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ABSTRACT

In this work, the ground state, quasi gamma andsiumta band energies df***Ba isotopes have been
investigated by using the Dynamic Deformation Md@ddM). In calculations, the theoretical energy éé&v have
been obtained by using DDM program codes. The ptederesults are compared with the experimentah dat
respective tables and figures. At the end, it veeenghat the obtained theoretical results are indjagreement with
the experimental data.
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INTRODUCTION

Interest in theA = 130 region of light Ba isotopedl (< 82) was renewed in 1985 on the recognition thatesom
these nuclei are good examples of @(@) dynamic symmetry of the Interacting Boson Mo@BIM) [1]. Later, in
2000, with the identification of*Ba as a good example of the newly proposed anallytisolvableE(5) critical
point symmetry on th&(5)-O(6) path by lachello [2], and by Casten and Zaf®jr interest in the Ba isotopehl (

< 82) was renewed. Kumar and Gupta [4] extended iff@dyhsuccessful microscopic theory in the dynapadring
plus quadrupole (DPPQ) model of Kumar-Barangertf6the A = 130 region, by using the appropriate Nilsson
spherical single-particle energies, and appli¢d ihe study of the neutron-deficient Ba isotopes.

Pudduet al, [6] used the Interacting Boson Model (IBM-2) teegdict the general trend of variation withof the
level structures and E2 moments in Xe, Ba and\C&§2). Castanost al, [7] derived the effective Hamiltonian in
IBM-1 in terms of Casimir operators with seven athible coefficients to study the groups of nuaieiuding light
Ba isotopes. In Ba they obtainegt®low 4, for all N, contrary to experiment. Hamiltcet al, [8] studied the

decay from the2; state at about 2-MeV excitation in the nucléiBa , *“Ce, and **Nd , with 84 neutrons and is

shown to be consistent with its identification s towest state of mixed symmetry in the U(5) linfithe neutron-
proton version of the interacting-boson model.

Novoselsky and Talmi [9] used a larger boson energy shell model considerations in IBM-2 applicatidiey
kepty the coefficient of [df term constant and varied coefficients of othemiin the IBM Hamiltonian to better
reproduce the odd—even spin staggering. Setrad, [10] added th&SW(3) term toO(6) to generate some rigid tri
axiality in IBM-2 to better reproduce the odd—ew@in staggering in theK = 2'y -band. Kumar and Gupta (2001)
[11] employed the dynamic pairing plus quadrupoledel of Kumar and Baranger for studying variatiafishe
nuclear structure of light Ba isotopes with= 122-134. The potential energy surface paramdtave been
calculated and the low-spin level spectrum is prtedi along with the static and transition E2 mome@bmparison
with experiment and with other theories supporésvlidity of our treatment.

Gupta in 2013 [12] The shape-phase transitioN at 88-90, and the role oZ = 64 subshell effect therein has
been a subject of study on empirical basis antercbntext of thélp N n scheme, but a microscopic view of the
same has been lacking. The dynamic pairing plusirgygale model (DPPQ) is employed to predict theupation
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probabilities of the neutron and proton deformeagle-particle orbitals. The nuclear structure aéBy (N > 82)
nuclei is studied and the shape equilibrium pararsederived.

The objective of the present study is to test tygabilities of DDM model and to give an insighttbe variation of
the nuclear structure and electromagnetic tramsitiof '*°*“Ba with neutron numbeX. We have done a detailed
study of the energy systematics B**Ba and theE2 , M1 transition rates in their decay, mixing ratios

S(E2/MI).

Our work represents an attempt in the dynamic dedtion model for analyzing the nuclear structure B
isotopes varying with neutron numbir We give a brief account of our method and wesgmé the results and
compare a large amount of data with experiment.difeuss the successes and the limitations of otinadeand
give our conclusions.

2- Dynamic Defor mation M odel (DDM)

The dynamic deformation model has been developed many years starting from the Paring Plus Quameup
model PPQ) of Kumar and Baranger [13]. THeDM is an ambitious attempt to the collective sphérica
transitional-deformed transitions and to span friiva s-d shell to heavy nuclei using a microscopigoty of
collective motion. No fitting parameters are reqdito obtain the data for a particular nucleus.

A full description of theDDM is given in reference [14] and references thendigre we present only the results of
our application of the new version [33] of the DDMthe tellurium isotopes.

The detailed formalism and early results maydmd in Kumaret al., [14] and Kumar [15]. Here we give briefly
the main aspects of the model. The theory can bilatl into two main parts: a microscopic derivatioha
collective Hamiltonian, and a numerical solutiortled Hamiltonian. The microscopic Hamiltonian isnpmsed of a
demoralized Nilsson-type single particle plus pajrand has the form:

H = Hoy Voo 0

Where

2
Havzp_+1|\/|23:a,f)(k2+ha)0[ulsl.s+uII (I2—<I2>N)] ...................... @)
2M 2 3

Combining all the various contributions togethlg potential energy is written as:

V IR S )

coll

=V, +U +&V

were J\/proj is a nine-dimensional projection correction inodd by Kumar [15]. The generalized cranking

method is employed to derive the general expraskio mass parameterw (,B, y) as used in the collective
kinetic energy which can be written as:

1 *
T = 52 e G R @)
Hv

This kinetic energy function is quantized by Pandithod.

The DDM code used for our calculation is a modifiedsion of the latest DDM code which was develofmd
super-heavy nuclei. The single particle levels #m configuration spacen(= 0 to 8) employed in the present
calculation, as well as the deformation definitiare identical to those of Kumat al, [14 ]. The main virtues of
the above approach (restoration of symmetries,athifreatment of spherical-transitional-deformedlei)} have
recently been combined with the main virtues of Milsson-Strutinsky approach (large configuratigrace, no
effective charges, applicability to fission isomarsl barriers) in the Dynamic Deformation Model (P

The GCM (general coordinate motion) wave functewmiitten as [15]:

W ()= j D, (0 B) Foy (B)erviiinnee. ©)
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wherel is total nuclear angular momentumdistinguishes states with the saimey representall the nucleonic
variables, and representsill the collective variables. The expectation valu¢hefnuclear HamiltoniaHl is then
given by

<al|H|al >= j j dB f, (BB, B)Ey (BB, ©)

whereh (53, ,8') is the expectation value dfl with respect to the nucleonic variables. The "deulntegral ofEq.

(6) is replaced in the DDM by a "single" integral. Tluactionh h (53, ,[)") is expanded in the non-locality with
respect to deformation,

h(8.8)=h,(B)3(B - B)+h (B3 (B - B)+h,BIF (B = B)+ ccorvvrerree... 0

The formal derivation has been given by Giraud @mdmmaticos [16]. Although a complete derivatidntie
formalism used in the PPQ model or the DDM (or thanking method combined with the Bohr Hamiltonian
method) is not claimed, the conceptual connectioguite clear and precise, and is briefly the feilay: The R
term of Eq. {) leads to the potential eneryyof the collective Hamiltonian. Thig, term vanishes because of the

symmetry requirements. Tlng term leads to the kinetic energy, = (1/2) 5° .B.3 of the collective Hamiltonian,
whereB is the mass-parameter-matrix. This matrix is gilgn

B,, =0°T (08,08, )= 0?H 108,08, ). rvvvvvvvvvvveeciiriiiarns 8

The collective velocitieﬁ;. may represent 3 -vibrations, y -vibrations, pair fluctuations, or rotational

frequencies. The original cranking method of Ieglealt with only one of these, the frequency t¢étion around
an axis perpendicular to the assumed symmetryaatise nuclear spheroid. Then, the connection batviie time-
dependent Schrodinger equations in the laboratgstes and in the intrinsic system gives the-dependence of
the HamiltonianH' =H- & J,. We generalize this to obtain [17]:

g 0
H =H i%”aﬁﬂ ...................................... )

Then, the second-order time-dependent perturbatieory gives the ‘cranking' type of formulae foe ttmass-
parameter-matrixBW . Note that the following constraint conditions aatisfied automatically up to second order

in 3, [15]:

These conditions include the traditional ‘crankirapstraint,< J, >= Ow, as a special case.

In the current version of the DDM, the adiabatipm@ximation is made that the collective velocitiexjuencies are
small compared to those of the single-particle amtthat is [15]

hwy << hw,, =41A"°MeV............... @y

hay, <<hw,, = 41A7°MeV................ 2

However, this adiabatic approximation is far superio that of the rotational model where some aolakit
approximations are maded,, << @,;,, harmonic vibrations with amplitudes much smatten the equilibrium

deformation value). The rotation-vibration couplirgytreated exactly in the DDM by avoiding any exgians
around the equilibrium shapes, by calculating thtemptial and inertial functions microscopically feach point of a

[ — y mesh, and by solving the collective Schrodingera¢iqn by numerical method [18,19,20].
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RESULTSAND DISCUSSION

3-1 Energy Spectra

The even-mass Barium isotop@s= 56) are part of an interesting region beyond tlosed proton shell at Z=50
where the level structure has resisted detailedréitieal understanding. The present investigatibthe Barium
isotopes, N = 64-84, mainly by the dynamic defoiaramodel is a part of a wider study which includelurium,
xenon and selenium.

The calculated collective energy levels of theutdlim isotopes were obtained by changing the vafug over the

range N= 64-80 without adjusting any parameters in the moddle Dynamic Deformation Model (DDM)
calculated level energies are presented in Figso({10). The basic features of the variationesfel structure with
neutron numberN are well reproduced. In the ground state band tleiaton of the energy ratio

E(4;)/E(2]) from a value of 2.927 iff®Ba at neutron numbeN = 64 to 2.098 if*Ba at neutron numbe\ =
80 is reproduced.

The variation ofE(ZI) and E(4I) increased gradually with increasing neutron number., the variation of the
moment of inertia wittN is reproduced. The crossing of the st2fe below 4, in *****Ba isotopes a\l = 76-78 is
obtained, as one goes frdw= 46 toN = 80. Similarly theQ} state is belowd; in **Ba atN = 76 and the 0,

state is belowd;] state in*****Ba isotopes and lies at high energy*h*Ba isotopes.

The gamma band2; ,0; ,4;) lies high'??*3Ba isotopes . Also the stat&; and3; lies high. The levels2;

2,,03,4;, 4, comparison with experimental has to be done ubiyef

Table 1: Experimental and DDM values of energy ratiosin Baisotopes

E(4)/E@) | E(6,)/E(2)) | E(2;)/E(2)) | E(Q;)/E(4) | E(0;)/E(2))

| sotopes

EXp. DDM EXp. DDM EXp. DDM EXp. DDM EXp. DDM
1208 | 2924 2.927 5.592 5.218 - 6.807 - 2.485 - 6.612
122Bgq | 2902 2.747 5.543 5.166 3.155 6.797 - 2.294 - 6.303

124 Ba 2.834 2.640 5.342 4.833 3.798 5.690 1.378 1.885 3.921 4.978

126 Ba 2,777 2.516 5.204 4.462 3.412 4.132 1.382 1.660 3.839 4.177

128 Ba 2.687 2.389 4.953 4.113 3.114 2.806 1.234 1.552 3.316 3.780

130 Ba 2.523 2.287 4.456 3.844 2.540 2.806 1.307 1.517 3.302 3.470

132 Ba 2.427 2.181 4.159 3.551 2.220 2.118 1.333 1.306 3.239 2.849

134 Ba 2.316 2.185 3.656 3.512 1.931 2.225 1.257 1.229 2911 2.675

136 Ba 2.280 2.098 2.696 3.260 1.894 2.108 0.845 1.830 1.929 3.841

140 Ba 1.876 2.001 2.692 3.022 2.507 2.081 1.613 2.485 3.027 3.311
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Fig. 1: Comparison between experimental data and DDM calculated ener gy levelsfor **Ba
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Fig 2: Comparison between Experimental data and DDM calculated energy levelsfor **?Ba
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Fig 3: Comparison between experimental data and DDM calculated ener gy levelsfor **Ba
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Fig 4: Comparison between experimental dataand DDM calculated ener gy levelsfor **Ba
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Fig 5: Comparison between experimental data and DDM calculated ener gy levels for **Ba
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Fig 6: Comparison between experimental dataand DDM calculated ener gy levelsfor *°Ba
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Fig 7: Comparison between experimental data and DDM calculated ener gy levelsfor **?Ba
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Fig 8: Comparison between experimental dataand DDM calculated energy levelsfor *Ba
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Fig 9: Comparison between experimental dataand DDM calculated ener gy levelsfor **Ba
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Fig 10: Comparison between experimental dataand DDM calculated energy levels for *°Ba
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Figs. (1) to (10) show the energy levels of thaurma isotopes from which we may draw the followicwnclusions.

(i) The E(4,)/E(2;) ratio of the level energies decrease from the mari of 2.927 foN= 64 to 2.098 for

N= 80 (see Table (1)). This indicates a non-collectjiuasi-particle excitation becoming increasinglyartant as
the neutron number approachés 82.

(i) Both the experimental and calculat&(0;) / E (4, ) ratios indicate that th€, and 4, levels should occur
close together throughout the range of isotopes) & 46-80. The large values of the rati@&s(05)/E(2)),
imply stiffness in the collective potential in th8 degree of freedom which is consistent with theiealin for the

deformation energyE, (see Table (2)).

In Table (3) DDM calculation for the root-mean-sgpéms) values of the deformations paramegendy for the
ground stateD; , and first excited stat@, and second excited stat@) . These are a nice measure of the shape of

the calculated potential energy surface (PES) tndariation with increasing spin or vibrationdomon number
[11].

Table 2: Experimental and DDM values of ,3 Ed , VPO ener gy difference E(ZZ) - E(4I) and Q(ZI) in Ba isotopes

min
Iotopes = T oM | Exp. | DDM | Exp. | DDM | Exp. | DDM | Exp. | DDM
12089 | - | 0264| - | 3420 | - | 2640| - 0.649 - -1.8
122Bg | - | 0266 - 3320 | - | 2470 - 0.802 | -1.52(7) | -1.49
124Bg | - | 023 - 2949 | - | 2.066| 0.222 | 0.645 | -1.31(4) | -1.33
126pq | - 0.237 | - 2411 | - 1.477 | 0.162 | 0.391 | -1.20(4) | -1.26
28B4 | - 0.234 | - 1801 | - 1.120 | 0121 | 0.132 | -1.10(4) | -1.20
130Bg | 023 0231 - 1.002 | - | 0.455]| 0.007 | -0.002 | -1.02(15)| -1.11
132Bg | 019 | 0230 | - 0281 | - | 0.068| -0.096| -0.032| -0.84(3) | -0.99
134ggq | - | -0082| - 0.062 | - | -0.070| -0.233| 0.033 | -0.31(24)| -0.22
136gq | - | -0.088| - 0.088 | - | -0.087| 0.027 | 0.007 | -0.19(6) | -0.20
140Ba -0.092| - | 00097 - |-0.009| 0.380| - - -0.16

Experimental data are taken from refs. [ 22, 23 ]

Table 3: Theroot-mean-squar e (rms) values of # and y defor mation parameters of ground state and excited statesin ****°Ba isotopes

,3 Root mean square ﬁrms V Root mean square V.o
+ + + + + +
0 2 2; 0 2 2;
120B4 | 0265 | 0270 | 269 | 208 | 164 | 262

| sotopes

122Bg | 0258 | 0266 | 256° | 168 | 157° | 256°

124Bg | 0243 | 0254 | 273° | 188 | 172 | 273

126Bq | 0224 | 0238 | 292° | 201° | 188° | 292°

28B4 | 0208 | 0223 | 308 | 249° | 225° | 308°

130Bg | 0188 | 0205 | 313° | 278 | 262° | 313

132Bg | 0157 | 0176 | 309° | 292° | 27.7° | 309°

134Bq | 0128 | 0152 | 300° | 294° | 304° | 300°

136gq | 0124 | 0111 | 309 | 286 | 296 | 302

140Bg | 0098 | 0089 | 319 | 299 | 306 | 319
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The root mean square ¢ ([ value falls with increase in neutron number srnlyoor gradually. In a few

cases/3 s is about 15% lower thay .. This is on account of the sharper rise of poamn the right-hand side
(increasing) than on theg = 0 side [11].

From the Table (3), the values df, . for the ground band vary from 184 30.6 and the root mean square of

the for 2 state as a member ¢f -band lie between 25°@nd 31.8, The values of/,,.. show little variation with
increasing mass numbek. signifying that the values of PES in DDM hererisre symmetrical about the= 30-.

3-2 Potential Energy Surface
We shall begin our discussion with thld = 82 nucleus and continue to the lighter isotod® potential-energy

function V (53, y) gives circular contoursy (53, ) = 3 which are exactly what we expect from the modeldor
nucleus close to a doubly closed shell. The pakstiape of this nucleus is that of a harmonicllasor with a
minimum in the potential af3 = 0. In the case of th&l = 80 isotope a shallow minimum & (£, ) = 0.360
MeV appears a3 = 005 0.05 andy = 0, but unexpectedly a deep minimum (£, ) = 7.92 MeV occurs on

the oblate axis a3 = 0092. This deep minimum is surprising since only twaitnens have been removed and
we might not expect such a dramatic change in tiherpial from that of th&l =82 nucleus.

In Table (2) the characteristic of potential energyrface (PES), the minimum quadrupole deformation
,Bmin_ corresponding to the position of the deepest pateminimum are compared with the experimentabdaid

IBM-1 results, the values of [ . decrease with increasing neutron number (toward rtiegic number

min.

N = 82). In general, we obtain for the values &

. from the Table (2) the deeper prolate minima arallswer

secondary oblate minima in all cases, both deargasi depth with increasiny. The negative values qﬁmin_for

1341483 atN = 78, 80 and 84. AP®Ba isotope N = 64, the prolate minimum is 3.250 MeV deep anddhkate
minimum is 0.711 MeV deep and lies at lesgenlue € fnin). The same feature continues with increasing nautr
numberN. At *Ba N = 78 we get a very shallow prolate minimum and®*&t“Ba N = 80 and 84 a very shallow
oblate minimum.

The values ofV,y (Table (2)) the difference in the depth of prolated oblate minima, is decreasing with

increasing neutron numb&rin DDM calculation. From these values we obtain pinelate shape for the light Ba
isotopes as in IBM-1. At **'*Ba isotopes\ = 78 80 and 84 the values &f is negative but we obtain almost
vanishing prolate and oblate minima [11]. The peall shape is not a permanently deformed one. dnhtfe
predicted potential well &t = 76, 78, 80 and 84 corresponds to the spherical shapewonal shape) anharmonic
oscillator with flat bottom.

Several trends with increasing mass numBgican be seen in this isotopic chain:

(i) The magnitude of the deformation and the bin@ingrgy of deformation corresponding to the lowegeptial
minimum decrease.

(ii) The magnitude of the prolate-oblate differeNég, decrease in the first half of this region.

(iii) The deformation at the minimum (the static intiénguadrupole moment) changes sign from positivel§pe)
to negative (oblate) arourd= 130.

The energy deformatiorE, (E; =V (0) —V,,). decreased with increasing neutron numier(toward the
magic neutron numbé\ = 82).'

The quadrupole moment of the first excited stzQa(QI) decrease gradually with increasing neutron nunibiee.
negative sign signifies prolate shapédh**Ba.

3-3 Electric Transition Probability B(E2) and Branching Ratios
The reduced electric transition probabilities 6t'“Ba isotopes are given in Table (4). Similarly, teeluced

transition probabilitiesB(E2;2; — 0;), B(E24; — 2;)and B(E2;6; — 4,) decreases with increasing
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neutron numbeN. The DDM model values vary similarly with  expmantal dataWe see that these criteria
provide B(E2) values for other transitions which agree well witle DDM values and with experimental data

except some values fB(E22, — 0;) transitions in lower neutron number isotopes whitxe theoretical

values in DDM are about a factor of ten too smalesevalues decreases with increasiig as expected for
decreasing deformation paramefeand increasinghe parameteyy .

The transitionsB(E2,3] — 2;) seem to get weaker with increasing neutron numbebecause the cross over
transition (selection rulespdicating the weakening band relationshifhe transitonsB(E2;2; — 2;) and

B(E20, — 2,)in general the values fall with increasing neutramberN. The experimental value and DDM

values in*?****Ba isotopes alll = 64, 66 is off the linear rise and needs a rechgince there is no sudden change
of structure in>*3*3Ba N = 66, 68, 70. DDM yield a linear rise B{E2) with increasing boson number, and
reproduces the saturation at mid shell. [24].

A maximum deformation (and associated properties st deformation energlz,, Vo and quadrupole moment

for first excited stateQ(ZI) ) at mid shell is achieved, since the up-slopirgjtals are emptied, while the down-

sloping and horizontal orbitals remain filled uptiwthe valence nucleons [11]. Here one must distgigbetween
the region of nuclei along thstability valley and the one across (far fromgstfor Ba isotopeg\(= 130 nuclei).

The discrepancy of experimental values and thaaletalues can be attributed to:

() The round-off errors which are particularly large for those valwhose computation involves cancellation of
many terms such as forbidden or weak transitiogsrat

(i) Deviations of the calculations from assunzeaindN dependence.

(iii) Deviations from the adiabatic approximation.

Table 4: Experimental and theoretical values of Electric Transition Probabilities B(EZ; 'Ji+ - J :) in b Unitsfor Baisotopes

B(E22; - 0})| B(E24; - 2)| B(E26; - 47)| B(E22; - 0;)| B(E22; - 0))
| sotopes
Exp. DDM Exp. DDM Exp. DDM Exp. DDM Exp. DDM
120
Ba - 0.524 - - - 0.822 - 0.021 - 0.0043
122
Ba 0.54 0.427 - 0.622 - 0.734 - 0.013 - 0.0032
124
Ba 0.401 0.381 0.626 0.571 0.64(2) 0.710 - 0.014 - 0.0030
126
Ba 0.380 0.311 0.44 0.500 0.49(2) 0.66 - 0.0135 - 0.0028
128
Ba 0.276 0.298 0.41(2) 0.432 0.39(3) 0.521 0.13(2) 0.0085 - 0.00282
130
Ba 0.230 0.228 0.219 0.329 0.37(2) 0.467 0.15(2) 0.0028 - 0.00261
132
Ba 0.158 0.101 0.210 0.301 - 0.368 - 0.0011 - 0.00202
134
Ba 0.134(2) 0.077 0.161(18) 0.22 - 0.301 | 0.0017(5) | 0.00082 | 0.0018(6) | 0.0020
136
Ba 0.094 0.0542 0.080 0.181 - 0.279 - 0.00065 - 0.00087
140
Ba 0.037(34) - 0.203(18) - 0.081(4) - - - - 0.00056
39
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Continued to Table 4

| sptopes B(E22; - 27) | B(E24, - 2;) | B(E20; - 2/) | B(E23; - 2)
EXp. DDM EXp. DDM Exp. DDM EXp. DDM
12084 - 0.023 - 0.076 - 0.076 - 0.093
122Bg - 0.015 - 0.062 - 0.062 - 0.088
124Bg - 0.011 - 0.113 - 0.113 - 0.116
126gq - 0.00081 - 0.123 - 0.123 - 0.146
128pg - 0.0013 - 0.163 - 0.163 - 0.229
130Bg - 0.0012 - 0.071 - 0.071 - 0.311
1329 - 0.00058 - 0.100 - 0.100 - 0.248
134Bg | 0.0045(20) | 0.00021 - 0.0098 - 0.0098 0.0009(34) | 0.193
136pg - 0.00020 - 0.0082 - 0.0082 - 0.176
140Bg - 0.00017 - 0.0081 - 0.0081 - 0.177

Experimental data are taken from Refs. [22, 25,226,28, 29, 30]

Branching ratios are given in Table (5). from tt@ble we see the valuB(E2,2, - 07)/B(E22; - 27),

B(E23] - 2;)/B(E23] - 2;)and B(E23] - 4;)/B(E23] - 2;) for ****Ba isotopes decrease
with increasing neutron numbhkik

The value of branching ratdB(E23] — 27)/B(E23] — 4;) falls from the maximum value if*Ba
isotope atN = 64 to the small values %Ba atN = 84, the experimental data exhibit the same trend of DDM

values.The branching value B(E24, — 27)/B(E24, - 2,) increased with increasing neutron number

toward closed shelis well as in experimental value3he valueB(E24, - 47)/B(E24, - 2,) varying

randomly as well as experimental dafhe DDM values exhibit saturation in agreement wli#tta These values are
small and fall for?>**Ba isotopes, and larger f6#Ba isotope, and decrease again'f6t*Ba isotopes toward the
major shell.

The ratio B(E20; — 27)/B(E20; — 2;) is small value for all the isotopes this ratigiga slowly up to

1321383 isotopes and falls sharply thereafter, with éasingN and with increasing-softness in > 82) **°Ba
isotope.

Therato B(E22; — 27)/B(E22; — 2;) is falling with increasing\ are also reproduced in experimental
values. In general the values of DDW¥alues come closer to experimental values.

Table (6) given the quadrupole moments for grogiathhma and beta bands.general the value of the quadrupole
moment decreases monotonically for each of thestiatthethree bands.
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Table5: Experimental and theoretical valuesof Branching Ratiosfor Ba isotopes

Isotop B(E22, - 0;)/B(E22, »| B(E23] - 2;)/B(E23; -»| B(E23] - 4;)/B(E23] -
= Exp. DDM Exp. DDM Exp. DDM
*Ba - 0.311 - 0.873 - 1.21
'“’Ba - 0.302 0.86 0.812 1.35 1.514
*Ba 0.17 (5) 0.221 - 0.800 - 2.41
'**Ba 0.11 (2) 0.201 0.046 0.552 0.13 0.156
**Ba 0.11 0.199 0.064 0.0610 0.14 0.133
“"Ba 0.054 0.096 0.038 0.0430 0.17 0.145
“’Ba 0.026 0.033 0.033 0.0410 0.31 0.231
“*Ba 0.006 0.0056 0.013 0.021 0.53 0.356
**Ba - 0.0045 - 0.0034 - 0.478
"““Ba - - - - 0.541
continued to Table5
| sotope B(E23] - 2,)/B(E23] - | B(E24, - 2;)/B(E24, - | B(E24, - 4])/B(E24, -
° Exp. DDM Exp. DDM Exp. DDM
*’Ba - 0.341 - 0.0065 - 0.167
'*’Ba 0.20 0.256 - 0.0052 - 0.336
'*Ba - 0.561 0.005 0.0061 0.29(6) 0.279
'**Ba 0.40 0.472 0.008 0.0087 0.28(3) 0.267
**Ba 0.41 0.481 0.015 0.019 0.26(3) 0.261
“'Ba 0.022 0.031 0.022 0.043 0.67 0.562
“?Ba 0.05 0.0493 0.015 0.053 15< 0.86 13
“*Ba 0.012 0.015 0.024 0.045 0.72 0.971
“*Ba - 0.113 - 0.0066 - 1.223
“°Ba - 0.322 - 0.00742 - 2.652

Experimental are taken from refs. [31, 32, 33,]

The sign ofQ (2,4, 6;) remains negative fag-band except in*******Ba at neutron numbeN = 78, 80 and
84, where the very shallow oblate minimum is sliglidwer than the prolate minimunThe sign of quadrupole
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values for second excited stat@{2;) positive in'?*1?21212183 jsotopes and negative sign'ift*“Ba isotopes
for the same reasons.

The sign of Q (2 /4 5,,7,) is consistently negative, but that §9(4;) varies with neutron number. This may

be due to the change of nature 8f and 4; states in certain cases

Table 6 : Quadrupole moment for ground band, beta and gamma bands

+ +
Isotopes | 27 4; 6, 2; 4; 3 2; 4, 5 7]
12089 | -1.8 | -1629| -1821 | 1074 | -0521 | -0.172 | -1.126 | -1265 | -120 | -103

122Bg | -1.49 | -1560 | -1782 | 0986 | -0398 | -0.162 | 0947 | -1190 | -097 | -095

124Bg | -1.33 | -1388| -1565 | 0887 | -0152 | 0010 | -0568 | -1150 | -0.75 | -078

126 Ba | -1.26 | -1035| -1149 0709 | -0.0093| 0.197 | -0.324 | 0.788 -047 - 051

12834 | -1.20 | - 065 | -0660 | 0453 | -0.262 | 0113 | -0223| 0517 | -028 | -028

130Bg | -1.11 | -0.470 | -0472 | 0246 | -0065 | 0265 | -0.226 | 0408 | -023 | -027

132 Ba | -0.99 | -0013 | -0007 | -0.015 0.043 0.273 | -0.114 | -0.030 | - 0007 | — 0007

134Ba -0.22 | 0.010 | -0.008 | -0.0130| 0.048 0.284 | -0.104 | 0.030 | -0.008 | — 0.008

1368a -0.20 | 0.0131| -0.0092| -0.0122| 0.050 0.310 | -0.113 | 0.031 | -0.0083| -0.0091

14OBa -0.152 | 0.0121| -0.0099| -0.0118| 0.062 | 0.322 | -0.09 | 0.037 | -0.0091| -0.0098

3-4 Magnetic Transition Probability B(M 1) and Mixing Ratio

The resulting DDM calculation for B(M1) values aleown in Table (7). The results for the transitifeesture for
gamma band to ground band are claimed to havelectieé origin. Several trends are apparent froemdhata in
Table (7):

(i) The magnitude of the M1 matrix elements increasigl spin both gamma band to ground band tremsf in
agreement with spin dependence.

(i) The size of gamma band to ground band matrix eldrseems to decrease with increasing mass number.

(iii) The gamma-beta band M1 transitions are larger thhamma band to beta band transition by a fadtarto 3.

The O (E2 M1) multipole mixing ratios for?***Ba isotopes,d (E2 M1) , were calculated for some selected
transitions between states. The sign of the mixaimp must be chosen according to the sign of gieiced matrix
elements. The results are listed in Table (8). ddgieement with available experimental data [22835 is more
than good especially in the sign of the mixingaatiowever, there is a large disagreement in thengpiratios of
some transitions, is not due to a dominate E2 itians but may be under the effect of very smallueaof M1
matrix element. However, it is a ratio between v@nall quantities and may change in the domindtat will have

a great influence on the ratio.

For y — ) transitions the intraband B(E2) values have bedmated by assuming that the intrinsic E2 matrix

elements in the ground and gamma bands are eguah dombining these B(E2) values with the E2/M1ingx
ratios to the tabulated M1 transitions shown inl&gB). We note that in the DDM the intrinsic E2traelement
of the gamma band is smaller than that of the gtdaand due to the finite-dimensionality of the D3Bphce.
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Table 7: Theoretical valuesof Magnetic Transition Probabilities B(M],'Ji+ - J:) in ,u,i Unitsfor Baisotopes

Isotopes | B(M1L2; - 27) | B(M13/ - 2) | BM13 - 4;) | BM14; - 4)
1204 0.0429 0.0033 0.0055 0.022
1224 0.0032 0.0043 0.026 1.204
124Bg 0.0157 0.00019 0.0651 0.0356
126pg 0.0236 0.0820 0.065 0.095
128p4 0.00040 0.0123 0.0881 0.056
130gq 0.00040 0.0050 0.0102 0.066
132 0.00065 0.009 0.0241 0.026
134Ba 0.00101 0.074 0.022 0.0101
16Bg 0.00291 0.101 0.0356 0.0241
1409 0.00331 0.1011 0.0432 0.076

Table 8: Experimental and theoretical valuesof Mixing Ratiosfor Baisotopesin Eb/,UN Units

5(E22; ~ 2) | 8(E22; - 27) | 8(E23 - 27) | 6(E23" - 47)| 8(E237 - 23)
| sotopes
EXp. DDM EXp. DDM Exp. DDM EXp. DDM EXp. DDM
1ZOB
a - 5.23 - 10.2 10.3 1.88 0.12
122
Ba - 5.22 - 0.32 0.227 45 4.87
124
Ba - 1.9 - -3.98 - 5.7 -3.4 - 6
126
Ba +5" 42 - 2.89 - 14.45 10.2 12
128
Ba - 0.659 1.223 - 1.34 0.45 0.651
130
Ba 0.296 0.541 3.98 +5" 7 0.779 - 1.0
132
Ba| +85% | u 1289 +257 | 35 1451 | 40°7 | 212
134
Ba | -74% | - 14 | +18770 | 19 077 | —172 | 216
136
Ba -157, 23 8.3 532 3.21 3.1
140
Ba 067 | o998 | +0187 - 1.22 5.87 421

Experimental data are taken from refs. [22,33, 3],

CONCLUSION

We have analyzed the nuclear structure of Ba igsdp a microscopic theory in its time dependemty major-
shell version, called the dynamic Deformation Mo{i@DM). This allows the nucleus to take its own hdor

givenN andZ. Also shape variation with spin or excitation eeis allowed although. Two input parameters have

been allowed to vary within a short range are meutrumber N and atomic number Z.

The Dynamic Deformation Model (DDM) calculated lewnergies are presented in Figs. (1) to (9). Thsid

features of the variation of level structure witutron numbeN are well reproduced. In the ground state band the

variation of the energy ratidc (4, )/ E(2; ) from a value of 2.927 if*Ba at neutron numbey = 64 to 2.098 in
13Ba at neutron numbe = 80 is reproduced. The Dynamic Deformation Mod&Di/) calculated level energies
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reproduced. In the ground state band the variatiothe energy ratioE (4, )/ E(2;) from a value of 2.927 in
120Ba at neutron numberN = 64 to 2.098 i*Ba at neutron numbet = 80 is reproduced.

The contour plot of the potential energy surfabég3, /) shows that?>**Ba is a spherical nucleus and has a
rotational charactewith moderate deformation, was found accordindiincreasing neutron number.
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