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ABSTRACT

Excitation functions for the ®Rb («, xn) reactions are measured up to the energy range 60 MeV using the stacked
foil technique. In the cases of the ®Rb (a, xn) reaction pairs, the excitation functions for individual reactions were
deduced using theoretical calculations. Excitation functions are also calculated theoretically using the compound-
nucleus model with and without the inclusion of a pre-equilibrium emission. As expected, inclusion of a pre-
equilibrium contribution based on the exciton model along with compound-nucleus cal culations using the Hauser-
Feshbach formalism reproduces well the measured excitation functions. Analysis of the data indicates a preference
for afirst chance neutron emission over charge d particle emission, and interesting trends in the energy and mass-
number dependence of the pre-equilibrium fraction are observed.
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INTRODUCTION

The rubidium has found applications in many fieddiology and of medicine. The most effective emufor their
production are neutron capture reactions fleemitters and proton induced reactions for neutdwmficient
radioisotopes. The element Rb has two stable isst8Rb (72.165%) an8’Rb (27.835%). Nuclear reaction data
are important both for natural isotopic compositao also for highly enriched targets [1].

In a-induced reactions initiated by particles with ees of few tens of mega- electron volts, the iieact
mechanism is considered to proceed through equilib(EQ) as well as pre-equilibrium (PE) emissidmparticles.
The relative contributions of these processes ditpeth on the excitation energy and the projetttget pair.

Blann [2-4] has pointed out the relative importanéeeactions in which PE nucleons or clusters wéleons are
emitted preferentially in the beam direction withueh higher energies than expected from the eqatkior
compound system. Though the PE emission is stillwll understood, it probably arises from the isais

between individual nucleons of the target and ttogeptile. At the first interaction a few nucleomsay be emitted,
the remaining undergo further scattering, some ¢eimitted and others leading to the more and muré&ate

particle hole (p, h) states leading ultimatelyhie equilibrated compound nucleus (CN). Pre-equilibremission is
characterized by the slowly descending tails on dkeitation functions, forward-peaked angular distiion of

particles, and stretched particle distributiontie atngular-momentum space. The study of excitdtinaotions may
give information of considerable value about prei#grium emission. Though a large body of expenitad data
on excitation functions exists in the literatume,niost cases the experimental excitation functimeasured by the
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different groups differ from each other by largetéas, or they do not cover the whole energy raafy¢he
excitation function. Further, the older data geltgraere measured using detectors of low resolutoa thus
contain larger errors. Moreover, different workgbs9] have analyses their experimental data usiiffgrdnt
theories and different sets of parameters. Witkew o studying pre-equilibrium emission, prograofishe precise
measurement of the excitation functions for a-irliceactions in a large number of nuclei, covethg whole
range of A values, was undertaken [10-11]

The analysis of the measured excitation functioms @Wone using a consistent set of parameters. Aopshis
programmed the excitation functions for the reartfBRb (a, xn) were measured in the energy range up to 6@ Me
using the stacked foil technique. In the literatiichi Shibata et al. [12] reported the cross-sections for the
reactiong°Rb(a, n)and®®Rb(a, 2n) up to20 MeV, while Avinash Agrawet al. [13] reported the excitation function
for two reactions, i.€®Rb(u, n)and®Rb(u, 3n), up to 50 MeV only. Since the Q -values af teaction$°Rb(o,
n)and®Rb(o, 3n) are - 6.88 and — 20.5 MeV, respectively,tation functions for these reactions have broaakpe
at or below 30 MeV. As the pre-equilibrium emissismore effective in the higher excitation energgion, i.e., in
the tail portion of the excitation functions, earlimeasurements are not likely to give informatabout PE
emission. In these measurements, excitation fumgtfor the above reactions are measured up to 60 thleover
the tail portion. The analysis of the compound auslcomponent in this work is made with the siaikHauser-
Feshbach (HF) model [14] and the PE contributiorimsulated by employing the exciton model (EM) aifft
[15].

Computational Methods and Procedures:-
MATERIALS AND METHODS
The expression for the cross-section of a nucleaction may be written from the consideration ofajerate

equation governing the nuclear transformation aadag of the activated product. If a target is et by a
projectile of constant flux, then the rate of production, Ran be written as,

Whereo — is activation cross-section
No — is the no. of target nuclei of isotope undeestigation present in the sample, in my ¢Ré.
The expression for NO can be given as,
No=MNF/Ag oo, (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 growthcti¥ity during production can be written as,

dRIAt= 0D Ny = RA woveeeeeeereeren, (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 ofggtong the irradiation is given by
W =R\,

W =6® Ny [1-exp (At)] covvvvvnnvenannnn. (1.4)
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The term [1-exp (t;)] is called the saturation factor of the reaction.

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

dR/dt = W exp(kt)
dR = 6® N [ 1-exp(Aty)] [ 1-exp(Mt)] dt ..eveneninie, (1.5)

If ‘D’ be the actual number of disintegrations bétsample during a time period gtarting after a time from the
stop of irradiation, then DA can be obtained bggrating ‘dR’ with respect to time limits ofto t, + t5.

DA=[dR

DA = c®Ng[ 1-exp(MDI[1-exp(Ma)] ..oovvvvvvninnnes (1.6)
A [ 1-exp(Atz)]

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 ()] / 1O weveeeeeeee e (1.7)

Wherep — is gamma ray absorption coefficient
d - Is the thickness of target under investigafmrmy casé°Rb.
Then the actual number of disintegration DA willdieen as,

DAZA/@K oeeeiieeeeeeeeeeee (1.8)

6 = AN 1-exp(Aty)] / @ No [ 1-exp(3te)] [ 1-exp(3uta)] GeOK wvvvvveeva..n (1.9)

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

[B] Analysis with the code ACT:-

The code ACT is based on the Weisskopf-Ewing m¢tie] for compound nucleus decay and hybrid/geometry
dependent hybrid (GDH) model [17] for the pre- ditium decay processes. This code is capable ¢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,gorofieuteron binding energies for all nuclidesntéiiest in the
evaporation chain, have been calculated using tageks-Switecki/Lysekel mass formula [18]. 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 ramalb holes (h), after the first collisions a verycial quality in
pre-equilibrium reactions. The total exciton numberequals the sum of n, p and h. For alpha-pariiofiuced
reaction, the initial exciton numbeg a 4 or 5 as was suggested by Blann [19]. Howevevais find by many
investigators that = 4, fits the experimental data better tharn=n5. The calculations have been performed for
various initial exciton configurations. However tbalculation with p =4 (2n +2p +0h, that is, pure particle state)
gives the best fit to the present results.

RESULTS AND DISCUSSION
The measured excitation functions for the reactfdRb (0, n), ®*Rb (@, 2n),**Rb(a, 3n) and®Rb(,4n) are shown

in Fig.(1) to Fig. (4).The theoretical calculatimmdone taking at the first the initial exciton noen ny = 4 with
configuration (2n + 2p + 0h), pld-level density aaueter, A = acn/pld = 10.0.Later the values ofghmmeters are
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changed to see the effect on calculated valuescafagion functions. When we compare theoreticatitaxion
functions of Fig.(1) and Fig.(2) which are cahlteld for different pld(level density parametershheiut changing
exciton number and also when we compare theoretixaitation functions of Fig.(3) and Fig.(4) whiare
calculated for different exciton number (excitonmber is changed only for pre-compound nucleus) ti@ac
without changing pld we conclude from these congmms that even though changing of PLD-Level density
parameter in calculating excitation functions ofclear reaction has no appreciable effect speciaxicitation
function of pre-compound nuclear reaction, therslight change in case of compound nucleus dechgn@e of
exciton number () has a considerable change on excitation funatfgre-compound nuclear reaction [20].
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Fig.(1)- Graph of excitation function for®Rb(a, n)
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Fig.(2)- Graph of excitation function for ®*Rb(a, 2n)
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Fig.(3)- Graph of excitation function for ®*Rb(a, 3n)
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Fig.(4)- Graph of excitation function for ®*Rb(a, 4n)
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CONCLUSION

From the present study of excitation function,sitconcluded that, there is a qualitative/quantieathgreement
between the experimental findings of the authord #re theoretical predictions made under the fraonkvof

geometry dependent hybrid model. It is quite evideom Fig.-(3) and Fig.-(4) that pre-equilibriunf multi-

particles is necessary before the system is eqaid. Therefore, the high energy tail observednitation

functions as shown in Fig.-(1) and (2) can be a&xygd only when the proper admixture of semi-itadly treated
pre-equilibrium emission followed by equilibriumadey is taken in to consideration.
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