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Abstract
This work points out importance of medical radioisotopes in nuclear medicine based on treatment and diagnosis of cancer. Moreover, possible production methods of 
medical radioisotopes are evaluated, and an application for the production of two medical radioisotopes through neutron and deuteron induced reaction processes is 
discussed by comparing with experimental data in the literature.
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Introduction
Nuclear medicine plays an important role in diagnosis and 

treatment of cancerous cells using different devices some of which are 
Single Photon Emission Computed Tomography (SPECT), Positron 
Emission Tomography (PET), which are used in diagnostic aims [1-
4]. Addition to diagnosis, cancer treatment is also available in nuclear 
medicine; however, the therapy can be separated two section as internal 
and external therapy. For instance, Intensity-modulated radiation 
therapy (IMRT) [5] that is a type of 3-D conformal radiation therapy 
[6] is an external therapy device. On the other hand, brachytherapy 
that is fairly important method can be called as internal therapy. In the 
literature, a lot of devices and methods to use medical radioisotopes in 
nuclear medicine are available in the literature. Common point of ones 
is definitely radioisotopes used in diagnosis and treatment of cancer, 
and these radioisotopes are produced by either nuclear reactors or 
particle accelerators via neutron reactions like (n,γ) or charged particle 
induced reaction processes e.g. proton, deuteron and alpha particles. 
Some of the famous radioisotopes produced in nuclear reactors may 
give Mo-99, P-32, Cu-64, Y-90 radioisotopes. Furthermore, medical 
radioisotopes produced by the charged particle induced reactions are 
commonly used in PET and SPECT. Such a production is carried out 
particle accelerators with energy ranges 1-50 MeV such as O-15, F-18, 
Ga-68 etc. But, for production of Ac-225 that is therapeutic purpose 
particle accelerators with higher energy are necessary [7]. Therefore, 
the production method of radioisotopes used in nuclear medicine can 
change kind of nuclei based on their half-lives and type of emission. 

For an application of the production of medical radioisotopes, 
we investigated the production of Kr-42 and Mn-51 radioisotopes via 
deuteron and neutron induced reaction processes.

Materials and method
The productions of K-42 and Mn-51 radioisotopes used for medical 

aims were carried out by neutron and deuteron induced reaction in 
energy region between 1 MeV and 30 MeV incident energy. Therefore, 
we used 45Sc(n,α)42K and 50Cr(d,n)51Mn reactions where the purities of 
the target materials are above 99% and each target is uniform [5,7,8]. 
The cross-section calculations were performed two component exciton 
models via TALYS 1.9 code [9] and the level density model was chosen 

Fermi gas model with constant temperature [1]. The calculated results 
for each reaction were compared with experimental data obtained from 
Exfor database [10].   

Results and discussion
The calculated cross-sections of 45Sc(n,α)42K and 50Cr(d,n)51Mn 

reactions are presented in figures 1 and 2 as dependent on incident 
energy. In 45Sc(n,α)42K reaction, there are a lot of experimental data 
measured by Subasi et al. (1998), Molla et al. (1998), Doczi et al. (1998), 
Bostan and Qaim (1994), Grallert et al. (1993), Belgaid et al. (1992), 
Ikeda et al. (1988), Levkovskii et al. (1969), Bayhurst and Prestwood 
(1961) [11-19], and it is clear that the calculated cross-section generally 
consistent with the experimental data, especially in the maximum 
cross-section values about 14 MeV neutron incident energy where the 
experimental cross-section values reach up to 70 MeV. Furthermore, 
for 50Cr(d,n)51Mn reaction, the experimental data reported by Klein  
et al. (2000) [20] agree with the calculated cross-section curves from 
threshold to 5 MeV; however, beyond 5 MeV, the experimental data 
are higher than the theoretical cross-section curves. On the other hand, 
both experimental and theoretical values are the same up to 5 MeV 
(Figure 2). 

Conclusion
In this work, we calculated the production of 51Mn and 42K 

radioisotopes for neutron and deuteron induced reactions and the 
obtained results were compared with experimental data in the literature 
data. The calculated data were in good agreement with experimental 
data in maximum cross-section values which define the appropriate 
incident energy. Additionally, to produce 51Mn radioisotope, the 
deuteron induced reaction do not has enough experimental and 
theoretical results in the literature. Therefore, we can propose new 
works for the production of 51Mn as both experimental and theoretical.
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Figure 1. Calculation of cross-section of 45Sc(n,α)42K reaction.

Figure 2. Calculation of cross-section of 50Cr(d,n)51Mn reaction.
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