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Abstract

In this paper we made a comparison between the theoretical results of one and two components of partial
level density Ericson's formulae with the experimental results. In the frame work of equidistant spacing
model. It is noticed that the values of one - component partial level density formula increases with
increasing the exciton number. the excitons numbers is taken 3, 5, 7 and 9. The same excitons number is
substituted in two-component partial level density formula, but the increase in partial level density values
in case of two components with the excitons numbers is slight and this change is so small that it cannot be
seen. Therefore one can say that the increase in exciton number effects on the one-component partial level
density value and lead to an increase them. But in the case of two-components the partial level density
value doesn't affect by the change in exciton number values because the energy distributed on particles
more than in case of one- component and this makes partial level density less than in case of one-component
and the effect of change in exciton number doesn't appear. In case of one-component when the exciton
numbers is n=3 the theoretical partial level density curve lies below the experimental curve and when n=5
the theoretical curve become more close to the experimental curve. And at n = 7 the theoretical curve
intersect with the experimental curve at E =5 MeV, So when n=9 the theoretical curve intersect with the
experimental curve at 4 MeV.

Keywords: Level Density, Nuclear Level Density, Nuclear Reaction, Pre-Compound Nucleus, Pre-
Equilibrium.

Introduction

The level density (L-D) is a parameter that has
importance in theoretical calculations like cross
section, transition rates, and nuclear reactors and
medical physics'®. The cross-section in compound
nucleus reactions and pre-equilibrium reactions also
depend on the level density *°. Pre-equilibrium
reactions mean the nuclear reaction that leads to the
emission of particles before the completeness of
energy distribution on all nucleon in the target
nucleus, the age of this stage is about 10718 sec®’,
Since not all the nucleons are excited during the

pre- equilibrium region as it is mentioned above, i.e.
during the pre-equilibrium reactions some of the
nuclei are excited ,therefore, the level density called
partial level density PLD because it represents
excitation of a part of nucleons®™°. The first use of
PLD in pre-equilibrium was by J.J.Griffin in 1966
using Ericson's formula which is considered a crude
formula®®. After that many corrections were added
to the Ericson's formula in order to make an
enhancement to the theoretical results. The
corrections are two-component formula, Williams's
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correction, spin correction, surface correction and
isospin correction®®.

In this paper a study was made on 3¢Fe to investigate
the change in PLD with a change of parameter called
exciton number n. for both Ericson’s one -
component and two —component formulae in order to
show, are these formulae affected by the exciton

Theory

The first description of PLD in 1966 by J.J. Griffin
using the Ericson’s formula or accurately called one-
component Ericson’s formula, because it doesn’t
distinguishes the protons and the neutrons but
consider all as a same type of the particles called
nucleons the one —component Ericson’s formula is *°

gn E‘I’l—l

wy (n.E) = p'hl(n—1)

The symbols are p is the particle number, h is the hole
number,n is the exciton number which is n=p +h,
E is the excitation energy and g is the single particle
level density which is given by

In frame work of equidistant spacing model which is
consider the spacing between the levels are equal.

The parameter A is the mass number and d =
13(MeV)™?!

Results and Discussion

In this section a comparison between the one —
component and two - component theoretical curves
of PLD with the exciton number. The results for the
>6Fe isotopes and the figures were plotted by Mat.
Lap program. Fig. 1 shows a comparison between the
one - component theoretical curve when n =3 with

number which represent the increase in excited
particles number?

The reason behind choosing 5¢Fe nucleus is because
the mass number of 38Fe is in intermediate values so
that the pre-equilibrium reactions appear clearly in
this region.

When the protons and the neutrons are considered as
two types of particles or distinguishable particles the
Ericson’s formula is modified to two components
Ericson's formula®®

ng N —
gnn: gvan 1 3

w e
2(ME)= p 1k, 1P, by (n—1)!

The symbols p,, is the proton particle , h, proton
holes ,p y neutron particle , h,neutron holes , n  is
the exciton number of proton n, = p, + h;,n, is
the exciton number of neutrons n, = p, + h,, and
thetotaln = n,; +n,

E is the excitation energy, g, is the single particle
level density for protons and g ,, is the single particle
level density for neutrons *°

_Z
Ir =3

> =
Q

v =

the experimental data '°. One can notice that the one-
component theoretical curve starts from 1Mev and
increases with increasing energy and the theoretical
curve lies below the experimental curve'® because
when the exciton number is taken n=3 the number of
excited levels is low, therefore, the theoretical curve
below the experimental one.
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Figure 1. Comparison between one-component with n=3 and experimental curve for 3¢Fe.

In Fig. 2 comparison was made between two-
component PLD theoretical curve for n=3 with the
experimental data .The theoretical curve starts from
1 MeV and increases with increasing energy and the
theoretical curve lies below the experimental

data'®for the same reason in Fig. 1, so in case of two
components the energy distributed on a humber of
particles is bigger than in case of one-component this
decreases the number of excited state or PLD hence
the theoretical curve is below the experimental curve.
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Figure 2. Comparison between two-component with n=3 and experimental curve.

Fig. 3 shows a comparison between one-component

theoretical curve and the experimental data when
n=>5. It is noticed that the theoretical curve starts from

1 MeV and increases with the energy and it is closer
to the experimental curve than in case of n=3.
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Figure 3. Comparison between one-component with n=5 and experimental curve.

But in Fig. 4 the comparison was made between two-
component theoretical curve and the experimental
data when n=5. It is noticed there is no noticeable
change between n = 3 and n = 5 because the values
of theoretical energy levels stay less than the
experimental values when n=5 for two reasons the

first is the theoretical values of PLD stay less than
the experimental values when n=5 and the second in
case of two component the excitation energy
distribute on the large number of protons and
neutrons and this decreases the PLD.
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Figure 4. Comparison between one-component with n=5 and experimental curve.

In Fig. 5 a comparison between one- component
theoretical curve and the experimental data was
made when n = 7. The theoretical curve starts from
an excitation energy (E) equal to 1 MeV and
increases rapidly with increasing (E). it lies below
the experimental curve up to 5 MeV and between 5
MeV and 6 MeV an agreement between the

theoretical and the experimental curves then the
theoretical curve becomes above experimental curve
because the theoretical curve is dependent on the
excitation energy and the increase in the energy led
to increase the theoretical curve above the
experimental curve.
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Figure 5. Comparison between one-component with n=7 and experimental curve.
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In case of two-component theoretical curve atn = 7. components the energy is distributed on a number of
In the Fig. 6 the theoretical curve lies below the nucleons bigger than in case of one-component and
experimental curve. It starts from 1 MeV and  this leads to excited level less than as in one
increases with increasing the energy (E) but stay =~ component hence the PLD values are less than in
below the experimental values because in case oftwo ~ one-component.
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Figure 6. Comparison between two-component with n=7 and experimental curve.
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Fig. 7 shows the one-component theoretical curve  curve at E=4MeV then after that becomes above the
when n = 9. The curve starts from 1MeV and  experimental curve .
increases with E and intersects with the experimental
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Figure 7. Comparison between one-component with n=9 and experimental curve.

Fig. 8 shows the two-component curve. It starts from
excitation energy (E) equal to 1MeV and increases
with increasing (E) but it lies below the experimental

data because in case of two components the energy
L]

distribute on a number of nucleons bigger than in
case of one-component and this lead to excited level
less than as in one component hence the PLD values
are less than in one-component.
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Figure 8. Comparison between two-component with n=9 and experimental curve.

Conclusion

The theoretical curves of both one and two
components increase rapidly with increasing the
excitation energy where it is noticed they all start
from 1 MeV and increase with increasing the energy
on x-axis. However, the effect of increasing the value
of the exciton number on the theoretical curves was
noticed in case of one component where the

theoretical curve intersects with the experimental
curve at n=7 and n=9. In case of two-components
there is no noticeable increase with increasing the
exciton number because the energy distributed on
two-types of particles results in decrease in the
excitation of the particles so this will decrease the
level density in case of two components.
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