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Abstract Nickel is an important element in fusion reactor

technologies and astrophysical applications. Therefore, the

knowledge of astrophysical S-factors and cross-sections on

nickel isotopes is needed. In this work, the cross sections of

the 62Ni(a,n) and 62Ni(a,c) reactions have been calculated.

The alpha capture cross sections was calculated up to

10 MeV. In these theoretical calculations, the TALYS 1.6

and NON-SMOKER codes were used. Also for the
62Ni(a,n) and 62Ni(a,c) reactions, we calculated the astro-

physical S-factors that determine the probability of reaction

in low energies. Results of our calculations were checked

to the experimental data obtained from EXFOR database.
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Introduction

Interstellar medium plays a fundamental role in the process

of galactic evolution. The stars born from interstellar

matter collect energy into the interstellar medium. When

their hydrogen becomes depleted, high mass stars trans-

form He atoms into C and O, followed by the fusion of C

and O into Ne, Na, Mg, S and Si. Later reactions transform

these elements into Ca, Fe, Ni, Cr, Cu and others [1, 2].

Although the descent of the abundances of the elements is

generally good understood, significant uncertainties still

exist [3]. Therefore, recently (a,n) and (a,c) reaction cross-

sections in low energies are measured by several authors

[4–9]. The importance of alpha capture cross sections for

different mass regions to test the theoretical models is well

known [10]. Also clear knowledge of the reaction cross

sections and astrophysical S-factors on the nickel isotopes

are needed because nickel which is one of the iron group

elements is a significant structural material in fusion

reactor technologies and astrophysical applications [11].

The information to be obtained about cross sections or

astrophysical S-factors in nuclear astrophysics reactions are

the main source of information about the nuclear processes

in astrophysics. Various studies using theoretical models

have been done to predict the alpha capture cross sections

at low energies [3, 12].

In this study, we calculated the cross sections and the

astrophysical S-factors for 62Ni(a,n) and 62Ni(a,c) reac-

tions. The alpha capture cross sections was calculated up to

10 MeV. In these theoretical calculations, we used TALYS

1.6 [13] and NON-SMOKER [14] codes. Results of our

calculations were checked to the experimental data

obtained from EXFOR [15] database.

Materials and Methods

The investigation of charged particle nuclear reactions at

low energies are very important in astrophysics and in

controlled thermonuclear reactions [16]. The charged par-

ticle nuclear reaction cross sections is given as

r Eð Þ ¼ E�1 expð�2pgÞS Eð Þ ð1Þ

where E is the center-of-mass energy of the reactants,

S(E) is astrophysical factor and g = (Z1Z2e
2)/�hv is the

Sommerfeld parameter. Z1e, Z2e, �h and v are charge of

projectile and target, planck constant (h/2p) and relative
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velocity of reactants, respectively. Experimental cross

section measurements are mainly not available because of

the Coulomb barrier. Since the astrophysical S-factor

describes the possibility of reaction in low energies, in

astrophysical applications, it should be well known for

many reactions at low energies (E B a few MeV). Also, the

astrophysical S-factor is a function of energy with slow

variation than exp(-2pg) and r(E) [16, 17]. Thus if the-
oretical astrophysical S-factors are known at low energies,

cross sections can be predicted in these energies.

In this study, firstly, we calculated the reaction cross-

sections of the 62Ni(a,n) and 62Ni(a,c) reactions by

TALYS 1.6 [13] and NON-SMOKER [14] codes up to

10 MeV. Then the astrophysical S-factors were calculated

using Eq. (1).

Results and Discussion

The cross-sections and astrophysical S- factors of the
62Ni(a,c), 62Ni (a,n) reactions have been analyzed up to

10 MeV alpha energy. Obtained results for the 62Ni(a,n)
and 62Ni(a,c) reactions and the experimental data from

EXFOR are given in Figs. 1–4.

The theoretically calculated cross-sections of 62Ni(a,n)
and 62Ni(a,c) reactions have been compared with the

experimental values [4, 18–23] in Fig. 1 and Fig. 2. It can

be seen that there is excellent agreement between the cal-

culated cross section results of 62Ni(a,n) reaction with

TALYS 1.6 and the available experimental data from

EXFOR in Fig. 1. But the NON-SMOKER results aren’t in

good agreement with the experimental data instead of

Levkovskij [18] and Tanaka [21] and they are higher than

the experimental data. For 62Ni(a,c) reaction, the TALYS

1.6 and the NON-SMOKER results are in good agreement

with the measurements of Spyrou [23] and Zyskind [19] up

to 6.5 MeV, respectively. Although they are far from the

experimental values above 6.5 MeV but they are in good

agreement as spectrum with them in Fig. 2.

For 62Ni(a,n) and 62Ni(a,c) reactions, the S-factors

calculated using Eq. (1) have been compared with the

experimental values in Fig. 3 and Fig. 4. As can be seen in

Fig. 3, there is good agreement between the calculated

S-factor results of 62Ni(a,n) reaction with TALYS 1.6 and

the available experimental data from EXFOR. But there

Fig. 1 Comparison of experimental cross sections and theoretical

cross sections for 62Ni(a,n) reaction

Fig. 2 Comparison of experimental cross sections and theoretical

cross sections for 62Ni(a,c) reaction

Fig. 3 Comparison of experimental S-factors and theoretical S-fac-

tors for 62Ni(a,n) reaction
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isn’t same agreement with the experimental data instead of

Levkovskij [18] and Tanaka [21] for the NON-SMOKER

results and these results are higher than the experimental

data. For 62Ni(a,c) reaction, the TALYS 1.6 and the NON-

SMOKER S-factor results are in good agreement with the

measurements of Spyrou [23] and Zyskind [19] up to

6.5 MeV, respectively. Although these results are far from

the experimental values above 6.5 MeV but they are in

good agreement as spectrum with them in Fig. 4.

In 62Ni(a,n) and 62Ni(a,c) reactions, 65Zn and 66Zn

isotopes are produced, respectively. Figure 5 shows

schematically the reaction products. It can be seen from

Fig. 5 that 65Zn isotope (T1/2 = 243.93 days) decays to

stable 65Cu and 66Zn is stable isotope than heavier 56Fe.

It appears that the agreement between the experimental

and calculated values is reasonable good for 62Ni(a,n) and
62Ni(a,c) reactions in general. But the calculated cross-

section and S-factor results are far from the available

experimental data above 6.5 MeV for 62Ni(a,c) reaction.

Therefore, theoretical calculations could be repeated with

the new nuclear parameters to obtain the best fit with the

experimental data. Also more low-energy experiments are

clearly needed for alpha capture reactions in the mass range

of nuclei above iron.
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Fig. 4 Comparison of experimental S-factors and theoretical S-fac-

tors for 62Ni(a,c) reaction

Fig. 5 The products of 62Ni(a,n) and 62Ni(a,c) reactions
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