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Abstract
Plutonium (Pu) is a radioactive element of the actinides series and has an atomic number of 94. It has ninety protons
and electrons, but the number of neutrons is from 140 to 150. In this paper, we apply a new model through the use of
multiple parameters extracted from the Boher Mottelson model for the explanation of some properties caused by back
binding phenomena in Plutonium Pu240 -244 isotopes. The results showed back binding phenomena to be clear in some
nuclei, while in another nucleus they were simple and less clear. The E-Gos curve has been drawn as a function of spin (I).
Keywords: Gamma energy ( E- Gos) - back binding phenomena even- even Pu234-244 isotopes — moment of inertia.

INTRODUCTION:

One of the ways used to study the
nuclear properties of nuclei is through the
gamma energy curve (E-Gos) [1]. Which
is used to study the transformation phases
of nuclei from one case to another, where
they change from a vibrational state U (5)
to a rotational state SU (3) or unstable
gamma O (6). Where the nuclei transition
from a vibrational state to a rotational state
or unstable gamma, researchers [1] have
noted that the features of the energy levels
change according to the number of

(2024-12) 26l sl y 3 oMl sl

neutrons from one isotope to another or at
the high spin of the same isotope and that
the form of the nucleus varies according to
the selection to which the nucleus belongs
in that state.

In 1971, it was discovered that the
back-binding  phenomenon [2, 3]
significantly increased the moment of
inertia at certain angles, accompanied by a
decrease in the rotational energy value of
some nuclei. A lot of searchers [4,5, 6] for
the back binding for many different
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isotopes provided explanations for this
phenomenon.

The back-binding phenomena are most
important to clarify some properties and
the nuclear structure by using nuclear and
experimental results correlated with them.
The protons and neutrons in the nuclei are
referred to as nucleons. Numerous
theories have been applied as the
fundamental rule in the theoretical
calculations to comprehend the interaction
between nucleons, and nuclei have been
included to fit with the experimental data
[7]. The change in the shape of nuclei and
properties causes transformation in energy
cases from one situation to another. Back
binding in levels at high spin because of
the Coriolis force, and when increased
rotational energy is needed to disengage
pairs of nucleons, this disengagement
occurs when the nucleons are moving to a
higher orbit, causing an increase in the
moment of inertia and a decrease in the
energy of the level [1]. There is another
explanation for this phenomenon, the most
important of which is nuclei elongation,
which causes the intersection of the beams
to be different from the ground beams.

THEORETICAL CALCULATION

There are lots of ways to study nuclear
properties, including back binding [8]
phenomena to gamma energy [1](E-Gos),
in specific cases. For some nuclei, there
can be a change in properties at the
moment of inertia, where there is a
lowering of rotational energy as they
transfer from a spin-up state to a lower

Rwafed Al- Maerefah (December 2024)
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state., This state results in back binding at
values of (Aw)?.

The relationship between(E,) and
(hw) is given by[4,5]:

2
(hw)? = (12 =1+ 1) (E(’)—E(1—2)>

21 -1
Where:
2
(hw)? = 12 =1+ 1) (35) e 2)
Moment of inertia (¢) and gamma
energy(E,):
h? E(I)—E(I-2)
® 41 —2
This equation is expressed as follows
[8]:
2¢ 41 -2 41 -2
= = (4

" TED-E(I-2) E
Plotting the gamma energy divided
by the moment ofinertia(R = EV/I>

versus the moment of inertia (I) for
that given energy gamma curve is an
important way to define the properties
in different states. where That curve
can explain the formation of nuclei, and
we can determine values R for the
shape of the nucleus given by the
relation [9,10]:

Vibrator:

Y-unstable:
E2} 2\ oo E2f

RESULTS AND DISCUSSION:
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Table (1,2) included experimental
and theoretical values for energy from
reference [11] in columns (2,3), as well
as the ratio energy calculated from
Gama energy calculated from equation
(6 - 2)[11] divided by the moment of
inertia in column (5) for isotopes in
reference [11]. E-GOS is a very
important method to determine the
nuclei's structure and define changes as
a function of spinning, by drawing three
selections: U (5), SU (3), and O (6) for
pu isotopes. Shape (1) explains curve
Gama with selections of vibrational,
rotational, and unstable Gama. Shape
(1) explains curve Gama with selections
of vibrator, rotor, and unstable Gama.
Plot (1) included six shapes for isotopes
Pu234-244 . where we drew three
selections U (5), SU (3), and O (6) by
calculating from equations (5, 6, and 7)
the moment of inertia. The values of the
y - soft nuclei in the EGOS curve rapidly
decrease from  the maximum
value(0.07 = R < 0.08) at (I = 2) to the
quartered of the first excited state

(E2/4) at (I-), For rotational nuclei
that increase slowly from (R=0.02) at
(I=2)to (R=0.029) at (I =4) and back
down to value (R = 0.02) before

. h2
decreasing to (42—]) at (I » o), for

vibrational nuclei curve drop slowly
from the highest value (R=0.01) at (1=
2) to (0) at (I » o), and the curve
values of R for Pu isotopes that increase
slowly from (R=0.02) at (I = 2) to

Rwafed Al- Maerefah (December 2024)
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(R=0.029) at (I = 4) and back down to
(R = 0.02), and when compared with
other selections, found that they apply
with rotational selection. Figure (1)
includes Pu isotopes, where The Pu?234
isotope has a Ratio maximum energy
value near (0.0261) and decreases to
(0.0178) in the moment of inertia (I =
28), Pu isotopes, the Pu23¢ isotope has
Ratio maximum energy values near
(0.0263) and decreases to (0.0232) in
the moment of inertia (I =16), the Pu?38
isotope has Ratio maximum energy
values near (0.0263) and decreases to
(0.021) in the moment of inertia (I =
26), the Pu?40 jsotope has Ratio
maximum energy values near (0.0252)
and decreases to (0.0200) in the
moment of inertia (I = 26), the Pu?42
isotope has Ratio energy maximum
values near (0.0266) and decreases to
(0.0198) in the moment of inertia (I =
26) and the Pu2+ isotope has Ratio
energy maximum values near (0.0287)
and decreases to (0.023) in the moment
of inertia (I = 26), And also from
drawing relationships between the
momentum of inertia and Gama energy
calculated from equations (4,5) to
study the backbinding phenomena set
out in tables (2, 3). Figure 2 shows the
backbinding phenomenon for Pu
isotopes. In the Pu?34 plot, it is clear that
the curve is descending at (I = 16) and
rising again at (I = 26). Pu?38 occurs as
a simple curvier in (I = 12), then rises
in (I =14), and finally bends downward
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in (I — 26)_ Pu240 explains a simple Table (2): Calculation of energy levels moment
. of inertia and rotation energy transition of model:
curve in (I = 6) and [ = 14, then a &Y
downward curve in (I = 14), another meei | som® | D | ccan [ By, ::::J; (hew)*
— : (MeV) VI | (Melr)?
upward curve at (I = 20), and finally a e e T oow T owr T vy Toomess
4 0.146 0.102 0.0255 137.25 0.00276
downward curve at (I = 26) The curve 6 0.303 0.157 00261 | 140127 | 0.006315
3 0.514 0211 0.0263 142,18 0.0112
244 — 10 0.773 0259 0.0259 146.72 0.0169
Of pu ShOWS a drop at (I - 4)’ then 12 1.08 0307 0.0255 149,84 0.0237
rises at (I = 14), and finally drops at (I T TR BTN YT BT
18 2.245 0.4439 0.0247 157.69 0.0454
= 22) As for the pu236 and pu242 20 2.706 0.461 0.0231 | 169197 | 0.0532
2 3199 0493 0,0224 17422 0081
i 1 i 1 24 3721 0522 0,022 180,07 0
isotopes, there is no back binding, as 2 {2zl f os» | oo 1isoje | 00ss
. . . . E(Z ! E,; [(Zeo\r @)
shown in Figure (3). Figure (4) explains R [P (N sl A el
. . 2 004271 0.0428 00214 140,18 000051
the relatlonshlp between Gama energy 4 014059 | 0088 0,0245 14285 | 0.0025
- e - mm TR ETR
A 2 2 3 1
calculated from equation (1) and i - osnery oan | omss | ezl |
. . . . 1 103572 0293 0.0245 156.99 002158
moment of 1nertia, and from this flgure, 14 137176 | 03364 0.004 160.7 00283
16 1.7466 037 0.023 16756 | 0.0343
it appears that when the moment of s Loases 1 oosoe 1 ooor L amas L ooous |
20 259885 0448 0.0223 174.89 0.0458
inertia increases, the Gama energy . Y Y YT T Y
26 4.0767 0.52 0.02 180.77 0.0676

increases.
Table (1): Calculation of energy levels moment
of inertia and rotation energy transition of model:

Table (3): Calculation of energy levels moment
of inertia and rotation energy Transition of model:

E n2 2
nuclei Spin (I) (M(,?,) EL(C“') r="5/, E:Z\V)‘)‘ (heo)
, , £ . |eew ] (hey? (MeV) (MeV)?
nuclei Spn(D (MeV) EfCal) | g = 5r /; o Py (Cal) 2 0.04475 | 0.04475 | 0.0252 134.1 0.00022
[B] | (Mel) (MeVI™H (M el)? @ 4 0.1466 | 0.10185 | 0.0255 | 137.45 | 0.00233
Py (call |2 ] 0.04486 | 0.04486 | 0.02243 | 133.749 [0.000336 B B E E e
4 044723010237 | 00256 | 136.758 | 0.00236 T e R BRIy =7 B ey
5 030412 0.13689 00261 140.276 0.006 12 1.0839 0.3069 0.0256 149.885 0.02332
g 0512311 0.20819 | 0026 | 144,089 | 0.01078 14 1.4318 | 0.3477 | 0.0248 | 155.31 | 0.0303
10 0.7683 | 0.25590 | 00256 | 148443 | 001633 16 1.817 | 0.3854 | 0.0241 160.87 0.0372
12 106835 | 0.20005 | 0025 153078 | 00325 18 2.237 0.42 0.023 166.67 0.0442
14 140844 | 034009 | 00243 | 158.781 | 0.02887 20 2.687 0.45 0.0225 173.3 0.0507
16 | 178420 [ 0.37585 | 00235 | 15233 | 0.0353 22 3162 | 0475 | 0.0216 | 181.052 | 0.0564
18 [ 2.1013 [o040701 [ 0.023 [171.083 | 0.0414 N B B o B T
20 [262463 ] 04333 | 0.022 [ 180138 | 0.0460 T E® BE WY _ B, [GoVD | heo =
2 3.07912 | 0.45437 0.021 189.552 | 0.05138 nuclei Spin(I) MeV) (A;el’) ="r/ aevy— ((M,),v)z
24 3354931 | 0.47031 0.02 199.868 | 00357
2 0.04718 | 0.04718 | 0.02359 127.66 0.00074
26 402945 | 0.46879 | 0.018 21758 | 0.05491 Pu**(Cal) 2 0.15672 | 0.1125 0.028 12444 | 0.00315
28 451349 | 04089 | 00178 | 220.485 | 0.0622 6 0.32745 | 0.1707 | 0.0284 128.85 | 0.00753
_ ) E(N) E.(PWV) Iz = Erf 2o\h-) (haw)* 8 0.55768 | 0.23023 | 0.0287 130.3 0.0134
weii | spd | [y [ [ | e Loses Losma oo Lumnis oo
Py (Cal |2 004467 | 00446 | 00223 | 13433 10000663 14| 158007 | 0393 | 0.0281 | 1374 0.038
4 014726 | 0.10266 | 00236 | 13637 | 0.00279 16 2.02026 | 0.44019 | 0.0275 155 0.0485
6 030518 ] 0.15792 | 0.0263 | 13931 | 0.00639 18 2.50317 | 0.48291 | 0.0268 145.8 0.0585
[ 051514 | 020099 | 00262 14286 | 0.0112 20 3.02382 | 0.52065 | 0.026 149.8 0.067
10 | 077318 | 025801 | 00258 | 14728 | 0.01678 ﬁi ZfZQZZ 0";5728’;‘) 3833: :;‘”‘; gg;:;
}; :El?jgg g;g;ﬁ gg:z ;:gf ggi;g 26 L7532 05083 | 0023 | 17056 | 0.0895
16 178554 | 0.37145 | 0.0232 16691 0.0346
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R R
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[ |
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Figure (1): The relationship between moment of inertia (I) vers Ratio( v/ ) Comparison
with different selections for isotopes Pu.

230 200
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210
— 180
% 190 % 170
= 234 2
S 170 Pu S160 5258
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o 140
130 130
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200 180
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e 160
g 170 -
§ ";;:150
< pu7e0 2
~ 150 = pu244
>
140 ¢ ~ 130
130 120
0 0.02 0.04 0.06 0.08 © s o
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Figure 2: The back-bending plots of (2¢/h2)versus (hw)?for Pu?34-238-240-242 jsotopes
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Figure (3): The back binding plots of (2(p/h2)verses (hw)?*for Pu?3%-22 jsotopes.
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Figure (4): The relationship between the moment of inertia (1) with(Ey)
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CONCLUSION:

The Gama curve is considered an
important way to know the properties of
even-even  Pu®*2isotopes, and using
the Gama curve (E-Gos) to study isotopes
by using the relationship between the
moment of inertia (1) and selections U (5),
SU (3), and O (6)) of states, by
comparison between selections, the results
in this paper show us that all the Pu
isotopes take a rotational selection. While
back binding phenomena appear to be
clear in Pu?? and Pu?* isotopes, we get
more curvature back binding in Pu®® and
Pu?3 isotopes, this reason belonging to the
“Corielis ant pairing effect”, the Corielis
force [12,13] is caused by the fact that
some nucleons in the outer shell have a
relatively high angular momentum, which
leads to the disengagement of a pair or
more nucleons, leading to a change in
some properties. As for the isotopes Pu?*?
and Pu?®, they do not suffer any curvature
or back binding appearance, which means
that there is no effect of moment of inertia
on the nuclear structure of these nuclei.
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