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Abstract

The closed shell of neutrons or protons means there is no boson numbers, which are important
for applying IBM models. The properties of nuclear structure for isotopes depend on the boson
numbers. If they are small the vibrational properties will appear or nearby from these properties. our
theoretical results using two models (IBM-1 and IBM-2) are acceptable matching regard to the energy
levels with the experimental data, electric transitions and potential energy surface. For neutron number
8284Kr is nearby 50 closed shell which has transition properties between U(5) and O(6), *21%Xe is
nearby 80 has U(5) properties and nearby 126 but for 2°22%Hg have different properties.
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Introduction

When protons and/or neutrons are filled from the lowest to the higher-lying
orbitals to reach special values like 2, 8, 20, 28, 50, 82, 126, ..., then a nucleus is
stable and hence big amount of energy is needed to excite the nucleus from the closed
shell to the next. Magic numbers were called for these numbers, which become
evident as a sudden drop of the observed nucleon separation energies. In exotic
nuclei, conventional magic numbers may become no longer valid, even giving rise to
novel shell structures not heretofore recognized[1].

In 1974, a new nuclear model was proposed by Arima and lachello, which called
(IBM) interacting boson model of nuclear structure. To correlate the collective
properties of odd-even nuclei, the IBM has been applied by coupling the fermion as a
single-particle to the even-even core and even-even nuclei[2], [3].

IBM-1 is abbreviate to the original version of the interacting boson model, and it is
applicable to even-even nuclei. The fermion states which cannot be represented are
single-particle excitations, and high-angular momentum, low-seniority states[4].
Collective fermion states are well reproduced. The IBM-1 does not distinguishing
between bosons connected with proton-proton and neutron-neutron pairs (this is done
in an extended version of the model. The IBM-2, which is description of collective
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excitations) and does not consider bosons connected with mixed proton-neutron
pairs[5]. In the IBM-1, the bosons number N is calculated by summation the protons

and neutrons numbers as: N = N _+ N _[6], but in IBM-2, the bosons number is
calculated as N _and N  severally.

The Hamiltonians

IBM-1, describes the low-lying collective excitations of an even-even nucleus as
terms of the s (L=0) and d (L=2) bosons. For a fixed boson number N, only one of the
one-body term and five of the two body terms are independent, as it can be seen by
noting N = ns+ ng [7]. The IBM-1 Hamiltonian can be expressed as[8]:

H = En, +8,p.p +all+aQQ +a3TA3.'I'A3 +al, T, .. 1
Ay :(d *.d) is the total number of d-boson operator. f):1/2[(d.d )—(s.s)] is the
pairing operator. =10 [d xd }(1) is the angular momentum operator.

d:[d "xs +sxd ](2) +;([d*><d ](Z) is the quadruple operator. y is the parameter of

quadrupole structure (between 0 and ig). T = [d "xd }m is the octoupole (m=3)

and hexadecapole (m=4) operator and E=Eq -Es is the boson energy. The parameters
ao, a1, a2, az and a4 are the strength of the pairing, angular momentum, quadruple,
octoupole and hexadecapole interaction between the bosons, respectively.

IBM-2 Hamiltonian is[9],[10]:

H =Ed(ﬁdv+ﬁdﬂ)+x((jv.(§”)+vw vV _+M_ 2
Eq: the energy difference between s and d boson, ng, represents the number of d
bosons, where p goes along with 7 (proton) or v (neutron) bosons, the second term

refers to the quadruple — quadruple interaction between proton and neutron with
strength «, where the quadruple operator Q, can be written as:

Q,=[dfs, +sid, 1y [0t ;
where y , is the quadruple deformation parameter for proton and neutron. The Vy. and

V., , which refer to the interaction between like boson, are sometimes present to
improve the fit to experimental energy spectra and they are given by:

Vo=t yeefo]” faed L 4

L=0,2,4

The last term in equation (2) is Majorana term M,,,, has the parameters of and &, , &
[11]as &,

1 (2)
M, =>&([sidi-as ] [s.d. - 4.5.]7) -
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Electric transitions

Only the protons should appear in the description of electromagnetic transitions,
since they alone carry charge inside the nucleus. On the one hand, the interactions
between the nucleons may exchange charge and thus contribute to the current, and on
the other hand, neutrons and protons are coupled by center of mass conservation[12].
The absolute transition rates not only are a sensitive property of nuclear structure but
also provide a stringent test for various models. Most B(E2) values known to date
were measured by coulomb excitation[13]. Then the electric quadruple transition in
IBM-1 is[14]:

TE? :az[deS +ST><d]; +ﬂ2[dfxd:'2m

O 6
=a, (I:d "xs +s'xd ]Zm +;([d fxd :|;) =e,Q
where a, = ep (effective charge) and £, = ya, and for E2 transition in IBM-2[15]:
T(E2) _7'(E2) 7' (E2)
...... 7

er, e,. Stand for the effective charge for each of the proton and the neutron, the unity
(eb) is dependent on the number of bosons protons and neutrons (N, Nv).

TEI—eqQ ,TF?=eQ,

Potential energy surface

The energy surface, as a function of fand y, has been given by[16]:

NE, NN+, . ; )
PES (N, 3,7) = T L Y (AB* +A,BcosBy)+AB2+A, . 8

where the Ai’s are coefficients.

B: a measure of the total deformation of nucleus, when g = 0 the shape is spherical,
and be distorted when 8 # 0, and y is the amount of deviation from the symmetry and
correlates with the nucleus, if y=0 the shape is prolate, and if y=60 the shape
becomes oblate[17],[18]. The following equations represented potential energy
surface for three dynamical symmetries[19]:

2
p
U(5) ng1+ﬁ2

3 g4 28 cos3y +1
E(N,B.7)x{SU@3): KN(N-1)4 5
[1+4?)

22
0 (6): K'N (N 1)(1%2}
1+ 4

where K « a, and K « a, in equation 1.
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Results and Discussion

Determining the parameters of the Hamiltonian depend on the ratios of
experimental energy levels [20],[21]. Firstly the ratio of E4,/E2,=2, 2.5 and 3.33,

secondly the ratio of E6,/E2,=3, 4.5 and 7, finally the ratio of E0,/E2 =2, >>2 and
4.5 for U(5), SU(3) and O(6) limits respectively.

From these ratios we can estimate the parameters of the two Hamiltonian in two
models for these isotopes. The parameters in equation 1 were used to get fitting of the
energy levels as tables 1 for IBM-1 model. In IBM-2 the parameters in equation 2
were represented in table 2. From the results in these tables, figures 1 to 6 were been
drawn for our isotopes. These figures represent a reasonable matching between the
models with the experimental data. This is denoted that the properties for the 8284Kr is
closer to U(5) limit because the parameter E in two models is the biggest. A good
example for vibrational properties is 1321%Xe isotopes but there are some different
properties for 2022%*Hg which explained clearly by Gh. Jaber and M. Muttaleb[22].

Electric transition can be calculated applying the equations 6 and 7 for the two
models and the results represent in table 3 for some selection transitions. From table
3, B(E2) for the first transition (2, — 0,) decreases with decrease of boson number

because nearby from stability. The same behavior for the others transitions with some
little differences.

The last step to investigate the nuclear structure for the isotopes is the potential
energy surface applying equations 8 and 9, which represent in figures 7 to 12. These
figures have the symmetric shapes on the right and the contour lines on the left of
these figures. Figures 7 and 8 represent the decreasing in the potential for 84Kr more
than for 82Kr because the decreasing in bosons nearby closed shell 50 for neutron.
There is small deviation in contour lines and accumulated between S =0.5 and 1.

There is no deformation in figures 9 and 10, because the closer from magic
number 80 for neutrons with bid decreasing in the potential for **Xe. There is
decreasing in the potential for 2**Hg more than 2°°Hg. There is deformation with
nearby the closed shell or magic number 126 for neutrons of 2**Hg isotope. This is
because the mercury is rich with neutrons and the fitting get it with applying the
parameter of the strength of quadruple.
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Table 1: IBM-1 model Hamiltonian parameters

0.36399

Table 2: IBM-1 model Hamiltonian parameters in MeV ( ¥ unit less).
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Table 3: The electric transitions (e?b? unit) with positive parity for isotopes using
IBM-1 and IBM-2 models.

The [ Ji—=> Jt
Isotope

2,50, 2,0,/ 2,524 >2|4,-546 46,56

134Xe

exp

IBM-2

exp

IBM-2

0.026

0.023

0.06

0.07

0.006

0.028

0.036

0.03

0.036

0.047

0.09

0.015

0.03

0.015

0.03

0.01

204Hg

exp

IBM-2

0.085

0.1

0.12

0.084
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Figure 7: Potential energy surface with the deformation for 8Kr using IBM-1.
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Figure 8: Potential energy surface with the deformation for 8Kr using IBM-1.
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Figure 9: Potential energy surface with the deformation for $*?Xe using IBM-1.

180




Journal of University of Babylon for Pure and Applied Sciences, Vol. (28), No. (1): 2020

E 2.0 4.0
- 18 o 35] 134Xe
L6 2 301
—14 'E 254
|| (&)
12 € 20] e,
10 2
08 5 ] ™ .
0 5] - \- l/
g N/
06 S 051 \ 7
0.4 5 N o
g 0.0 1 .
02 " . . : : ; )
‘ ‘ ‘ ‘ | I 0.0 3 2 4 n T2 3
0.0 0.5 1.0 1.5 2.0 ' The deformation

Figure 10: Potential energy surface with the deformation for 134Xe using IBM-1.
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Figure 11: Potential energy surface with the deformation for 2%°Hg using IBM-1.
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Figure 12: Potential energy surface with the deformation for 2°“Hg using IBM-1.
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Conclusions

The agreement between the results of the two models is very clear through the
convergence of these results with the experimental results, especially for low levels.
We can use the two models to get fitting with greater possibility using IBM-2. The
kind of bosons (hole or particle) affect on the properties of the isotopes with small
change in it. Calculations of B(E2) values show a good matching with the existing
experimental results. These transitions denoted to some permission or forbidden
transitions. Estimation the limit of the isotopes can be note from these electric
transitions. However, there is difference between them, due to the effect of the
deformation of these isotopes nuclei.

Potential energy surface is good for examine and emphasis the expected limit.
Approaching the isotopes from closed shell, meaning that there is small deviation in
contour lines. The potential distribute equally on the nuclei of these isotopes with
symmetry in their wave function.
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