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Abstract :

In this study, we have employed the Interacting Boson Model (IBM-1 and IBM-2) to
determine the most appropriate Hamiltonian for the study of a nuclei in the region (A=100).
Using the best fit values of parameters to construct the Hamiltonian, we have estimated energy
levels and multipole mixing ratios (6(E2/M1)) for some doubly even (A=100,102) nuclei. The
results are compared with experimental data and it is observed that they are in good agreement.
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1-Introduction :

The study of nuclear structure concerns itself with the motions of nucleons within the
nucleus. In principle what is needed is the total wavefunction of the nucleus. However, for all but
the lightest nuclei this becomes extremely complicated and of little practical use. As the problem
becomes intractable with increasing mass, one has to resort to nuclear models which make use of
simplifications and approximations [1]. These models must be simple enough to understand and
calculate, but still powerful enough to predict observed phenomena. Some of the most successful
nuclear models are the Collective Model of Bohr and Mottlesohn , and its group theory counterpart,
the Interacting Boson Model (IBM) of Arima and lachello . Both models have special limiting cases
that form structural paradigms, and which are empirically observed in select nuclei. It is therefore
important to subject these limiting cases to extreme scrutiny, as they act as benchmarks of nuclear
structure.[2]

In previous years, some nuclei are calculated by (IBM) such as : Yazar et al. [3] explore the energy
levels and the electric quadrupole transition probabilities B(E2;l; — Ir) and gamma-ray E2/M1
mixing ratios for selected transitions of some even-even erbium isotopes, Zamfir et al. [4] stated
that Xe isotopes of the mass region of A ~ 130 appear to evolve from U(5) to O(6)-like structure in
the IBM.

2- Theoretical Basis :
2-1 (IBM-1) :
The IBM-1 Hamiltonian can be written as : [5]

H=¢ ?.;'d+t-!|jp+ P+a 1£2+trj{j‘2 -I-trgT_-E +In'..1T4i. (1)

Where :

P=1/2 (d* s?)
Q=(s".d+d".s)+y (d".d)
ng =5 T, L=+V10T

241



Journal of Kerbala University , Vol. 10 No.1 Scientific . 2012

The program code PHINT written by Scholten is used within the option of specifying the
parameters in the neutron proton formalism where it take care of projecting maximum symmetry
states. We have used EPS, PAIR, ELL, QQ parameters and kept OCT, HEX as zero since there
contribution is very small. For these calculation the experimental data are taken from .

2-2 (IBM-2) :

The microscopic picture of the IBM is very complicated. A commonly used microscopic picture is
given in terms of collective pairs of nucleons. The S and D pairs of valence nucleons have angular
momenta J = 0 and J = 2, respectively. These pairs correspond intuitively to the s and d bosons,
respectively. The building blocks of the IBM-2 are the proton bosons s, d, and the neutron bosons
sy, dy. For the analysis of excitation energies in some (A=100,102) nuclei we tried to keep to a
minimum number of free parameters in the Hamiltonian [6]. We thus considered equal values for
the neutron and proton d-boson excitation energy, in addition to the standard quadrupole interaction
and Majorana term. We only considered the dipole neutron-proton boson interaction whose strength
is characterized by a single parameter W,,. The explicit expression of the Hamiltonian adopted in
the calculations is : [5,7]

H-: '—_{ﬁd" I ﬂu!..] | I{:ar(:i"w ' (-}: | I{.‘.'.'.'f-’:}.fr ' f:::Ilfr

-u'm,fzr - L. | ﬂlﬁfm, \
. (2) .
where the indexes ng, and ng, refer to neutron and proton bosons respectively, and M,
is the Majorana term. Moreover,

g, = [n’:,' - dy) .
Y i B sty g 1(2) L, 3 1(2)
Qn = [dy x &y + &5 % dg]'™ + xgldy x dy]*,

L, =10 EIT;:_ % dy], n=m,u,

. 1 . .
My ==6[8) x df — 55 xd]]?

1[5, x dy — & x d,]@
N &ldf x dF]R [ﬂ”rtp y ﬂfr]u.-yl

k=13

The E2 transition strengths were calculated by using the operator :

T(E2) = ex0x + €,0,
3)

where e, and e, are boson effective charges. The M1 operator is given by :[7,9]

j_l:_nlflj = V'Il.liﬁ{ﬂyri'?r T !.iiljf‘f"]-':l.‘
i @

where g, and g, are the proton and neutron boson g-factors, respectively. The numerical
diagonalization has been carried out by using the computer code NPBOS of Otsuka.

The mixing ratio is given by :

8(E2/M1) = 0.835 E, A(E2/M1) (5)
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3- Results and Discussions :

As a starting point we used parameters extrapolated from the IBM calculations of some
(A=100,102) nuclei , the fitted values of the parameters are given in Tables (1 and 2). These
parameters are consistent with those of previous calculations. In general, at using IBM-2, we find

the values of € and k decrease with increasing mass number.

Also, we can know the limit of nuclei ( vibrational, rotational or y-unstable) by the parameters of
IBM versions . Also, we have estimated multipole mixing ratios (6(E2/M1)) of some transitions for
this nuclei and then compared them with some experimental results from [9,10], The mixing ratios
values are given in the tables (3-5).

Table 1 . The Hamiltonian parameters set used in the present study for the IBM-1 calculations of
some nuclei with mass numbers (A=100,102).

(all in MeV except CHI

and SO6) .
Nucleus | EPS P.P. L.L. QQ. | TaTs | TaTys CHI SO6
105y 0.000 | 0.000 | 0.0160 | -0.0091 | 0.000 | 0.000 | -1.320 | 1.000
1Mo | 03610 | 0.000 | 0.0099 | 0.000 | 0.0581 | 0.0112 | 0.000 | 1.000
1027y¢ 0.000 | 0.000 | 0.0200 | -0.0078 | 0.000 | 0.000 | -1.320 | 1.000
2pgd | 0.5780 | 0.000 | 0.0115 | -0.020 | 0.000 | 0.000 | 0.000 | 1.000
%Ru | 0.1057 | 0.000 | 0.0191 | 0.000 | 0.0513 | 0.1016 | 0.000 | 1.000
%Mo | 0.1978 | 0.0850 | 0.0181 | 0.000 | 0.0636 | 0.000 | 0.000 | 1.000

Table 2 . The Hamiltonian parameters set used in the present study for the IBM-2 calculations of
some nuclei with mass numbers (A=100,102)

Nucleus | N, N, £ K Yy Yo Cry (L=0,2,4) Cr(L=0,2,4)
(MeV) (MeV) (MeV) (MeV)
Wsr| 6 6 0.684 | -0.178 0.18| -1.05 0.93,-0.67,0 0.82,0,0
WMo | 4 4 0.824| -0058| -1.00| -1.00| -0.55-0.1,0.1 0,-0.5,0
Wzr]l 5 6 0.523 | -0.121 0.32| -0.26 0,- 0.48,0 0.6,0,0
W2pg [ 2 3 0750 | -0.084| -1.10 0.60 0.3,-0.4,0 0.2,-0.65,0
YWRu!| 3 4 0.741| -0.079| -050| -0.60 0.2,0,0 -0.85,-0.66,0
Mo | 4 5 0620 -0060| ~-1.00| -1.00 -0.1,0.05,0.1 -0.3,-0.1,0

Table 3. The mixing ratios values of ®Sr and ***Mo
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li—I¢ 1003 r li—I¢ 100|\/|0
EXxp. IBM-2 EXxp. IBM-2
21" —2," ---- 6.3172 21 —2," ---- 1.2470
21 —23" - 0.1219 21 —23" -——- 0.4259
4,7 >4," ---- 14.8295 4" —4," ---- 2.9090
31 —>2," - 6.4731 3" —2," -——- 0.2161
1,7 >2," ---- 0.1972 1,7 —2¢" ---- 0.2856

Table 4 . The mixing ratios values of *Mo and %zr

li—1I¢ 102|\/|O li—I¢ 1022r
EXp. IBM-2 EXp. IBM-2
272, 1.0777 200, 2.3913
2.7 04" 0.0781 20 04" 0.8948
4k, 0.1074 4=k, 1.4056
3,70, 0.1943 3" 0, 0.4474
1,70, 0.1753 RSN 0.0059

Table 5. The mixing ratios values of %’Pd and *%Ru

li—I; 102Pd li—If 1OZRU
Exp.[L1] IBM-2 Exp.[12] IBM-2
20 0, 10.4 6.0107 200, 10.5100
21 —23" 8.1 0.4380 21 —23" 0.25 0.2085
4, —4," - 4,7389 4,7 —4," - 3.3664
31+—>21+ - 09183 31+—>21+ - 84 03467
11+—>21+ -=== 19234 11+—>21+ - 03504

4- Conclusion :

In this work , Interacting Boson Models IBM-1and IBM-2, have been used to calculate energy
levels and nuclear properties of some even-even nuclei with (A=100) and (A=102). We observed
that IBM-2 is the best in study of this nuclei, also we conclude that (***Mo , ®Pd , ®Ru) in U(5)
limits and (*°Sr , *°2Zr) in SU(3) limit, (***Mo) in O(6) limits. energy levels of the low lying states
of these nuclei were produced, Mixing ratios 6(E2/M1) for transitions with Al = 0, | # 0 were
calculated. the results are compared with available experimental data, Satisfactory agreements were
produced.
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The energy levels which calculated in the present study are in the following figures :
Fig.(1): Comparison between expermental,IBM-1 and IBM-2 energy levels of *°Sr
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Fig.(3): Comparison between expermental,IBM-1 and IBM-2 energy levels of %Zr
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Fig.(4): Comparison between expermental,IBM-1 and IBM-2 energy levels of '%Pd
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Fig.(5): Comparison between expermental,IBM-1 and IBM-2 energy levels of '%Ru
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