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Shell model study of neutron-rich nuclei near 3%Sn
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The structures of neutron-rich isotonls=82-84 of nuclei neat®?sn have been studied within the shell
model formalism using available interactions obtained from the well-stueff&b region after proper scaling.
The theoretically calculated binding energies, excitation energies, transition probabilities, magnetic moments
have been compared with the experimental results.N=eB82,83 isotones, the results agree reasonably well
with the experimental data. But fad=84 isotones, the agreement between theoretical and experimental
energies and transition probabilities is not satisfactory.
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[. INTRODUCTION with highly efficient detector arrays. Nuclei with a few va-
lence particles have a reasonably high density of excited
It is well known that doubly closed?®?Sn exhibits the states at medium spins and are therefore suitable for
strongest shell closure and nuclei with few valence nucleong-spectroscopic measurements. Spectra and lifetimes of
around this show simple structure as in #&Pb region[1].  some levels as well as beta decay half-lives of some isotonic
These few-valence-particle nuclei around doubly closed sheltuclei with N=82 and 83 have been obtained by analyzing
furnish useful information on single particle excitation ener-fission producty-ray data acquired at large detector arrays. It
gies, nucleon-nucleon interaction, and effective charges imay therefore be of interest to calculate theoretically the
this important part of nuclear chart and is therefore interestspectroscopic properties of nuclei in this region and compare
ing to study both theoreticallj2—17] as well as experimen- with the recent data.
tally [18—42. As in the 2°Pb region, the'*?Sn region pro- Since long back, théN=82 isotones have been exten-
vides an excellent opportunity for application of sphericalsively studied both theoretically and experimentally
shell model in truncated spaces and to test available effectii8—17,40—43 Wildenthal[9,10] pointed out the suitability
nuclear interaction Hamiltonians in this region. As one goesf shell model calculations to study the structure of these
on increasing valence particle number from a doubly closediuclei. With the recent increase in the experimental spectro-
shell nucleus such a$*?sn, many different features may scopic data of few valence particle nuclei arouriésn, there
appear. Nuclei close to magic numbets-50 andN=82, have been several attempts to explain the observed features
with a few (2—3) neutrons or protons are expected to showtheoretically with renewed interest, especially within the
predominantly single particle structure. These features arshell model[19,22,23,3( The simplest method used ff
explained reasonably within truncated space shell model ca=82 isotoneq22,23,3(Q is to extract the two-body proton
culations[11,13-15,19,22,23,300n the other hand, as one ()-proton matrix elements directly from the experimental
departs fromZ=50 proton and/orN=82 neutron closed level spectrum of'**Te. Although this approach only in-
shells, the increasing number of valence protons and/or newolves the diagonal elements and thus neglects the effect of
trons soften the underlying®?Sn core, thereby introducing configuration mixing, it provides a useful guidance in the
collective features in the excitation spectra. Where it reallypreliminary interpretation of the observed levels. A detailed
happens and how strongly the truncated space shell modehalysis ofN=82 isotones ranging from®sb to >*Hf has
description starts failing are important questions for thebeen done by Wildenth@#4] (referred to in Ref[23]) in a
model. For large number of valence nucleons, calculationsnodel space of 4,5, 2ds,,, 2d3,, 312, and Iy, proton
may be prohibitively complex due to the extreme large di-orbitals. A best fit set of single particle energi&PES$ and
mensionality of the matrices involved within the same basigwo-body-matrix elementg TBMES) consistent with the
set. Another limitation arises due to the restriction in the sespectroscopic observables then available was also suggested.
of basis states used, which may be inadequate with increasater, Blomqvist updated thid =82 parametrization, mostly
of collectivity. the diagonal onef45] (referred to in Ref[23]). There are
Neutron-rich nuclei in thé"%Sn region lie away from the also several detailed studies Nf=82 isotones in this mass
line of stability and are inaccessible by common techniquesegion with realistic effective interactida,5]. Andreozziet
of nuclear spectroscopy. Recently, experimental informatioral. [2,6] have performed shell model calculations for 2—3
on the spectroscopic properties of nuclei in this redib8—  valence protonsN=82 isotones using a realistic effective
26] are being available from fission produgtspectroscopy interaction derived from BonA nucleon-nucleon potential.
Bhattacharyyat al.[30] have performed shell model cal-
culations forN= 83 isotones by usingr- = TBMESs directly
*Email address: mss@anp.saha.ernet.in from **Te level spectrum and the-neutron @) TBMEs
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are estimated fronf'%Bi interactions with proper modifica-  TABLE I. Single particle energies used in KH5082 and
tions under certain assumptions. They have also performe@/5082. Recent experimental neutron and prdtt8j single par-
similar calculationgd28] for N=84 nucleus®*Sb by using ticle energies are also shown.

some of thev-v TBMEs directly from 13*Sn experimental
level spectruni31]. Properties oN=_84 isotonic even-even Energy(MeV)
nuclei have been studied 9] using the shell model code

. L . . h State KH5082 CwW5082 Expf19

OXBASH [46] with realistic interactions obtained with proper XpLL]
scaling of Kuo-Herling interactio47,4g derived for the  71g,, 0.0 0.0 0.0

208pp region. _ _ (—9.6900? (—9.59582 (—9.625%

After going through all the theoretical studies referred ;o4 , 0.9620 0.9203 0.9620

above, we observe the following. 7205 27100 26406 2 4400

. ) . . d
0 None. of the_se cal_culat|or_1$ has been apphed smulta;TSSl/2 3.0590 2 6680 2 6972
neously, with a single interaction, to all the isotopes near

13251 (for Z=50-55 withN=82-85) for which experimen- LU 2.7930 2.7579 27920
tal results are now available.

(i) The electromagnetic properties have been calculateglher 1.4850 1.4850 1.5610
in detail for theN =82 isotonegsome of the relevant refer- »2f72 0.0 0.0 0.0
ences are[2,4-6,8,11-13,15. But such calculations for (—2.4800° (—2.3800° (—2.4450°
some other isotones near=50 are certainly needed to com- v2fs;, 1.4900 1.4900 2.0050
pare with the available experimental data, such as transition3ps, 0.7550 0.7550 0.8540
probabilities, magnetic moments, etc. v3pPasp 1.2200 1.2200 1.6560

(i) Calculation and comparison of binding energy data, 1., 2.0900 2.0900 26950

are also inadequate.
(iv) No particular isotopic series has been systematically/Absolute value of this SPE in MeV.

studied to definitely point out the mass or the valence’Absolute value of this SPE is taken from CW5082.

nucleon number for which the truncated space shell model

calculations start failing. orbitals[ 197/, 2ds5, 2d3,, 31>, and Ihyq,9] and six neu-
Motivation of the present work is to perform a systematictron orbitals[ 1he,, 2f75, 2fss, 3p32, 3P, and Jigy].

study of this mass region by using shell model cod@ASH  Two (1+2)-body Hamiltonians available in this model

[46]. There is an observation by Blomqvigt] in which he  space, as mentioned above, are KH5082 and CW5082. These

pointed out that there should be many points of similarityjnteractions are described in detail in the work of Chou and

betweegothe spectroscopy of the doubly closed shell regiong/arpurton[7]. But for the sake of completeness of our de-

around>*Pb and**’Sn. The single particle orbits above and scription of the present work, it seems reasonable to mention

below the shell gap in the two cases are similarly orderedyere priefly the essential features and differences between the
Every single Eartlcle orbit in thé¥’Sn region has its coun- y, 0"intera b

terpart in the Ong region, with same radial quantum num- o 5082 interaction for thé32Sn region was derived
bers but one unit larger in angular momentliemdj values. ;. Rrat [7] from the Kuo-Herling effective interaction

’s‘s a ctpnstt-:-qéjince,t?]ffectlve mter?jgtlons 'ﬂ thte dSn dre?-_;ont-c?l@l constructed for the?®®b region from fundamental
: ? es '{.nae roT tedc;)rresp?n. 'mgtﬁvélsibs udie 3\/%? V& ucleon-nucleon potential. This has been done by making
Intéractions constructed for nuciel in region. Wi two changes in the Kuo-Herling interaction. First, the six

this in view, we found in the literature that two sutht 2)- neutron-neutrom=0 TBMESs of the Kuo-Herling interaction

body nuclear interaction Hamiltoniand] are available in was too attractive. So these six TBMEs were multiplied by a

this mass region which can be used for our purpose. Ch0|%l - - ;
ctor of 0.6 for approximate adjustment. Secondly, in order
and Warburton[7] extended the study of Warburton and to get the TBMEs?%f the KH502132 interaction for tyHéZSn

. 20 - .
Brown [49] in the 2%%Pb region to the next lower available region from those for the’®®Pb region, the variation of

. . . . 3 .
doubly magic domain, i.e., in thé*Sn region and con- TBMEs [50,51] with the sizes in the two regions were taken

structed two (1+2)-body Hamiltonians KH5082 and
. ) into account. Thus mass dependence of the TBMEs was ap-
CW5082. We have used both these interactions to study thS b P

! . e . roximated 1,7] to beA~ Y3 and all the 2101 TBMEs of the
properties of few-valence particle nuclei in this region andKuo—HerIing interaction were scaled by a factor of
compared the results with the available experimental data. (132/208) 12

In this work we present the results of our theoretical in- :
vestigation of the binding energies, excitation energy spectr,[;ga
and electromagnetic properties for nuclei in the rage
=50-55 and\=82—-84. 3'Teys has also been investigated
using one of these interactiofi€W5082.

Proton single particle energies, except &&= 1/2%, were

ken from experimenfTable |), assuming yrast states to be

the single particle states. Yrast level figt=1/2", was not

known experimentally at that timg7] and was estimated

from local systematics. Because of inadequacy of experimen-

tal data at that time neutron single particle energesept

v2f,, and vlhg, orbitalg were obtained by comparison of

the theoretical and experimental energy centroids forzhe
Assuming®2Sn as the inert core, the valence model space=54,56 and\ =83 isotones.

used in this shell model calculation consists of five proton The CW5082 interaction was obtained from KH5082 by

Il. FORMALISM: SHELL MODEL SPACE
AND INTERACTIONS
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TABLE II. Comparison of calculated and experimeni26,52  shown in Table I. As the neutron single particle energies

binding energies. were not known experimentally at that tin&], recent
experimental SPEE19,25 (for both neutrons and protons
Isotope Binding energyMeV) with respect to*3?Sn are also shown in the tabl&olumn 4 for comparison,

except thew3s;,», energy, which is taken from CW5082
SPE data. We took the absolute value of th8s,, SPE
[52] [26] SPE[7] (=—6.9278 MeV) from CW5082column 3, and in col-
KH5082 CW5082 umn 4, Table I, the relative value=2.6972 MeV} of this
energy with respect to the experimental SPE mtg,,

Expt2 Theoretical

1825, 0.0 0.0 0.0 0.0 (=—9.6250 MeV) is shown.

13350, 9.628 9.663 9.690 9.596

134T ey, 20.357 20.560 20.513 20.512 B. Binding energies

EZ‘;Z 29.034 29.083 29.364 29.102 The binding energy infor_n_1ation _has a particular sigr]ifi-

a7 €s2 38.959 39.003 39.472 39.103 cance for the far from stability regions where low binding
Css2 46.375 46.419 47.459 46.582  energies may give rise to new phenomena. Precise binding

energies, derived from atomic masses, are also important for

13351, 2.420 2.455 2.480 2.380 the modelling of the astrophysical processes, especially in

1345, 12.749 12.952 12.993 12.768  regions around doubly closed shell nuclei8Ni and 132Sn

34g 12.669 12.615 12.420 [26]. Bindi_ng energy or nuclear mass information is a fun-

135Tg,, 23.858 23 902 23.794 23 624 damental input for testing nuclear models. The masses of the

139, 32817 32861 32.914 32,505 nuc!e| around doubly closed .shglls are especially useful in

137y g 42 985 43.029 43.444 42 864 testing the models due to their simple structure. In Table II,

calculated binding energies of nuclei with respect'tésn
core for the two interactions are compared with two sets of

13.
1348”34 6.162 6.365 6.905 6.705 experimental valuef26,52. In the table, columns 2 and 3
1355b84 16.521 16.565 17.363 17.017 give experimental binding energies of Aueli al. [52] and
*Teg, 28.520 28.564 29.148 28.860  those derived from recent measurements of Fogelbeg.
[26], respectively. Columns 4 and 5 show theoretical results
131y 31.731 31.775 31.762 with the KH5082 and CW5082 interactions, respectively.

Theoretical binding energy resulfgolumns 4 and b for
both the interactions agree reasonably with both sets of ex-
perimental data. But the CW5082 interactiécolumn 5
replacing the proton-proton TBMEs with those from the ef-seems to be a better choice, as expected. This reflects the fact
fective interaction of Kruse and Wildenthid]. Single par-  that 13%Sn is indeed very stable core for few valence particles
ticle energies of the Kruse-Wildenthal interaction with a re-and the single particle energies and two-body matrix ele-
duction of the binding energies of the neutron orbitals by 100ments used by Chou and Warburton in CW508Rparticu-

keV as has been done in Réf/] are shown in Table I. Ilarly, are reliable.

Moreover, the five neutron-proton TBMEs of Kruse and Wil-  The recent experimental binding energiélumn 3
denthal were also modified as discussed in R&f.in order  agree more closely with the theoretical valdeslumns 4,5

to reproduce the knowh=0 and 1 levels of'*'Sb. It is  except for **Sbh in CW5082 resultscolumn 5. This dis-
necessary to point out here that we take into account, for agreement for'®*Sb seems to be due to the fact that the
particular nuclear energy leveE(I™)], contributions from  experimental data then available for 1 and O states of this
all possible partitiongconfigurations for a given number of  nucleus were used for modifying the KH5082 interaction to
valence particles, i.e., our calculation is unrestricted over th€\Ww5082[7]. Moreover, the theoretical results fiir= 84 iso-
chosen model space. tones show larger deviation from the experimental values
compared to th&l=82 and 83 isotones.

8 rror not shown.

I1l. RESULTS AND DISCUSSIONS
C. Excitation energies
We have calculated binding energid@ble Il), excitation

spectra(Fig. 1 for N=82,83 isotones and Fig. 2 fax
=84,85 isotonesfor all the nuclei in the range mentioned

before. Magnetic momentSTable Ill) and transition prob- . . . .
abilities[B(?EZ) B(E3) valued (Tables IV and Vf arepcal- e;]nd 83 isotones$Fig. 1) in reasonably goo(;j agreglment E/)wth

’ . . . the experiment, CW5082 again is undoubtedly a better
culated and compared with the available experimental data{:hoice. ForN =84 isotonesFig. 2), the agreement is not all

satisfactory and it will be discussed in a following section.

The calculated excitation energies are given in Figs. 1 and
2 and compared with the experimental data. Although calcu-
lations with both the interactions predict spectra fb+ 82

A. Single particle energies

As already discussed in the previous section, the KH5082 1. N=82,83 isotones

and CW5082 interactions use somewhat different single par- The excitation spectra of all these nucl&i=52-55 for
ticle energies. The set of SPEs used for each interaction iS=82 andZ=52-54 forN=_83) agree well with the theo-
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(a) TABLE lll. Comparison of calculated and experimental mag-
3qn netic moments &) in nm. The orbital and spig factors used are
% 10 o - cwson given bygP=1.0, g/'=0.0, gg=—3.826, and @) .= 2.5.
= S20-_ o Isotope (K o in (nm)
5 s - .
g P Expt. (erron Theoretical
"
] 0L ¢
[40-42 KH5082 CW5082
(b) 135
Sb 13 +
STes, 6 +5.0915) +5.01 +5.10
KH5082 Expt, CW5082
5 30 3% eg, 2" +2.4(5) +1.69 +1.78
E; 20 ) 4+ +3.2(6) +3.35 +3.45
.§§ : [E— ;—’_ ————— ;21/;:
g 10 R 37X egs 712° —0.9688) -1.63 -1.64
e o0 —M - ———— k)
HCs, 7/2* +2.841) +2.92 +2.92
c
© .
KH5082 Expt. CW5082 .
(T4»=10 s) to the O ground state T4»,=780 ms) is not
. " seen in these two references. The lowest states 19 , and
5 M T . 77) [37] originate predominantly fromrlg,w2f,,. A re-
2520 T . cent precise measurement of the binding energy of lowest 0
:‘55 1.0 A by Fogelberget al. in Ref. [26], has modified substantially
S . the value from the previous measurem¢bg] by about
=200 keV. This modification in the experimental value has
some implications here. The binding energy of the meta-
(d) 137 stable state has not been remeasured recently; if we assume
Te the previous binding energy value for the metastable state
oot Cwsos: [52] to be correct, the modified energy differerjistown in
X] . .
5 4 ? Fig. 1(g) for experimental dafabetween the 0 and the 7
de ’ ] 152 changes from 80 to 283 keV, more close to the theoretical
gg 10 — bl value[Fig. 1(g), =350 keV for CW5082
E 0.0 —_—————— _—

. . o 3. N=84,85 isotones

FIG. 2. Comparison of calculated and experimental excitation

energies folN= 84,85 isotonega) 3‘3n, (b) *5Sb, (c) *®Te, and
(d) e,

The results folN= 84,85 isotones are shown in Fig. 2. In
our calculation, we note that, fok=84 isotones'*Sn,
1353h, and***Te[Figs. 2a)—2(c)], the theoretical energies of
the first excited states are about 1200, 1100, and 900 keV,

retical results with CW5082Fig. 1). The results for*®Xe ! _
whereas the corresponding experimental values are 725, 707,

[Fig. 1(d)] start deviating from the experimental values for ; ¢ 13
higher spin &12) states reflecting the inadequacy of the&nd 607 keV, respectively. For thg=85 isotone, Te
model space. Results fd3Sb [Fig. 1(a)] and 33Sn [Fig. also, although the agrfaement_ is somewhat better, the experi-
1(f)] show that in the sets of SPEs used by Chou and Warmental value for the flrst excited state is less by. about 225
burton[7], although the proton energies are chosen reasori€V than our theoretical result. Thus the theoretical energy

ably, the neutron SPEs should be modified using the recerylues are overestimated compared to the experimental ones
experimental dat&19)]. for all the N=84,85 isotones. But the relative spacings be-

tween the excited leveléeeping aside the ground state for
5 135, each nucleusmatch reasonably with the experimental data.
' We also note that the difference between the theoretical and

The levels of such doubly odd, one-neutron—one-protorexperimental energies of the first excited state for khe
valence particle nuclei are important as they provide us first=84,85 isotones decreases as the number of valence protons
hand information on the details of the interaction. The increases, the deviation is maximum f&¥Sn.
lower part of the experimental level scheme of this isotope In a recent study by Korguét al.[19], modification simi-
[Fig. 1(g)] has been obtained from Rdf37], whereas the lar to Chou and Warburtof¥] has been done in the interac-
relatively higher spin members are from Rg#5]. The tran-  tion of Kuo-Herling [47,48. Along with these modified
sition of 80 keV[52], which connects the 7 isomeric state TBMESs and the recent experimental SRES], they used the
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TABLE IV. Comparison of calculated and experimengairors not shownB(E2) values in Weisskopf
units. Variation of theoretical results with different values of proton and neutron effective charges with
CW5082 interaction is also shown in the table.

E
Y
Isotope [7—I7 (keV) T B(E2) in (W.u,)
Expt. Theoretical
[23,28,30-32,4B KH5082 CW5082
esf'=1.47 15 12 12
e?"=1.00 1.0 10 08
ey, 4" 2% 297 1.28 ns 4.50 3.70 427 445 286 2.86
6" —4t 114 164 ns 2.12 1.69 2.38 248 159 159
g, 152" —11/2° 288  3ns 221 3.18 417 434 278 2.78
3% eg, 6t—4" 198 2.95us 0.01 0.07 0.00 0.00 0.00 0.00
4+ 2% 381 1.32ns 1.26 0.39 1.76 1.84 118 118
270" 1313 0.41 ps 8.48 5.75 7.74 806 516 5.16
t3'Xegs 19/2"—15/27 314  8ns 0.53 0.10 0.83 0.86 0.61 0.55
P 11" -9 261  4ns 2.64 5.14 6.48 6.69 4.70 4.28
t5Tey; 19/2°—15/27 50  0.51us 4.00 3.68 5.00 5.14 3.75 3.28
$3Sy, 64" 174 80 ns 0.88 2.30 230 230 230 1.47
855k, 19/2"—15/2° 225 20 ns 1.08 4.67 469 472 4.42 3.02

computer codeoxBAsH [46] and found that the theoretical The calculated level scheme df°Sb showed good agree-
results reproduce experiment quite well f&¥'Sn. This is  ment with the experimental sequeri@8]. But in our calcu-
totally different from our results and that obtained by Ch0U|ati0nS’ with CW5082 interaction, the wave functions df 0
and Warburtor{7]. Our resultsfCW5082 in Fig. 2a)] for 5 6* of 13%5n show different decompositions, having sig-
'3%Sn agree exactly with Reff7] but differ significantly from  nificant  contributions  from configurations other than
Ref.[19]. We have noted that the SPE inputs in R¢¥519 (vf1)?, especially for O and 2°. The composition of the

are different. wave functions of the states are, for thé Gtate,=57%

In a previous work by Zhangt al. [31], the authors in- . 2 I
3 : " contribution from the {f,,)“ and=10% contribution from
terpreted the***Sn levels observed in their work as completeeach 0hen)? (viisn)? (vep)? and (vpsp)? configura-

f-,)? level spectrum up to maximally aligned 6state at L
(vizp) L P y alg tions; for 2" state,=66% contribution from the «f;,)?,

1246 keV. Later, while calculating the level scheme of " ono o . S
1355}, Bhattacharyyat al.[28] used the above interpretation 21 :20/" contribution from the #f7,,03) cgnﬂguratlon,
for 47 state,=82% contribution from {f;,)< and =7%

and estimated thef,-vf,, interactions from the experi- o ) ) _
mental spectrum of-*4Sn. They used other-» and v-m contribution from @f,;,ps,) configuration; finally, for 6
interactions from2.%b and 219, respectively, in the Pb State,=93% contribution from ¢f;;)* and=6% contribu-

region with proper scaling as discussed in Sec. Il abovetion from (vfp3) configuration.

014312-6
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TABLE V. Comparison of calculated and experimerB{E3) g, and the free value af as inputs, we obtain values for the
values in Weisskopf units fol*Te. The proton effective charge is g factor as 0.828 and 0.874, for KH5082 and CW5082, re-

2.0e. spectively.
. In Table Ill, magnetic moments of different states in some
B(E3) in (W.u) . . . .
T Exot Theoretical nuclei calculated for the two interactions are compared with
_ . . .
P P the experimental values. The results shown in the table have
[34] KH5082 Cw5082 been obtained with a quenchgd=2.5 as discussed above
13 ;
o 6 3.6:0.2 112 3.49 for f‘Te. The results show reasonable agreement with the
experimental valueg40-42.
9, —6; 8.0+1.3 11.96 14.32

2. Transition probabilities

3; -0y 0.94 0.89 In Table IV, B(E2) values calculated for the two interac-
tions are compared with those obtained from the measured

lifetimes of states in different nuclei. The radial integral in-
We shall also see latéTTable IV) that the results of tran- 5|yed in the calculation oE2 andE3 matrix elements are

sition probability calculations also disagree with the experi-q5icjated with harmonic oscillator radial wave functions
mental data for these isotones for a standard value of thﬁ/ith fw=45A~ 13— 25023 [46 50

neutron effective charge. So these limitations of the two in- While calculating theB(E2, 6% —4") for 13Te, under
}seg?grglggsc:2aFr)Irye?r:gl?cngtee;%Zréréq:sr;:)?lo?t(;izrnvgliglge?)\lanrqtisctIarl )'?he assumptions of harmonic oscillator single particle wave
’ unctions and%w=41A"3, Wildenthal and Larsor{10]

the v-v TBMEs of the interactions. However, such changes h d that the effecti ; h in thi X hould
need a consistent modification of the interaction and the 'CWed that the efieclive proton charge in this region shou

single particle energies, which is beyond the scope of th&€ 1.4°2. Similarly, with radigl matrix element.taken as
present work. We note that fod==85 nucleus¥7Te, the 32 f, the E2 neutron effective charge fof*'Sn is deter-
binding energy agrees reasonably with the experimental dat&lined to be 1.0& in Ref. [31]. In that work, the'**Sn spec-

and the excitation spectrum with CW5082 interaction alsd"um was interpreted as the completef {,)* level spectrum
shows better agreement. (discussed earlier in Sec. Il §.3n the present work, to start

with, the results obtained with both KH5082 and CW5082
are for proton and neutron effective charges &.410] and
1.0e, respectively. The theoretical results agree reasonably
1. Magnetic moment with the experimental values. This table also gives the varia-
We calculate th factor of thel "= 6" isomeric state in tions in the theoretical results yvith the varia.tion in the_ choice
134Te whose measured valy@8] is 0.846+0.025. With of_ neutrqn and'proton effective charges in the;e |sot_0pes
KH5082 interaction, we obtain for the wave function with the interaction CW5082. The attempt to obtain a unique
1(1g,,)2%6") a value g(6")=0.495. But for CW5082 set_ of effective_ chgrges for protons and neutrons, for the
model space, the wave function with 91%|¢1g;,)26 ") entire mass region is not successful as seen from the table. In

and 9% of|1g;,2ds,;6") yields a value of 0.545, without Table 1V, the calculatedB(E2) values for theN=284 iso-
any quenching ofg? from its free value(=5.586. This  tones withe?™=1.Ce indicate necessity of gross reduction of
means that the inclusion dflg;,2ds,;6") configuration the neutron effective charge for these isotones. We have seen
increaseg(6™) by =10.1%. that to reproduce the experimen®{E2;6" —4") (=0.88

If we quenchgP to 2.5, a value close to effectivg? ~ W.u) in *‘Sn, an effective neutron charge of 062

factors used for the g;/, proton orbital in describing thal needed in our calculation, which is much less than that ob-
=82 isotoneq 8], it changes the resultsy(6™)y=0.835 tained by Zhanget al. [31]. Wave functions obtained in our
andg(6*)cw=0.851] and the calculated values using bothwork (Sec. lllC 3 have substantial contributions from con-
the interactions lie within the experimental error of the mea-figurations other than(f ;) %, which may be a reason for the
sured value. This quenching was explained by Hegtlal.  reduction of the effective charge.
[8] in a two particle shell model calculation with a residual  The collective properties of the low-lying states are of
Gaussian two-body interaction within thelgs,, 2ds, particular interest for studying the nature of the double shell
2d3, 3sy, and dyy proton single particle states and closure. It has been already reported by experimental and
taking into account core polarization effects, influence fromtheoretical studies d(E3) rates of***Te by Omtvedet al.
velocity dependent two-nucleon interactions on the expreg-34] that octupole charge and degree of octupole collectivity
sion for the magnetic dipole moment operator and configuis substantially lower in thé*’Sn region compared to that in
ration mixed complete wave function in the model space. 2%b indicating much stronger shell closure in the Sn re-
In another calculation by Andreozet al. [6], the mag- gion. To study the similar effect within our shell model cal-
netic moment of this 6 state has been calculated by usingculations,B(E3) rates for***Te have been calculated. The
the free value ofj? and an effectivay,, gf"=1.3g[®®giving  energy[Fig. 1(b)] of the 9~ state agrees with the experimen-
g(6%)=0.835. In our calculations, with the same effectivetal value quite well. TheB(E3) values are shown in Table

D. Electromagnetic properties
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V. The result with CW5082 shows thaﬁﬁ= 2.0e is a rea- IV. CONCLUSION

sonable choice for effective octupole charge for protons in | conclusion, we emphasize that the overall reasonably
agreement with the observation by Omtvé@4] in their  good agreement of the calculated binding energies, excita-
RPA calculation. tion spectra, magnetic momenB8(E2) andB(E3) values
with the experimental ones, fdd=82,83, clearly demon-
strates that the application of spherical shell model is appro-
E. Study of isotopic chain of Te priate and that the effective interactions used are quite ca-
pable of explaining the observed behavior Nf=82,83
This isotopic seriesN=82—85) has been systematically nuclei around*¥?sSn region. But forN= 84 isotones, the in-
studied with the CW5082 interaction to definitely identify teractions are not as successful asMer 82,83 and seem to
the valence neutron number at which this shell model calcube inappropriate. To extend the region of applicability of
lation in the chosen model space starts failing. As we havéhese interactionfCW5082 especiallyto N=84, it may be
discussed, the shell model results for binding energies, excRPPropriate to use the new experimental single particle ener-
tation spectra and the electromagnetic properties show regli€s for the model space orbitals and to determine all the
sonably good agreement with experimental data for TBMEs in a consistent way to fit the recently available ex-
=82,83 isotones. FAX =84 and 85 isotones, the theoretical Perimental spectroscopic data of all nuclei in this mass re-
results indicate that the TBMEs need further modification 9ion. The extension of the shell model basis space may also
ForN =86, the six valence particle nucledseTe [24], com- be he_lpful in studying a particular isotopic series more sys-
putational limitation on our part prevents us from definitely tematically as well as the onset of collectivity.
commenting on this isotope. One can however, consider the
experimentalR, values for these isotopes of Te, to follow
the evolution of collectivityR,[ =E(4;)/E(2])] values are The authors want to thank Professor B. Dasmahapatra,
1.23, 1.70, and 2.04 fot3*Te, *¢Te, and !¥Te, respec- Dr. V.M. Datar, Professor S. Bhattacharya, and Dr. S.
tively. The R, value for 2*®Te indicates vibrational nature.  Karataglidis for useful discussions and encouragement.
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