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Abstract

Many properties of nuclear structure for even-even 124_152(? Ba isotopes have been investigated with

IBM — 1 and IBM — 2 .They examined carefully with benefit from continuously updating of nuclear
decay schemes. Low-lying energy levels for even-even positive parity states, mixed symmetry states
(MSS), reduced electric quadruple transitions probabilities B(E2), branching ratios, reduced magnetic
dipole transitions probability B(M1), 6(E2/M1) ratio, reduced electric monopole transitions probability
B(EO0) and mixing ratio X(E0/E2) and potential energy surface have been studied.

In the framework of IBM — 1 noted the competition between the two parameters (a, and a,) in 2%
128Ba isotopes were the increases of ao associated with decreases of a; which mean that the y-unstable
features were continuous increases with opposite of rotational properties, in IBM-2 y, and x, were (-1.3
and around 0.7) which signified similarity with IBM-1 expected. ?4128Ba isotopes described to be
transitional nuclei , transitional between SU(3) and O(6) features.

Key word: Nuclear structure ,'?#*%Ba isotopes, transitional nuclei, and Mixed Symmetry State.

1. Introduction

The interacting boson model (IBM) is based on the well-known shell model and
on geometrical collective model of the atomic nucleus[1-3]. It is suitable for describing
the structure of intermediate and heavy nuclei. In addition, it is of considerable
theoretical interest since it shows the dynamical symmetries of the nuclei[ 4,5], which
are made visible using lie algebra. The (IBM) was developed by lachello and Arima [5-
7]. According to (IBM) postulates, the nuclear pairs are represented by bosons with
angular momentum L = 0 or L = 2, i.e. the number of bosons relies on the number of
active nuclear particle number (or hole) of the pairs outside a closed shell. While the
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total boson number (N) is calculated by addition of the partial numbers i.e. N = N, +
N,,, where N, and N, are the number of proton and neutron bosons respectively. There
are many studies that attempted to explain the behavior of Barium nuclei by using
different models[8-14]. In this research many properties of nuclear structure for even-
even 1212883 jsotopes have been investigated with IBM — 1 and IBM — 2 they have
been examined carefully with benefit from continuously updating of nuclear decay
schemes.

2 .The Interacting Boson Model

In the IBM1, it is assumed that the Hamiltonian operator contains only one body

and two body terms thus, introducing creation (s’f,d;rn) and annihilation (s, d,,)
operators where the index m = 0, £1, +£2. The most general Hamiltonian can be written
as[15]:-

1
H = e(sts) + €4 S dly dm + S1mo2.42 2L + 12 G [(dTdH®. (dd)H] ¥ +

(0)

F02[(@dH@. ([d)@ + (dtshHP. (dd) @] +-0o[(d'dN)@. (s5)©@ +

(0)
(stsH©, (dd)(o)](o) +uy[(dtsH®@. (ds)z](o) + %uo[(sTsT)(O). (ss)?]

1)
Where C,(L = 0,2,4),v,(L = 0,2),u; (L = 0,2) describe the boson interaction.
The most commonly used form of the IBM-1 Hamiltonian is[16]:-
H=éeng+aoPTP+a,L.L+a,Q.Q0+asT3T; + a,T,T, 2)
Where ¢ = g; — & IS the boson energy, for simplicity e;was set equal to zero only
€ = g4 appears , and ay, ay,a,, as, and a, designate the strengths of the quadrupole,
angular momentum, pairing, octupole and hexadecapole interacting between bosons
respectively. The five component of d boson and the single component of the s boson
extend across a six dimentional space and for a fixed number of boson N, the group
structure of the problem is that of U(6). Considering the different reductions of U(6),
three dynamical symmetries emerge, namely U(5), SU(3) and U(6); these symmetries
are related to the geometrical idea of the spherical vibrator, deformed rotor and a
symmetric (y —soft) deformed rotor, respectively[17-19]. In order to calculate
transition rates the simplest form of IBM — 1 the one body transition operator has been
given as follows[16-19]:-.
Th = az0p[dTs + sl + Bild ]y +voBi8molss]” 3
where a,, B;, yoare the coefficients of the various terms in the operators. The three,
corresponding dynamical symmetries group chains of U(6)can be written as [16-19]:-
[—U(6)>SUB)>0(5)>20(3)>20(2)
II-U(6)D2SU(3)D20(3)>20(2)
I -U(6)D20(6)20(5)>0(3)20(2) 4)
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The branching ratio for three, corresponding dynamical symmetries have been written

as[15]:-
B(E2;4f »2f)  B(E2;2f —»2) . B(E2;0f -2} S 2(N-1)
“BEL2 S0 N TRE2 S0 R TRGz 2z S0y R ER =Ty
<2inU(5)
B(E2;4f »28) 10(N—1)@2N+5) 10 _  B(E22f —»2f) . B(E2;0} -2}
TB(EZ2 50))  IN@N+3) 7' TBE22 -00)'" T BEZ2 - 0D)
=R =R =0inSU(3)
B(E2;4f »2f) |, B(E2;2f—»23) . B(E2;0% - 2f) . 10N —1)(N +5)
TB(EZ2 50D’ B(EZ2r 50D B(EZ2r-0D) 7 NN+4
<$;R" =0 in0(6)
®)

The quadrupole moments, in U(5), SU(3) and 0(6) limits defined as
QF, = B/161/5/2/7,Q3, = —a,y/2m/52/7(4N + 3) and QF, = 0 (6)

IBM — 2 assumes proton and neutron bosons to have an intrinsic quantity, called
F —spin, of value F = 1/2 [16-20] which can be introduced in a formalism similar to
that used for isotopic spin. Then proton bosons will have a Z —projection F, = +1/2
while neutron bosons haveF, = —1/2, thus one can write

1 1 1 1
) = |5’+E>’ lv) = |;,—;> ()
The underlying group structure to F —spin is SU(2). The three generators can be
written explicitly as F, = did, +sts,, F. = did, + s's, and its zero-component
1
Fo =5 (dydy + sp5p — dydy + 5)s,,) (8)
From the last equation it follows that F; is always a good quantum number for a given

nucleus .A state with N = N, + N,, bosons is fully symmetric under the interchange of
neutron and proton boson if it has maximal F —spin

NH;NV =2 |g| F = Fnax — L FBnax — 2, o, Fpin = anNv 9)
While the mixed symmetry states characterized by decreasing F —spin value. A state
with only s- boson is naturally fully symmetric and has F = N /2 it should be noted
that the state of maximum F —spin are in one to one correspondence with the states of
IBM — 1 while the states with F —spin less than the maximum value of N /2 have no
counterparts in IBM — 1. They have mixed proton-neutron symmetry character, thus
they are called mixed symmetry states. These states are considered as the main interest
in studying the IBM — 2.
A simple schematic Hamiltonian guided by microscopic consideration is given by
[15,16, 21]
H = e(ngy + nay) + kQr. Qy + Vor + Vi + My, (10)

Fnax =
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&q, &, are proton and neutron energy respectively, they are assumed equal ¢, = ¢, =
€. The last term in eq. (10) contains the Majorana operator M, and it is usually added
in order to remove states of mixed proton neutron symmetry. this term can be written
as [15,22,23]
My = So(sidh = disH®. (s,dr = dys)® + T 3 G (didi)® — (dydr)®
(11)
If there is experimental evidence for so called mixed symmetry state then the
Majorana parameter are varied to fix the location of these states in the spectrum. The
general single boson transition operator of angular momentum ¢ has the same form as
in eq.(3) in IBM — 1 except the fact that in each term one has to consider ,v degree
of freedom and this can be written as[24-27]:-

TW = a,,6p,[d's + s*d]gz) + ﬁgp[d-rd]ff) + '}/Op(Sgo[S-l—S](pO) P =TOTV (12)

For E2 operator[15,26]

T? = ezQr + €,Qy (13)
Where @, is the same as in eq.(10) and e, e, are boson effective charges depending

on the boson number N and they can take any value to fit the experimental result. The

quadruple moment of 27 can be in IBM2 defined as:-

Q7, =(L,M =2|Q|L,M = 2) (14)
Q4. =+/16m/5/L2L + DB(E2) /(2L + 1)(L + 1)(2L + 3) (15)
The M1 operator obtained by letting £ = 1 in eq. (12) is written [15,25] as
A
T = [2]2(g, LS + g, L") (16)

Where g, , g, are the boson g —factor in unit of uyand LE,I) == \/10(de)§)1), this
operator can be written alternatively as:-

700 = (251 (g, + g P+ LD) +2 (g — gD — 1)) (17)
The first term on the right hand side of this equation is diagonal; therefore, for M1
transition the previous equation may be written as:-
TN = 0.77[(d'd) ~ (d'd)V1(gr ~ 9v) (18)
The M1 strength many be expressed in terms of the multipole mixing
6(2) = 0.835E,(MeV).A  where A = U=l
1/ TRGH : Ul ™Dl 70)
The EO reduced transitions probability is expressed as [28].
B(EO;I; > I) = e*R?p?(E0) (20)
Where e indicates the electronic charge, R stands for the nuclear radius and p (EO) is
the matrix element transition which is gotten by [28]:-
p(E0) = Z/R%Y Bo, (fld} x d,|i),p = m,v (21)
where S, Loy represent the deformation parameters for (protons and neutrons)
The X(EO/E2) ratio can be calculated as follows [28]:

B(EO;I; > If)
X(EO/E2)= m

(19)

(22)
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Where =1, forl;= I # 0,and I, =2for1, = I;= 0.

This ratio is so essential as it mirrors to what extent the transition between B(E2) and
B(EOQ) is strong.

The general formula for the potential energy surface as a function of geometrical
variables () and y is given by [15,16] :-

N(est+egB?) | N(N+1)

V(By) =Mt 1 2D (@, + a2 Cos3y + s + ) (23)
with a; = % + % + %,az = —\/%Uz, az = (U°j§u2),a4 =g (24)

where N is the total boson number £ is the quadrupole deformation parameter operator
from f = 0 — 2.4. y is the distortion parameter operator or (asymmetry angle) for 0° <
y < 60°. The variables a,, a,, a3, a, are related to the parameters in eq.(1). The energy
surfaces has minima only at y = 0°and 60° these expressions give for large N, i =
0,2, and 1 for U(5),SU(3) and 0(6) respectively.

3. Results and Discussion

The ?#128Baisotopes, have Z = 56, then 3 particle bosons the number of protons and
neutrons lying between 50 , 82 and 82, 126 magic shells, respectively, 241?8Ba have
68-72 neutrons which mean (7-5) hole neutron bosons respectively, The parameters
estimated for the calculations of the levels of low- lying excited energy for Barium
isotopes have been given the table (1).

Table 1: The parameters have been used in the IBM — 1 and IBM — 2
Hamiltonian for even-even 124128Ba isotopes (in MeV ) except x , x, and
X-Were unit less.

IBM — 1 parameters in MeV unless y

Isotopes

Np € ao a1 a as a4 X
124Ba 10 0.0 0.018 0.016 -0.025 0.04 0.0 -0.4
126Bg 9 0.0 0.019 0.016 -0.028 0.04 0.0 -0.4
128Ba 8 0.0 0.02 0.0172 | -0.031 0.041 0.0 -0.42
Isotopes IBM-2 parameters in MeV unless y,, , xz=-1.3,N , =3

N, €a K Xv {2 ¢13 & Cx

124Ba 7 059 | -0.14 038 0.03 ' 0.02 -057,0.1,0.0 -0.74,0.1,0.0
126Bg 6 061 |-018 0.7 0.03  0.03 @ -0.68,0.15,-0.08 -0.6,0.15, 0.0
128Bg 5 061 |-0.17 0.7 0.04 |0.03 | -0.8,0.15,-0.09 -0.6,0.15,0.0

Experimental and theoretical energy ratios ( E4f/E2}), (E6f/E2f) and

(E8T/E27) [15] compared to the standard ratios for U(5), SU(3), and 0(6) limits have
been calculated for ?*128Ba isotopes shown in figure (1) as a function of mass numbers.
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The calculated energy levels comparison with experimental data [29-36] for 1241%Ba
isotopes illustrated in figures from (2) to (4) .

4 5 Exp. 8  Exp.
. 8 8 & B | 6 2 g o 1801
& 2 —e o Bm2 | & 4 R o
e —ups) |52 e

0 i |7 — ol

12 14 126 18 130 OO 122 124 126 18 —sup)

Mass Number —SU(3) Mass Number

15 . Exp.
12 1BM-1

e 9 ° L] L]
X o & M 1BM-2
9 —U(5)

3

U —of8)
122 124 126 128 130 —SUd)

Mass Number

Figure 1:The experimental [29-36], theoretical and standard [15] energy ratios (
E4F/E2} |E6}/E2f,and E87 /E27 ) respectively as a function of mass numbers for
even —even ?4128B3 isotopes.

12Ba
5
4 —
— 10* =
3 — — L -— gt
T — 107
= 2 S -
g+ — e a4
“ — ===% 5 T 7
o — —_—— ol
— 27
1] O
-1
IBM-1 EXP. IBM-2  IBM-1 EXP. IBM-2 IBM-1 EXP. IBM-2

Figure 2: Comparison between experimental [34] and calculated energy levels for 1#Ba
isotope.
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Figure 3: Comparison between experimental [35] and calculated energy levels for '?Ba

isotope.
128B3
6
5 p—
4 - — 10
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> 3 —— —10° \'”: o -8
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2 8" —== — 5 -
s ——4+ 5 —_——
6" — - 3+ o
1 4.,, ———— zf 64
0 —- o 2

IEM-1 EXP. IBM-2 IBM-1 EXP. IEM-2 IBM-1 EXP. IBM-2

Figure 4. Comparison between experimental [36] and calculated energy levels for ?Ba
isotope.

The effect of the Majorana parameters (¢; 3,¢> ) on the level of the calculated
excitation energy for 124128Ba jsotopes have been conducted for all isotopes; this effect
varies the ¢, around the best-fitted with experimental data for the states
(2%,2%,2¢,3%,5F,11). The energy variation of these states is stated in figure (5) as a
function of the Majorana parameter .
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Figure (5) Mixed symmetry states (MSS) in even- even ?128Ba isotopes.

Effective boson charges used in IBM — 1 and IBM — 2 for electric quadruple
transitions and calculated branching ratios listed in table (2) have been compared with
available experimental data[29-36]. Therefore calculated reduced electric quadruple
transitions probability B(E2), and electric quadrupole moment of 27 state comparison
with the experimental values [29-36] for 124128Ba isotopes listed in tables (3).
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Table 2: The effective boson charges used in IBM — 1and IBM — 2 to calculate B(E2)
transition and comparisons between calculated branching ratios with experimental
data[29-36] for even-even 12-128Ba,

The effective boson charges (eb)
Isotopes

IBM — 1 IBM — 2

E2SD E2DD e, e

12483 0.1028 -0.127 0.037 0.27

126Bg 0.1046 -0.126 0.035 0.25

128Bg 0.1032 -0.123 0.029 0.23

Isotopes R R’ R"

Exp. IBM-1 | IBM-2 Exp. IBM-1 ' IBM-2 Exp. IBM-1 @ IBM-2
124Bg -- 1.416 1.366 -- 0.0861 0.01 -- 0.004 @ 0.0038
126Bg 1.335 1.392 1.36 -- 0.1122 @ 0.133 -- 0.0044 0.005
128Bg 1.28 14 1.362 -- 0.134 0.147 -- 0.0046  0.007

Table 3:Calculated reduced electric quadruple transitions probability B(E2) and

electric quadrupole moment of ZIstate comparison with the experimental values [29-
36] for 124128Ba isotopes.

Isotopes | B(E2) valuesin (e2b?) ?*Ba | B(E2) values in (e?b?) ?°Ba
JF-Jf | Exp. IBM—1 IBM—-2 Exp. IBM—1 IBM -2
2, =0 0.418 0.418 0.416 0.352 0.352 0.351
4, > 2, -- 0.592 0.569 0.472 0.49 0.479
6, >4, -- 0.63 0.62 0.55 0.52 0.56
81— 64 -- 0.62 0.66 0.63 0.509 0.58
10, - 8; -- 0.58 0.56 0.606 0.466 0.603
0, =2, -- 0.00168 0.0022 -- 0.00156 0.002
2, =0, -- 0.039 0.016 -- 0.03 0.0185
25 > 24 -- 0.36 0.53 -- 0.039 0.04
4, - 2, -- 0.195 0.2 -- 0.164 0.198
3, > 2, - 0.458 05 -~ | 0.3699 0.49
3, > 4, - 0.13 0.12 - 0.13 0.138
5, - 3, - 0.27 0.35 - 0.227 0.29
7,25 -- 0.35 0.437 -- 0.284 0.3
9, -7, -- 0.364 0.434 -- 0.279 0.34
4, - 4, -- 0.032 0.04 -- 0.033 0.055
3121 -- -- 0.00404 -- 0.008 --
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1, > 2, - - 0.053 - 0.042 -

1, > 2, - - 0.00025 | - ' 0.00056 --

Q:(eb) - -1.69 -1.53 - -15 -1.449
Isotopes B(E2) values in (e?b?) ?®Ba
Jt -t Exp. | IBM-1 | IBM2 = J#-Jf |Exp | IBM-1 IBM-2
2, -0, 0.275 | 0.275 0.71 3, > 4 - 0.109 0.104
4, > 2, 0.352 | 0.385 0.369 5, = 3, -- 0.169 0.22
6, - 4, 038 | 0402 | 0372 7 5 | - | 0204 0.27
8, »6, | 0309| 038 | 034 9,»7, | - | 0189 0.24
10, - 8, 032 | 033 | 0314 4, > 4, - | 0.029 0.036
0, > 2, - 00012 | 0002 @ 3,1, | - | 00083 -
2, = 0, -- 0.03 0.164 1, -2, -- 0.035 --
2, -2, - 0.037 = 0.054 1, -2, -- | 0.0004 -
f2 22 T 04T 0I5 o ey - 135 22
3,52, - | 0275 03

To calculate B(M1) transition probability the effective g —factors for proton &, and
neutron @, calculated for for even -even '24128Ba isotopes were 2, = (0.4uy) and
@, = (0.34uy) equations (18) have been used in IBM — 2 to calculate the B(M1)
transition probabilities as it is shown in table (4). The calculation values for B(M1) and
mixing ratio 6 (E2/M1) were compared with the available experiments data [29-36].
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Table 4: Comparison between calculated magnetic dipole transitions B(M1) in(ﬂ,zv) and
mixing ratio 8(E2/M1) with the available experimental data [29-36] for even -

Isotopes

Jr-Jf

1, -2
1, -2,
1,-2
2, > 2
2; > 23
2, > 23
31224
3122,
4, -3
4, >4
524
6; = 6,

Isotopes

IS

1, » 2,
1, -2,
1, =2,
2, > 2;
2, > 23

2, > 24

124Ba
B(M1) i}
Exp.

B(M1) 1}

Exp.

5.58x10°

even 124128B3 jsotopes.

126Ba
§(E2/M1) B(M1) i} 8(E2/M1)

IBM — 2 Exp. IBM | Exp. | IBM -2 Exp. | IBM =2
0.000462 - - - 0.0005 - -
0.000218 | - - - 0.00027 | - -
4.21x10° | - -- - 3.23x10° | -- -
0.000135 | - 1061 | - 0.00017  +573 +8.33
4.77x10° | - -- -- 6.73x10° - -
2.93x107 | - e ¥ 9.14x10° | 41,9711 | +6.16
9.83x10° | -- -- - 000015 | +5573 | -153
0.0002 - - - 0.000217 | -1.7 -2.34
0.000173 | - - - 0.00022 | - +6.97
0.000419 | —0.15733 568 - 0.0006 +1.475° | +5.06
0.000199 | -- 648 - 0.000313 | -- -
0.00066 | -- 535 - 0.0009 +2.815° | +348

IZBBa
§(E2/M1) o BOMK, 8(E2/M1)

IBM—2 | Exp. | IBM Exp. | IBM—2 | Exp. IBM
0.000125 | -- - PRy - 3.93x10° | +4I7 | +7.27
6.95x10° | -- - 3,52, - 5.437x10° | -- -8.21
8.07x107 | -- -- 4,-3, | - 5.726x10° | +3.7I33  +11.53
447x10°  +1373° +17.3 | 4,54, 000027 000015 | +147%. | +9.87
1.68x105 | - - 5,54, |- 7.83x105 | - -
2.28x10° | - -

The deformation parameters for protons and neutrons have been used to

calculate monopole transition matrix elements B(E0) for 1?4128Ba isotopes are (8o

0.053fm?, B,, = —0.052fm?). The monopole transition matrix element B(E0)and
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mixing ratio X(EO/E2) have been calculated using eq.(21,22). Calculation values of
monopole transition matrix element B(EQ) e?b? and X (E0/E2) listed in table (5).

Table 5: Compression between calculated monopole transition matrix element B(E0)
e?b? and X(E0/E2) with the evaluable experimental data [34,37] for even -even 2%

Isotopes

Jt=Jf
0, =0,
03 = 0y
03 = 0
2, 22
23 > 2
2; > 23

4, > 4,

Isotopes

JE =t

0, - 04
0; - 0,
0; = 0,

2, -2

124Ba

B(E0)e?b?

IBM — 2
0.038
0.0031
0.00206
0.0803
0.000465
0.0145
0.0113

B(E0)e?b?

IBM -2
0.0349
0.0027
9.93x10°
0.14

IZSBa

X(EO/E2)

IBM — 2
0.0913 0.
0.00766 =
0.0049 =
15 =
0.12 -
1.35 -
0.26 =

X(EO/E2)
IBM -2
0.128 -
0.01 T
3.6x10° | --
2.68 -

Exp.

isotopes.
lZGBa
B(E0)e?b? X(EO0/E2)
Exp. IBM — 2 IBM — 2 Exp.
09 0.039 0.112 --
0.00075 0.00213 --
0.000117 0.00033 =
0.0918 1.94 --
0.0023 5.15 --
0.00209 0.37 --
0.164 2.95 --
IZBBa
Jt > Jf  B(E0)e?b? X(EO/E2)
IBM —2  IBM—2 | Exp.
2; > 2, 051 41.2 -
2, > 2; | 0.133 27.04 -
4, >4, 128 35.2 -

The potential energy surface as a function to 8 with contour diagrams for 12412Ba
isotopes which calculated from equation (23) with IBMP computer code represented

in figure (6).
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Figure 6: Potential energy surface as a function to p with contour diagrams for
even -even 24128B3 isotopes
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4. Conclusion

Barium nuclei always have been a great interest the evidence of structure
evolutions from weakly to well deformation or y soft shapes as a function of mass
number. The interacting boson model has been applied to calculated barium isotopes
due to flexibility of the model to describe not only the exact symmetries corresponding
to different geometrical models but also transitional cases within the same framework.
The continuous updating of the decay schemes and the experimental information related
to the barium nuclei have been presented in restudying these isotopes and rearranging
them according to the dynamic symmetry, 14'%Ba isotopes where the researchers
disagreed about their characteristics, some of them describe them as transitional
characteristics between vibrational U(5) and y —unstable 0(6) , and the others
described as pure y —unstable nuclei. In the framework of IBM — 1 the competition is
noted between the two parameters (a, and a,) in *4?®Ba isotopes where the increases
of a, associated with decreases of a,. This mean that the y —unstable features are
continuous increases with opposite of rotational properties, in IBM — 2, x, and x,are
(-1.3 and around 0.7), signifying the similarity with IBM — 1 expected as tabled in
table (1).The experimental energy ratios (E47 /E27),(E67 /E2T and E8F/E2T) have
been sloped downward from higher values in ***Ba (2.83,5.33 and 8.36 ) which seemed
as transitions between rotational and y soft nuclei to the lowest values in ?Ba (2.68,
4.95 and 7.70) as diagrammed in figure (1). The Majorana parameter effect ( (> ) on the
calculated excitation energy level for 12128Ba isotopes, have been investigated by vary
the ¢ around the best-fitted. The lowest mixed state was J=2%, 2," state staying
conservative to its value in all isotopes denoted that this states may have a full
symmetry. We cannot compare the calculated value of 1 state with experimental value
due to data lack. The calculated energy of scissor state 17 of ?4128Ba is (2.039, 2.173
and 2.102) MeV respectively which are close to observed energy of 1* state of the
other neighbored nuclei .The another states (25%,247,3:%,5:" and 1,") in ?41%8Bg
isotopes were slowly increased with (> as shown in figure (5). In tables (2)—(5) listed
the calculated branching ratios, B(E2) , B(M1) and B(E0) depended on comparisons
with fewer experimental data; however, the results are in accept agreement. The electric
quadrupole moment Q}l inIBM — 1 and IBM — 2 ranged from (-1.69 and -1.53) (eb)

for 124Ba to (-1.35and -1.22)(eb) for 122Ba indicated a reduced rotational index .In some
places of the nuclear chart, the shape is very sensitive to structural effects; this
is also able to alter from one specific nucleus to its neighbor. Moreover, the shape can
also take different form with angular momentum or excitation energy within the same
nucleus shape besides changes with proton or neutron number. These changes are
happened by the orbital configuration rearrangement of the nucleons or by the nuclear
system dynamic response to rotation. In some cases, configurations conforming to
the various shapes coexist at similar energies as illustrated in the potential energy
V(B,y), where it is calculated as a function of g and y deformations parameters for
1241283 jsotopes, diagrammed in figure (6) that shows the transition behavior in 2%

Journal of University of Babylon for Pure and Applied Sciences (JUBPAS) by University of Babylon is licensed under a Creative
Commons Attribution 4. 0 International License, 2020.
https://www.journalofbabylon.com/index.php/JUBPAS, info@journalofbabylon.com, jub@itnet.uobabylon.edu.iq
+9647823331373 (Viber and Telegram)

203


https://extranet.issn.org/resource/issn/2312-8135
https://extranet.issn.org/resource/issn/1992-0652
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.journalofbabylon.com/index.php/JUBPAS
mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq

4 Journal of University of Babylon for Pure and Applied Sciences, Vol. (28), No. (2): 2020
Online ISSN: 2312-8135, Print ISSN: 1992-0652

12883 isotopes where V (5, y) with minimum g values approaching from (1) iny = 0°
side equal to (-6.267,-5.833, and -5.224).Then ?*128Ba isotopes described to be
transitional nuclei, transitional from SU(3) features toured O (6).
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