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ABSTRACT

Excitation functions for the reactions 197^4u( a, xn)2B[~*Tl(x = 1 — 4 ) have been mea-

sured in the energy range fa 30-60 MeV using stacked foil technique, Ge(Li) gamma ray spec-

troscopy has been used for the analysis of irradiated samples. Excitation functions have also been

calculated theoretically using two different computer codes (ACT and ALICE) with and without

the inclusion of pre-equilibrium emission. As expected inclusion of pre-equilibrium emission to the

compound nucleus calculations agree well with the experimentally measured excitation functions.

An interesting trend in pre-equilibrium fraction with energy has been observed.
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1. Introduction

During the last decade, a great deal of interest has been

shown in understanding the pre-equilibrium (PE) decay

reaction mechanism (Blann 1975). The observed slowly

descending tails of the measured excitation functions,

asymmetric angular distribution of emitted particles in the

centre of mass frame, enhanced emission of high energy

particles than expected from the compound nucleus (CN)

evaporation are some of the important signatures of the PE

emission. fts such the study of excitation functions,

particularly the high energy tail portion, may provide a good

basis for examining the PE models. Various semiclassical

models (Serber 19^7; Griffin 1966; Harp et al., 1971: Blann

1971, 1972) have been proposed to explain the PE reaction

mechanism. Recently several quantum mechanical (OM) theories

(Feshbach et al., 1980; McVoy et al., 1983; Tamura et al.,

1982; Gruppelaar et al., 1986> have also been

put forward to explain the PE reactions. Though. the QM

theories involve the microscopic calculations, at present

they are applicable mostly to the nucleon induced reactions

(Gruppelaar et al., 1986). As for a complex particle, i.e.,

a-particle in the entrance channel. the QM 'treatment of

initial projectile target interaction becomes very much

intricaxed. Hence, the experimental data on excitation

functions, for a-induced reactions, is generally analysed

using semi-classical models. With a view of studying PE
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emission a programme of precise measurement and analysis of

excitation functions at moderate excitation energies has been

undertaken. As part of this programme excitation functions

for the reactions

1£llAu( 5,3n)1''89Tl and JS>'Au( a, 4n) 1V"T1 have been measured in

the energy range ?:30-60 MeV using stacked foil technique. In

the present work theoretical calculations have been performed

using the twu different computer codes i.e., ACT (Bhardwaj

1985) and ALICE (Blann 1982).

S. Experimental

1£*7

Excitation functions for a-induced reactions on Au have

been measured in the energy range ~30-60 MeV using stacked

foil technique. Spectroscopically pure gold foils (SPECPURE)

of thickness ^30.96 mp./cm have been used as samples.

Irradiation has been performed using the a-particle beam of

s=60 MeV from the Variable Energy Cyclotron Centre (VECC),

Calcutta, India. The sample foils were sticked on to the

aluminium target holders having concentric holes at their

centre. The stack of the samples alongwith aluminium

degradors was fixed to the flange on the beam line and was

irradiated by c<-beam current of 5:100 nA for about half an

hour. The average flux of the o-beam calculated from the

charge collected in the Faraday cup was =10"

la-particles/sec !/cmz. The diametre of the a-beam at VECC was

more than 10 mm, however, a tantalum collimator was used to

keep the beam diameter 8 mm and thus uniform spatial

distribution of the a-beam was assumed. A typical

experimental setup used for the irradiation of the stack is

3hown in fig.l. Stopping power tables of Northcliffe and

Schilling (1970) has been used for calculating the a-particle

energy loss in the samples and the degradors.

The following expression has been used for calculating the

reaction cross-section (Bhardwaj et al., 1988; Singh et al..

1991),

A \ exp(Xt )

N e <t> (Gt) K

where A is the count under photopeak, x the decay constant

of the residual radio-isotope, N the number of nuclei in the

sample, e the branching ratio of the characteristic }-ray, 4>

the flux of the incident beam, (Gr) the geometry dependent

efficiency of the detector, K the corrsction for the self

absorption of the j'-ray in the sample, tt the time of

irradiation, t the time lapse between the stop of

irradiation and start of counting and t is the counting time

of the irradiated sample.

The reaction cross-section for the production of the

residual radio-isotope has been determined from the

intensities of various ^--rays arising from the same reaction



product. Reported values are the weighted average (Mughabghab

et al., 1981) of various cross-sections so obtained. The

statistical errors shown in the results are the largest jf

the internal or external errors. In general these errors are

<!0% except for few points.

3. Results and Discussion

Presently measured excitation functions for a-induced

reactions on Au are shown in figs. 2*5 with dark circles.

The size of the circle includes the magnitude of the

statistical error. The horizontal bars depicting the energy

spread in the experimental points refer to the energy loss in

the foil thickness. Comparison of present measurements, in

these figures, has also been made with the literature data

(Lanzafame et al., 1970; Calboreanu et al., 1982; Kurtz et

al. , 1971). Generally the present measurements and the

literature data are in good agreement with each other except

for few points.

Excitation functions for the presently measured

reactions have also been calculated theoretically -lsing

statistical models with and without the inclusion of

pre-equilibrium emission. For these calculations computer

codes ACT (Bhardwaj 1965) base on the lines of STRPRE (Uhl et

al., 1981) and ALICE (Blann 1982) have been used. The code

ACT employes Hauser-Feshbach model (Hauser-Feshbach 1952) for

compound nucleus calculations and exciton model of Griffin

(1966) for simulating PE contributions. However, in code

ALICE the compound nucleus calculations are performed using

Weisskopf-Ewing model IWeisskopf and Ewing 1940) and PE

contributions are simulated employing hybrid model (Blann

1971).

In calculations with code ACT the level density

parameter 'a' and fictive ground state energy 'A' for various

nuclei in the evaporation chain are taken consistently from

the backshifted Fermi gas model table of Dilg et al., (1973).

The effective moment of inertia for all the nuclei in the

consideration wa3 kept consistently equal to the rigid body

value.

The initial exciton number which is defined by the

initially excited number of particles and holes is an

important parameter of pre-equilibrium emission. In the

present work initial exciton number n =6 is found to give

good agreent with the experimentally measured excitation

functions. This value of n =6 (5p+lh) supports the earlier

findings (Bhardwai and Prasad 1986, 1988; Singh et al., 1991,

1992). In calculations with both the codes the same value of

exciton number is taken. In theexciton model the square of

average value of two-body residual interaction matrix element

(Ml is another important parameter of PE formalism. In the



present work the expression |M|i= FM. A 3, E proposed by

Kalbaoh-Cline (1973) has been used to estimate its value.

Here, E and A are the excitation energy and the mass number

of the compound system respectively. FM, in general, is

treated as an adjustable parameter. The values of FM ranging

from 95-7000 MeV3 are proposed (Gudima et al., 1983) for

reproducing the experimental data. However, in the present

work the value of FM=430 MeV3 gives good fit to the

experimentally measured excitation functions and support the

earlier findings (Gupta et al., 1985; Bhardwaj et al., 1985,

1988; Singh et al., 1991, 1992).

In figs.2-5, experimental excitation functions are

compared with the theoretical ones. As can be seen from these

figures that experimentally measured excitation functions are

reproduced well using the code ACT when an admixture of CN

calculations and PE calculations are taken into consideration

with the value of n =6(5p+lh) and parameter FM=43O MeV3.

In the present analysis of "-induced reactions, it is

observed that a significant part of the reaction proceeds

through the PE emission. The pre-equilibrium fraction (FR)

which is the measure of relative strength of PE component has

also been calculated using the code ACT. The FR is plot ..ed as

a function of incident a-particle energy in fig.6. As can be

seen from this figure FR increases with the energy and

shows the dominance of PE processes at higher energies.

4. Cone'us ions

From the overall comparison of the experimental and

theoretical excitation functions it may be inferred that

there is a quantitative agreement of experimental excitation

functions with the theoretical excitation functions (CN+PRE,

solid line curve). Hence, as expected inclusion of PE emission

to the CN calculations is necessary to explain, particularly

the high energy tail portion, the measured excitation

functions. Also the combination of Hauser-Feshbach model with

exciton model is quite adequate for nt-induced excitation

functions with the choice of n=6(5p+lh) and FM=<t30 MeV"'.

Moreover, pre-equilibrium fraction is found to be energy

dependent.
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Figurf t.aplions

Fig. 1. Typical experimental setup used for the irradiation
of the stack.

Fig. 2. Experimentally measured and theoretically calculated
excitation functions for the reaction
1O?Au(c..n)ZD°Tl.

Fig. 3. Experitrentally measured and theoretically calculated
functions for the reaction

Fig. k. Experimentally measured and theoretically calculated
excitation functions for the reaction
1'""Au<*,3n)"*9Tl.

Fig. 5. Experimentally measured and theoretically calculated
excitation functions for the reaction

Fig. 6. Variation of pre-equilibrium fraction with incident
<-particle energy.
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