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Abstract

EXIFON 2.0 code has been used to calculate the (a, 1) and («, 2n) reactions of '?2Sb for the cyclotron production of '>*12*I which
have application in positron emission tomography imaging. For both reactions, the threshold for the reaction obtained from the
evaluation compared well with measured values. Results obtained shows good agreement with measurements from EXFOR. It was
observed that there is a need for optical model contribution to the pre-equilibrium mechanism of EXIFON at 16MeV for (a, 2n)
and 27MeV for (a, n) reactions. However, the results show good agreement with available measured data at lower energy level.
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1. Introduction

Alpha emitters have great advantages over beta emitters use in cancer therapy due to a higher Linear Energy
Transfer (LET) and the limited alpha range in tissue. The increased availability and improved radiochemistry of alpha-
particle-emitting nuclides for targeted therapy have presented new possibilities for their use in radio immunotherapy.
At the present day, radioisotope production for nuclear medicine is important because of its common use in tomogra-
phy device. Both single photon emissions computed tomography (SPECT) and positron emission tomography (PET)
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are used for diagnosis in nuclear medicine. In particular, the radionuclides '?*!2*I are used for these purposes. There-
fore, these radionuclides play important role in medical applications and researches. Gamma-emitted short-lived
123I(T1/2 = 13.2h) and long-lived 1241 (T2 = 4.18d) [1] isotopes can be used as diagnostic image in SPECT and
PET [2, 3]. Beside, the '?*I allows for studying of important organs such as brain and heart [4]. The longer-lived
1351 (T2 = 59.4d) isotope is used as a source for internal radiotherapy, bone dosimetry and a biological tracer [5].
Another iodine radionuclide '?2I(T}, = 3.6min), is very short-lived isotope and used in PET for brain blood-flow
studies [6]. For each reaction a critical evaluation of excitation function was carried out using the EXIFON 2.0.

2. Theoretical Framework

EXIFON code is an analytical model within a pure statistical multi-step reaction model capable of giving a
unique description of emission spectra, angular distributions and activation cross section including equilibrium, pre-
equilibrium as well as direct theory (collective and non-collective) processes [7]. The code is restricted to neutron-,
proton-,and alpha-induced reactions with neutrons, protons and alphas, photons in the outgoing channels.Three basic
ideas mainly influenced this step from simple compound nucleus models and single step direct models towards sta-
tistical multi-step theory. They include the classification of nuclear states by their complexity or exciton numbers as
proposed by [8], the distinction between bound and unbound state configuration as proposed by Feshbach [9] and the
possibility of treating the chaotic nuclear Hamiltonian as a random matrix as proposed by Agassi [10].

These ideas were realized in many body theories by the born series expansion of the related part of the mass
operator in powers of the residual interaction with the latter replaced by random matrices. Thus, expression for the
differential cross section of the reaction (a,xb) after energy ensemble were obtained as

(a,xb) = (SMD) + (SMC) + (MPE), 1
where
e SMD = Statistical Multi-Step Direct Process;
e SMC = Statistical Multi-Step Compound Process
e SMD + SMC = 1st chance emission process
e MPE = Multi particle emission process calculated in a pure SMC concept.

In all these cases, we can account for neutron, proton and alpha induced reactions with neutron, protons, alphas and
protons in the outgoing channels.In the statistical multi-step model, the total emission spectrum of the process (a, xb)
given as do, ,/dE is given in three main parts as [7].

dO’a’Xb (Ep) B do.i’lbWC (Eq) N do—zg—;E (Eo)
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where do-j)’)‘c”bC(Ea)/dE is SMC emission which is based on a masters equation and do’%ﬁf (E,) /dE,, is Multiple

Particle Emission Process (MPE), reaction which include the second chance, third chance emission etc. summarized
in this term i.e. 4 () 4 ()
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The first and second term together i.e. (SMC + SMD) represent the first chance emission process. The SMD cross
section is the sum over S-step direct processes given as
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While the SMC cross section has the form
SMD N!

ab SMC
(Ea) =0, (Ea) =
ity 2

N(E
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where b = n, p, o, y. 7,(E) is the factor satisfying the time integrated master equation given as

~hénno =T (E) L tnaa(E) + T (E) | Enso — Tn(E)Ti(E) (6)

The SMC formation cross section o5 ™€ (E,) for incident energies below 3 Mev and above 18 Mev over predicts the
cross section. Therefore, we replace it by

TSV (Ey) = ol (B) - ) ostP (E,) )
C

Which hold in the whole energy range. Equation (7) is taken from probability conservation of nuclear structure

effects are pairing effect; Pauli blocking effects, shell-structure effects, and low energy behaviour are included in

SMC description. The Multiple Particle Emission (MPE) are calculated in a pure SMC concept. For second-chance

processes (a, cb) and ¢ # y we write

doacb (Ea) doac (Ea) AN
— " = | dE,—— E | E,E
dEb f ¢ dEL‘ AN N-1b ( a b) T (8)

In this case the master equation has to be solved from each intermediate excitation energy E| = E — B, — E. where

2.1. Result and Discussion

The results of the excitation function calculated of '22Sb(e, 2rn)'?*I and '2>Sb(a, 2n)'?*I are plotted in Figures 1
and 2, with EXFOR.

The excitation functions calculated with EXIFON code for the radionuclide '] is as shown in the Figure 1. The
excitation function calculation was compared with experimental measurements for '>! Sb(a, 21)! %I reaction. The cal-
culation is in good agreement with the measured values in the energy range above 13MeV and below 16MeV. The
calculation deviated significantly above this energy point. At an energy beyond 40MeV, the theoretical results for this
reaction are discrepant for '2!Sb(a, 2n)'?*1 reaction. The excitation functions calculated with EXIFON code for the
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Figure 1. Experimental data along with the results of calculations using the nuclear model code EXIFON for the 228 b(a, 2n)' %1
reaction.

radionuclide '?*I is as shown in the Figure 2. The radionuclide can be formed through several different reactions with
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Figure 2. Experimental data along with calculated results from EXIFON for the '?2Sb (, n) '>*I reaction.

alpha, proton and deuteron induced. The excitation function calculation was compared with experimental measure-
ments by Ismail, Hassan et al, Tarkanyi et al and Singh et al. [11-14] for 121Sb(a, n)'**1 reaction. The calculation
is in reasonably good agreement with the measurement by Ismail and Hassan et al. [11, 12] from threshold to about
27MeV and deviated beyond this energy level for the excitation function of EXIFON. 2.0 code.

3. Conclusion

The excitation functions for production of radionuclides '>*I and '?*I, which are important for SPECT and PET,
were investigated via alpha induced reactions. The calculations by EXIFON modula code results were compared with
the experimental data from EXFOR and the data have predicted that the radioisotope '>*I and '?*I can be produces
from '2!Sb via alpha induced.
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