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In view of interacting boson fermion formalism, a microscopic sdIBM-2 +2q.p. model is used to describe the

ground-state band, 8-band, y-band and two-quasi-particle band for 114=130Xe isotopes. The theoretical investigations
indicate that the backbending is caused by crossing of the two-quasi-proton band and the ground-state band. This
result seems to provide a possible way for understanding the backbending phenomenon of 114-130Xe isotopes.
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I. INTRODUCTION

In medium and heavy mass regions, some in-
vestigations show that the nuclear structure makes
a smooth transition from a spherical shape to a de-
formed one as the mass number increases.['? So far,
many works have investigated the structure and prop-
erty of the high-spin states in order to get a better
understanding of the mechanism of the backbending
phenomenon!!-3:4,

As far back as 1983, attention was directed to-
wards that phenomenon. The yrast band in even
122-130Xe isotopes exhibits experimentally the back-
bending phenomenon at the position of 10t or 12+
levels. Their backbending phenomena are considered
to be caused by the crossing of the two-quasi-particle
band and the ground-state band. More recently, in
Ref.[1] results were obtained for the interesting back-
bending phenomenon in ''4~130Xe isotopes by us-
ing the effective two-body interactions of the “pairing
plus quadrupole—quadrupole” type in valence nucleon
space for protons as well as neutrons. The microscopic
theory for high-spin states presented in Ref.[4] can ex-
plain the recent experimental results on normal, two-
quasi-neutron and two-quasi-proton bands. It is sug-
gested that the higher spin states in the yrast band
are states of two-quasi-proton alignments. These re-
sults obtained support from the latest experimental
data on 2*Xe,%! but are contrary to the explanation
in Ref.[1]. The success in Ref.[4] has motivated us
to carry out further investigation on the property of
nuclear structure for xenon isotopes.

II. THE APPROACH

We assume that a boson may be broken into two
nucleons which occupy the intruder orbit hy;/,. All
the other valence nucleons can form a collective core
described approximately by the sdIBM-2. This is the
so-called IBM-2+42¢.p. model. The microscopic the-
ory for high-spin states is simply obtained by apply-
ing the microscopic sdIBM-2 formalism to the IBM-
24+2q.p. model.
microscopic high-spin states theory can be found in

As a detailed description of the

Ref.[4], an outline is introduced briefly in the follow-
ing.

Starting from the shell model configurations and
valence nucleon effective interactions, the shell model
Hamiltonian is assumed to be,

Hf _ H}n) +H1(cp) + H](cn’p). (]_)

By the generalized Dyson expansion technique, the
microscopic structure of the s,d bosons in IBM-2 can
be defined. Finally, the boson—fermion Hamiltonian
describing the high-spin states can be obtained after s—
d boson space truncation for the core has been made,

h = higm—2 + hy + VBr + hmix, (2)

where higy—2 is the most general IBM-2 Hamiltonian;
hy is the effective fermion Hamiltonian restricted to
a unique parity intruder orbit with spin A1y /2; VBr is
the boson—fermion interacting term; hpn;yx is the term
of mixing the ground-state band and the two-quasi-
particle state band.
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In the calculations, the Hamiltonian h is diag-
onalized in boson space and the spectra of normal
states are obtained. If the Hamiltonian A is diago-
nalized in the space of direct product of the state in
IBM-2 and the state with two quasi-neutrons, the two-
quasi-neutron state band can be obtained. The same
approach can be used to discuss the spectra of the
two-quasi-proton state band.

. CALCULATED RESULTS AND DISCUS-
SION

For xenon isotopes, the valence nucleon con-

figurations are (1g7/2, 2ds/2, lhi1/2, 2d3/2, 3s1/2)*
(2d5/2, ].g7/2, 1h11/2, 381/2, 2d3/2)Nn. With no
loss of generality, the nucleons have been treated as
particle-like: Nn=10,12,14,16,18,20,22,24,26. Param-
eters g3, G{, K(® (0=n,p) and K@) are the
strength of the pairing force, the quadrupole pairing
force, the quadrupole—quadrupole force for identical
nucleons and the neutron—proton force of quadrupole—
quadrupole type, respectively. The single-particle en-
ergies for open shells and the strength of nucleon—
nucleon effective interactions are chosen as follows:

Table 1. Single-particle energies of the valence nucleon(2:4] (MeV).

nlj 2dy/2 1972 lhiy2 3s1/2 2d3/2 nlj 197/2 2d5/2 1h1y2 2dy/2 3s1/2
Neutron 4.00 4.28 6.22 6.64 6.74 Proton 4.00 4.54 5.90 7.24 7.47
Table 2. The parameters of nucleon—nucleon effective interactions (MeV).
g(()n) ng) ) g(()p) G;P) K®) K (np)
114 0.0340 0.0259 0.0010 0.0290 0.0195 0.0780 0.0300
116 0.0328 0.0257 0.0010 0.0284 0.0185 0.0800 0.0270
118 0.0324 0.0260 0.0010 0.0280 0.0175 0.0820 0.0236
120 0.0386 0.0462 0.0010 0.0278 0.0170 0.0830 0.0178
122 0.0432 0.0555 0.0050 0.0276 0.0165 0.0840 0.0130
124 0.0450 0.0560 0.0180 0.0274 0.0150 0.0860 0.0100
126 0.0500 0.0625 0.0180 0.0274 0.0150 0.0860 0.0115
128 0.0525 0.0630 0.0220 0.0280 0.0140 0.0900 0.0135
130 0.0530 0.0720 0.0266 0.0274 0.0140 0.0900 0.0160
Both for the normal states and high-spin states
of xenon isotopes, the calculated spectra reproduce 8r 4 b
the experimental data quite well. As the spectrum oL 2q('71:jb'17 zq('f:j T 124%e
for 116-122Xe has been given in Ref.[4], here only the 18 ¢ 18 15,
spectrum of 12Xe is presented in Fig.1. For 14~ 130Xe 6fF 6 15 16
isotopes, one can see that good agreement between - 3 13
the theoretical calculation and experimental data has St 15 3 14 i gsb.14 1
been obtained in Fig.2. In Fig.3, the result of moment E oL '—‘g.s‘b.}i AT 12 — 12— 10
of inertia I and the square of the cranking frequency & 2 10 2 - 10 2
w? are plotted for nuclei ''*~139Xe, where I and w? 3 T 7 g 10— , 8
are defined as follows: 40T 8 s S — 8 P
- % 32 — %3 4
S S S 4 2
2= 22 3) = =
Ej—Ej » ol — o — 0
Experimental values Calculated values
9 Fig.1. Comparison of the experimental and calcu-
7202 = (JP=J+1)(Es — Ej_2) (4) lated spectra for 124Xe. The experimental results and

2] 1)

energy band labelled are taken from Ref.[5].
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Fig.3. Comparison of the experimental (O) and calculated (+) (1 — w?) plots for 114=130Xe. The
experimental results are taken from Refs.[1,3,5,6].
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The results show that the backbending phe-
nomenon can be described by the approach used in
this paper. For the nuclei exhibiting the backbend-
ing phenomenon, it is shown that the sdIBM-2 ap-
proach cannot reproduce the experimental results well
around the backbending point; such as 114:128:130Xe
at JT=101; 120:122,124,126 % 5t g7 = 12%F; 18Xe at
J™ = 14%. But no backbending phenomenon occurred
in "6Xe. This is consistent with experimental obser-
vation. It reveals naturally that the backbending is
caused by the crossing of the two-quasi-proton band
and the ground-state band. Because of neutron ex-
cess, the Fermi surface of neutrons is closer to the
hy1/2 Nilsson orbit than that of protons. So the two-
quasi-proton alignment state is favourable in energy.
This result has obtained verification in this paper and
at the same time obtained support from the latest ex-
perimental data for 1?*Xe in Ref.[5].

As the neutron number increases, the strength of
effective interactions for neutrons changes gradually
but the strength of effective interactions for protons

keeps almost constant. The structure constants of

bosons and some calculated energies change slightly.
This is almost the same result as that in Ref.[4]. In the
past, some works have shown that the nuclear struc-
ture changed greatly from 28Xe to '3°Xe. But this
situation does not happen in our work. The conclu-
sion in Ref.[4] again obtains support here. Besides,
the investigations in this paper and Ref.[4] show that
the energy gap of single particle for valence nucleons
is suitable for studying the nuclear structure. It could
provide valuable single-particle energies to investigate
the various excited states on adjacent nuclei.

IV. CONCLUSION

In summary, it is worth pointing out that the mi-
croscopic sdIBM-2 +2q.p approach is capable of de-
scribing both normal states and high-spin states for
114-130%e jsotopes. The theoretical calculations and
analyses show that the backbending phenomenon may
be the result of the crossing of the ground-state band
and the band with two-quasi-protons occupying the
intrude orbit hyy /5.
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