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ABSTRACT

In the present work, the moment of inertia models (VMI, VAVM,GVMI)
are used to study the energy levels, gamma transitions, moment of inertia
as a function of angular momentum for each state ,(29/h?), rotational
energy square (hw)?, standard deviation (A),softness(0) ,and Chi-square(y2)
for 3Fe,,  nucleus .Also this work, have been studied the energy band

crossing and back bending phenomena.
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INTRODUCTION

Moment of inertia is one of the most important and complicated subjects
that are used to explain some properties and structures of nucleus [1].

The theoretical studies carried out on the nuclear spectrum of all
dynamical symmetries found out that the theoretical values of energy are
different from that of experimental values .This difference increases if we
propose that moment of inertia is an invariant, and the nucleus is rigid body
[2], while the practical measurements show that the energy of gamma
transitions (Ey) for SU(3) nuclei between each two successive levels, does
not increase linearly with that of angular momentum values. But there is a
great difference at high excitation energies because the centrifugal force
will increase with angular velocity .This leads; in turn to deformation of the
nucleus (i.e. the nucleus is extended [1].

Deleplanque M.A., et al. (2002) [3] have shown that the moments of
inertia at high spins along the yarest line are not rigid, and the shell effects,
which produce the deviations from the rigid-body values, contribute to the
moments of inertia up to the highest spins observed.

In this paper we used three models, they are as follows:

1. Variable Moment of Inertia (VMI) Model

The variable moment of inertia model has been proposed by
Mariscotti M.A., et al. (1969)[4]to stand up to the difference in the
practical and theoretical values of energy levels for SU(3) nuclei .They
suggested a variable moment of inertia (VMI) model supposing that
moment of inertia is a function of angular momentum.

Harris S.M.(1965)[5]concluded that the nuclear moment of inertia
(9) is a function of angular velocity (w), that can be written as a power
series of (hw)® . This model succeeded in SU(3) region, and it is also used
to describe the energy levels of SU(5), and O(6) regions but in a limited
way [1,6].

Scharff-Gold Haber G. et al. (1970) [7] used (VMI) model to study
the magic number nuclei. They arrived to the conclusion that the
quadrupole of the ground state bands in even-even nuclei starting from the
deformed nuclei and ending with doubly magic nuclei. They found that the
internal stress of the nucleus is what makes the nucleus preserve its
spherical shape; it overcomes the increase in its angular momentum.

Elmasri Y. et al. (1977) [8] have studied the back bending for ~ ‘cDy

usin rotational-vibrational model and (VMI) model to explain this
phenomenon.

Bonatsos D. (1985)[9] designed a simple model for back bending
using (VMI) model for (g-band), (B-band) and (y-band). A good description
was obtained for back bending for intermediate and heavy nuclei.
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2. Generalized Variable Moment of Inertia (GVMI) Model

Bonatsos D., and Klein A.(1984)[10] concluded a new model to
calculate the energy levels of nuclei. This model is more comprehensive
than (VMI).

The general formulation of energy levels in this model contains basic
functions of (VMI) for angular momentum L and L(L+1). Because this
equation consists of many terms, Bonatsos D., and Klein A., reduced these
terms to two that depend on the same basic functions .They produced a new
model called (GVMI). The theoretical results obtained from this model are
in full accord with the experimental values for the energy levels of
SU(3),SU(5) nuclei more than that of other models.

Alenicheva T.V. et al. (2004)[11] studied the rotational band for
strong deformed nuclei using generalizing variable moment of inertia
(GVMI) model, which is taking into account the decoupling effect for
bands with K=12. He obtained a good description of rotational energies for
the majority of rotational bands.

3. Variable Anharmonic Vibrator (VAVM) Model

Bonatsos D ., and Klein A.(1984)[10] proposed another model called
(VAVM) that is based on (GVMI) model by making the basic functions of
angular momentum (L) and L(L-2) variable.

This model gave good results in SU(3),SU(5) and O(6) regions,
where(VMI) model failed to give suitable results for some experimental
measurements.

Bonatsos D. (1988)[12] studied the two parameters of the variable
moment of inertia (VMI) model and the three parameters of the variable
anharmonic vibrator model (VAVM) as a function on the valence proton-
neutron product Np.Nv in several regions of the periodic table.

THEORETICAL PART

The simple formula of rotational energy levels in even-even nuclei is
determined by [13]:

Where o is a rotational or vibrational frequency, and it quantized to [3]

E(L) :%L(L+1) ................................................................. (2)

Mariscotti M. et al. (1969)[4] proposed another formula from equation (2) as
follows:
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1] L(L+1
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Where

$ (L) is a moment of inertia as a function of L, and C, 9, are parameters
which are suitable with fitted to the experimental data.

The physical meanings of these parameters are [11]:

9, 1S @ moment of inertia for ground state ,C: is a meaning of “elasticity”.

OE(L)  1L(L+1)
09(L) 2 $(L)

FC(G(L) = 8,) s (4)

The values of moment of inertia $(L) are determined for each level
from the equilibrium condition [4, 11, 7]:

B ) e (5)
o9(L)
P -20% - o (6)
The solution of above equation is [1]:
(L) = (x+ y)1’3+(x—y)“3+%80 ............................................ (7)
Where U2
3 2 3

gL+ & :{(L(“?) +‘9°L(L+1)} ................ (®)

4C 27 16C 54C

The nuclear softness coefficient (o) can be written as [4]:

1 (dg
O = @(d_ng_o ....................................................................... (9)

o can be written according to variable moment of inertia model as [1,4]
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Eigenvalues
E(IBM-1)

INPUT DATA

PAR.inp

VMI.FOR —> Energy level E(L)

ENR.out > Energy transition E,

ENRI.out Moment of inertia 9 (L)

GVMI.FOR s o)’ :[ﬂ]

JLL+D)

ENR.out

Q,C.Ek,Y ENRI.out
PARI-inp '

VAVM.FOR —» Standered deviation

Figure (1): Block diagram of programmers' for VMI, GVMI, and VAVM models.
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1. VMI program
The VMI.for program has been build to calculate the following:
1. Theoretical energy levels E,. Using equation (3).
2. Moment of inertia as a function of (L) using equation (7).
3. Rotational energy square (hw)® and(2¢/h?) as a function of angular
momentum (L).
4. Chi-squared which can be calculated from the following equation [4]:

E_ —E_)?
22 _ Ea : SO (11)
E cal

5. Nuclear softness parameters (o) from equation (10).
6. Standard deviation (A), from the following equation [11, 14]:

deviation(A) = [% i (E. — Eexp)z} ..................................................................... (12)

In order to build this program, we need three files one of them called
“PAR.inp”. This file depends on three parameters:
9o, C are as defined earlier, Ey:is the band head energy[11].

The other files called, “ENR.out” and “ENR1.out”.

Figure (1) shows the block diagram of this program.
2.(GVMI,VAVM) programs

These programs are used to calculate the same VMI.for program
calculations. The calculations of these programs depend on four parameters
that are:

Q, C, Ei: are as defined earlier.
Y is the constant parameter fitted with experimental data.

The results of these programs were used in the present study in order
to be compared with the results of VMI program. The comparison gives a
very good agreement. Figure (1) shows the block diagram of these
programs.

All programs have been written in Fortran 77 language using
software Compaq Visual FORTRAN Version 6.6 (CVF6.6) for compiling,
linking, and executing.
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RESULTS AND DISCUSSION
1. Moment of Inertia and Rotational Motion in Even-Even Nucleli

One of the basic properties of the deformed nuclei is the presence of
specific rotational bands in their excitation spectra. The excitation nuclear
energy levels, which have high angular momentum decay to low energy
levels by emitted gamma ray. Such nuclei tell us to know new facts about
their nuclear structure [11].

The collective rotational motion of deformed nuclei depends on
nucleons motion in a way coherently with the nuclear motion causing
rotation of some nucleons around an axis different from nuclear symmetry
axis .For this reason, we can explain two types of deformation as
follows[2,4]:

1-Prolate deformation:
In this deformation the nucleus rotate around an axis perpendicular

to the nuclear symmetry axis. This rotation is called "collective rotation™.

2-Oblate deformation:
In this deformation, the nucleus is rotating in axis parallel to the

nuclear symmetric axis .This rotating happened for spherical nuclei, and it
is called" non-collective rotation"[2].

In the present work, we propose that the nucleus is a rigid body in order to
calculate the results.

Table (1) shows the corresponding parameters (3,/h? Y, C, Ey) of
the three models (VMI, VAVM, and GVMI) for each band.

These parameters have been obtained by the best fitting using the
experimental energy levels, which can be known from smaller Chi-square
(%) as written in equation (11). In this table we noticed that the zero value
of Chi-square (%) are in B,, B3 for (VAVM) model.

In general, the Chi-squared value of (VAVM) model is smaller than
(VMI, GVMI) models. This table also contains the calculated values of
standard deviation.

2. Moment of Inertia and Softness Factor for (g, 5, y) Bands
The energy bands arrangement (g, B, y) are very important to

calculate the total moment of inertia of any nuclear model as a function of
angular momentum. These bands and parameters (94/h°% C .Y, Eare
shown in table (1) and used in (VMI,VAVM, and GVMI) programs to
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calculate the moment of inertia (8) and nuclear softness coefficient (o).
This table shows the nuclear softness coefficient depends inversely on the
moment of inertia of the ground state (3) and the parameter(C).

Table (2) shows the moment of inertia as a function of angular
momentum for (L=0 to 26)for g and B band and(L=2 tol15)for y band with
their comparison for three models.

3. The Energy Band Intersection

The band intersection phenomenon happened between any two bands
having same spin, and different in energy and moment of inertia.

The increasing of rotational energy between any two excited states
due to reduce moment of inertia at large angular momentum. Here, Corielis
force effect will increase with the increase of rotational energy between
these bands. This effect leads to reduce the energy of two nucleons, which
occupy these states because, the depairing of the nucleon pairs. In this case,
the direction of angular momentum of these nucleons is in same direction
with the rotational axis with low rotational energy and maximum angular
momentum. The unstable of these two excited states leads to crossing band
with any other band at certain angular momentum called "Lcyoss.".

The results of the Calculations are listed in table (2). This table
shows the values of energy levels E(L) in (MeV) for the three models,
which are used to study the energy band crossing.

Figure (2) indicates the energy band crossing for >:Fe,, nucleus using
(VMI, VAVM, and GVMI) models.

It is noticed in this figure that the (g.,B.),(9.Bs),(B1, B2.y2 ,v3) of
the >2Fe,,nucleus using (VMI)model will intersect at angular momentum
L.=(14,7,5) respectively, and the bands(g, Bs),(9,y1), (B1,B2,Y2,y3) of VAVM
intersect at angular momentum L. =(15,7,5) respectively ,while the bands
(9,B3, v1)-(P1,P2,v2,y3)of GVMI crossing at L.=14,6 respectively.

4. The Back Bending Phenomenon

In order to study the back bending phenomenon, we must calculated
and drawn the values of moments of inertia (29/h?) and rotational energy
squared (hw)? for the three models as in table (2).

Figure (3) shows the back bending phenomena by drawing the moment of
inertia (29/h?) as a function of rotational energy squared (ho)? using these
three models. This figure shows that the back bending using VMI model
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occurs in y;-band at angular momentum L.=9,while it is not occurs in the
other bands of this model and VAVM, While the back bending using
(GVMI) model occurs in (g, B1,B3) bands at angular momentum L.=(8,8,18)
respectively.

We noticed from these figures in which the back bending
appearance, the moment of inertia (29/h%) increases with rotational energy
squared (ho)?, but at certain angular momentum (L.) the rotational energy
squared(hw)® decreases, while the moment of inertia (29/h% increases
,causing the back bending phenomena .This reason belonging to “Corielis
antipairing effect” .In this case the moment of inertia will effect on nuclear
structure of these nuclei .

The figures in which no back bending appearance; this means that
there is no effect of moment of inertia on nuclear structure of these nuclei.
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Table(1) : The corresponding parameters of
(VMI),GVMI,VAVM) model for even-even nuclei.

Standa
rd
deviati
on

1.8100 | 0.0470 | O. 1.7941
0.0280 | 0.044 . 0.4680 | 51.78
24.1800 | 0.01000 | O. 0.4280 | -0.0141
6.0000 | 5.0000 | 2. —— | 0.0005
9.1200 | 7.8800 | 2. 1.0000 | -0.0002
7.9000 | 18.0000 | 2. 0.0280 | -0.0002
13.0000 | 8.8000 | 3. —— | 0.0003
54.0000 | 0.0020 | 3. 5.2000 | -0.0298
10.1600 | 12.0000 | 3. 0.0016 | -0.0001
27.9000 | 0.08000 | 4. —— 1 0.0003

93.4000 | 0.0110 | 4. 3.9900 | -0.0008

23.2000 | 11.0000 | O. 4.3002 | -0.00001
12.4000 | 2.0160 | 2. —— | 0.00001
17.9000 | 3.9800 | 2. 0.8400 | -0.00003 0.05950
0.2800 | 0.0008 | 2. 0.00588 | -0.00004 06776

Table(1):To be continued (2/2).
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Nuclei

Raramete

6.4000

0.0028

Standard
deviation

83.0200

-0.00003

8.2000

-0.0005

8.8600

0.0010

99.8800

-0.00001

11.0000

-0.0002

8.8800

0.00002

85.0400

-0.00002

11.0000
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Table (2): Theoretical energy levels; moment of inertia, transition
energy, rotation energy of (VMI, VAVM,GVMI) models.

Dynamical symmetry

Nuclei

56
26 FeBO

O(6)

VMI VAVM VMI VAVM
(Pw) (Pw) (Pw) (Pw)

GVMI
(Pw)

Energy Energy Energy 9 he’ Wo’ 29 m?
(MeV) (MeV) MeV) | (mevy? (Mevy? (MeV) | (Mevy?

0.0000 1.8100 0.0000 | 24.1800 | 0.0000 0.0280

W o?

(MeV)?

0.8346 4.6998 0.8560 | 24.1800 | 0.8362 3.5782 - 7.1893 7.0093

7.1751

2.0542 6.6378 2.0344 | 25.4182 | 2.0659 5.6134 - 11.4784 11.8805

11.3853

3.5199 8.2982 3.4957 | 27.3812 | 3.5239 7.3257 - 15.0100 15.0546

15.0889

5.1737 9.7940 5.1925 29.6427 5.1545 8.8560 18.1404 1706810

18.3986

6.9827 11.1819 7.0857 31.9950 6.9270 10.2634 21.0059 20.0711

21.4377

8.9254 | 12.4832 | 9.1466 | 34.3501 | 8.8219 11.5800 23.6781 22.3211

24.2765

10.9865 | 13.6768 | 11.3534 | 36.6721 | 10.8249 12.8255 26.1999 24.4697

26.9588

13.1542 | 14.8540 | 13.6897 | 38.9471 | 12.9256 14.0130 28.6019 26.5374

29.5142

15.4194 | 15.9843 | 16.1427 | 41.1708 | 15.1156 15.1522 30.9025 28.5370

31.9637

17.7747 | 17.0744 | 18.7019 | 43.3431 | 17.3881 16.2500 33.1174 30.4776

34.3228

20.2138 | 18.1295 | 21.3590 | 45.4657 | 19.7376 17.3119 35.2580 32.3663

36.6035

22.7317 | 19.1536 | 24.1069 | 47.5411 | 22.1594 18.3421 37.3336 34.2085

38.8154

25.3237 | 20.1502 | 26.9395 | 49.5725 | 24.6492 19.3441 39.3511 36.0089
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Table (2): To be continued (2/6).

Dynamical symmetry

Nuclei

56
26 I:e30

VMI VAVM
(Pw) (Pw)

Energy Energy ,9 Energy 19 i ho’ 2 ,9 h? 2 19 h? o’ 2 3 h?

(MeV) (MeV) (MeV) (MeV)? (Mevy (Mevy! (MeV)?

(MeVv)? (MeV)? (MeV)?

2.9417 2.9417 7.9000 2.9417 9.1200 B B - B B B -

3.4410 2.9977 7.9000 3.1610 9.1230 - 0.0415 12.0166 | 0.0560 0.0005 107.14 0.0080 | 27.3646
4.6008 4.0659 7.9071 4.2562 9.1382 - 0.3288 12.0712 1.0682 0.2789 | 13.1061 0.2932 12.7829
6.4089 6.1436 7.9212 6.2230 9.1653 - 0.8103 12.1672 | 2.0777 1.0699 | 10.5887 0.9588 11.1855
8.8478 9.2254 7.9422 9.0538 9.2039 - 1.4803 12.3010 | 3.0818 2.3636 9.7346 1.9943 10.5977
11.8957 13.3034 | 7.9699 | 12.7380 9.2534 - 2.3159 12.4676 | 4.0780 4.1460 9.3182 3.3837 10.3144
15.5284 18.3675 | 8.0041 | 17.2622 9.31331 3.2929 12.6627 | 5.0641 6.3991 9.0835 5.1074 | 10.1675
19.7205 24.2054 | 8.0442 | 22.6110 9.3824 4.3875 12.8812 | 6.0379 9.1015 8.9435 7.1426 10.0957
24.4465 31.4031 | 8.0901 | 28.7671 9.4603 5.5779 13.1190 | 6.9976 | 12.2290 | 8.8601 9.4646 10.0712
29.6813 39.3449 | 8.14141 | 35.7120 9.5461 6.8451 13.3721 | 7.9418 | 15.7552 | 8.8141 12.0469 | 10.0794
35.4008 48.2141 | 8.1976 | 43.4262 9.6390 8.1729 13.6374 8.869 19.6525 | 8.7945 14.8671 | 10.1113
41.5825 57.9928 | 8.2584 | 51.8895 9.7382 9.5480 13.9121 | 9.7788 | 23.8931 | 8.7945 17.8972 | 10.1615
48.2049 68.6627 | 8.3234 | 61.0817 9.8430 10.9592 | 14.1942 | 10.6699 | 28.4487 | 8.8098 21.1170 | 10.2260
55.2483 80.2048 | 8.3922 | 70.9826 9.9527 12.3976 | 14.4816 | 11.5421 | 33.2921 | 8.8372 24.4973 | 10.3021
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Table (2): To be continued (3/6).

Dynamical symmetry

Nuclei

56
26 FeSO

VMI VAVM GVMI GVMI
(Pw) (Pw) (Pw) (Pw)
Energy 4 Energy 4 Energy 9 i h’o? W o? W o?

(MeV) (MTV)' (MeV) (MTV)' MeV) | (mevy® (MeV)? (MeV)? (MeV)?

3.5992 [ 13.8000 | 3.5992 | 10.1600 | 3.5992 54.000 -

3.8164 13.8262 | 3.6024 10.1600 | 3.6361 54.3387 - 27.6262 0.0000 | 18.2134 162.51

4.3216 13.8864 4.3927 10.1664 4.3951 60.2755 - 27.7127 0.1527 17.7136 18.4456
5.1111 13.9791 5.9688 10.1793 5.7187 68.1015 - 27.8658 0.6156 13.9593 16.6212
6.1794 14.1017 8.3275 10.1985 7.4726 76.1887 28.0813 1.3846 12.7188 17.1047

7.5196 14.2513 | 11.4645 | 10.2238 | 9.5706 84.1089 28.3538 2.4533 [ 12.1133 18.0026
9.1237 14.4248 | 15.3742 | 10.2551 | 11.9561 | 91.7642 - 28.6771 3.8141 | 11.7657 19.2829

10.9829 | 14.6189 | 20.0495 | 10.2922 | 14.5898 [ 99.1469 - 29.0448 5.4572 | 11.5499 20.5037
13.0881 | 14.8306 | 25.4825 | 10.3348 | 17.4427 | 107.231 - 29.4508 7.3716 | 11.4118 21.7326
154301 | 15.0571 | 31.6640 | 10.3826 | 20.4925 | 115.121 29.8891 9.5451 [ 11.3240 22.9519

17.9997 | 15.2959 | 38.5842 | 10.4355 | 23.7218 | 123.411 30.3546 11.9644 | 11.2713 24.1539
20.7880 | 15.5450 | 46.2324 | 10.4930 | 27.1163 | 131.521 - 30.8426 14.616 | 11.2444 25.3355

23.7865 | 15.8023 | 54.5974 | 10.5549 | 30.6640 | 138.112 - 31.3490 17.4853 | 11.2373 26.4956

26.9870 | 16.0663 | 63.6674 | 10.6210 | 34.3551 146.231 31.8704 20.5584 | 11.2458 27.6344
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Table (2) : To be continued (4/6).

Dynamical symmetry

Nuclei

56
26 Fe30

VMI VAVM GVMI
(Pw) (Pw) (Pw)

Energy Energy Energy
(MeV) (MeV) (MeV)

4.3002 | 27.9000 | 4.3002 | 23.2000 | 4.3002 93.400

4.4076 27.9480 | 4.3194 23.2000 | 4.3216 93.4208 - 55.8481 312.5

4.6576 | 28.0588 | 4.6834 | 23.2013 | 4.6840 93.7714 - 56.0069 38.4597

5.0484 | 28.2294 | 5.3922 | 23.2040 | 5.3836 94.4373 56.2887 31.0395

55777 | 28.4557 | 6.4456 | 23.2081 | 6.4136 95.3932 - 56.6861 28.4789

6.2421 28.7328 7.8434 23.2135 7.7644 96.6066 57.7898 27.1842

7.0381 29.0549 9.5855 23.2202 9.4247 98.0418 57.7894 26.4051

7.9616 | 29.4167 | 11.6716 | 23.2283 | 11.3823 | 99.6632 58.4737 25.8868

9.0083 29.8127 | 14.1011 | 23.2377 | 13.6242 100.541 59.2318 25.519

10.1740 | 30.2378 | 16.8738 | 23.2484 | 16.1376 | Y+),\YY 60.0531 25.2461

11.4542 | 30.6874 | 19.9892 | 23.2605 | 18.9100 | Y:¥,1r) 60.9281 25.0371 28.1344

12.8447 | 31.1576 | 23.4467 | 23.2738 | 21.9294 | V:¥,Me 61.8481 24.8733 28.4825

14.3414 | 31.6448 | 27.2458 | 23.2885 | 25.1844 | V.¢,v¢) 62.8055 24.7429 28.8781

15.9403 | 32.1459 | 31.3858 | 23.3044 | 28.6646 | V+°,4+) 63.7938 24.6377 29.3096
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Table (2) : To be continued (5/6).

Dynamical symmetry

O(6)

VMI VAVM GVMI VMI VAVM GVMI

(Pw) (Pw) (Pw) (Pw) (Pw) (Pw)

Energy 19 Energy 19 Energy 19 o’ 2 ,9 h? e’ 2 ,9 h? ho’ 2 19 h?
MeV) 1 mevyt | MV | eyt | (MeV) (Mev)* MV | (\pevy MV’ | (\revy MeVP | ey

2.6808 12.3903 0.8800 2.7692 17.9016

2.9226 | 12.3999 15.8296 | 2.9658 17.9043 - 41.3602 21.0671 50.8506

3.2447 12.4128 21.8377 3.2562 17.9084 - 43.4676 29.7404 48.2094

3.6468 | 12.4288 26.8598 | 3.6404 17.9138 - 44,7613 34.2130 46.8604

4.1287 | 12.4479 31.3657 | 4.1181 17.9205 - 45.6544 38.1724 46.0487

4.6899 12.4700 35.5298 4.6894 17.9284 - 46.3237 41.8793 45,5113

5.3302 | 12.4951 39.4420 | 5.3541 17.9377 - 46.8574 45.4112 45.1336

6.0489 [ 12.5231 43.1564 | 6.1120 17.9483 - 47.3046 48.8048 44.8575

6.8457 12.5539 46.7092 6.9631 17.9601 - 47.6943 52.0824 44.6505

7.7198 | 12.5875 50.1261 7.9071 17.9732 - 48.054 55.2598 44.4930

8.6709 | 12.6237 53.4263 8.9437 17.9876 48.3693 58.3488 44.3723

9.6981 12.6625 56.6245 | 10.0729 18.0032 48.6750 61.3587 44.2800

10.8008 | 12.7038 59.7326 | 11.2944 18.0200 48.9681 64.2972 44.2103

11.9784 | 12.7474 62.7600 | 12.6078 18.0381 49.2528 67.1708 44.1590
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Table (2) : To be continued (6/6).

Dynamical symmetry
Nuclei

56
26 I:e30

VMI VAVM GVMI
(Pw) (Pw) (Pw)

Energy Energy Energy
(MeV) | (vev) | (vev)

3.1644 3.264 3.3938 83.0202

3.6266 3.6317 3.6948 83.0240 21.6371 16.3175 33.2248

4.2324 4.2425 4.1883 83.0300 - 23.1122 13.0967 28.3645

4.9744 5.0955 4.8745 83.0383 24.2571 11.7235 26.2342

5.8452 6.1893 5.7531 83.0490 - 25,2641 10.9711 25.0392

6.8373 7.5221 6.8241 83.0620 - 26.2069 10.5038 24.2754

7.9436 9.0920 8.0875 83.0773 27.1168 10.1918 23.7460

9.1576 10.8966 9.5431 83.0950 - 28.0078 9.9748 23.3581

10.4731 12.9333 11.1908 | 83.1150 28.8862 9.8199 23.0625

11.8846 15.1992 13.0305 | 83.1373 - 29.7550 9.7090 22.8303

13.3871 17.6914 15.0619 | 83.1618 - 30.6153 9.6302 22.6410

14.9761 20.4065 17.2850 | 83.1888 31.4675 9.5758 22.4643

16.4673 23.3414 19.6996 | 83.2180 32.3120 9.5405 22.3679

18.3970 26.4924 22.3054 | 83.2494 33.1486 9.5206 22.2579
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Figure(2): The energy band crossing E(L) as a function of angular
momentum L using (VMI,VAVM,GVMI) model. The parameters used for
calculations are in table(1).
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Figure(3):The back bending(29/h® ) versus (hw)?> plot for ~Fe,, nucleus using

(VMILVAVM,GVMI) model .The parameters used for calculations are in
table(1)and in same figure .
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