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ABSTRACT

a—cluster cross- section production by induced reaction was calculated at different ges using excitation
model and an analysis in the framework of pre-éguilm excitation model with geometry dependentridytmodel
depend on pickup mechanism. Comparison with ourutation gives remarkable agreement with experiaent
data. The cross-section has been estimated famtiget>*Fe (@, Xn), X = 1 to4, with different energies.
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INTRODUCTION

The mechanism of the emitted particle in the nudleaction is an important to provide informatidsoat nucleus.
The excitation model [1] is one of many models ugeé@xplain nuclear emission before equilibriumisTimodel
assumes the reaction proceed via a gradation tfsstharacterized by excitation pairs of partickeh(p-h). The
evaluation of p-h excitations can be describedheyrmaster equation which is first proposed by Keltb@nd Blann
[2] in the spin-independent formulation of this nebd

Also, the calculated results for nucleon inducqehalparticle emission was compared with many rekess [3]
and the results showed that there are some lamgiot@mong calculated values and experimentah @éspecially

in pre-equilibrium process that dominate above 26VMPre-equilibrium emission of cluster has two agife
mechanisms; pre-formedparticle that treated as a single excitation j#] aoalescence model that assuming forms
a cluster in the course of a reaction from exatati[5] and applied more generally for all typelight complex
particles. On the other hand, phenomenological tsdée 9] are proposed to describe nuclear reastionnucleon
and cluster induced reaction and emission by §ttimany variables parameters to experimental ersgyggtra.

The analysis of the measured excitation functioas done using a consistent set of parameters.elfitdrature
[10-17] reported the cross-sections for the reastitFe @, Xn), X = 1, 2 up to 50 MeV only.

The present work is adopted to compare betweeequéaibrium models fon-particle emission by nucleon induced
reactions at energy up to 60 MeV on target nuckies and comparison these calculations with availabl
experimental works.

MATERIALSAND METHODS
The expression for the cross-section of a nucleaction may be written from the consideration ofajerate

equation governing the nuclear transformation aedag of the activated product. If a target is imtetl by a
projectile of constant fluxp, then the rate of productior, Ban be written as,
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Rp=c® N (1.1

Wherec — is activation cross-section
No — is the no. of target nuclei of isotope undeestigation present in the sample, in my c4Be.

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 growthotiity during production can be written as,

dR/dt = 6® Ny- R (1.3)

Wherel — is decay constant
R — Type of activated nuclei, R is the number digactive atoms present.

The activity of R type nuclei at the instant ofpgtong the irradiation is given by

W=RL

W =6® N [1-exp (Aty)] (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 irradian, then it will be
given by,

dR/dt = W exp(kt)
dR = 6® Ng [ 1-exp(Aty)] [ 1-exp(aty)] dt (1.5)

If ‘D’ be the actual number of disintegrations bétsample during a time period gfktarting after a time from the
stop of irradiation, then DA can be obtained bggrating ‘dR’ with respect to time limits ofto t, + ts.

DA=[dR

DA = 6®_Ng [ 1-exp(it 1-exp(At (1.6)
A L-exp(At)]

If ‘A’ is the number of counts observed by the d&be 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 (ud)] / pd 1.7
Wherep — is gamma ray absorption coefficient
d - is the thickness of target under investigafmrmy case“Fe.

Then the actual number of disintegration DA willdieen as,

DA = A/ Gebk (1.8)
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Relating equation (1.6) and (1.8), the activatioyss-section of a nuclear reaction will be —
o = AN Ll-exp(ity)] / @ No [ 1-exp(Aty)] [ 1-exp(ts)] Gebk (1.9

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

RESULTSAND DISCUSSION

The theoretical and experimental cross-sectionplateed against the projectile energy and are shiowFig. (1.1)
to (1.4).The excitation functions for the theoraticalculations are shown by a solid line triangbént (green) for
the pre-equilibrium model and with a dash line wiac point on it (red line) while the experimentakults are
shown by a solid line square point on it(blue lilge cross-sections are measured in mili — barn) @nol the
projectile energy in MeV . The experimental datatfe reaction channel&e @, n) and®Fe @, 2n) is taken from
the author_[18].The data is chosen from the authecause it has the smallest possible errors in tha cross-
section and energy measurement. In addition totligissnergy points are of lowest size which fits tieoretically
used energy size. It can be seen from Fig. (1.d)(ar2) that the excitation functions both the pcgilibrium and
pure equilibrium models show a Maxwellian curvel@at energies by which the reaction mechanism can be
explained by the compound nucleus theory. Fronfithees, it is evident that the pre-equilibrium nifetl GDH
model better agrees with the experimental data tthepure equilibrium model.

500 -+

400 - ——te— Pure EQ

model
= @®= Pre EQ model

(mb)

200 +

Cross-section

Incident particle energy (MeV)

Fig.1.1 Graph showing excitation function of **Fe (a, n)

The**Fe (@, 3n) and*Fe @, 4n) reaction channels experimental data is télaem authors [19]. It may be seen from
Fig. (1.3) that the pre-equilibrium contributiors the excitation function is more significant thidoe excitation
functions in Fig. (1.1) and Fig.(1.2). From Fig3)land Fig. (1.4), we see that the pre-equilibrimodel is still fits
the experimental result but the two curves do rasenearly the same peaks as those in the othgefigin these
reaction channels the experimental excitation fongbeaks more than the theoretically calculatesl dtis may be
explained by considering the fact that at highesrgies, the angular momentum imparted by the ptigecreates
more rest states which inhibits particle emissifime reactions with alpha emission are affected wighCoulomb
potential. The effect of this is observed in theph of the excitation function which shows a banékible
compound nucleus to that of the increasing shapees in the Fig. (1.4) of the reaction chanffe (@, 4n). In this
reaction both the experimental and the theoretizales show only rising parts showing compound eusl
contributions which are almost insignificant at eyies lower than about 40Mev. But it may be seemfthis figure
that above this energy, the compound nucleus bsmysi evident in both theoretical and experimergallts. The
agreement between the experimental and the thealreticitation functions can be judged from th&al positions
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and widths.
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Fig.1.2 Graph showing excitation function of *Fe (a, 2n)
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Fig.1.3 Graph showing excitation function of **Fe (a, 3n)
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Fig.1.4 Graph showing excitation function of *Fe (a, 4n)

CONCLUSION

In this work, the differential cross section oftapparticle emitted by nucleon induced reactiortaisulated for the
nuclei®*Fe. The calculations of this work have been madéénframework of the pre-equilibrium nuclear réawt
region using equilibrium model comparing with GDHbael and experimental data. We found that modet feav
cross section in small range compare with Kalbachafl choice nucleus. Since excitation model aggplio many
experimental data and has had much success, stddiétg the pre-equilibrium stage give a small &t@n
number. But there remain some opacity in the foatioth of the composite particle emission to expldie
transformation from the closed shell to open sinelhe>*Fe case.
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