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RESEARCH ARTICLE

Experimental Formula of Single Particle Level
Density in Pre-Equilibrium Reaction

Sarah Shakir Ali® *, Ali Dawoud Salloum

Physics Department, College of Science for Women, University of Baghdad, Baghdad, Iraq

ABSTRACT

In this study, a new formula for single particle level density was found from experimental values of single particle
level density using the curve fitting. This new formula was substituted in Ericson’s formula which is used to calculate
the partial level density in pre-equilibrium nuclear reactions and in the corrected formulas of William’s formula, spin
corrected formula and surface formula. The results for each formula were compared with the results for the same formula
using single particle level density from the equidistant spacing model ESM. It was noticed that there is good agreement
between the results of single particle level density from ESM and single particle level density from curve fitting especially
at energies less than 20MeV. With increasing energy, the results of single particle level density from curve fitting become
higher than the results of single particle level density from ESM. In one-component Ericson’s formula the difference is
clearer than in other formulas, in a spin correction the difference becomes less than one-component Ericson’s and in
case of two-components Ericson’s correction, surface correction and Williams’s correction the difference is so little that
it is difficult to notice. The increase in level density of single particle level density from curve fitting is greater than the
level density of single particle level density from ESM, reflecting the increase in level density with increasing energy,
therefore, as it is shown the single particle level density from curve fitting is more accurate than single particle level

density from equidistant spacing model ESM.

Keywords: Nuclear level density, Nuclear models, Nuclear reactions, Pre-compound reactions, Pre-equilibrium region,

Statistical models of nucleus

Introduction

To study the energy levels of any nucleus theo-
retically, at energies above 2Mev, the nuclear levels
cannot be treated as separate levels because the
spacing between the levels decreases with increased
energy since The number of the levels increases with
the energy leading to an overlap between the levels,
therefore, dealing with each level separately becomes
impossible, thus a new concept called Nuclear Level
density NLD was introduced which describes a huge
number of level. '™

Nuclear Level density NLD has great importance in
the study of nuclear reactions in the construction and
design of nuclear reactors, as well as in the study of re-

actions within stars and it also has applications in the
medical fields.® Also the cross section of compound
nucleus reactions and the pre-compound reaction de-
pend mainly On the NLD. %’

In the case of pre-compound nucleus; not all nu-
cleons are present because the distribution of the
incident particle energy is not complete, therefore,
the NLD in pre-compound is called partial level Den-
sity PLD.8

The density of partial states depends on the param-
eter called single particle level density( g). In this
research, the formula for the individual particle g
is obtained from using curve fitting to experimental
data by taking g from the reference and substituting
it in Ericson’s equation, which describes the partial
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level density of states and is also substituted in the
corrected formulae. And a comparison was made with
the results of the same formula when single particle
level density ( g) is taken from equidistant spacing
model ESM. The aim of this study is to get a new
formula of g from the experimental values and the
agreement with the ESM results gives good credit to
ESM model results.

Materials and methods
Theory

The pre-equilibrium region is a stage of the nu-
clear reaction that determines the completeness of the
distribution of energy among all the nucleons in the
nucleus.

This region was suggested by the researcher J.J
Griffin® when a part of the emission cross section
cannot be interpreted theoretically neither by the
compound nucleus model nor by the direct reaction
model.

The pre-equilibrium cross -section depends on the
PLD and the first description of the PLD was by Griffin
using Ericson’ s formula. ®°

gnEn—l

o1 (B = =1

1)

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

n=P+h (2

This formula is called the one component Ericson’s
formula because it considers all nucleons, protons and
neutrons as a same type of particles.

But if the protons and the neutrons are consid-
ered as different types of particles Ericson’s formula
is written in the following form and called two-
component Ericson’s formula.®

(g™ (g, )WE™!

E) =
o2 () = o T = 1)1
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gr and g, are the single particle level density for-
mula of protons and neutrons respectively, they are
given by’

gﬂ:%g (4)

gv: %g (5)
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Where Z and N are the number of protons and
neutrons respectively

And the formula from fitting of the experimental
value is

g=0,58A+1,4

n=p, + h,+p,+h, is the total exciton number. It
can be written as

n = n, + n, where n, is the exciton number of proton
and n, is the exciton number of neutrons.

Ericson’s formula is a crude formula, but many cor-
rections where added to it, in this paper some of these
corrections are taken like:

1-William’s correction, in this correction the effect
of the Pauli exclusion principle was added to the PLD
formula and the one- component formula becomes®:

gn(E _Ap,h)nil

o1 (L E) == = 1)1

(6)

The effect of Pauli’s principle is represented by a
factor App which is called pauli blocking factor

This factor subtracts from excitation energy and is
given by”

_P(P+1)+h(h-3)

. )

p,h

In case of two - components the PLD formula be-
comes”’

&8 (E - Apn.,hn,pvhu)n_1

o2 () = gt (n— 1)) ®
A _pn(pﬂ—i—l)‘f'hn(hn_s)
inhn-pvhv - 4g7-[
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+p (py + 1)+ hy( ) 9
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2-Spin correction

In this correction the PLD is multiplied by the
factorR(J) that represents the Gaussian distribution
of the angular momentum. ®

241 T+13)°
R(J)_mex [—? (10)

The parameter (J) represent the total angular mo-
mentum of the target nucleus and o is the spin cut off
parameter.

Then the PLD become”®

p(E,J) =w1(n, E)R(J) an
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Fig. 1. Comparison of one component Ericson from ESM and fitting.

3-Surface correction

Since the nucleon at the surface of the nucleus is
not surrounded by other nucleons like the ones in-
side the nucleus, therefore, the nuclear potential on
the surface is shallower than inside the nucleus. This
difference between the potential value is added as a
correction called surface correction and it is added to
PLD as in equation®
w1 (N,E,V)=w1 (n,E,00) x fi(n,E,V) (12)

The function F(n, E, v) is the correction due to
surface effect in the ESM it is given by”

h . n-1
E (nE,v)= Z (_1)jc;, |:E _]J; (h)]
j—0

x 0 (E — jv(h)) (13)
This is done in the initial particle -nucleus interac-
tion by replacing the nuclear potential depth V, by
Vi
This means instead of putting = Vo, we put V = Vi.
This new potential depth V;, is defined as the “av-
erage effective well depth

V =Vp =38 MeV h>1

V=W h<0

Results and discussion

In this section, a comparison will be made be-
tween the results of the Ericson’s equation and

its corrections when g is used from ESM and
the same equations but when g is obtained from
curve fitting, the results are drown using Mat. Lab
program.

Fig. 1 shows a comparison between the results of
PLD from the one component Ericson formula with
single particle level density g from ESM and PLD
from one-component Ericson when single particle
level density g from curve fitting for the experimental
values are taken from reference. It is noticed that
the two curves are identical starting from more than
10Mev, after that the fitting curve becomes slightly
higher than the curve from ESM. This can be in-
terpreted as; since the energy levels increase with
increasing the energy the PLD must increase and since
ESM considers the spacing between the levels equal,
therefore, it cannot describe the increase in PLD while
it appears for g from fitting, hence this leads us to
think that g from fitting is better than single particle
level density g from ESM. The curve fitting results
have good agreement with the results in published
papers. '°

Fig. 2 shows a comparison between the Erics-
son curve for the cases of two components when
g is from ESM and the Ericsson curve when g
is from fitting. It is noticed that both curves
start from energies higher than OMev and increase
with increasing energy and there is a good agree-
ment at all energy values. The curve fitting results
have good agreement with the results in published
papers. '©

Fig. 3 shows a comparison of the PLD curve of
William correction when g is taken from the Eric-
son formula and the curve of the William correction
when g is taken from the fitting. From this figure,
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Fig. 3. A comparison between the results of one-component Williams’s formula when g from ESM and g from fitting.

it is observed that both Williams’s curves start after
10Mev since the factor Apy, substructs from E, then the
curve when E < A, is decreased, therefore, when
neglecting these regions one finds there is a good
agreement between both Williams’s curses from ESM
and fitting. The two curves increase with increasing
the excitation energy.

The curve fitting results have good agreement with
the results in published papers. '°

Fig. 4 shows a comparison between the corrected
PLD curve for the total angular momentum when
g is taken from Ericsson, and the curve of angular
momentum when g is taken from curve fitting. It is
noted that the two curves start at 1Mev and increase
with increasing the energy. There is a good agreement
between both curves till up to 30Mev then the curve
of PLD from fitting rises slightly above the curve from

ESM this may be interpreted as the g from fitting
being better than g from ESM to describe the increase
in levels with increasing the energy. The curve fitting
results have good agreement with the results in pub-
lished papers. '°

Fig. 5 explains the comparison between the results
of PLD from the surface corrected formula when g
is from ESM and when g is from curve fitting. It
is noticed that both curves start from 10Mev be-
cause all values of PLD when jv > E are neglected,
therefore, the curve does not start from 1Mev. Both
curves increase e with increasing the energy and there
is a good agreement between the two curves .It is
noticed in all figures that the agreement is at low
energies and with increasing the energy the curve
from fitting becomes higher than the curve from
ESM but the magnitude of the difference changes
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Fig. 4. Comparison between the results of PLD from spin corrected formula when g From ESM and g from fitting.
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Fig. 5. A comparison of PLD from surface corrected formula when g from ESM and g from fitting.

from one formula to another. The curve fitting results
have good agreement with the results in published
papers. '°

Conclusion

The results of all PLD formulae increase with in-
creasing the excitation energy E .In general most of
PLD curves from fitting g and those from ESM show
good agreement and with increasing the energy the
PLD curve from fitting becomes slightly above that
from ESM, the increase depends on the formula this
mean’s the g from fitting can describe the increase of

PLD energy better than ESM,therefore, one can say
that g from fitting is more realistic than that from
ESM.
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