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Abstract:

In this search we studied the most important deformation parameters
([J,00), intrinsic Quadrupole moments (Q,), root mean square of nuclear radius
and major and minor of ellipsoid axises (a,b) in addition to the different
between them ([JR), all of these parameters were calculated to even-even
Zirconium (Zr) isotopes (Z=40) for atomic number (A=80 — 104), using
deformed shell model equations as a simple new program in Matrix Laboratory
system.

Introduction:

In the first half of the 20™ century a model was introduced to explain
the observed shell structure in nuclei. Closed shells occur at proton and neutron
“magic” numbers of 2, 8, 20, 28, 50, 82 and 126 where there are large energy
gaps between successive nuclear orbitals. At these shell closures, the binding
energy of the last nucleon is much larger than the corresponding value in the
neighboring nuclei[1]. For nuclei to rotate they must be non-spherical so that
they have a preferred axis. For deformed nuclei assuming a constant nuclear
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volume (incompressibility) and real solutions, This means that such nuclei are
axially symmetric, either oblate or prolate[1,2].

The model that describes axially symmetric nuclei is called the
Deformed Shell Model. In this model the Schrédinger equation is solved using
a potential that describes, as closely as possible, the actual shape of the
nucleus, and it best describes spherical nuclei with a Woods-Saxon [3]
potential coupled with a spin-orbit potential. This spin-orbit term arises from a
coupling between the intrinsic angular momentum (s) and orbital angular
momentum (/) of the individual nucleons, such that j=/ +s. The energy levels
of each j-shell are (2j+1) degenerate, labeled by m; (the projection of j)[1,4].
The quadrupole deformation parameter ([],), can be related to the axes of the
spheroid, the larger the value of ([1,) the more deformed the nucleus. Positive
and negative values correspond to prolate and oblate shapes respectively, see
Figure bellow[1,5].
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Figure (1): Diagram showing oblate, spherical and prolate shapes. The
arrows for the oblate and prolate shapes indicate the symmetry axis.

The quadrupole deformation parameter (1) which is degree of nucleus
shape difference from sphere, intrinsic Quadrupole moments (Q,), nuclear
radius <r> and small and large ellipsoid axises (a,b) in addition to the
difference between them ([JR), all of these parameters were calculated to even-
even Zirconium (Zr) isotopes (Z=40) for atomic number (A=80 to 104), in this
range there is one magic number (N=50) for *°Zr, The number of valence
proton (neutron) pairs N (N-) is counted from nearest magic number which to
be formed total number of boson (N=N, +N)[6].
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Theoretical Part:

Nucleus quadrupole deformation parameter ([],) was obtained using the
following equation [1]:

B = (413 Z RA[B(E2; 0" — 2,")/e’]¥ (1)

where B(E2; 0"—2;") is reduced probability for E2- transition from ground 0*
to first excited 2;" state and:

Ro=1.2 A" fm 2)

The intrinsic quadrupole moment of evenly charged ellipsoid can be described
by equation[7,8]: 0=2/5Z (b*-a% (3)

Where a and b are the small and large ellipsoid axises. Since quadrupole
deformation parameter 6 (degree of nucleus shape difference from sphere) can
be written as[7,8]:

d=0.3 (b* - a%)/2<r*> (4)

Where mean-squared charge distribution radius average is equal to:

<r’> = (b® + 2a%)/5 ()

Equation (3) would be written as follows:

Q,=43Z<r>éo (6)

The nucleus quadrupole deformation parameter values & could be calculated
by:

0 =0.75 Q, I(Z <r*>) ()
The values under discussion 3, (eq.1) and 8 (eq.7) are connected as[6]:
0= 0.946 (8

Value of <r®> was evaluated using the following expressions[7,8]:
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<r?>=0.63R,*(1+10/3(7 ao/Ro)2)/(1+(7 ao/Ro)?) (A<100) (9)

<r®> = 0.63(1.2A"3)? (A>100) (10)

Which takes into account effects of light nuclei surface diffusion properties.
Parameters of radial Woods-Saxon potential form-factor[8]:

(Ro=1.07A"* fm and a,=0.55 fm)
Were obtained from the data on fast electrons scattering.

From equations 3,4 and 5 we obtained:

<r’> 26
= 529 11
2 \/ 3 ( 0.3) (1)
b=+/5x<r?>-2a? (12)

The different between major and minor of ellipsoid axises (a,b) can be write
as[6]:

AR=8*R, or AR =b-a (13)
Results and Discussions:

In this work we had studied the nuclear deformation parameters of even-
even Zirconium (Zr; A=80—104) isotopes using deformed and spherical shell
model. This study past over quadrupole deformation parameter
(0U-0,00000intrinsic quadrupole moments (Q,), root mean square radii
<r>>Y2 'major and miner ellipsoid axises and the different between them for
each isotope sunder study. Table-1 listed the isotopes were used in the present
work according to their atomic mass number, and total number of boson taken
from interacting boson model, which is a good parameter about how far or near
the isotope from magic number for both protons and neutrons, therefore *°Zr
isotope have a lowest (N=5) it’s a magic number N =0 (closed shell for
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neutrons number) which have a very low values in quadrupole deformation
parameters ([J-[J,[]J[] and intrinsic quadrupole moments (Q,) corresponding
with reduced probability for E2-transition from ground 0" to first excited 2;"
state B(E2; 0712,") for transition energy in (KeV) and **Zr isotope have a
largest (N=12) a very high values in ([ 00 and (Q,) comparing with
experimental data as shown in table-1.

The main objective is to clarify the effective of the results of
deformation parameters using the equations from deformed and spherical shell
model comparing with total number of boson came from interacting boson
model, in this search we used the deformed shell model which given a good
details about nuclear shapes, therefore its and another equations using to
calculate the most important deformation parameter which led us to
imagination of the shape of nuclei as how far from oblate and prolate (see
figure-1).

In figure-2 explains the agreement between the available experimental
data[9,10] and theoretical calculation and we show the same meaning up when
drawing between [ [lvalues and atomic mass number (A) for all isotopes of
Zr. While figure-3 found the same behavior of the relationship of [][Ibetween
Qo and A because of the equations[6,8].

Figure-4 shows the relevance of electric quadrupole transitions
probability B(E2;0712;") and [J;;; [lcomparing with experimental data(11,12).
All of these figures verifying that the isotope take a high values of deformation
when its far from magic number of *°Zr and they has a prolate shape because of
the +ve values of experimental data B(E2) and [, [Isee equation-1[][]



Table (1): Total number of boson N, transition energy Eg, reduced
probability for E2-transition B(E2), intrinsic quadrupole
moments Q, and quadrupole deformation parameters [0
comparing with experimental data.

Experimental Data Present Work

Total No. of

Isotope boson (N)

ransition Energ B(E2;0°—2%) Q, (b)
(KeVv)[9] | (e%0?)[10,11] Q. (b)

Ug

80 289.900
40 ZI’40

82
AR 407.300

84
AT 540.000

86
AR 751.750

88
AR 1057.030

90
40 <5 2186.274

92
NAR 934.490

94
10Zrs 918.750

96
40 L5 1750.498

98
20 LV sg 1222.930

100
ALY 212530

102
AL 151.770

104
10 L4 140.300
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Figure (2): Comparison between calculated and experimental[10,12] [,-
values with atomic number for Zr isotopes.
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Figure (3): Comparison between calculated and experimental[11,12] Q-
values with atomic number for Zr isotopes.
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Figure (4): Quadrupole deformation parameters [J, as a function of
reduced probability for E2-transition compared with
experimental data[10,11,12].

Table-2 listed the hard nuclear radii parameter R, (eg.-2), root mean
square radii (eq.-9,10) compared with experimental data[13], small and large
ellipsoid axises (a,b) (eq.-11,12) and the different between them in two way see
eq.-13.

Figure-5 show the root mean square radii as a function of atomic mass
number (A) compared with experimental data[13] and in the second (figure-6)
we find the relation between [JR by two methods with the atomic mass number
(A) which show that the isotopes Zr (A=90,92,94,96) has a shape nearly from
spherical but the other arising to prolate especially Zr (A=80,100,102,104) has
a higher prolate shapes.



Table (2): Hard nuclear radii Ro, root mean square radii <r>>'2 compared

with experimental data, small and large ellipsoid axises (a,b)
and the different between them (R from two equations.

Experimental
. Present Work
isotope Data[13]
b AR, <r?>172

80
202V 40 4.1805

82
202V, 4.1820

84
Mzr,, 4.2065

86
BOZr 4 4.2307

88
40 Zr4s 4.2546

90
A 4.2782

92
27, 4.3182

94
2l 4.3552

96
20 Llsg 4.4098

98
20ZVsg 4.4531

100
PRVA 4.5482

102
40 L¥e2 4.5864

104
20ZVes 4.6163
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Figure (5): Root mean square radii <r>>'? as a function of (A) compared

with experimental data[13].
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Figure (6): The difference between major and minor of ellipsoid axises
(OR) from two methods (deformed shell model and IBM-1)
as a function with (A).
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