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Abstract: 60,61,62,64,67Cu 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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Nükleer Tıpta Kullanılan Bakır Radyoizotoplarının Uyarma Fonksiyonlarının 

TALYS Kodu ile İncelenmesi 

 

Özet: 60,61,62,64,67Cu radyoizotopları, nükleer tıpta tanı veya terapi amaçlı olarak çeşitli 

uygulamalar için kullanılır. Bu radyoizotopların geniş yarı ömür spektrumu çeşitli 

radyofarmasötiklerin tasarımını ve sentezini sağlamaktadır. Kullanılabilirlik ve üretim 

maliyeti nedeniyle, bakır radyofarmasötiklerindeki araştırma çabaları, esas olarak, bu 

süreçte tasarlanan üretkenliğin olasılığını gösteren reaksiyon kesitlerinin 

hesaplanmasına odaklanmıştır. Bu çalışmada bakır radyoizotopların uyarma 

fonksiyonları, 50 MeV’e kadar parçacık gelme enerjisinde TALYS nükleer reaksiyon 

kodu kullanılarak reaksiyon tesir kesitlerinin teorik olarak hesaplanması ile 

araştırılmıştır. 

 

Anahtar kelimeler: Bakır radyoizotopları, Uyarma fonksiyonu, Reaksiyon tesir kesiti, 

TALYS kodu. 
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1. Introduction 

 

Copper radioisotopes (60,61,62,64,67Cu) 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 60Cu, 61Cu, 
62Cu, 64Cu and 67Cu 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. 
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Figure 1. The excitation function of 60Cu from proton induced reaction of 60Ni. 

 

 

 
Figure 2. The excitation function of 61Cu from proton induced reaction of 61Ni. 
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Figure 3. The excitation function of 61Cu from proton induced reaction of 62Ni. 

 

 

 
Figure 4. The excitation function of 62Cu from deuterium induced reaction of 62Ni. 
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Figure 5. The excitation function of 62Cu from proton induced reaction of 62Ni. 

 

 

 
 

Figure 6. The excitation function of 64Cu from deuterium induced reaction of 64Ni. 
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Figure 7. The excitation function of 64Cu from proton induced reaction of 64Ni. 

 

 

 
Figure 8. The excitation function of 67Cu from alpha induced reaction of 64Ni. 

 

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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