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Abstract

The partial level density PLD of pre-equilibrium reactions that are described by Ericson’s formula has
been studied using different formulae of single particle level densityg. The parameter g was used from
the equidistant spacing model (ESM) model and the non- equidistant spacing model (non-ESM) and
another formula of g are derived from the relation between g and level density parametera. The formulae
used to derive g are the Roher formula, Egidy formula, Yukawa formula, and Thomas —Fermi formula.
The partial level density results that depend on g from the Thomas-Fermi formula show a good

agreement with the experimental data.

Keywords: Exciton model, induced nuclear reaction, Level density, Pre-compound nucleus, Pre-

equilibrium reactions.

Introduction

Level density is considered an important
parameter in  many theoretical studies like
astrophysical studies and cross-section calculations
reaction rates calculations **.

Level density depends on the parametera,
which is called the level density parameter. This
parameter measures the number of states per unit
energy interval at the Fermi surface °

The parameter a was studied for 310 nuclei
in the framework of Fermi Gas model for many
isotopes between 8C to 251Cf by fitting the complete
level scheme at low excitation energies. The
obtained formula of this parameter represents useful
tools to calculate the level density for nuclei that are

Materials and Methods

Theory:

far from stability’. The level density parameter was
calculated for super heavy nuclei using the single
particle energies obtained with the Woods-Saxon
potential 8.

Excitation energy and angular momentum
dependence of the parameter a were studied around
the value of mass number (A = 110) using the
Hauser — Feshbeach model. It is found there is an
acceptable agreement with the experimental data °.

In this paper, formulae of the parameter a
will be used to find new formulae to the single
particle level density g and the least will substitute
in Ericson’s formula then results will be compared
with the experimental data.

The  pre-equilibrium  reactions  are
introduced as the reactions that lead to emission

Page | 1095


https://dx.doi.org/10.21123/bsj.2023.7959
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0003-4478-5604
mailto:Hadeer.Kadem1204a@csw.uobaghdad.edu.iq
https://orcid.org/0000-0002-4318-9478
mailto:alisalloum39@yahoo.com

2024, 21(3): 1095-1100
https://dx.doi.org/10.21123/bsj.2023.7959
P-ISSN: 2078-8665 - E-ISSN: 2411-7986

s

Baghdad Science Journal

before the thermal equilibrium occurs or in other
words before reaching the compound nucleus stage
10

Since some of the nucleons are excited
during the pre-equilibrium region and the level
density comes only from those excited nuclei,
therefore, they are called partial level density
(PLD).
The first formula that describes the PLD is
Ericson’s formula 101,

ngEn—l

p! hl(n—1)! -1

w(nE) =
The symbols o (n, E) is the number of levels per
unit energy, p is the particle number, h is the
number of the holes n = p + h is the number of
exactions, E is the excitation energy and g
represents the single particle level density.

The parameter g in the framework of equidistant
spacing model ESM (the model considered the
spacing between the energy levels to be equal)®

g =2 (d =13 MeV™1)

Where A is the mass number and d is the spacing
between levels.

If the spacing between the levels is considered non-
equal as it is supposed by the non-equidistant
spacing model (non - ESM) the parameter g is
given by %

&
go:g\/;

The symbol ¢ = E/n represents the division of
total energy on exciton number and F is the Fermi
energy level which is equal to 38 MeV.

The parameter g is associated with the single level
density parameter a by 314

The parameter a is given by many formulae 215

Roher formula

a=0.00714+v . 5,
Where V=1.64 for A < 38
Egidy formula

a=0.184%° . 6,

Thomas Fermi formula

a = (0.109(1 — 4.4761>)A + 0.076(1 +
31.471%)A%3 — 0.00242247 /3)

The parameter I is the isospin and Z is the atomic
number

Yukaua formula

a = (0.0684 + 0.2134°/3 + 0.3854/3)

From the eq 4 and all a formulae one can get new
formulae of g.

g= % (0.00714 + V)
g == (0.184°%)

g == (0.0684 +0.2134°/3 + 0.3854'/3)

g == (0.109(1 — 44761%)A + 0.076(1 +
31.4712)A%3 — 0.00242247Y3) ... 12

These new formulae of g will use in Ericron's
formula in the next section.
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Results and Discussion
Results:

Now, we will make a comparison between
the theoretical results of PLD Ericson's formula
with different values of g and the experimental data
for >°Fe
Fig 1. Shows a comparison between the results of
PLD formula with g from ESM-model eq 2 and the
experimental data. One can see the theoretical curve
is in agreement with the experimental curve
between 1 MeV to 2 MeV then the theoretical curve
increases rapidly with increasing the excitation
energy and the gap between both curves becomes as
big as the excitation energy increase. This behavior
can be interpreted that in ESM model the PLD
increases rapidly with E then the theoretical curve
becomes higher than the experimental data.
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Figure 1. Comparison between theoretical curve
with g from ESM and the experimental data

Fig 2. Shows a comparison between the
theoretical PLD with g from non-ESM eq 3, and
experimental data. As it is shown in the figure the
theoretical values lower than the experimental data,
the bigger difference between the theoretical and
experimental curve at 1 MeV decreases with
increasing energy but the theoretical curve stays
lower than the experimental curve. Because in non-
ESM the levels overlap with increasing energy
therefore, the number of PLD will be little and this
interprets why the theoretical curve is less than the
experimental one.
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Figure 2. Comparison between theoretical curve
with g from non-ESM and the experimental data

In Fig 3. A comparison was made between
PLD with g from Roher eq 9, and the experimental
data. The theoretical curve is very less than the
experimental curve.

It is noticed that the theoretical curve is
very less than the experimental curve this because g
from Roher is multiplied by 0.0071 and this affects
PLD.
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Figure 3. Comparison between theoretical curve

with g from Roher and the experimental data

Fig 4. Shows a PLD results with g from
Egidy eq 10, formula and experimental data. The
PLD curve is less than the experimental curve. This
can be interpreted that g from Egidy's formula
consists A with power 0.9 this which decreases the
value of g.
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Figure 4. Comparison between theoretical curve
with g from Egidy and the experimental data

Fig 5. Shows a comparison of PLD curve
with g from the Thomas-Fermi formula eq 11 and
experimental data. It is noticed the theoretical curve
is less than the experimental curve up to 4 MeV and
from 4 MeV to 5 MeV both curves become to agree
and after 5 MeV the theoretical curve becomes
higher than the experimental curve. In other words,
the theoretical curve mediates the experimental
curve. This behavior can be attributed to the g
formula from Thomas-Fermi contains A with
different power as it is shown in eq 11 and this
makes the theoretical curve of PLD neither
increases rapidly like the case of ESM nor decrease
like Egidy or Roher but the increase is between two
cases hence the curve mediates the experimental
data.

Conclusion

All  theoretical curves increase with
increasing the excitation energy. The theoretical
curve that gives the best match with the
experimental data depends on g from the Thomas-
Fermi formula, and other theoretical curves are far
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Figure 5. Comparison between theoretical curve
with g from Thomas-Fermi and the
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Fig 6. Shows a comparison between the
PLD curve with g from Yukawa eq 12 and the
experimental data. The theoretical curve with g
from Yukawa is very higher than the experimental
data. This is because g from Yukawa's formula has
so big value.
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Figure 6. Comparison between theoretical curve
with g from Yukawa and the experimental data

from the experimental one. Therefore, we can say
the results dependent on g from the Thomas-Fermi
formula may be considered the most acceptable
formula if it is compared with the results depending
on the other formulae of g.
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manuscript.
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