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Properties of the ground state and first &ate of a large number of even-even nuclei in the Xe-Ba region
have been calculated using a simple version of cranked Hartree-Fock-Bogoliubov model. The parameter set
used has been obtained by fitting the ground state properties of some of the nuclei in this region. The sensitivity
of the results to the choice of parameters has also been tested in a few cases. The shape rigidity of the nuclei
in this mass region has been studied by generating energy contours jB,theplane. Influence of the
hexadecapole deformation on nuclei having flat energy surfaces ip tlirection has been examined. Higher
angular momentum states al@ap to 6" or 10%) have been calculated in some of the nuclei to study the
evolution of shape and nature of alignment with increasing $8i8556-281@7)06111-§

PACS numbg(s): 21.60.Ev, 21.60.Cs, 21.60.Jz, 27 6.

[. INTRODUCTION theoretical and experimental investigations have been done
in this region, there are still several open questions which
The study of nuclear structurel,2] of the isotopes of can be addressed through further investigations.
tellurium to cerium nuclei has provided us with a wealth of  In the cranked Hartree-Fock-Bogoliub6@HFB) formal-
information on both collective and particle excitations. ism, the potential parameters are determined self-
There exists an exhaustive list of theoretical as well agonsistently. In spite of its several shortcomings, this formal-
experimental investigations devoted to the study of the strucism has been used extensively to investigate the complexity
ture of this complex transitional regigi—5]. This is the of the nuclear excitation spectra, arising from the interplay of
heaviest mass region where proton and neutron excitationsingle-particle and collective aspects of nuclear motion, as a
within the same major shell can compete. There are twdunction of rotational frequency. To have a microscopic view
important consequences of this competition. First, unlike inof the variation of shape, pairing gaps, agpdactors with
the rare earth region, where particles responsible for the firg{pin, mass, and atomic numbers for the nuclei in the Xe-Ba
backbending in the even-even nuclei are always neutrons, ifansitional region, self-consistent CHFB calculations with
the Xe-Ba region there are evidences of two parallel superthe pairing-plus-quadrupol@®PQ Hamiltonian of Baranger
bands corresponding to the neutron and proton alignmentsnd Kumar(BK) [7] have been performed.
(forking of band. So in this region it may be neutrons or  The CHFB formalism using PPQ Hamiltonian has been
protons which cause the first backbending depending upowidely used in the rare earth region to study the variation of
the particular isotope concerned. Secondly, potential-energy factor, deformation, and pairing gap with spif&10.
surface(PES and cranked-shell mod¢CSM) calculations  The parameteréincluding the set of spherical single particle
suggest that these highvalence particles exert a strong and energie$ used in these calculations are mostly chosen ac-
specific deformation driving force on the-soft core; par- cording to the suggestions of Baranger and Kumar from their
ticles in the lower part of thé;;,, subshell favor a collec- exhaustive study7] of the ground state properties of these
tively rotating prolate shapey(= 0°) in the Lund conven- nuclei. A few attempt$9,10] were also made to have a better
tion [6], while those in theh.;;» upper midshell favor a set of parameters. There is no such exhaustive study in this
collectively rotating oblate shapey(= —60°). region. But proper choice of parameter is the primary re-
This is a region where one can study the variation ofquirement to study a specific region with a particular model.
shape from spherical to well deformed through triaxialln this work we have tried to get a reasonable set of param-
within a isotopic seriegincreasingN, sameZ) or within a  eters for this region and study various aspects of nuclear
chain of isotonegsameN, increasingZ). Similarly, the na-  structure using the above model. The main purpose of our
ture of band crossing, i.e., whether they are due to proton cstudy is not to fit any experimental data, backbendingg or
neutron alignment is not always established beyond doubt. Ifactors, whatsoever, in a particular isotope very accurately.
fact, the most sensitive physical variables, i.e., magnetic moBut we want to understand, as far as possible, the applicabil-
ments of high spin states which can be used as a very godty of this model, in its usual form, in this transitional region
probe to study the nature of alignment, have been measurexhd to study the gross features of the nuclear structure of this
only in a very few cases in this mass region. So though manyegion. We have not, therefore, made any adjustment of the
strengths of the residual interactions from isotope to isotope
(except for a few special cagesalthough we have studied a
*On leave from Saha Institute of Nuclear Physics, 1/AF Bidhanwide mass region fronh=122 to 148.
Nagar, Calcutta 700064, India. With this in view, we have obtained a set of parameters
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by fitting the experimental dat@.g., ground state deforma- stateq13]. Various symbols have their usual meanings;’
tion and pairing gaps, excitation energies, nature of alignindpeing neutron or proton. In general,
particles, andy factors of the ground state band front @ )
10", wherever availablein '?2'?%e and '%%Ce. Next we Quu=rYau(0,9) ®)
have calculated the 0 and 2" states of 20-122T¢,
12&;”2)(& 130-136g 4, 142-14833 with this set of parameters.
For *%Ba, calculatlons have been done for thé Hiate also B woB2c0Sy=Dogy,  hreoBSiny= \/EDzzy (6)
to check whether this set of parameters can reproducg the
factor of this state measured recentfjjll]. For the where
132,134,146148 ¢ jsotopes, properties of the states froin 10
6" have been calculated. We have also tested the sensitivity
of the results with respect to the change of parameters in a
few cases. The shape rigidity of the nuclei in this mass re-
gion has been studied by generating energy contours in thend[10,14
B>-v plane. Influence of the hexadecapole deformation on
nuclei having flat energy surfaces in thedirection has also D4M=X42 a{Qau),=(—1)"Dy_ . (8)
been examined. 7
Since the model used in this work is well known, only ] )

some of its relevant features are presented here. Results ¥f€ have definegs, through the relation
the calculation are discussed in detail in subsequent sections _

ﬁw0ﬁ4— D40. (9)

keeping in view the objectives of the present work.
The radial coordinate is given in units of oscillator length

and 8, and y are given by

DZ,L:xZET a{Qz.),=(—1)"Dy_, @)

Il. CHFB FORMALISM
A. Model b=(fi/mw,)"?, (10

In the cranking model, the Hamiltonia,, is cranked  which is connected with the oscillator energy
about an axighere,x axig perpendicular to the symmetry

axis (here,z axis) of the nucleus hw,=41.20 MeV. (11)
H,=H— ol —AN, (1) The parameters
13
where o is the Lagrange multiplietgiven in energy units, N (2ZIA) for protons, 12

interpreted as the cranking frequency for rotation about - (2N/A)Y®  for neutrons

axis) such that total angular momentum of the system is

given by the constraint, have been introduced by Baranger and Kumar to ensure
R equal radii for protons and neutrons.
Ix={Perrs(@)| x| ¥cnra(w)) = V11 +1) 2 Theg factors are calculated from,, x is the component

along with the usual constraint on the particle numiedue ~ ©f magnetic moment operatar, as
to the presence of pairing interaction term in the Hamiltonian

H. Here \, interpreted as the Fermi level, is the Lagrange 91 = (Wenrsl x| Yerrel 1« (13
'gl'ilglgtfr:tgjesred to ensure the conservation of “average Par\\e have attenuated the values 0b)iee (SPIN g facton by

0.6. So
N =N,, 3 < . .
<¢CHFB(w)| T|l//CHFB(w)> T (©)) g|:[(lQ>+2-353(<5§>_0-9352>)]/ ’—I(I ). (14
whereN . denotes proton or neutron number outside the core.

For compensating small numerical errors in satisfying the Besides this, we have generated energy contour plots of
above relation we have added a correction term in the energgome nuclei in thes,-y plane corresponding to eagy, y
E [10,12. mesh point. Pairing gapg\( andA,)) have been determined
In Eq. (1), H is given by a more general forfio include  self-consistently for each of the mesh points. For contour
the hexadecapole tejrof the pairing plus quadrupole model plots including hexadecapole degree of freedom, we have
Hamiltonian of Baranger and Kumér]: considered a fixed value o8, and determined the self-
1 consistent minimum.
— t T
H ; #aCaCa 2>\:22,4 ab%”r @-a-(8|QLI0) B. Parameter choice
_aenT Tt The oscillator shelliN=4 and 5 are included in the basis
X(bl(=1) Q““|d>CaCdeC° states for both protons and neutrons for nuclei with mass
1 . number A<140. For nuclei with higher masses, we have
- ZZ Gr; CaCLEcCe. (4)  used the oscillator shel=5 and 6 for neutrons. The inert
! cores are, thereforeSozr,,, 13%rs,, respectively. Zhang
Here |a), |b), ... are the symmetrized signature basiset al. [15] have suggested single particle parameter sets
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TABLE |. Different parameter sets used in the present calculanates at a spin value of 10 From the measureg factors,

tions. this band has been identified as a two quasiproton band of

- hqq, protons. From the difference in energies between a
Set spe’ G, Gy x2 Comments yrast and yrare state of same spin it is expected that this
A Zhang 280 240 780 General set — reproduces sideband will cross the ground band and will be the yrast one

at a spin value of=18". So unlike the Xe nuclei considered

average behaviour . L
g in the present work, this isotope of Ce should show a proton

B Zhang 26.0 240 78.0 N=76, bestforB : , .
g » Destiorss band crossing. We have tried to reproduce this feature.
C Nil 28.0 24.0 78.0 - . . -
b Zhang 260 220 780 N=74, best fori¥Ba With all these constraints, the parameter sets listed below
' ' ' " an 1460 0 are chosen. The pairing and quadrupole force constants are
E Zhang 26.0 24.0 75.0 for 2Ba :
; 142-14 given by
F Nil  26.0 240 75.0 for “Ba
G  zhang 280 240 750 for 142714834 G,=28A MeV, G,=24/A MeV, x,=78A % MeV,
aSingle particle energies: Zhang from REE5] and Nil from Ref. and X4=74A*1-4 MeV (chosen rather arbitrarily
[16].

We have not included the hexadecapole term in our cal-
(n, x values for proton shellsN=4, 5, and 6 for culations, except for generating the energy surfaces for the
A~120-140 regions by searching for the best theoretical fit'**Ce isotope, which will be discussed later in detail. We
to the experimental bandhead energies. Using tpegirx have not made any adjustment of the strengths of the residual
values, they achieved a significant improvement in the theointeractions G, G, x2) from Te to Ce, except for some
retical fit to the available bandhead energies in odd-protomeutron numbers, which will be specified lat@iable |.
nuclei over the entird~ 120— 140 region. These fits, which
were made over a region defined by 63<63 and ll. RESULTS
64<N=80, included 28 bandhead energies. The parameter
sets suggested for the neutrons are more or less the same B8 nuclei and the variation of deformation, pairing gap.

suggested by Nilssoet al.[16]. We have used the parameter factor, etc. with spin are listed in Table Il. The experimental

Zﬁ;;‘i‘ggeswd by Zhang to obtain spherical single pa”'C'S factors are taken from the compilation of Raghayan|.

Baranger and Kuma(BK) [7] did an extensive work to The resultsls f?r other |sotop|>es W'here cinIV ng Z |
choose the parameters of the pairing-plus-quadrupole modgLates are calculated are tabulated in Table Ill. The results

as realistically as possible in the mass reghon 138— 208 Zr;lv‘tlrg;]e:jt ;?Zl:(ggrtif;:;t; : e%frrnaa"tiggrefzggrn; I\évlthe;r;er_gen-
with Z=56—-82. But we have not come across any such P % =2

study for the mass regioh=120— 140 withZ=52—58. BK gies, and pair_ing gaps, exact agreement WiFh the ex_perimen-
have suggested some closed expressions for the quadrupgf)é numbers is sometimes missing, especially for isotopes

foce svengh as a uncon of mass number, v shaus 10 STEIT SOmetins, s ealue e e
give “an excellent description of the overall variation pf P 9

across many shells,” but “the variation inside each indi- [10]. The ratiosg, /gy, instead of the absolute valug, ,

vidual shell can be expected to be considerably slower tha Ioer:e[ 1C(§m‘IE)r?ereedxx\i/tIg;igr)m(peirtlarpeigtsaggitiv:enr:g: daurggg cbalc#(l)?_—
this.” Their final suggestion is to determine the force ' 9 y

strength by fitting the data. Regarding the choice of pairing"a/1zing the calculate@, energies with the experimental
force strength, they could not suggest any reliable way oP"€S- .
predicting the strengths as they did for quadrupole force_, FOF ISOtopes of Ce, the results for yrast states from®
strengths. But in their calculations the valuesGy and G, are shown in Table IV. _
were determined by fitting the proton and neutron odd-even W€ Will discuss separately the results for the three iso-
: topes, 12212%e and 1?°Ce in the first subsection. In the fol-
mass differences. pes, : . , .
We have determined the proton and neutron pairig ( IOW|'ng sybsect!ons the results for the different isotopic
G,) and quadrupole deformation strength,) parameters Cchains will be discussed one by one.
by reproducing the ground state band properties of a few A 12212800 oo 12600
nuclei in this region(see set A in Table)l We have consid- B 58
ered the following points for choosing a reasonable set of (i) Some detailed features of the experimental data, e.g.,
parameters. the backbend observed it¥*Xe is much sharper than that
(i) Previous calculations suggest that the first band crossbserved in'??Xe, are reproduced in the CHFB calculation
ing in the yrast spectra df??%e is due to the alignment of (Table II).
a pair of neutrons in thé,,,, orbitals. The same is repro- (i) In 12%Xe the B, deformation increases from0.23(at
duced in the CHFB calculation. 0") to ~0.25 (at 1™=4%), then starts decreasing and
(i) We have tried to reproduce quite accurately the ex+eaches a value o£0.21 atl "=10". For ?®Ce it shows a
perimental energies of the yrast band of these nuclei, namelgteady increaséfrom 0.32 at 0 to 0.34 at 6), a region of
12212% and 1%Ce. stability (0.34 from 6" to 10") and slight decrease at 120
(iii) The magnetic moments have been measured for the.33. For'?Xe, 3, increases from 0.27 to 0.30 from' Gto
I"=10" and 12" states of a close lyingvith respect to the 67, then stabilizes at a smaller value of 0.29. This shows that
ground banyl sideband in?%Ce [17]. This sideband origi- '?*Xe is comparatively softer with respect to tifg value

The calculated yrast spectra of th&Xe, 1?*Xe [3], and
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TABLE II. Results of CHFB calculations fot?>1?%e and*?®Ce obtained with parameter set A, Table I.
EnergyE(l), angular frequencw, and pairing gapa, andA, are all quoted in MeV. Triaxiality parameter
v is in degrees.

E(l) Calculated
Isotope I Calc. Expt2 » B2 % Ap A, o] 0,9,
G 0 0.0 0.0 00 027 0.0 1.298 1.371 - -
2 0320 0331 0239 028 074 1272 1293 031 1.00
4 0.908 0.828 0330 029 128 1244 1154 024 0.78
6 1.605 1467 0361 030 151 1.231 1013 0.16 0.51
8 2.344 2217 0377 029 174 1223 0.889  0.09 0.29
10 3.098 3.039 0394 029 213 1213 0.796 0.05 0.16
124%e 0 0.0 0.0 0.0 0.23 0.0 1.271  1.448 - -
2 0396 0354 0286 025 152 1216 1353 0.35 1.00
4 1.090 0.879 0380 026 266 1163 1238 0.29 0.81
6 1879 1549 0385 024 397 1153 1162 0.14 0.41
8 2668 2331 0368 023 589 1.168 1.103 0.04 0.10
10 3327 3172 0344 021 1022 1197 1.072 -0.03  -0.09
%%Ce 0.0 0.0 00 032 0.0 1.446  1.175 - -

0

2 0.236 0.170 0.183 0.32 0.31 1.417 1.126 0.34 1.00
4 0.711 0.519 0.278 0.33 0.69 1.364 1.037 0.33 0.97
6 1.317 1.015 0.320 0.34 0.84 1.281 0.960 0.39 1.15
8 1.956 1.625 0.305 0.34 0.41 1.091 0.987 0.65 191
10 2.537 2.313 0.275 0.34 -0.27 0.848 1.032 0.83 2.44
12 3.084 2.991 0.281 0.33 -0.94 0.629 1.028 0.88 2.59

3Experimental energies are taken fr¢28—25.

compared to the other nuclei considef&éble ). neighboring nuclei{,Xe, 5¢Ba, or 55Ce). The results show a
(i) The nucleus'®Xe is significantly y soft, i.e., the reasonable agreement with the experimental data. But the
nonaxial deformation varies rapidly with spin. In this decreasing trend in the *2 state g-factor value from the

nucleus, they value increases from Ofat 07) to 10° (at  N=68 to N=70 isotope is not reproduced theoretically.
10"), whereas for'?’Xe it varies from 0° to 2° in the same

spin range. In‘?Ce y increases from 0° to 0.84° at spin' 6 C. 122-13%
. S . 54X€68-78
and then starts decreasing+®.94° at 12, signifying non- _ ) ] )
collective type of excitation. Experimental data available in these nuclei show that

(iv) This feature of the excitation mechanismitfCe as ground state quadrupole deformation decreases with neutron
evidenced through the negative value is also confirmed nhumber fromN=70 to 76. ForN=68, the deformation is
from the sudden large increase in thefactor value from smaller thantN=70. TheN=68, '?’Xe isotope has a defor-
0.39(at 6") to 0.88(at 12") in this spin range. In?>?%Xe,  mation of 0.23110) [19], with R4(=E4/E;), =2.50 which
the g factors decrease sharply indicating neutron alignmentis also a good indicator of collectivity. But the measured
whereas, for'?®Ce, sharp increase in these values indicatesleformation of theN=70, 1?*Xe isotope is 0.264), with
proton alignment. the R, value =2.48. We have considered tig, data to be

(v) Though*?Ce shows proton alignment with increasing more reliable and thus expeé®Xe to have same order of
spin as expected from the experimental data, the calculationseformation ast?*Xe.
predict a proton band crossing for this nucleus i€ar8", Al these nuclei, except?Xe, have their g stateg fac-
much earlier than the experimental trend. But this feature i$or measured, and the experimental values show an increas-
not totally unexpected in a CHFB calculation using mono-j, yrend with increasing neutron number. The calculated

pointed out by previous workef48] that inclusion of only a
monopole pairing term in the PPQ Hamiltonian may be par
tially responsible for the early backbending.

values in Table Ill. The systematics of theoretigafactors
in 1227128xe shows an increasing trend similar to the experi-
mental one. Absolute values agree within the experimental
5 120122, error except for that in**Xe. The deformations and pairing
T 52776870 gaps also agree reasonably. The self-consistently determined

Tellurium isotopes have only two protons aboMe=50  ground state deformation df®Xe comes out to be signifi-
proton shell closure. So they are expected to show deviationantly smaller than its corresponding experimental value.
from collective behavior earligfwith respect to the number But unlike the other two isotopes, the deformation increases
of neutrons, as it approach&s=82 shell closurgthan the for the 2" state andB,(2") agrees reasonably well with
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TABLE Ill. Results of CHFB calculations for different isotopes of Te, Xe, and Ba isotopek™e0*
and 2" states with various choices of parameters. Numbers quoted in squared bfacaetsexperimental
values with errors quoted in parenthe$@sin the column forE(l), the energies are with respect to thé 0
state. The absolute value of the energy 6f€ate is quoted within brackets in MeV. See also the caption of

Table Il.
Parameter
Nucl. set | ® E(l) B y Ap A, g
AL A 0 00 00-192525 0221 0.0 1166 1.564 -
[0.20221)] [1.277 [1.427]
2 0.276 0.406 0.252 1.089 1.112 1.441 0.40
[0.5600 [+0.397)]
1221¢ A 0 00 0.0-191.515 0.115 0.0 1158 1.751 -
[0.18488)] [1.330 [1.379
2  0.353 0.720 0.190 3.483 0.989 1.535 0.45
[0.564 [+0.332)]
Y2e A 0 0.0 0.0-200.504 0.274 00 1.298 1371 -
[0.23%10)] [1.540 [1.479
2 0.239 0.320 0.284 0.738 1.272  1.293 0.31
[0.33] [-]
124 @ A 0 00 0.G-198.954 0.230 0.0 1.271  1.448 -
[0.2648)] [1.344 [1.38§
2 0.286 0.395 0.246 1523 1.215 1.354 0.35
[0.354 [+0.232)]
126y @ A 0 0.0 0.9-196.757 0.202 0.0 1.247  1.420 -
[0.188130)] [1.31] [1.313
2 0.332 0.462 0.205 4427 1184 1.374 0.40
[0.389 [+0.3%7)]
128y o A 0 0.0 0.@-194.129 0.127 0.0 1.363 1.504 -
crude [0.183749)] [1.328 [1.269
limit 2 0.340 0.676 0.180 4460 1.155 1.304 0.40
[0.443 [+0.4%7)]
128y e A 0 0.0 0.0-194.135 0.114 0.0 1.390 1.535 -
finer [0.183749)] [1.328 [1.269
limit 2 0.336 0.647 0.147 2491 1.297 1.380 0.14
[0.443 [+0.41(7)]
130y e A 0 0.0 0.0-191.23) 0.034 0.0 1.445 1.513 -
[0.1696)] [1.260 [1.513
2 0.338 0.905 0.106 21.905 1.344 1.194 -0.02
[0.538 [+0.387)]
132x @ A 0 00 0.G-187.902 0.010 0.0 1421 1.326 -
[0.140946)] [1.190 [1.207
130x e B 0 0.0 0.0-190.575 0.030 0.0 1.276  1.517 -
[0.1696)] [1.260 [1.513
124y C 0 0.0 0.0-220.302 0.227 0.0 1.395  1.427 -
[0.2648)] [1.344 [1.38§
2 0.299 0.423 0.245 1511 1.353 1.325 0.30
[0.354 [+0.232)]
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TABLE lll. (Continued)

Parameter
Nucl. set ) E(l) B- y Ay A, g
126y e Cc 0.0 0.0-218.312 0.170 0.0 1.413 1.472 -
[0.188130)] [1.31] [1.313
0.372 0.588 0.193 5627 1328 1.350 0.30
[0.389 [+0.377)]
¥%Ba A 0.0 0.G-200.162 0.179 0.0 1413 1.351 -
[0.23012)] [1.346 [1.33§
0.340 0.506 0.193 7.117 1334 1.251 0.32
[0.357] [+0.353)]
1385 A 0.0 0.0-196.816 0.101 0.0 1.545 1.390 -
[0.1866)] [1.358 [1.231]
0.331 0.808 0.135 26.549 1.470 1.212 0.04
[0.465 [+0.343)]
13983 A 0.0 0.0-193.442 0.019 0.0 1.601 1.291 -
[-] [1.313 [1.199
13883 A 0.0 0.0-189.576 0.005 0.0 1571 0.984 -
[-] [1.180 [1.085
14Ba A 0.0 0.0-239.353 0.025 0.0 1.469 1.354 -
[0.1576)] [1.218 [0.90§
0.378 1.046 0.082 -3.503 1.402 1.182 0.037
[0.359 [+0.42648)]
1498 A 0.0 0.0-249.458 0.210 0.0 1.094 1.298 -
[0.1936)] [1.202 [0.815
0.223 0.345 0.238 0.369 1.004 1.244 0.38
[0.199 [+0.345)]
14883 A 0.0 0.0-261.073 0.373 0.0 0.986 0.921 -
[0.2188)] [-] [-]
0.079 0.081 0.392 0.026 0.962 0.806 0.22
[0.181] [+0.287)]
130Ba B 0.0 0.0-199.562 0.182 0.0 1.183 1.356 -
[0.23012)] [1.346] [1.339
0.295 0.427 0.199 9.878 1.078 1.265 0.44
[0.357] [+0.353)]
13Ba B 0.0 0.0196.072 0.114 0.0 1322 1.377 -
[0.1866)] [1.3589 [1.231
0.337 0.550 0.151 24.378 1.202 1.210 0.31
[0.465 [+0.343)]
142Ba B 0.0 0.0-238.600 0.0315 0.0 1.293 1.351 -
[0.1576)] [1.218 [0.90§
0.363 0.926 0.124 3.663 1.088 1.149 0.286
[0.359 [+0.42648)]
14483 B 0.0 0.0-249.058 0.199 0.0 0.924 1.318 -
[0.1936)] [1.207 [0.815
0.165 0.246 0.268 0.265 0.731 1.221 0.42
[0.199 [+0.345)]
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TABLE lll. (Continued)

Parameter
Nucl. set ) E(l) B> y A, A, g
14%Ba B 0.0 0.0-260.744 0.370 0.0 0.808 0.936 -
[0.2188)] [-] [-]
0.074 0.057 0.394 0.026 0.791  0.805 0.28
[0.18]] [+0.297)]
1398 D 0.0 0.0-198.868 0.196 0.0 1.146  1.046 -
[0.23012)] [1.346] [1.339
0.247 0.345 0.205 3.651 1.074 0.957 0.32
[0.357 [+0.353)]
13283 D 0.0 0.0-195.34) 0.139 0.0 1.262 1.086 -
[0.1866)] [1.358 [1.23]]
0.282 0.391 0.166 20.884 1.164 0.917 0.29
[0.465 [+0.343)]
14Ba D 0.0 0.0237.738  0.0748 0.0 1.243  1.107 -
[0.1576)] [1.218 [0.90§
0.292 0.626 0.135 3.508 1.080 0.909 0.223
[0.359 [+0.42648)]
14283 E 0.0 0.0238592  0.0266 0.0 1.295 1.352 -
[0.1576)] [1.218 [0.90§
0.363 1.022 0.115 3.798 1.091 1.150 0.316
[0.359 [+0.42648)]
144Ba E 0.0 0.0248.511 0.163 0.0 1.004  1.357 -
[0.1936)] [1.207 [0.815
0.275 0.421 0.183 1524 0.867 1.291 0.54
[0.199 [+0.345)]
14683 E 0.0 0.0258.92) 0.285 0.0 0.728  1.239 -
[0.2188)] [-] [-]
0.152 0.162 0.271 0.224 0.697 1.264 0.41
[0.18] [+0.287)]
144Ba F 0.0 0.0258.637 0.159 0.0 1134  1.432 -
[0.1936)] [1.207 [0.815
0.273 0.472 0.202 1.712 1.003 1.335 0.44
[0.199 [+0.345)]
14833 F 0.0 0.0269.361 0.367 0.0 0.904 0.927 -
[0.2188)] [-] [-]
0.083 0.104 0.368 0.051 0.897 0.903 0.28
[0.18] [+0.287)]

experimental ground state deformatig3(0*). The corre-
sponding value of/(2") is small (=4°). Forcrude limits of

mental number. The theoretical” 2state energie§20], for
these three isotopes are systematically larger than the experi-

iteration this configuration comes out as a minimum energynental values.

configuration, with angular momentum value at 2.30 instead The change in the ground state structure of these nuclei
with neutron number is clearly seen in the energy contour
plots for 12Xe and ¥?8Xe nuclei in Figs. 1 and 2. FoF**Xe,
there is single distinct prolate minimum along tBe axis at
a value of=0.26 with y value =0.0. The energy contours
for 12Xe on the other hand are essentiajlyindependent,

of 2.44. Theg-factor value for the 2 state &0.40) also
agrees with experiment={0.41) quite reasonably for this
limit. But in the finer limit of iteration, the energy is mini-
mized for a triaxial shape witly value~25° with a gain of
6 keV energy compared to the minimum @t&=0°. The

g-factor value &0.14) also deviates largely from the experi- which in effect predicts ay-soft behavior for this nucleus.



TABLE IV. Results for various isotopes of Ce fof= 0" to 6". Also see the captions of the previous
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tables.
Nucl. Parameter | ) E(l) B> v Ap A, of
set
Bce A 0 00 0.0-205.316 0.198 00 1503 1.279 -
[0.25710)] [1.316 [1.14Q
2 0.321 0.465 0.208 4.817 1.453 1.191 0.31
[0.325
4 0.359 1.161 0.212 10.15 1.435 1.055 0.16
6 0.338 1.863 0.204 17.27 1467 0.934 0.02
B34ce A 0® 0.0 0.0-201.743 0.134 1.375 1596  1.298 -
[0.1948)] [1.363 [1.177]
0% 0.0 0.0 0.133 0.0 1597  1.299 -
2b  0.342 0.587 0.165 20.44 1529  1.137 0.20
[0.409
2P 0.382 0.730 0.157 2302 1521 1.166 0.15
4 0.309 1.216 0.148 30.02 1574 1.046 -0.04
6 0.223 1.673 0.124 6421 1653 1.027 -0.17
146ce A 0 0.0 0.0-254.32) 0.322 0.0 1.082  1.046 -
[0.17412)] [1.178 [1.054
2 0.120 0.155 0.324 0.147 1.070 1.020 0.28
[0.258 [+0.245)]
4 0176 0.459 0.334 0.327 1.034 0.925 0.25
6 0.190 0.827 0.339 0.329 1.018 0.807 0.17
148ce A 0.0 0.0-266.399 0.394 0.0 0.988 0.816 -
[0.24610)] [1.107 [0.795
2 0.075 0.088 0.397 0.020 0975 0.779 0.25
[0.159 [+0.376)]
4 0119 0.270 0.409 0.052 0.932 0.687 0.25
6 0.154 0.545 0.410 0.087 0.909 0.608 0.23
H&ce G 0 0.0 0.0253.604 0.164 0.0 1322 1.324 -
[0.17412)] [1.178 [1.05§
2 0.309 0.501 0.188 2.003 1246 1.230 0.33
[0.258 [+0.245)]
4 0.302 1.109 0.195 0.541 1.230 1.139 0.12
6 0.290 1.688 0.202 -0.83 1.220 1.055 0.03
148ce G 0 0.0 0.0264.103 0.343 0.0 1.026  0.967 -
[0.24610)] [1.102 [0.795
2 0.100 0.117 0.337 0.080 1.026 0.992 0.26
[0.159 [+0.37%6)]
4 0118 0.534 0.380 0.059 0.940 0.692 0.23
6 0.154 0.856 0.382 0.101 0.918 0.608 0.20
Lece F 0 0.0 0.0253.008 0.168 0.0 1118  1.329 -
[0.17412)] [1.179 [1.056
2 0.276 0.402 0.196 1536 1.015 1.236 0.45
[0.258 [+0.245)]
4  0.294 1.044 0.211 0.968 0972 1.151 0.27
6 0.279 1.552 0.224 -0.02 0.953 1.074 0.16
“&ce F 0 0.0 0.0264.753 0.337 0.0 0.842  1.022 -
[0.24610)] [1.107 [0.795
2 0.091 0.117 0.341 0.076 0.822  0.983 0.33
[0.159 [+0.376)]
4 0139 0.354 0.349 0.171 0.781  0.895 0.34
6 0.164 0.663 0.356 0.239 0.726  0.795 0.36

abryo different minima obtained depending on the initial choicegofnd y.
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FIG. 1. Energy contour plot in thg,-y space for'?’Xe. The
energy(in keV), relative to the minimum, corresponding to each
contour line is marked in the figure.

FIG. 2. Energy contour plot in th@,-y space for'?®Xe. The
energy(in keV), relative to the minimum, corresponding to each
contour line is marked in the figure.

The energy contour plot of?®Xe thus explains the extreme
sensitivity of the resultgéspecially they values to the limits
of iterations.

For theN=76, 78 Xe isotopes, i.e13%13%e, this set of
parameters fail completely. The ground state deformationgh

?;gnou.tntcoreb: :ém(t)st ge{g. FS:;?% theaZ Iasrta;e 32:0;'. those suggested by Nilss¢h6]. But this set of s.p.e. does
ion | S e wing ge triaxiality s reproduce the increasing trendgpfactors from*%%Xe to

(y=22°), and a strong neutron alignment, showing a negaxzey, (Table 1ll). We have not varied the parameter sets
tive g factor. TheN =78 isotope loses collectivity and comesa(gp, G,, efc) to have a better fit with the Nilsson set of

closer to complete sphericity. These nuclei have only 2 or single particle energies. Rather we decided to stick to the

n;gtgznsnlssﬁe itm?ar\]/eagr?lmzk\a/:esnhcﬂl Crlgfgjnrg'a'\gg\r/i;};zggen%ang set of single particle energies, which is more realistic
(2=54) y P . for predicting the bandhead energies in this mass region.
shell closure, although the number of unoccupied states are

quite large for them. D, 130136, 142- 146
The parameter set chosen reproduces the pairing gaps rea- ' 56 274-80, 86-90
sonably for #*Xe, with slightly smaller value fot\,. For The results are shown in Table Ill. Thefactor data,
122xe experimental pair gaps are somewhat larger than theeutron pairing gap for'*®Ba is reproduced reasonably,
theoretical values. We have compared the values in Table llthough the values of deformatiofexcitation energy are
For heavier masses, the calculated proton pairing gaps asnaller(largep than experimental values. The proton pairing
consistently larger than the theoretical values. T#¥e iso-  gap is larger than that obtained from the odd-even mass dif-
tope shows an extremely strong neutron alignmemt=e2*,  ference. FoN=76 ?Ba nucleus, theg-factor value is ab-
unlike the experimental situation. To retard the neutromormally low, deformation is smaller than the experimental
alignment for this isotope and to see its effect on the calcuvalue, the proton pairing gap is quite big compared to the
lated spectra, we could have either reduced@hevalue or  odd-even(o-e) mass difference. For3*13Ba the neutron
increased the value @,,. To have an idea about the effect numbers are 78 and 80, respectively, very close to the shell
of such a retardation we have only reduc&gto 26.0(Table  closure atN=82. As a result the deformation comes out to

lII'). The proton pairing gap decreases as expected, but the
deformation also decreases. So there is no overall improve-
ment in the results.

Keeping the potential parameter set fixed, we then
anged the set of spherical single particle energigse) to
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be almost zero at the ground state and the model fails tthe initial conditions. These two configurations differ by only
predict the properties of higher spin states by iteration. So we= 100 keV. As a result they value at the final minimum
have excluded these two nuclei from our calculations. Theobtained for each spin state is a sensitive function of the
properties of second set of Ba nuclei wih=142—146 and  input y value. This feature has been clearly expressed in the
N=86—90 have been calculated with the neutron valencdotal energy contours drawn for ground staj, (=0.0 in
shells,N=5 and 6 withN,e= 70. The initial set of calcula- Fig. 3. The contours are parallel to theaxis, and thus are
tions with the standard set of parameters used so far yieldddependent of the  value. So there is no way of predicting
energy values largely off from the experimental numbersthe best value ofy.

The deformation and pairing gaps are also not reproduced 10 See the effect of hexadecapole degrees of freeddm (
properly. Theg-factor values on the other hand for the deformation, we s_tarted with the full Hamiltoniafd) with
A=144,146 nuclei are reproduced quite reasonably. x4 value as mentioned before. The other parameters are the

The general trend in all these Ba nuclei indicate that the?@Me as set C of Table I. The input valuesfy y and

parameter values need some modifications. The observatioR&/N9 gaps were chosen corresponding to the earlier mini-
can be summarized as follows. mum (Ein=—224.606 MeV without the hexadecapole

The proton pairing gaps are consistently larger than thderm-. They are

experimental o-e mass differences except ¥§Ba and for —01293. v=00. A.=1.69513 MeV
14884, for which the o-e mass difference is not calculated B2=0. P YTES ST ’
due to lack of experimental data. and A,=1.26405 MeV.

The deformation values are smaller than the experimental
B> values for the lower masses but exceeds them for higher The self-consistently calculated values of the potential pa-
masses A=144,146. rameters corresponding to the new minimum with a hexade-
Theg-factor values are smaller than the experimental datzapole term in the Hamiltonian are
for all the isotopes except=144.
The neutron pairing gaps are also larger than those de- ~ 8,=0.1299, y=0.0, A,=1.69599 MeV,
duced from the o-e mass differences.

Thus both the proton and neutron pairing strengths need and A,=1.25629 MeV,
adjustments. The proton pairing strength was adjusted first. It _
was reduced to have better agreement with the pairing gap with  B,=—0.005.

and g-factor data. Reduced proton pairing strength is ex- _ . _

pected to lead to an increasgdfactor value because of bet-  The energy corresponding to this minimum-i224.611
ter proton alignment. So the next set of calculation is perMeV. So the gain in the total binding energy is extremely
formed withG,, reduced to 26 and keeping other parameter$mall. The sign of the self-consistent valugfdetermined
unaltered. Thay factor of the 10 state of132Ba, calculated 2adrees with the sign predicted by Mo et al. [21] (B4=
with this parameter setset B, Table } comes out to be —0-023. The magnitude does not agree. Thevalue may
—0.18, whereas the measured value-8.1595) [11]. An-  have to be increased to have a good agreement.

22(set D, Table). At least for€3°Ba, this set seems to be the ©f the B, term is to favor the prolate shape compared to the
best. oblate one. We therefore introduced constggtvalues in

The calculations for higher mass isotopeé?(1468g  the Hamiltonian to see its effect on the energy surfaces. The
have been repeated wiy,= 26,G, = 24 andy, = 75 (set variation with the change in the absolute value and the sign
E, Table ) and the combination has also been repeated witf B4 is shown in Fig. 3. In the figure withg,

the Nilsson set of spherical single particle energiest F, =003, the energy contours have already started to show a
Table ). The results are shown in Table Il small deviation from the flat contours of the figure where

4=0.0. With an increase B, value (=0.09 a definite
prolate minimum has developed arouBd=0.10. Finally,

E. 126, 132,134, 146,1-@eﬁ
| SETTORTAT088.90 for B8,=—0.09, the change in the sign @, has resulted in
The results are shown in Table IV. Thefactor data, 3 5 soft minimum abouiB,=0.13.

proton, neutron pairing gaps, and deformations are shown
there for different sets of parameter values fortd 6* state

of these isotopes. Th&®Ce nucleus shows a proton align-
ment which agrees with the experimental findings as already The equilibrium deformation for the ground state in Te,
discussed. The results are self-explanatory from Table 1VXe, Ba, and Ce nuclei has been systematically studied in this
For the 13“Ce isotope, the final value of nonaxiality shows awork. Some of our important observations may be summa-
strong dependend@able 1V) on the choice of input value of rized as follows: In each isotonic chain the quadrupole de-
v deformation. The energy remains more or less constarformation increases with increasizg On the other hand, in
over a large range of values for the 0 state. Two such each isotopic chain, the deformatio,) decreases with in-
results for the 0 state have been mentioned in Table IV. Forcreasing neutron number. The triaxiality)(increases with

the 2" also, the minimum energy configuration with respectincreasing neutron number showing a change of shape from
to the y degree of freedom differs drasticaligs shown by prolate to triaxial to oblate. Botj3, andy eventually reduce
two different minimum energy configurations foi State in  to zero which correspond to a spherical shape neaxth82
Table 1V, wherey values are~2° and 20°) depending on shell closurgTables Il and IV.

IV. DISCUSSIONS
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FIG. 3. Energy contour plots in thd,-y space for'3Ce with and without hexadecapole deformation. The valueg,othosen are
marked in the figures. The energin keV), relative to the minimum, corresponding to each contour line is also marked.

The increase in deformation in isotonic chains can be re-
lated to the increasing proton occupation of the deformation
driving low Q) 7rh,,, orbitals. Similarly with increasing neu-
tron number, more and more high-vh,,, orbitals will be
occupied leading to smaller and smaller deformation. It istal investigations in this region as well as in other mass re-
also noticed that in all the isotopes, the lowesh{;,) con-

figuration becomes oblate only fof=76.

V. CONCLUSION

On the basis of a comparative study of the results of the

present work with those of earlier theoretical and experimen-

gions, the following conclusions may be drawn.

A reasonable fit to the ground state properties and to the
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observedy-I variations in this transitional region can be ob- More experimental information about the hexadecapole
tained in a simple version of the CHFB calculation usingdeformation as well as the triaxiality of these nuclei are es-
proper values of the monopole pairing and the quadrupolesential to understand these nuclei more deeply. This informa-
quadrupole interaction strength parameters along with théion will help to actually decide whether the quadrupole-
spherical single particle energies prescribed by Zhet.  quadrupole interaction term in the Hamiltonian is adequate
A weak hexadecapole terfresulting in a small value of for the description of these nuclei.
B4) introduced in the calculation has been seen to reduce the The nuclei with neutron numbers 78—82 need some spe-
gamma softness of the nuclei in this mass region. This extrgjg| attention. Their structure is almost spherical. They have
term introduces a very small increase in the depth of the)niy noncollective shell model states in their low excitation
energy minimum. So theoretically it is very difficult to pre- gna.4ra This type of structure needs some special effort to be
dict whether these nuclg| have hexade_capole deformation @plained by this version of the CHFB model. Study of such
they are soft towards triaxial deformation. . nuclei using the CHFB formalism will be a very interesting
The present work also suggests that the following theoret- roblem
ical and experimental investigations would lead to a bettef ’
understanding of the nuclear structure of this mass region.
Experimental data on thg factors of high spin states are
not available in almost all the nuclei in this mass region. The ACKNOWLEDGMENT
g-factor data are essential to properly understand and inves-
tigate the intricacies of nuclear structure in a particular mass We would like to thank Professor A. Ansari for many
region. helpful discussions.
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