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ABSTRACT

The excitation function fom( xn) reaction up to energy range 60 MeV on Aulieen calculated using stacked foil
technique. Excitations have also been calculatexbrtttically using computer code — ACT with and auththe
inclusion of pre-equilibrium emission. As expectadlusion of pre-equilibrium contribution based thre excitation
model along with compound nucleus calculation usihg Hauser- Feshbach formalism reproduce well the
measured excitation function. Interesting trendshe pre-equilibrium fraction with projectile engrdhas been
observed.
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INTRODUCTION

The study of pre-equilibrium (PE) reaction mechanig the intermediate energy regions has been at mdi
interest during the last decade. Enough evidere@aw present to believe that both the direct amé pompound
reaction mechanism are not adequate to explainhifle energy tail observed in the experimental exicih
functions. However, it has been found that a sigaift part of the reaction proceeds through theepeilibrium
emission process. Several semi-classical modelS],[lrave been proposed to explain the featureshef t
experimentally measured excitation functions.

Recently several quantum mechanical (QM) theor@&®9]] have also been put forward to explain the- per
equilibrium (PE) reactions. Though, the quantum ma@écal (QM) theories involve the microscopic cédtions, at
present they are applicable mostly to the nuclecluéed reactions [10]. As for a complex particlattis, alpha-
particle in the entrance channel, the quantum nréchla(QM) treatment of initial projectile targettéraction
becomes very much interacted. Hence the experitnéati@ on excitation functions, for alpha- inducedction s, is
generally analyzed using semi-classical modelslA]1-

With a view to studying pre-equilibrium emission,peogrammed of the precise measurement of the adixgit
function for alpha- induced reaction, in a largenfer of nuclei, covering the whole range of A valuleas under
taken. The analysis of the measured excitationtiomevas done using a consistent set of parameisrpart of this
programmed the excitation function for the reactiBfAu (o, xn) , where x = 1,1,3,4, were measured in thegne
range up to 60 MeV, using the stacked foil techaidB. P. Singh et. al. [16] reported the cross tiedor the
reactions®’Au (o, xn) TF***(X=1,2)in the energy range 30-60 MeV and B. Satkistal. [20] reported the reaction
cross-section for the alpha particle induced reactin*®’Au in the energy range 40-80MeV. The analysis ef th
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compound nucleus represent in this work is madé wsfttistical Hauser-Feshbach (HF) model[9] .arel P
contribution is simulated by the employing the &ttdn model(EM) of Griffin [2].

Computational M ethods and Procedures:-

MATERIALSAND METHODS
The expression for the cross-section of a nucleaction may be written from the consideration ofajerate
equation governing the nuclear transformation aaedag of the activated product. If a target is immgetl by a
projectile of constant fluxp, then the rate of productior, Ban be written as,
Rp=o® Np (1.1
Wherec — is activation cross-section
No — is the no. of target nuclei of isotope undeestigation present in the sample, in my ca&su.
The expression for NO can be given as,
No = mNf/Ag (1.2)
Where m- is the mass of the sample
N — Is the Avogadro No.

f- is the abundance of the isotope in the target.

Let t; — be the time of irradiation of the target by astant flux incident beam to produce a radioactaection
product R. The equation that governs the growthoti¥ity during production can be written as,

dR/dt = o® No- RA (1.3)
Wherel — is decay constant
R — Type of activated nuclei, R is the numberaafioactive atoms present.

The activity of R type nuclei at the instant ofggtong the irradiation is given by
W =R\,
W =06® Ng [1-exp ()] (1.4)

The term [1-exp (;)] is called the saturation factor of the reaction.

If the activity of radioactive nucleus R is measliadter a time “t"” from the time stopping irradiam, then it will be
given by,

dR/dt = W exp(kt)

dR = o® Np [ 1-exp(Aty)] [ 1-exp(ty)] dt (1.5)

If ‘D’ be the actual number of disintegrations bétsample during a time period g¢tarting after a time from the
stop C}f irradiation, then DA can be obtained bggrating ‘dR’ with respect to time limits ofto t, + t5.
DA=]dR

DA = o® Ng [ 1-exp(t;)] [ 1-exp(ats)] (1.6)
A [ 1-exp(ta)]

If ‘A’ is the number of counts observed by the aébde during the time intervalst ‘G ¢’ is geometry dependent
detector efficiency of the detectof,’ is the absolute intensity of the particular gamnay and ‘k’ is the self
absorption correction factor of the gamma ray stdihaped target, which is given as the

k = [1-exp (pd)] / pd (1.7)
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Wherep — is gamma ray absorption coefficient

d - Is the thickness of target under investigafmrmy casé® Au

Then the actual number of disintegration DA willdieen as,

DA = A/ Gebk (1.8)
Relating equation (1.6) and (1.8), the activatioyss-section of a nuclear reaction will be —

o = AM Ll-exp(Aty)] / @ No [ 1-exp(rty)] [ 1-exp(ts)] Gebk (1.9

This expression has been widely used to calculaeattivation cross-section for the alpha inducsattion on
different isotopes.

[B] Analysiswith the code ACT

The code ACT is based on the Weisskopf-Ewing m¢dé] for compound nucleus decay and hybrid/geometry
dependent hybrid (GDH) model [18] for the pre- ditium decay processes. This code is capable e¢digr the
excitation functions for pure-equilibrium decaywasll as with pre-equilibrium decay. In compound leus decay
calculations, the evaporation of protons, neutraiesiterons and alpha particles are allowed. ThalQeg for the
formation of compound nucleus and the neutron,gorofleuteron binding energies for all nuclidesntéiiest in the
evaporation chain, have been calculated using tageks-Switecki/Lysekel mass formula [19]. The pajrenergy

is calculated from back-shifted model. The inigakitation configuration n, which is described bg ihumber of
neutrons (n), protons (p) in excited state and remalh holes (h), after the first collisions a vemyucial quality in
pre-equilibrium reactions. The total exciton numberequals the sum of n, p and h. For alpha-pariiofiuced
reaction, the initial exciton numbeg B 4 or 6 as was suggested by Blann [4]. Howevervas find by many
investigators that 0= 4, fits the experimental data better thgn=rb. The calculations have been performed for
various initial exciton configurations. However tb@culation with p =4 (2n +2p +0h), that is, pure particle state)
gives the best fit to the present results.

RESULTSAND DISCUSSION

In Figs. (1)- (4), experimental excitation functoare compared with the theoretical ones. As can fem these
figures that experimentally measured excitationcfioms are reproduced well using the code ACT when
admixture of compound nucleus calculations andegpgtibrium calculations are taken in to considiera with the
value of g =4 (2n +2p +0h). In the present analysis of alphdticed reactions, it is observed that a signifigeart
of the reaction proceeds through the pre-equilibramission.
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Fig.(1)- Graph of excitation function for *’Au(a, n)
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Fig.(2)- Graph of excitation function for *’Au(a, 2n)
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Fig.(3)- Graph of excitation function for *Au(a, 3n)
202

Pelagia Research Library



Anika Johari and A. K. Saxena Adv. Appl. Sci. Res., 2015, 6(7):199-203

1200

—a— Experimental of
1000 1 —e—Pre-EQ Mode /

—e—Pure- Eq Mode §

800

Cross-section (mb)
B [e2]
8 3

200 -

0 T T T T T 1
30 35 40 45 50 55 60

Incident Particle energy (MeV)

Fig.(4)- Graph of excitation function for *’Au(a, 4n)
CONCLUSION

From the overall comparison of the experimental twedretical excitation functions it may be condubat there ia
a quantitative agreement of experimental excitafiomctions with the theoretical excitation functorirhe pre-
equilibrium fraction is found to be energy depertd&iso the combination of Hauser-Feshbach modejuige
adequate for alpha induced excitation function& wie choice of yi=4 (2n +2p +0h).
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