaxial
shape in the A/, band.

The calculated B(M 1) strengths for the AJ = 1 pure transi-
tions from the 27/27 and 31 /2~ states of the favored signature
branch have values of 0.49 and 0.54 113, respectively, in rather
good agreement with experimental values (see Table III). The
description of the AJ = 1 mixed M1 + E?2 transitions from
unfavored to favored signature partners was less good. The
calculated B(M1) values are about an order of magnitude
larger than the experimental ones, while the B(E2, AJ = 1)

I~ @ Experiment
o QTR &=0.11 y=0°
02~ u QTR £=0.11 y=22°

nth,,,(1) band

B(E2) (e°0)

+

| | | | | | | | |
15/2 17/2 19/2 21/2 23/2 25/2 27/2 29/2 31/2

Spin J (h)

FIG. 9. Experimental transition probabilities for the yrast band
based on the proton A/, orbital (full black circle) compared with
theoretical values calculated for a quadrupole deformation €; = 0.11
and y = 0° (red open circle) and y = 22° (blue full square).
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strengths are predicted smaller than the experimentally de-
rived values.

In the QTR model calculations, the yrare favored signa-
ture states have a dominant K = 5/2 value. For y = (0°,
their energies were predicted to be more than 1 MeV higher
compared to the experimental states of the /11 /2(2) band. With
the inclusion of nonzero y values, the calculated energies are
smaller. For y = 22°, the energy of the yrare 19/2 state is
calculated at 2035 keV, in accordance with the experimental
value of 1958 keV. This gives additional support for triaxial
shapes in the hyy/, bands.

An interesting result of the present study is that two sets
of deformation parameter values have been established, €, =
0.18, y = 0° for the positive-parity states and €; = 0.11, y =
22° for the negative-parity states. Core polarization effects
induced by various orbitals are expected in this transitional
nuclear region. The present results indicate that due to po-
larizing A1/, protons the core is soft to both the quadrupole
deformation and shape asymmetry.

V. SUMMARY

The rotational bands based on one-proton excitation in
127Cs were investigated via the '2'Sb('2C,a2n) fusion-
evaporation reaction using the ROSPHERE mixed array.
Lifetimes of six states in the negative-parity band based
on the mwhy;/, orbital have been measured by applying the
Doppler-shift attenuation method. The lifetime of the 7/2%

273-keV state, member of the rotational band based on the
g7, orbital, was derived by using the in-beam fast timing
method. Theoretical investigations were carried out for both
positive- and negative-parity structures using the quasiparti-
cle plus triaxial rotor model. The observed properties of the
positive-parity g7/, ds;2, and gg9/» bands were described in
a consistent way with the deformation parameters €, = 0.18
and y = 0°. For axially symmetric shapes, the B(E2) reduced
transition probabilities in the band based on the hy;,, orbital
are predicted to exhibit a staggering between the favored and
unfavored branches, in disagreement with the experimental
B(E?2) values that show a smooth dependence on spin. By
comparing the experimental signature splitting and transition
strength values in the 4/, band with theoretical calculations,
the deformation parameters €, = 0.11 and y = 22° were es-
tablished. The present results provide further evidence for
triaxial nuclear shape in the states involving the proton A1 »
orbital of '?7Cs.
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