Avrupa Bilim ve Teknoloji Dergisi European Journal of Science and Technology
Sayt 18, S. 958-963, Mart-Nisan 2020 No 18, pp. 958-963, March-April 2020

© Telif hakki EJOSAT a aittir A Copyright © 2020 EJOSAT

Arastirma Makalesi WWijosat-;g“;ISSN:z”g' Research Article
8

R A0

The Reaction Cross Sections for 12412Te(p,xn)?3124| and
123,124Te(d Xn)123,124|

Ridvan Unal'®, Ufuk Akcaalan®

! Usak Universitesi, Saglik Hizmetleri Meslek Yiiksekokulu, Tibbi Hizmetler ve Teknikler Boliimii, Usak, Tiirkiye (ORCID: 0000-0001-6842-7471)
2 Afyon Kocatepe Universitesi, Fen Bilimleri Enst., Fizik Anabilim Dali, Afyonkarahisar, Tiirkiye (ORCID: 0000-0001-6777-8181)

(First received 26 February 2020 and in final form 11 April 2020)
(DOI: 10.31590/ejosat.717826)

ATIF/REFERENCE: Unal, R., & Akgaalan, U. (2020). The Reaction Cross Sections for '**!2Te(p,xn)'?»'**I and
123.124T¢(d,xn) 2124, European Journal of Science and Technology, (18), 958-963.

Abstract

The iodine isotopes of '2°I and '>*I with half lives of 13.2 hours and of 4.2 days respectively are commonly used in nuclear medicine
and are becoming more widespread recently. The isotope of '2I is ideal for a gamma camera with the energy of 159 keV to the patient
with a much less radiation dose whereas the radionuclide '>*I is a positron emitter and is useful in some positron emission tomography
(PET) for radiopharmaceuticals. The gamma ray will penetrate tissue very effectively without an excessive radiation dose. lodine-123
decays by electron capture emitting gamma rays at 0.028 and 0.160 MeV that has high penetration power to tissue but no excessive
radiation dose. The half-life of 4.2 d and the 23% positron decay allow localization with monoclonal antibodies, and the PET imaging
which makes Iodine-124 radionuclide a good candidate for being a diagnostic and a therapeutic. This study aims on the calculation of
the excitation functions for '2°I and '**I various production mechanisms. TALYS 1.6 is used to calculate the reaction cross sections for
123,124,125Te bombarded with protons and deuteriums to produce '*>!?*I radioisotopes commonly used in medical applications. The
calculated results were compared with available experimental results from EXFOR. The results are interpreted in terms of deciding
which radoisotope is more appropriate to produce with which reaction and evaluating the effects in the reaction mechanisms. In addition,
the relative reaction cross-sections of '23124] radioisotopes obtained by bombarding '**Te target with protons were discussed, and the
common reaction for the production of '2’I was evaluated to be the '**Te(p, 2n)'?’I reaction on the highly enriched '**Te. Thus, it is
considered that a very high level of enrichment on the target must be achieved in order to prevent contamination caused by competing
reactions of (p, n) and (p,2n). It is concluded that 2*I production is more suitable for small and mediumi-sized cyclotrons.
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124.125Te(p,xn) 2312 ve 2%124Te(d,xn)'?*'**I I¢in Reaksiyon Tesir
Kesitleri

Oz

Iyodin izotoplari, 13.2 saat yar1 émiirlii ‘I ve 4.2 giin yar1 6miirlii **I, son zamanlarda genelde niikleer tip alaninda yaygin olarak
kullanilirlar. 21 izotopu hastaya ¢ok daha diisiik bir radyasyon dozu verir ve 159 keV gama 1511 enerjisine sahip bir gama kamerasi
i¢in idealdir, oysa radyoniiklid ‘I bir positron yayicidir ve radyofarmasétikler i¢in bazi pozitron emisyon tomografisinde (PET)
yararhdir. Gama 1s1n1, asir1 radyasyon dozu olmadan dokuya ¢ok etkili bir sekilde niifuz eder. 1231, elektron yakalama ile 0.028 ve 0.160
MeV'de iki ana gama 1s1in1 ile %100 bozunur. 4.2 d'nin yar1 6mrii, monoklonal antikorlarla lokalizasyon i¢in yeterince uzundur ve %23
pozitron bozunmasi, PET ile goriintiilemeye izin verir. *?*I, hem diagnostik hem de terapétik bir radyoniiklid olarak potansiyele sahiptir.
Bu calismada, 2%l ve ?I igin onerilen gesitli iiretim mekanizmalar1 igin uyarma fonksiyonlar1 hesaplanmustir. $221241%5Te hedef
cekirdeklerinin protonlar ve ddteryumlarla indiiklenmesi sonucu tibbi uygulamalarda yaygin olarak kullanilan 1231%*] radyoizotoplarinin
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iiretilmesini saglayan niikleer reaksiyonlar1 i¢in reaksiyon tesir kesitleri TALYS 1.6 kullanilarak hesaplandi. Hesaplamalardan elde
edilen sonuglar EXFOR deneysel veri tabaninda mevcut olan deneysel sonuglarla karsilastirilmigtir. Sonuglar hangi radoizotopun hangi
reaksiyon ile tiretilmesinin daha uygun olacigina karar vermek ve reaksiyon mekanizmalarinda yer alan etkilerin degerlendirilmesi
agisindan yorumlanmustir. Ayrica, *?**Te hedefinin protonlarla indiiklenmesiyle elde edilen 22124 radyoizotoplarinin goreceli reaksiyon
tesir kesitleri tartisilmig *2°[ {iretimi i¢in ortak reaksiyonun oldukca zenginlestirilmis *2*Te {izerindeki ***Te (p, 2n) *?°I reaksiyonu oldugu
degerlendirilmistir. Boylece bir reaksiyon esnasinda (p, n) ve (p, 2n) gibi birbiriyle yarigmast muhtemel reaksiyon mekanizmalarinin
olusturdugu kontaminasyonun 6niine geg¢ilmesi i¢in hedef lizerinde oldukca yiiksek diizeyde zengislendirme igleminin dncelikli olarak
yapilmasinin bir gereklilik oldugu diisiiniilmektedir. '?[ iiretiminin kii¢iik ve orta boy siklotronlar igin daha uygun oldugu sonucuna
vartlmustir.

Anahtar Kelimeler: Uyarilma Fonksiyonlari, Yiiklii Parcacik indiiklii Reaksiyon, Tyot Uretim tesir Kesitleri, TALYS 1.6, EXFOR.

1. Introduction

Radioisotopes are generally produced in cyclotrons or reactors to be used forpurposes of treatment or diagnosis in the healthcare
field. The reaction is produced by the radioisotopes, the energy of the projectile particles to be used in production, the target core and
the cross-sections of the reaction are determined. For cases where carriying out an experiment is difficult and expensive, it is widely
preferred to perform simulation studies which save both time and economy (Giirol et al., 2020).

The lodine-123 is a gamma emitter with a half live of 13.2 hours is used for diagnosis of thyroid function. Because of its patient-
friendly properties, 12l is being used widely in nuclear medicine. The use of 2| radioisotope has extended in medicine recently due to
its diagnostic and therapeutic potential. Since its half life is 4.2 days and it has 23% positron decay (IAEA, 2009); it is possible to use
1241 for positron emission tomography (PET) radiopharmaceuticals (Glaser et al., 2001; Sheh et al., 2000; Michael et al., 1981). 1?4
isotope were formerly considered as an impurity in 2%l production, since it has diagnostic and therapeutic potential the production of
1241 is becoming more widespread (Herzog et al., 2002; Pentlow et al., 1996).

23] have been produced through several reactions and methods in the past (Watson et al., 1973; Kondo et al., 1977; Beyer et al.,
1981; Michael et al., 1981; Clem and Lambrecht, 1991; Firouzbakht et al., 1993; Hohn et al., 2001). However, some of them require
high energy cyclotrons or reactor processes. Due to the localization and economical requirements *?Te(p,2n)'%I and %*Te(d,3n)%|
reactions were found more suitable for 2% production and has been widely used (IAEA, 2009). %#Te(p,2n)'?*l and '?Te(d,3n)!ZI
reactions require highly enriched ***Te in order to minimize the possible contamination in the target material (Braghirolli et al., 2014;
Herzog et al., 2002; Sheh et al., 2000; Goriely, 1998; Kondo et al., 1977). **Te(p,2n)'?I and **Te(d,3n)*?l reactions are suitable for
small and medium sized cyclotrons respectfully. The %*Te(d,2n)*?*I reaction were used to produce >l from enriched '?*Te. Recently
124Te (p, n)'?1 reaction is used to produce *?I. The ?41%Te (p, xn)*?*l and ?**?*Te (d,xn)*?*l reaction cross sections are essential to
determine the best possible way to produce 1, since different production methods will result in different impurities and economical
viabilities viabilities (Braghirolli et al., 2014; Sadeghi et al., 2010; Sadeghi et al., 2008; Bastian et al., 2001; Clem and Lambrecht, 1991;
Firouzbakht et al., 1993).

Therefore, TALYS 1.6(Koning et al., 2007) was used to calculate the charged particle induced reactions of 123124Te(p,2n)'%3| and
124Te(d,3n)*?%l leading to &I cross sections and 123%4Te(p,xn)*?*l and 123124Te(d,xn)*?*l leading to %I cross sections. The calculated
reaction cross sections were compared with reported experimental results. Moreover, the production rates are compared with a comment
on contamination concerns.

2. Material and Method

TALYS 1.6 computer code (Koning et al., 2007) includes nuclear reactions with default physical models as well as specific options
that can be assigned by user to address the physics of the reaction (Gamma strength functions, Pre-equilibrium Models, Pre-equilibrium
spin distributions, Optical model parameters, Fission parameters, Level density parameters, Exciton models, Continuum stripping, pick-
up, break-up and knock-out reactions). The computer code includes photon, neutron, proton, deuteron, triton, ®He, and a-particles as
both projectiles and ejectiles. All experimental information on nuclear masses, deformation, and low-lying states spectra is considered,
various local and global input models have been incorporated to represent the nuclear structure properties, optical potentials, level
densities and y-ray strengths. The pre-equilibrium particle emission is described by using the two-component Exciton model. For the
pre-equilibrium complex particle emission, the phenomenological model is used. Hauser-Feshbach formalism is used to describe the
equilibrium particle emission (Sadeghi et al., 2010).

124Te(d,3n)*?%l reaction cross section were calculated using; Brink-Axel lorentzian for gamma strength functions, generalized
superfluid model (GSM) for level densities, Numerical transition rates for preequilibrium model (Koning et al., 2007). Moreover, the
most compatible results were compared with the experimental data available in literature (EXFOR).

3. Results and Discussion

TALYS 1.6 was used to calculate the reaction cross sections of 124Te(p,2n)*?l and '?*Te(d,3n)*%I leading to %I and 2*Te(p,n)*?l,
125Te(p,2n)*241, 123Te(d,n)*?4l and 124Te(d,2n)!?*l leading to *24I. The calculated results were compared with the available experimental
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data from EXFOR. The reaction cross section results of producing 21 are given in Figs. 1 and 2, and the similar results for the production
of 124 are shown in Figs. 3-6. Moreover, the relative reaction cross section results of the production of both isotopes from different
reactons on %4Te is compared in Fig. 7.
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Fig 1. Reaction cross sections of producing *2°I from ?*Te(p,2n)*#I.
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Fig 2. Reaction cross sections of producing 2%l from ?Te(d,3n)*?3l.

124Te(p,2n)*?%l and 1?4Te(d,3n)*% reaction cross sections were calculated using Goriely’s hybrid model (Goriely, 1998) for gamma
strength functions, microscopic level densities (temperature dependent HFB, Gogny force) from Hilaire’s combinatorial tables for level
density model. Exciton model were selected as analytical transition rates with energy-dependent matrix element for pre-equilibrium,
since the medical isotope production were implemented just recently to TALYS 1.6 and is only using analytical formalism (Koning et
al., 2007). The calculated '?*Te(p,2n)*#I reaction cross sections were compared with the experimental data measured by Scholten et al.,
(1995) and Kondo et.al., (1977). Present calculation is fairly in good agreement with both experimental data by remaining in between
them, showing good approximation around the peak with a promising cross section value over 900 mb. However, there are some
discrepancies in low and high energy regions (10-18 MeV, 25-30 MeV). It is clear that the '2#Te(p,2n)*?*l reaction is promising and
compatible for small, medium cyclotrons for %I production (see Fig.1). The calculated ***Te(d,3n)'?®l reaction cross sections were
compared with the experimental data measured by Firouzbakht et al., (1993). Present calculation is in good agreement with experimental
data, remaining in between the two experimental data, showing good curve approaching the peak with a promising cross section value
over 600 mb. It is clear that the '2*Te(d,3n)!#I reaction is promising and compatible for medium cyclotrons for 2% production (see
Fig.2).

The excitation functions were calculated for various production mechanisms. 124l cross sections were calculated for 24Te(p,n)*?l,
125Te(p,2n)*241, 123Te(d,n)*?4l and *?4Te(d,2n)*?*1 by using TALY'S 1.6. The calculated results and available measurements in literature
were given in Figs. 3-6, respectively.

The calculated *2#Te(p,n)!?*l reaction cross sections were compared with the experimental data measured by Scholten et al., (1995).
The present calculation is in good agreement with the experimental data.
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Fig 3. Reaction cross sections of producing 24l from 24Te(p,n)*?l.

The calculated *25Te(p,2n)*?*1 reaction cross sections were compared with the experimental data measured by Hohn et al., (2001).
The present calculation is in an excellent agreement with the experimental data.
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Fig 4. Reaction cross sections of producing *?*I from 125Te(p,2n)?“I.

The calculated 2Te(d,n)'?*l reaction cross sections were compared with the experimental data measured by Scholten et al., (1995).
The present calculation is fairly in agreement with the experimental data.
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Fig 5. Reaction cross sections of producing 24l from 12Te(d,n)*?.

The calculated **#Te(d,2n)*2*I reaction cross sections were compared with the experimental data (Firouzbakht et al., 1993; Bastian
etal., 2001). The present calculation is in good agreement with Bastian et al., (2001) and the cross-section values reported by the IAEA
(IAEA, 2009). The calculated cross sections for 4Te(d,2n)*?l reaction deviates from the experimental data measured by Firouzbakht
et al. (1993) by a big margin. However, if the cross-section values measured by Firouzbakht et al. (1993) is multiplied by 10, the cross
section-energy plot becomes in good agreement with the plot given by the IAEA (200).
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Fig 6. Reaction cross sections of producing *?*I from ?4Te(d,2n)*?“I.

The calculated *>*Te(p,2n)*?%l reaction cross sections were compared with both the calculated *?#Te(p,n)*?*l reaction cross sections
and the experimental data measured by Scholten et al., (1995) and Kondo et al., (1977), respectively. A minimum contamination can be
seen starting around 10 MeV, peaking around 13 MeV and decreases with increasing energy. So, it is clear that the elimination of
radionuclidic impurities is not always possible even with a wide energy selection and high enrichment as stated by Glaser et al., (2001),
Sheh et al., (2000) and Michael et al., (1981). The production of 2| were found appropriate for small, medium-sized cyclotrons and
is convenient for economical and availability purposes.
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Fig 7. Comparison of reaction cross sections of producing *2312*| from %Te(p,n)*?*l and ?*Te(p,2n)*#I.

4. Conclusions and Recommendations

The *Te (p,n)*?*l reaction is very promising and compatible for small cyclotrons. The production of 2 trough *?5Te(p,2n)'?*I
reaction is suitable for medium size cyclotron since the peak of the graphic is around 20 MeV with a cross section value over 10° mb
around 18-22 MeV region (see Fig.4). Tough there are small discrepancies on low energies, between 8-12 MeV region, the calculated
results show the *2#I production trough '?*Te(d,n)*?*l reaction is suitable for low energy cyclotron (see Fig.5). For '?*Te(d,2n)*?*I reaction
both TALYS code calculation results and the experimental data gives peak around 15 MeV with reaction cross section values over
8x10% mb. 124Te(d,2n)*?*l reaction is suitable for small energy cyclotron (see Fig.6).

After a careful literature search for 124Te(d,2n)*?*l reaction it was found that the experimental data that measured by Firouzbakht
et al. (1993) was reported erroneously in the IAEA (2009). The discrepancy between Firouzbakht et al. (1993) and IAEA (2009) needs
to be resolved. We do not know how to consolidate this difference. To point out an interesting fact that, if one multiplies the cross-

section values in Firouzbakht et al. (1993) by 10 one would acquire similar values to our present calculation and also as reported in the
IAEA (20009).

After comparisons most promising reactions leading to 14l production seems to be ?*Te (p, n)!?l, and **Te(p,2n)*?*l reactions.
However, ?5Te(p,2n)'?*l reaction has disadvantages such as high incident proton energy requirements and impurity of yield nuclei.

Additionally, 1%Te (d, n)*?l reaction has a big disadvantage on material cost and with a low cross section value around 8-12 MeV peak
little over 100 mb.
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