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In the present work, the interacting boson model(IBM-1) for s and d boson is
used to calculate the energy levels of the positive parity bands, electric quadrupole
moments, E2-transition probabilities B(E2)in particular between states which may be

affected by the finite boson number N=NII+Nv=2+5=7 of even-even 32 Ge

70
38 nucleus . This

nucleus is belong to SU(5)-SU(3) dynamical symmetry .
The calculated results of this study are compared with the available experimental
data and they found to be in a very good agreement.

Keywords: nuclear structure , even-even deformed Germanium

Introduction

In 1974 Arima A. and lIachello F.
have proposed a new nuclear model, called
; Interacting Boson Model (IBM);
[1],which attempts to describe some
nuclear properties such as spins and
energies of the lowest levels of
intermediate and heavy mass nuclei,
except those near closed shells[2,3].The
simplest versions of IBM called; IBM-1;
has to be able to describe the even-even
deformed nuclei as an inert core combined
with bosons which represent pairs of
fermions , which can occupy one of two
levels: a ground state with (L=0)called s-
boson or an excited state with(L=2)called
d-bosons|4].

The dynamical symmetries in this
model are depending on the main group
U(6) of unitary transformations in 6-
dimansions and 36 generators. The
analysis of this group leads to three
subgroups called chains that end in O(2).
They can be written as|[3]:

(I ) The vibrational SU(5)chain
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U6)> SUG) © 0(5) © 03) D

0Q2) ....(1
(IT) The rotational SU(3)chain:
U(@6)-SU@i3)- 0Q3) -02)
R ()
(IIT) The y -unstable O(6)chain:
ue) -0@6) -00B) -003)

20Q2) ......(3)

One of the basic properties of
deformed nuclei is the presence of specific
collective rotational states SU(3) in their
excitation spectra. These states can only be
observed in nuclei with a non-spherical
shape [5].

The collective motion of deformed
nuclei depends on two facts [6,7]:

1-All deformed nuclei
electric quadrupole moments
energy states .

2-The changing in the deformation
shape depends on the direction of nucleons
and nuclear motion causing rotation of
some nucleons around an axis different
from nuclear symmetry axis , for this

have an
in their
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reason, we can explain two types of
deformation as follows:

1-Prolate deformation:

In this deformation, the nucleus
rotate around an axis perpendicular to the
nuclear symmetry axis . This type has
positive quantity of electric quadrupole
moment (+QL).

2-Oblete deformation:

In this deformation, the nucleus is
rotating in axis parallel to the nuclear
symmetric axis. This rotating happened in
spherical nuclei , and it has negative
quantity of electric quadrupole moment (-
QL).Some of the previous studies about
this subject are:

Iman T. AL-Alawy(2000)[8],had
been calculate the (EO,E2,B(E2),QL)
transitions of collective levels of Pt-196
nucleus.

Iman T. AL- Alawy, et al (2005)
[9]had studied the electric quadrupole
moments, and g-factor for deformed
Yb(A=176)nucleus of dynamical symmetry
SU@3)-SU(5).

Aobaid A.K.(2006)[10] studied the
nuclear structure of some even-even

56 74 88 106
Fe30 , 34 Se40 . 40 Zr48 R 46 Pd 60 R

(26
156 180 18
64Gd92, 2 Hf108, 7‘6‘\/\/“2) nuclei. He found a
good agreement results with available
experimental data.

Theoretical Part:

1-The Hamiltonian Operators In
IBM-1:

Scholten, lachello and Arima (1978)
[11] proposed a simplest Hamiltonian
form as follows:

H=en, +b,(P".P)+b,L* +

b,Q+b, T2 +b,T>.............. (4)
Where:
¢ is the energy parameter of d-

n
boson operator ( d) , b0 is the

parameter of the paring operator (P) , bl
is the parameter of the angular

momentum operator (ﬁ),bz is the
parameter of the quadrupole momentum

operator(Q),b3 is the parameter of the
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octupole operator (T3),b4 is the parameter

of the hexadecapole operator ( T4) .

The Hamiltonian in equation (4)
depends on the type of dynamical
symmetry as in equations (1,2,3)and takes
the following form|3,4]:

for chain (I):

~ (1 ) A . .
AD s +b L2 +byT2 +b, T2 .(5)
for chain (II) :
HID - £2 40,02 9

for chain (III') :

HU —b 7.8y + b, L2 +b,T2 ()

The electric transition operator,
which is associated with collective states
can be written as [4]:

T®@=gid" &+ xd( P+ xd@ —@®

This operator has two parts [d' x§+§" xd]

which satisfies the_selection rule
And= %1, and the term [dT xd]  which
satisfies the And= 0 selection rule .

The parameters 60 and 61 depend
on the limit involved or the appropriate
intermediate structure .

The electric transition operator
T(E2) in equation (8) can be written down
as[3] :

T(E2) = eB[(&*x§+s"+ch)+;( ' xd)® = esQ  ..(9)

Where e is a boson effective
charge ,y is any parameter.

The electric transition probability
B(E2) determined from the following
reduced matrix element [4]:

- (K WA L-M

<M, [T LM >=(=D)
L K

-M L K

The  calculation of electric
quadrupole moments for three chains

depended on selected rules as shown in
table (1), and can be written as:

L 2
QL—O.676(_L .

L "(K) ‘
M‘L)<L|T [L> ..(10)

L i
Lj< Lo 1TED g > a
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While the electric transition
probability B(E2) can be written as:

B(E2L; > Lg)=
(2L+1)

<L ITED L 52 a2

£ I
Results and Discussions:

1-The energyv levels ., and Their
Transitions:

In order to calculate the nuclear
70
structure of even-even 32 €3 deformed

nucleus, we must find the dynamical
symmetry of this nucleus. The dynamical
symmetry for any nucleus was determined
according to the following|[4]:

1-Energy ratios as
table(2).

2-Experimential energy spectrum
see references [3,4].

3-Energy band arrangement(g,p,y )

shown in

Table (2) listed the calculated
energy ratios (pw) in comparison with
experimental [12,13] and ideal [3] values .
This table shows the nucleus under study
lying in the transitional region SU(5)-

SU(3), also this table gives very reasonable
70

description of the behavior 2 © nucleus.
The parameters of Hamiltonian

70
equation (4) for3ZGe33 nucleus are shown
in table (3).
These parameters have been

obtained by fits them with experimental
energy levels values for low spin and used
to calculate the energy levels and their
transitions as in table(4)

Table(4) shows a good comparison
between calculated energy levels and
available experimental values ,specially at

low-lying of the ground  states

(01 ,21 ,41 ,61 ,°1),and in other states
+ + + + + + + + + +

(23 ’03 ’24’42’25 ’43 ’44’45 ’27’47) while

at high angular momentum, some

theoretical values are somehow larger
than experimental because:

1-These values need large time to
be measured.
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2-The IBM-1 does not distinguish
between neutrons and protons bosons.

3-The fitted of equation (4) was
very difficult to get same values as
experimental data for all energy levels.

2-The electric Transitions
Probability B(E2):

In this work, the equations (10,12)
are used to calculate the electric transition
probability and their reduced matrix
element for this deformed nucleus .The
parameters for these equations are
(60=0.10498(eb), and 61=0.068(eb)). These
parameters have been obtained by fitting
them with experimental values of B(E2).

The calculated results are listed in
table (4). This table contain the
comparison between calculated B(E2) and
available  experimental data. The
comparison  shows an  acceptable
agreement, specially at transitions
G120 22 oy,

4 220 and(61 4,

Figure (1) shows the relation

between the electric transitions probability

B(E2) for the transitions (21+ _>01+) ,
(41 —>21 ),(61 —>41),(81 —)61)

(

as a
function of angular momentum L+2—L.
It is noticed in this figure that the highest
probability happened at transition

(6l+ _)41+). This means that the strong
B(E2) happened at this transition ,also this
figure shows very good agreement
between present work and experimental
data .

3-The electric quadrupole

moments:

The electric quadrupole moments
can be calculated from equation (8)by
using the same parameters (60 and o1 )of
B(E2). The calculated values of (QL)show
that these values are depending on 61 —
value more than( 60) and both of them
depends on total number of bosons(N).

Table (5) shows the values of QLi
where L=2 to 6 ,i=1 to 10.

These values have been compared
with experimental data and gives very
perfect agreement of the first excited state
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(21 ) and somehow small in second excited

state ( 5),

Figure (2) explain the shape
deformation of angular momentum
2] > 2]

10 for nucleus understudy, which
has a prolete type of deformation at state
(21 ,23 ,25 ,27 ,28 ,and29 ), This is agreeing
with experimental shape and value in the

R
state (21 ), while it has an oblate type at
states (22 ,24 ,26 ,and210 ).

Figure (3) same as in figure (2) but

for L=31 _>310. This figure shows the
nucleus has an oblate type in
(3 ! ,32 ,33 )states, but the(34)state has

prolate type, and has QL=0 in other

states. While in the figure (4) has
prolate 4 ,43 ,46 y
4 ,48 ,and 49) and an oblate type in
another state .

Figure (5)shows that it has prolete

3 ,54,55) ,while it has an

type in states (

type in states (

oblate type in state (5 2, > ).
Figure (6) shows the nucleus has an
oblate type in all states except has an

oblate type in (63 ) state.
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Table(1):Selection rules and quadrupole moments in different dynamical symmetries|[23]
Y |

selection rule

operators Quadrupole moments

Ang= £1,Av= %1

Q.=0.6765,\L/14

Ang= 0,Av =0, £2

AG=£1,A7 =%1
Qi=-1.1215, (L
AG=0,A7 =022 | [2L+3)(4N+3)

AN=Ap=0
AA=Ap=0 or _
Ah=+4, Ap=+4 Q=0

Table(2):Ideal energy ratios of three chains[3] compared with experimental[12,13] and
theoretical values .

E(47)E(27) | E(6/)E(2)) E(8/)/E(2])
SU(5)
SU3)
0(6)

Exp..">"!

Present work(pw)

70
Table (3): The parameters of Hamiltonian operators for 32 GCs nucleus.

The
Parameters e
Nz [Ny | N :
’ (MeV) | (MeV) | (MeV)
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Table (4): Theoretical energy levels, transition energy, reduced matrix element <Lf I T2 Il L > , and

robabilities of electric transitions B(E2) compared with available experimental data

Energy level E(L) Transition energy

(MeV) . E,(MeV)
Spin 5 (£2)
e (Lot L)

Exp.[12] L =Lt | Exp.12] (eb) Exp.[12]

B(E2) (eb)’
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Table(4):To be continued(2/3):

B(E2) (eb)’

Energy level E(L) Spin Transition energy I f(Ez) [ >
(MeV) sequence E,(MeV) -f i

Exp.12] | BBM-1 | Li —L% Exp.[12] | IBM-1 () Exp.[12] IBM-1

0.0560

0.0999

-0.4120

0.008E-6

-0.4748

-0.3028

0.2839

-0.0028

0.0306

-0.6178

0.4959

0.0207

0.0662

-0.0259

-0.0815

0.7008

0.2703

-0.0081

0.0289

-0.0551

0.0280

0.0800

0.0690

-0.0676

0.0027

0.7662
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Table(4):To be continued(3/3):

Energy level E(L) Spin Transition energy L IITE» L
(MeV) sequence E,(MeV) < f || || i>

Exp[12] | IBM-1 | L =L} | Exp[12] | IBM-1 (eb) Exp.[12] | IBM-1

B(E2) (eb)’

-0,18x10"
8

-0.07x10"
8

0.10x107

0.26x10°®
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Figure(1):Electric transition probability B(E2) with
angular momentum

Figure (2): The electric quadrupole moment as a
function of angular momentum L=2, to 2.
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Figure (3): Same as in fig. (2) but for L=3, to 3 .

Figure(4):The electric quadrupole moment as a function
of angular momentum L=4, to4,,

g . \ \ \ \
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Figure(5):The electric quadrupole moment as a function of
angular momentum L=5; to5,

Figure(6):The electric quadrupole moment as a function
of angular momentum L=6; t06,
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