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Configuration mixing calculation in the framework of the interacting boson model (2)
in even 12 1183n isotopes
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In this paper, the normal and the intruder 2p-2h bands in é¥&r#%sn isotopes have been studied through
configuration mixing calculation in the framework of IBM-2. The states belonging to the normal and the
intruder bands have been calculated separately and then allowed to mix by using a simple band-mixing
Hamiltonian. Energy valuess2 transition probabilities, and quadrupole moments of the fifsistate have
been calculated and compared with the experimental values.
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PACS numbg(s): 21.60.Fw, 21.10.Ky, 27.6@]

The structure of even-even Sn nuclei has been investiground band. Investigation of the consequences in the Sn
gated earlier using different models, e.g., in the BCS apisotopes is also important in the contextlo$pin[11].
proach using neutron two-quasiparticle excitatidt], In the present calculation we follow the procedure of
broken-pair or generalized seniority scheri2k etc. Exis- Duval and Barretf12]. The IBM-2 Hamiltonian describing
tence of a collective band starting from' Oevel [3] is a  both normal N;=0) and intruder N,=2) configurations is
common feature in th&=50 region. These intruder states given by
have their origin in excitations across the proton shell closure - ~
atZ=50[4]. Weneset al.[5] have investigated these collec- H= q(dld, +dld,)+V +V,, +k(Q, Q) +M,,, (1)
tive bands in even Sn isotopes through a model taking into
account both the pure quadrupole vibrational excitations ofvhere
doubly even nuclei as well as the proton 2p-2h configura- 1
tions coupled with quadrupole vibrational excitations. _ - BT 2 1r(dTdhL(g § \L10

Ring and Schuck have described the lowest gate in Voo L=zo,2,42CLp 2L+ 1L(dydy)(dyd,)] @
116.11812& a5 vibrational statef5]. Coulomb excitation _ _ _
study in even Sn isotopes has shown that the levgls 2 represents the interaction between like bosons. Hesders
2%, and 4 show partly a vibrational charact¢f]. For  t© 7 (Proton or » (neutron bosons.
example, the value ofB(E2; 4] —2;) observed for The expressio-Q,, where
116118 agrees with the valueBZE2;2; —0;) expected
for a two phonon vibrational state. Also the crossover tran-
sitions 2 —07 and Z —0;" are strongly retarded. Wenes geangs for the quadrupole-quadrupole interaction between the
et al. have also interpreted the low-lying structure of Sn is0-neytron and proton bosons.
topes as evidence of strong mixing between the vibrational
and the rotational structures. Recently we have tried to inter-

Q,=(sd, +d's,)?+ x,(dd,)?, 3)

pret the low-lying levels of''> 119n isotopes in terms of Mw=—k:ElsZék(deDk-(dwdv)k
UBF(5)® SU (4) dynamical symmetry of (6/20) super Lie ’ N _
group[8]. The intruder bands in neighboring €8] and Te +&(dtst—stdh2.(d,s,~s.d,)? (4)

[10] nuclei have been well described in IBM-2 using a con-
figuration mixing calculation. These studies indicate a stronds the Majorana force operator. Both the normal and the in-
mixing between the normal and the intruder configurationstruder configurations are calculated separately in terms of the
In Sn isotopes the experimenB{E2) values of some of the above Hamiltonian. The two configurations are then admixed
transitions also indicate a strong mixing between the twadising the mixing operator
coexisting configurations. o
The purpose of this work is to investigate the ground-state Hix= a(szs:rT+ S,8,)°+ ,B(dfrdfﬁ d.d,)°, (5)
band up to the two phonon triplets and the collective bands
in even-even!? 18sn nuclei in the framework of IBM-2 where « and 3 are adjustable strength parameters for the
mixed configuration calculation in which the 2p-2h band isinteraction between the two configurations. In our calcula-
coupled with the anharmonic quadrupole vibration of thetion, the basis consisting of the lowest four eigenstates of
each configuration has been used to diagonatzeH .
The energy gap parametérbetween the two configurations
*Corresponding author. is calculated from the relatiofl 2],
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TABLE |. IBM parameters used in the present calculation. All 6.0F 116
the parameters are in MeV excqzz)[; ande, /ey, which are dimen- Sno 12
sionless ana, , which are ine fm?. 501 . e
4.0+ . .
Parameters A=112 A=114 A=116 A=118 g 8
£3.0F — & — ¢
Normal Configuration e 213_— . SN ::
€ 1.25 1.30 1.25 1.20 e L
[ 2 —
Co, -0.3 -0.3 -0.4 -0.3 wg b '
C,, —-0.15 -0.15 —0.20 -0.10
0.0 o, o —
Xo 0.74 0.63 1.92 0.89 Exp. Calc.

Intruder Configuration FIG. 1. Comparison of experimental and calculated energy lev-

€d 0.60 0.57 0.55 0.59 els of 1%Sn isotopes. The suffixes to the spin value refers to the
K —-0.167  -0.140  -0.147  -0.158 relative position of the spin states occurring more than once in the
X -0.2 —-0.15 —-0.10 —0.05 level scheme.
X 0.4 0.4 04 0.4
Co, 0.0 0.0 —-0.15 —0.05 becomes minimum at midshell. The value ®fincreases
Ca, —0.06 —-0.10 —0.05 —-0.15 from N=62 to N=64 and then gradually decreases
Ca, —-0.03 0.0 0.03 0.015 with increasing neutron number. Similar type of neutron
& 0.24 0.24 0.24 0.24 number dependence has been observed for the parameter
& 0.04 0.04 0.04 0.04 in the calculation on Te isotopes. The value pf has
&3 0.24 0.24 0.24 0.24 been kept constant in all the intruder bands in Sn isotopes.
The parametey,, for intruder configuration has been varied.
e, /e, 1.2 1.2 1.2 1.2 The adopted values of this parameter are slightly less than
o 0.2 0.2 0.2 0.2 zero. The values of the Majorana force parameigré,,
e, 9.0 8.5 7.0 75 and &5 are taken from the calculation on the neighboring Cd
e, 12 12 12 12 isotoped9]. The two configurations are calculated separately
and they are admixed by the mixing operatof,{H Jolie
and Lehmani13] have shown that for an (8)-O(6) mixing
A=BE(Z,N)-BE(Z—2N)—BE(Z+2N) using Eq. (5), there is only one free parameter as the
matrix elements of the two terms involving the two types of
+BE(Z,N)+4Vyy,. (6)  bosons are not independent. Therefore, we have used only

- ne parametes, which we have not varied with mass num-
Herg BE refer§ to the b!ndlng energy of the ground state an er. The energy-gap parametkrbetween the two configu-
Vpn IS the'partlcle e lntgractmn energy. rations has been calculated using @By The value oV, for

The mixed wave functions are used to calculBE2) 5 _cj region has been found to be540 KeV [14]. The
values of observed transitions and quadrupole moments. Tr}?ecessary experimental binding energy values have been cal-

E2 transition operator is given by culated from[15]. All the other parameters are taken to be
zero.
T(E2)=eg(€70Q70F €10Qu0) +€2(€r2Qm2F €,2Qu2), (7) The calculated energy spectra b11%n isotopes have
whereQ, were defined in Eq(3) ande; ande,; (j=0,2) been compared with experiment in Figs. 1 and 2. The experi-
are adjustable parameters. The suffixes 0 and 2 refer to tHBental energy values are taken from Réf6] and[17], re-
normal and the intruder configurations respectively. spectively. Similar agreement between calculated and experi-
In Sh isotopes it is very difficult to identify the high- mental energy spectra of’Sn and **“Sn nuclei has also
energy members of the normal ground-state band. Even tHeeen obtained.
two phonon triplets in these isotopes mix strongly with the

2p-2h band and the neutron two quasiparticle levels. In the 6.0F 778
present calculation we have considered levels up to lowest Sn —_— 1
4% of the normal band and up to 12state of the intruder 501 o W
band. Since there are no proton bosons in the normal con- ~4.0F
figuration of the Sn isotopes, terms in the Hamiltonian in- o - 8 - ¢
volving only neutron bosons will contribute to the energy z30 '41\ — f 4 _ .
value calculation. The three parameters used in the normal 52,0 237 — gf 57 2
band calculation arey, Cy, andC, and their adopted values g zf ? s *
are given in Table I. wior 1

It is expected that the intruder configuration has a gamma- 0.0 o o
soft structure. In this calculation the intruder band has Exp. Calc.

been chosen to havé&,/E, ratio around 2.6, which

is close to @6) limit. The adopted values of the parameter  FIG. 2. Comparison of experimental and calculated energy lev-
€4 show a smooth variation with the neutron number andels of 1%5n isotopes. See caption of Fig. 1 for details.
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TABLE Il. Comparison of experimental and calculatBdE2)
values of low-lying states if'?114116.118n isotopes.
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Transitions B(E2)(e? fm*)

Mass li—1; E,(KeV) Expt. Calc.

112 2,0, 1257 5121272 500
2,0, 2151 1.34)2 0.003
0,—2; 933 < 290 885
2,2, 894 37Q150? 875
2,—0, 2476 <1.9 0.4
2;52; 1219 <14 0.05
4,2, 991 18@30) 869

114 2,—0, 1300 5001002 524
0,2, 653 70@300)° 710
2,0, 2240 <3 0.003
03—2; 856 <160 450
2,2, 940 <130 555
4,2, 887 21@60)2 895
4,2, 1314 <100° 73
4,2, 374 <2500 1556

116 2,—0, 1294 41713° 408
0,2, 463 60%101)° 756
0;—2; 733 172)° 220
2,—0, 85 1143437)° 446
2,0, 355 739267° 917
2,—0, 2112 2.G8)° 0.001
2,2, 818 13150)° 398
2,—0, 2225 1.710° 0.002
2,42, 931 10154)° 381
2,—0, 468 3420)° 812
2;—05 198 <48 37
4,2, 1097 1277706° 705
4,-2, 279 30251680° 607
4,2, 1235 >0.00% 82
4,2, 417 >40%F 1600
4,2, 304 >7.6 260

118 2,—0, 1230 41617)° 414
0,2, 528 653103)¢ 670
2,—0, 285 1341241)¢ 1236
2,42, 813 23734)¢ 281
2,—0, 2043 2.64) 0.02
03—2; 827 >7. 8 313
4,2, 1050 585103 739
4,2, 237 481241)° 600
4,2, 1259 <9¢" 45
4,2, 446 <8600 1757

3Referencd7].

bReferencd 18].

‘Referencd 16].

YReferencd 17].

states. For the normal configuration of the Sn isotopes only
the neutron part of the first term of tHgE2) operator will
contribute. The parameters used in evaluating the matrix el-
ements of the first term of (E2) operator are onlg, and

X,- The adopted values of these parameters are given in
Table I. Matrix elements of the second term of this operator
have been calculated in the space of two proton bosons and
different number of neutron bosons for these Sn isotopes.
The parametey, andy . are the same as used in the energy-
value calculation. The adopted values of the effective neu-
tron bosonic charge show a smooth variation with the neu-
tron number, becoming minimum fdd=66. A similar type

of variation has also been observed in the calculation on the
neighboring Te isotopegl0]. The effective bosonic charge
for neutron bosons has been kept unchanged for both the
configurations. Th&2 matrix elements are very sensitive to
the ratio of the parameters, /eq which has been kept con-
stant at 1.2 for all Sn isotopes. The parameters used in
B(E2) calculation are given in Table I.

The experimental and calculateB(E2) values for
112,114.116,118 isotopes have been compared in Table 1. We
discuss some of the differences between the experimental
observations and the theoretical predictions.'#isn, the
E2 transition probabilities of 2—2; and 0; —2; transi-
tions are overpredicted. This indicates that the present model
may have underestimated the contributions of the intruder
band to the 2 and O, states. The large experimental
B(E2) value of 2 —0; transition supports this argument.
However, weaker transition probability for;2-0; transi-
tion cannot be explained with stronger mixing. Not many
experimental data are available df?*Sn isotopes. The
experimental value of the transitiorf 4-2; is surprisingly
very small compared to the neighborifd®%n isotopes,
and cannot be explained on the basis of the present model.
One reason may be that in this 4state there is a large
contribution from the neutron two quasiparticle structure re-
sulting in a weaker transition probability. The experimental
B(E2) value of the transition D—2; in 2Sn nucleus is
nearly half the value int'411611%n isotopes, a feature not
reproduced by this calculation. Except for these discrepan-
cies, almost all the other transitions are explained on the
basis of this simple model. We believe that one of the major
sources of error is traceable to neglect of the contribution of
two quasiparticle states.

In addition to the transition probabilities, we have also
calculated the static quadrupole moment of the firsts2ate.

The calculated values are compared with the experimental
observations in Table lIl.

TABLE IIl. Comparison of experimental and calculated quad-
rupole moments of 2 states in!12114116.118n jsotopes.

Quadrupole momen(e b)

The energy values are not very sensitive to the wave funct12
tion. Therefore, it is necessary to calculate the transition14
probabilities, which are very sensitive to the wave function11s
of the systemB(E2) values have been calculated by evalu-118

Mass state Qexpt. Qcalc.
27 —0.0311) -0.11
27 -0.14
27 -0.174) -0.21
2] —0.0514) —-0.10

ating matrix elements of th&(E2) operator between the
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In this paper, we have studied both normal and in-influenced these results.
truder configurations in the framework of IBM-2 mixed . _
configuration calculation. Both normal N(;=0), and The calculations were done using the computer facilities
. . provided by the D.S.A. Programme of the Department of
intruder (N, =2) bands are well reproduced by this cal- pqies The authors are grateful to S. Bhattacharya of Saha
culation. However, the differences between some of thgngitute of Nuclear Physics, Calcutta for supplying the com-
experimental B(E2) values and theoretical predictions pyters codes used in the present calculation. They acknowl-
indicate a much more complex structure for the low-edge R. Bhattacharya for stimulating discussions and making
lying states, especially in the two phonon triplets in thehelpful comments. One of the autho@s.K.S.) wishes to
Sn isotopes. The neglect of the neutron two-quasithank the University Grants Commission, New Delhi, for
particle structure in this calculation may also havefinancial support.
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