Indonesian Journal of Physics
Vol 20 No. 3, October 2009

Calculation of Level Density Parameter of Nuclear Reaction Using Neural Network

Rizal Kurniadi®”", Yuda Satya Perkasa®, Abdul Waris® and Suwoto?
YNuclear Physics & Biophysics Research Division,
Faculty of Mathematics and Natural Sciences,
Institut Teknologi Bandung, Indonesia
Center for Reactor Technology and Nuclear Safety
National Nuclear Energy Agency of Indonesia
*e-mail: rijalk@fi.itb.ac.id

Abstract

Level density parameter (LDP) calculation is dependent upon shell correction value, which usually is obtained by
using Strutinsky method. The Strutinsky method is method that uses energy levels from certain potential as main
input. Therefore for each mass number it strongly needs the energy levels calculation. The energy levels
computation is time-consuming process; hence, the new application of computation technique is needed to reduce
computation time. This paper explains the application of neural network in LDP calculation. Based on knowledge
from box type and harmonic potentials, LDP is predicted by using arbitrary potential
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1. Introduction

Level density plays an important role in
calculating the nuclear reaction model statistically,
such as in calculating the evaporation model of
nuclear reaction, spallations reaction measurements,
and in studies of intermediate-energy of heavy ion
collision?. Although there are some theoretical
approaches that have been developed to study the
level density>™, one of the parameters that holds very
important role in the level density calculation is the
level density parameter (LDP)>. The commonly used
of level density parameter is the energy dependent
value®”.

The asymptotic value of the LDP is reached at
the infinite excitation energy®. With this approach, the
variation of its LDP value is small. This is caused by
the highly excitation state. This approach is different
from the shell correction approach, which gives bigger
value of the variation of the LDP. Shell correction is
resulted from the difference between nuclear mass
experiment and semi empirical nuclear mass”.

In level density study, semi empirical nuclear
mass is influenced mainly by pair and shell correction.
In shell correction, fission barrier determines the
variation value of eigen energy to smooth curve parts.
To simplify the complexity of the problem, the simple
potential interaction such as infinite square well or
harmonic oscillator is usually chosen and the Gauss-
Hermite folding technique is used?.

The effect of simplifying the complexity results
in the limitation of the potential interaction, which is
in contradiction with the real problems in nuclear
reaction model. In nuclear reaction model, the more
complicated the potential interaction, the more
accurate the nuclear data will be resulted. Based on
this hypothesis, this paper will discuss the advantages
of using the supervised neural net to calculate LDP.
The supervised neural net that is chosen is the back
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pr%)agation one. This method is described in details
in™.

Basically, back propagation requires a humber
of vector inputs and vector target. Through these
vectors, the neural network will learn to identify the
patterns given and predict other patterns having
similar basic pattern as the ones given. The pattern
during the LDP calculation is composed of the
configuration potential parameters, atomic mass, and
atomic number, while the vector target is determined
by its shell correction value. Hence, the obtained
neural network knowledge is the knowledge to
recognize the relationship among the potential
parameters, atomic mass, and atomic number against
the shell correction value. The training method
discussed in this paper is the conjugate gradient
algorithm®?, while neural architecture used contains
100 neurons in hidden layer and one neuron in output
layer.

The potential parameters used as the attribute
for the input vectors are the difference between the
area below the curve of the box potential and the area
below the curve of the harmonic potential. Its potential
variation is determined by the difference below these
two curves. One of interaction potential that will be
obtained from these parameters is the wood-saxon
potential type™®.

2. Formulation of Method

The value of level density is approximated by
the th following formula?,

a(A,Z,U):ﬁ(A)[lJr%(l—e‘yU )} (1)

Parameter a is asymptotic value at infinite
excitation energy U. There are three-semi empirical
formulas for a '¥. In this paper, the Ignatyuk formula

represents the asymptotic parameter has been
employed.
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a=0.154A+6.3x107° A (2)

U is the wvalue excitation energy that was

approximated by the following equation (3)*.

U =ac, 3
and t. is the critical temperature
t, =0.567A
12
A=—=
VA

As for the semi empirical level density parameter, ac ,

its calculation has been proposed by Gilbert-
Cameroon®, which can be written as follows.

2
ac=%g(ef) @)

With g(ef) as a single particle level density at fermi

level of e;= 33MeV, g(ef) is calculated by

formula'®

g(ef>=ih£§j Jer Vnrlar ©)

where V(r) in equation (5) is oscillator harmonic
potential and infinite box potential. Both potentials are
used to introduce the knowledge of neural network,
which will be used
yor? +V, oscillator harmonic for all r
V(r)=<V, box potential forr<R,, (6)
0 box potential for r >R,

Because the interaction is not the interaction of of
non-mean field approximation, coulomb interaction
used is the interaction of point to sphere technique'”

Viour (1) = 222 £, (3 )

C

Where

1 3 5 3
f.(x)=—tanh| =X+ =X
(W= [2 ° ]

R, =R +R, 8)
r
X=—
RC
then the interaction depicted by

v (r):Vnoncoul (r)+vcoul (r), which replace the
conventional one V (F, )= jv (F, )d°E, .

The iteration technique is applied to equation
(1) to get LDP™®

3y, =a(l+ k)
U =at )

- 85(1 —7U("))
an+l:a[1+u(n) -e

OE parameter in equation (9) is called shell correction,
which is calculated using the formula,

ok = Mexp ~Mearc (10)

Nuclear masses experiment M, are taken from

AME2003 table’® while M, is calculated using
binding energy formula
B(AZ)=A,(1-k,I12)A-a (1-kI2)A%?
3?22
——-—(  t Epair - EsheII — 8 A1/3 (11)

Zz
3~ fp W]

in which all coefficients at the equation (11) were
compiled by Royer?”

11

-— Z,N odd
JA
Epair =<0 Aodd (12)
£ Z,N even
JA

Where equation (12) and Eshell represent the pair and
shell correction at binding energy formula, which is
determined by??

n

Eshen = I(S(n) - E(n))dn (13)
0
&, is an eigen energy while Z(n) is smooth curve that
it was calculated from*%®

()= [g)de’

A
£(n)dn = j (e)de (14)
B PR A2

gmdn=———-——
£(n) 8(hw)® 16hw

_ x 2% 3x 1
gnydn=—>= 0 - 37—
1032 16E, 4EL

—2°!2 (15)

Ot Z O 2Z O——2

The value of fermi level 1 in the equation was
obtained from the relation

n(1)=N (16)

The vector used as the input vector is
constructed from «, 5, A and Z. « is the difference
between the area constructed by box potential curve
and the area of harmonic potential curve below zero
potential value.

While g is the difference between the area
constructed by the two potentials above zero value. A
and Z are atomic mass and atomic number
respectively. The target vector is composed of values
that it is obtained from the conventional calculation
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procedure. The training data are taken from the
representative of each value A, while testing data are
taken from isotope in the training data. The training
algorithm that was implemented was CGA combined
with the updating formulation.

P« =—09k + BPca
Agy_

B = ?k 19k
Ok-19x1

17)

Figure 1. the « area (top) and the Sarea (bottom)
3. Results and Discussion

The testing result on the two potentials is
displayed in Figure 2
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Figure 2. Accuracy curves from testing process

Figure 2 shows that the accuracy of both
trainings is above 70%. The accuracy for Box
Potential reaches 87% and harmonic potential has the
accuracy of 97%. The data indicate that the reliability
of the neural network knowledge is significant. The
number of Epoch for both the Box Potential and
Harmonic Potential is 60000. In addition, the learning
rate of training used is 0.1. The performance curves
are showed by figure 3.

Based on the knowledge acquired, the
prediction for the shell correction value from both
potentials is made. Figure 4 depicts this predicted shell
correction

Figure 4 shows that SE box potential is higher
than harmonic potential; hence, the predicting value
OE has the possibility to exist within the range of the
two potentials.
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Figure 3. Training performance curves from box
potential (top) and hrmonic potential (bottom)
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Figure 4. LDP predicted result from both neural
knowledge

If the value o for predicting is zero, the
negative value for its potential is a box shape.
Normally, the predicting value should be higher than
the value produced by harmonic potential.
Considering that the knowledge acquired is from both
the Box Potential system and the Harmonic Potential
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system, knowledge for predicting is obtained by
means of the formula of averaged knowledge.

()33, &

Because the value of shell correction is varied, which
fluctuates according to its oscillating pattern, g value
for the vector input was approximated by equation(19)

B =By, Pisin(B)) exp(-4) (19)
1=0

Where B is legendre polynomial and g, is £ value

from the training data. Based on this approximation,
the predicted results oE obtained are shown in figure
51
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Figure 5. Neural net (filled circle) and LDP shell
correction result (unfilled box)

By using ignatyuk formula and RIPL-2 iterative
procedure, LDP for RIPL-2 and neural network
method is calculated. The calculation results are
illustrated in figure 6.
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Figure 6. The LDP neural network result (top) and
RIPL-2 calculation (bottom)

Figure 6 shows clearly that RIPL-2 calculation
deviates at about A = 170, likewise neural network, in
which the result has significant discrepancy at A =
170. Although neural network has a significant
discrepancy at A = 170, around the area of mass 225,
the result of neural network is closer to the experiment
compared with the value of RIPL-2.

4, Conclusions

This work have performed a new calculation
procedures of LDP, with an emphasis on techniques
that permit to overstepped the eigen value problem
solving. The calculation proceeds according to four
steps :

(). Calculation of box and harmonic potential
knowledge;

(b). Carrying out the accuracies of knowledge;

(c). Determination of « and g functions for

input vectors;
(d). Predicting process;

There are still some answered questions, and
more work needs to be done before a final assessment
can be made, but tentatively it appears that the
overstepping of the eigen value problem in LDP
calculation here does provide two advantages :

(). Reducing computation time and;
(b). Building arbitrary potential data base that
suitable in LDP calculation;
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