Siileyman Demirel Universitesi Fen Edebiyat Fakiiltesi Fen Dergisi E E

Siileyman Demirel University Faculty of Arts and Sciences Journal of Science :
2017, 12 (2): 12-18

Investigation of Excitation Functions of Copper Radioisotopes Used in Nuclear
Medicine with TALYS Code

Hiiseyin Ali YALIM™, Niyazi BALCIN?, Ismail Hakkt SARPUN*

Afyon Kocatepe Universitesi, Fen Edebiyat Fakiiltesi, Fizik Bolimii, 03040, Afyonkarahisar,
Tiirkiye
2Kocatepe Universitesi, Fen Bilimleri Enstitiisii, Fizik Boliimii, 03040, Afyonkarahisar,
Tiirkiye

*corresponding author e-mail: hayalim@aku.edu.tr

(Received: 18.08.2017, Accepted: 25.10.2017)

Abstract: 6061.626487Cy radioisotopes of copper are used for various applications in diagnostic
or therapeutic nuclear medicine. These radioisotopes’ wide range of half-lives enable designing
and synthesizing of various radiopharmaceuticals. Because of availability and cost of
production, the research efforts in copper radiopharmaceuticals are focused on the calculations
of reaction cross sections showing the possibility of the productivity in this process. In this
paper, excitation functions of copper radioisotopes have been investigated through the
theoretical calculation of reaction cross sections by using TALYS nuclear reaction code in the
incident particle energy up to 50 MeV.
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Niikleer Tipta Kullanilan Bakir Radyoizotoplarinin Uyarma Fonksiyonlarinin

TALYS Kodu ile incelenmesi

Ozet: 8061626467Cyy radyoizotoplari, niikleer tipta tani veya terapi amagh olarak gesitli
uygulamalar i¢in kullanilir. Bu radyoizotoplarin genis yar1 Omiir spektrumu cesitli
radyofarmasdtiklerin tasarimini ve sentezini saglamaktadir. Kullanilabilirlik ve tiretim
maliyeti nedeniyle, bakir radyofarmasotiklerindeki arastirma cabalari, esas olarak, bu
siregte  tasarlanan  iretkenligin  olasiligin1  gbsteren reaksiyon kesitlerinin
hesaplanmasina odaklanmigtir. Bu ¢alismada bakir radyoizotoplarin uyarma
fonksiyonlar1, 50 MeV’e kadar parcacik gelme enerjisinde TALYS niikleer reaksiyon
kodu kullanilarak reaksiyon tesir Kesitlerinin teorik olarak hesaplanmasi ile
arastirilmagstir.

Anahtar kelimeler: Bakir radyoizotoplari, Uyarma fonksiyonu, Reaksiyon tesir kesiti,
TALYS kodu.
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1. Introduction

Copper radioisotopes (°%61626467Cy) are used for various biomedical applications in
diagnostic or therapeutic nuclear medicine. These radioisotopes have a wide range of
half-lives which enable designing and synthesizing of various radiopharmaceuticals.
Because of varying range of half-lives and positron energies, a significant research
effort has been conducted on the copper radionuclides [1]. Additionally, the convenient
coordination chemistry of copper enables its reaction with a wide variety of well-
designed macrocyclic chelators forming stable complexes attached to targeting
molecules that may be linked to antibody fragments, proteins, peptides, and other
biologically relevant small molecules [2].

The production of radioisotopes has a steadily increasing significance, and cyclotrons
and reactors are constantly used for this improving issue [3,4]. For nuclear reactor
production, the cross-section data are much valuable and can be adequately produced by
nuclear model evaluations. Theoretical nuclear models are used to evaluate the reaction
cross sections of nuclear reactions, if the experimental measurements are improbable to
be produced due to the experimental difficulties [5-12].

In this paper, excitation functions of copper radioisotopes were investigated through the
theoretical evaluation of cross sections by using TALYS nuclear reaction code in the
incident particle energy up to 50 MeV.

2. Material and Methods

TALYS simulation program is a Unix-based computer program used to predict the
possibility of a nuclear scattering reaction [13]. It is a nuclear code program that allows
researchers to simulate long-running or difficult nuclear reactions scientifically.

In this paper, the reaction cross sections of some nickel isotopes target induced with
either proton or deuterium have calculated in the incident energy range of 0-50 MeV by
TALYS 1.6 code to investigate excitation functions of copper radioisotopes.

On the other hand, for comparison between the experimental and the calculated data, the
relevant experimental values were taken from the EXFOR nuclear reaction library [14].

3. Results

The nuclear reaction cross sections, which can support the production of °Cu, 'Cu,
®2Cu, ®%Cu and ®’Cu radioisotopes used for various applications in diagnostic or
therapeutic nuclear medicine, were calculated for the incident particle energy up to 50
MeV by TALYS 1.6 nuclear reaction code and compared with the experimental values
available in the EXFOR nuclear data library [14]. The results are presented in Figs.1-8.

13



H.A. YALIM" vd., / Niikleer Tipta Kullanilan Bakir Radyoizotoplarinin Uyarma Fonksiyonlarimin TALYS
Kodu ile Incelenmesi

. T > T 4 T N T L T L) T L T
**Ni(p,n)*°Cu © Tanaka et al.1972
400 #* Levkovskij ez al. 1991 ]
Talys 1.6

300

o=
£
S 200 -
=
i @ j
H
100 — D -
D
0 T ¥ T T T T T T
0 5 10 15 20 25 30 35 40

F.p(MeV)

Figure 1. The excitation function of ®Cu from proton induced reaction of ©Ni.
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Figure 2. The excitation function of 81Cu from proton induced reaction of 5!Ni.
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Figure 3. The excitation function of ®1Cu from proton induced reaction of ®2Ni.
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Figure 4. The excitation function of ®2Cu from deuterium induced reaction of %2Ni.
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Figure 5. The excitation function of ®2Cu from proton induced reaction of ®2Ni.
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Figure 6. The excitation function of ®*Cu from deuterium induced reaction of 5Ni.
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Figure 7. The excitation function of ®Cu from proton induced reaction of ®Ni.
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Figure 8. The excitation function of 6’Cu from alpha induced reaction of 8*Ni.
4. Discussions

The present study evaluates the excitation functions of copper radioisotopes by
calculating the cross sections using TALYS nuclear reaction code in the incident
particle energy up to 50 MeV. Although there are some discrepancies between the
calculated and the experimental cross section values of the (p,n) and the (p,2n)
reactions, the rest of the presented excitation function calculation results show a good
agreement with the experimental data.

It is known that the compound nucleus model is quite successful for low incoming
energies (10-20 MeV) in which the incoming particle is most likely to interact with the
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nucleus. The energy range of incident particle for the production reactions of copper
radioisotopes was obtained as 10-13 MeV for proton induced reactions and 15-18 MeV
for deuterium-induced reactions, and these results were observed to be consistent with
the compound nucleus model.

The present excitation function calculation results will provide a good reference for
future experimental cross section investigations and nuclear model calculations.
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