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Abstract 

 

An evaluation of proton-, deuteron-, triton-, 3He-, and -particles- production cross-

sections was performed for 262 stable nuclides with atomic number from 12 to 83 at 

the energies of primary neutrons up to 200 MeV. The data were compiled in ENDF 

formatted data files. 
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1. Introduction 

 

A study of primary radiation effects in material of fusion units and neutron spallation 

sources implies the use of a set of reliable data for a calculation of gas production 

rates for a wide range of primary neutron energies and target materials. An obtaining 

such data is one of important challenges of applied nuclear physics. The solution 

concerns the use of advanced theoretical models, experimental data, and data of 

systematics [1].  

 The goal of this work is to obtain gas production cross-sections for stable 

targets with the atomic number from 12 to 83 at incident neutron energies up to 200 

MeV. The work involves  

- the analysis of available experimental data 

- the estimation of atomic mass dependence of cross-sections, (A) at primary 

neutron energy around hundred MeV to improve final evaluated curves, as 

described in Ref.[2] 

- the analysis of evaluated data from ENDF/B-VII.1, JENDL-4, JEFF-3.2, and 

TENDL-2014, if available 

- theoretical calculations 

- the improvement of available evaluated data concerning an incorrect energy 

dependence, jumps, and other irregularities  

- the cross-section evaluation involving measured data, values estimated using 

the (A)- dependence, systematics predictions, and results of model 

calculations. 

 In most cases, the evaluated data of JEFF-3.2 for (n,p), (n,t), (n,d), and (n,) 

reactions below 20 MeV were found to be correct and not requiring improvement. For 

a number of reactions data at neutron incident energies below 20 MeV were taken 

from other libraries or corrected. 

 Section 2 describes briefly experimental data used for the evaluation of gas 

production cross-sections, a selection and eventual corrections. The evaluation of 

atomic mass dependence of cross-sections to be used for the correction of 

components of evaluated gas production cross-sections, is discussed in Section 3. 

Section 4 explains the details of the use of available nuclear data files and results of 

model calculations for the evaluation. Section 5 describes results of the evaluation.  
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Obtained proton-, deuteron, triton, and -particle production cross-section are shown 

in Appendices A-D. 

 

 

2. Experimental data 

 

The experimental data used for the evaluation of gas production cross-sections were 

taken from Refs.[3-26] and relating EXFOR files. Available measured data refer to 

individual target isotopes, as for example, Ref.[25], natural mixtures of isotopes, 

sums of proton-, deuteron-, and triton- production cross-sections, 3He and -particle 

production cross-sections. A number of cross-sections were measured for a limited 

energy range of emitted charged particles and require corrections to get total gas 

production cross-sections.  

 In the last case the data measured were corrected as described below. For 

some targets corrections performed by authors of measurements using the GNASH 

code [27] and TALYS code [28] were adopted for further use. In the present work, 

particle energy distributions were calculated with the TALYS code [28] using different 

models for the calculation of the nuclear level density for excited nuclei. In the most 

cases the calculated part of cross-section  above the experimental low cut-off 

energy Emin was normalized on the measured value; the obtained cross-section was 

added to the calculated part of  below Emin multiplied by the obtained coefficient to 

get the production cross-section at all emission energies. The final value of cross-

section for each incident neutron energy was obtained by the averaging of results 

obtained using different models for nuclear level density. 

 The proton and -particle production cross-sections were extracted from the 

corresponding measured hydrogen and helium production cross-sections using 

available experimental information for neighbouring target nuclei and results of model 

calculations.  

 

 

3. Evaluation of atomic mass dependence of gas production cross-sections  

 

The method of the correction of calculated gas-production cross-sections using the 

evaluated A-dependence is discussed in Refs.[2].  
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 An idea is the evaluation of the atomic mass dependence of cross-sections 

using available experimental information and results of model calculations for a fixed 

incident particle energy. The approach gives a possibility to obtain experimentally 

based values of cross-sections for targets, if the measured data are absent. The 

method is different from the use of global A-systematics, where predictions are made 

basing on a global parameterization of existing data and approximate formulas.  

 In analogy with the common evaluation of the energy dependence of cross-

section for a certain target, here the atomic mass dependence is estimated for 

different target nuclei for fixed incident particle energy. It is assumed that the energy 

of primary particles is high enough to attribute the possible difference of calculations 

and experimental data to deficiency of global parameter systematics used for 

calculations, for example for the simulation of non-equilibrium particle emission 

making the contribution to the gas production cross-section. Another criterion for 

selecting the primary particle energy for evaluation of (A) dependence is the number 

of available measurements. 

 The use of estimated A-dependence seems to be a natural way to apply 

available data for neighbouring target-nuclei for the evaluation of cross-sections [2]. 

 After analysing the measured data, the neutron energy of 96 MeV was chosen 

for the evaluation of (A) dependence. 

 Improved and corrected experimental cross-sections exp at 96 MeV used for 

the evaluation of A-dependence of components of gas production cross-sections are 

shown in Tables 1-5. In some cases errors of particle production cross-sections  

shown in Tables reflect performed corrections and improvements and are not original 

errors reported in corresponding experimental works. 

 The calculation of gas production cross-section components were performed for 

278 stable nuclei from 7Li to 209Bi using nuclear models implemented in the 

ALICE/ASH [29] code and the TALYS [28] code. Different models describing the 

nuclear level density were applied for calculations. The details are discussed in 

Ref.[2]. 

 Figures 1-5 shows examples of calculations using ALICE/ASH and TALYS 

codes.  
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Table 1. Cross-sections exp adopted for the evaluation of proton production cross-

section in neutron induced reactions (n,x)p at the incident neutron energy 96 MeV. 

Corrections of original data are discussed in the text. 

Nucleus Cross-section (mb) Reference 

natC 170  17 [8] 

natO 257.5  14.4 [10] 

natSi 494.8  22.7 [18] 

natCr 639.6  127.9 [21] 

natFe 697.9  30.7 [19] 

natFe 588.4  117.7 [21] 

181Ta 237.6  47.5 [21] 

natPb 485  24.3 [19] 

 
 

 

Table 2. Cross-sections exp adopted for the evaluation of deuteron production cross-

section in neutron induced reactions (n,x)d at the incident neutron energy 96 MeV. 

Corrections of original data are discussed in the text. 

Nucleus Cross-section (mb) Reference 

natC 70  4 [8] 

natO 80.1  4.1 [10] 

natSi 84.3  4.0 [18] 

natCr 146.3  29.3 [21] 

natFe 133.1  6.5 [19] 

natFe 112.2  22.5 [21] 

181Ta 68.5  13.7 [21] 

natPb 137.0  6.9 [19] 
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Table 3. Cross-sections exp adopted for the evaluation of triton production cross-

section in neutron induced reactions (n,x)t at the incident neutron energy 96 MeV. 

Derivation of data and corrections are discussed in the text. 

Nucleus Cross-section (mb) Reference 

natC 32.0  2.0 [8] 

natO 24.20  1.15 [10] 

natSi 16.00  0.82 [18] 

natCr 23.2  5.1 [21] 

natFe 21.2  1.1 [19] 

natFe 17.9  3.6 [21] 

181Ta 24.9  5.0 [21] 

natPb 53.0  2.7 [19] 

 
 

 

 

Table 4. Cross-sections exp adopted for the evaluation of 3He production cross-

section in neutron induced reactions (n,x)3He at the incident neutron energy 96 MeV. 

Derivation of data and corrections are discussed in the text. 

Nucleus Cross-section (mb) Reference 

natC 16.0  2.0 [8] 

natO 11.2  1.5 [10] 

natSi 10.8  1.0 [18] 

natCr 12.4  2.5 [21] 

natFe 10.70  0.52 [19] 

natFe 8.96  1.79 [21] 

181Ta 6.47  5.35 [21] 

natPb 5.12  1.02 [19] 
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Table 5. Cross-sections exp adopted for the evaluation of -particle production 

cross-section in neutron induced reactions (n,x) at the incident neutron energy 96 

MeV. Corrections of original data are discussed in the text. 

Nucleus Cross-section (mb) Reference 

natC 207  12 [8] 

natO 168.7  7.4 [10] 

natSi 155.1  7.1 [18] 

natCr 202.6  40.5 [21] 

natFe 182.7  8.4 [19] 

natFe 153.2  30.6 [21] 

181Ta 38.3  7.6 [21] 

natPb 45.0  2.2 [19] 

 
 
 
 

 

Fig.1 Proton production cross-sections for 278 stable target nuclei from 7Li to 209Bi at the 
incident neutron energy 96 MeV calculated using the ALICE/ASH code and the 
TALYS code applying the nuclear level density model corresponding to the input 
variable ldmodel equal to one. See explanations in the text. 
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Fig.2 Deuteron production cross-sections for 278 stable target nuclei from 7Li to 209Bi at the 

incident neutron energy 96 MeV calculated using the ALICE/ASH code and the 
TALYS code with the input variable ldmodel=1. See explanations in the text. 

 

 
Fig.3 Triton production cross-sections for 278 stable target nuclei from 7Li to 209Bi at the 

incident neutron energy 96 MeV calculated using the ALICE/ASH code and the 
TALYS code with the input variable ldmodel=1. See explanations in the text. 
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Fig.4 3He production cross-sections for 278 stable target nuclei from 7Li to 209Bi at the 

incident neutron energy 96 MeV calculated using the ALICE/ASH code and the 
TALYS code with the input variable ldmodel=1. See explanations in the text. 

 

 
Fig.5 -particle production cross-sections for 278 stable target nuclei from 7Li to 209Bi at the 

incident neutron energy 96 MeV calculated using the ALICE/ASH code and the 
TALYS code with the input variable ldmodel=1. See explanations in the text. 
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 The evaluation of atomic mass dependence for proton-, deuteron-, triton-, 3He, 

and -particle production cross-section was performed using results of model 

calculations and measured data, Table 1-5. The BEKED package [30] was applied 

for computations. 

 The deviation of calculated cross-sections from measured data was attributed to 

the global deficiency of models applied, particularly, to the sets of parameters of non-

equilibrium models, which utilization can be improved by the redefinition of their 

general A-dependence. Estimated errors of evaluated production cross-sections 

result from the application of different nuclear models implemented in the ALICE/ASH 

code and in the TALYS code corresponding to input variable ldmodel from 1 to 3 and 

the procedure of the data improvement [2].  

 Evaluated proton-, deuteron-, triton-, 3He-, and -particle- production cross-

sections were obtained for 278 stable target nuclei from 7Li to 209Bi at the incident 

neutron energy 96 MeV. The cross-sections are shown in Figs.6-10.  

  

 

 

 

Fig.6 Evaluated proton production cross-sections for stable target nuclei from 7Li to 209Bi at 
the incident neutron energy 96 MeV 
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Fig.7 Evaluated deuteron production cross-sections for stable target nuclei from 7Li to 209Bi 
at the incident neutron energy 96 MeV 

 

 

Fig.8 Evaluated triton production cross-sections for stable target nuclei from 7Li to 209Bi at 
the incident neutron energy 96 MeV 
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Fig.9 Evaluated 3He production cross-sections for stable target nuclei from 7Li to 209Bi at the 
incident neutron energy 96 MeV 

 

 

Fig.10 Evaluated -particle production cross-sections for stable target nuclei from 7Li to 209Bi 
at the incident neutron energy 96 MeV 
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 Obtained cross-sections were applied as the reference data for the evaluation of 

gas production cross-sections including the correction of theoretical curves at 

neutron energies up to 200 MeV.  

 Examples of the use of obtained cross-sections for improvement of the data are 

shown in Fig.11. 

 

 

4. Use of nuclear data files and results of model calculations  

 

4.1 Neutron energies above 20 MeV 

Data from ENDF/B-VII.1, JEFF-3.2, and TENDL-2014 were applied for subsequent 

corrections using the estimated cross-sections described in Section 3. In the case of 

large differences between the shapes of energy dependence of cross-sections from 

different libraries, reference calculations were carried out using ALICE/ASH and 

TALYS codes. Calculations were also used to extrapolate the available data up to 

200 MeV.  

 Similarly, data from libraries and results of calculations were used for evaluation 

of gas production cross sections together with the experimental data [3-26]. 

Examples are shown in the next Section. 

 

4.2 Neutron energies below 20 MeV 

In most cases, the JEFF-3.2 data for (n,p), (n,t), (n,d), and (n,) reactions below 20 

MeV were found to be correct and not requiring improvement. Some cross-sections 

were calculated, corrected or taken from other libraries. In the last case, the 

comparative analysis was performed for cross-sections from ENDF/B-VII.1, JENDL-

4, JEFF-3.2, TENDL-2014, and EAF-2010 using available measured data [31]. 

 

 

5. Evaluated data  

 

The improvement and correction of available evaluated data and new evaluations 

were performed using the BEKED package [30]. The details were discussed above.  

 Examples of evaluated components of gas production cross-sections are shown 

in Figs.12-42. Experimental values shown in Figures were corrected, if it was 
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necessary for specific reactions. For example, data of Ref.[25] have been reduced by 

the estimated contribution of 3He. 

 Obtained proton-, deuteron-, triton-, 3He-, and -particle- production cross-

section are shown together with the data at 96 MeV (Section 3) and data from 

ENDF/B-VII.1, JEFF-3.2, and TENDL-2014 in Appendices A-D. The difference 

between evaluated data and estimated values at 96 MeV, observed in some cases, 

is due to the use of experimental data fro the evalaution, as for example for the 

reaction Fe(n,x)He, Fig.27 and for 56Fe(n,x), Fig.28. 

 Obtained data are written in the ENDF format. Conventional MT-numbers 203, 

204, 205, 206, and 207 were applied for the files with proton-, deuteron-, triton-, 3He-, 

and -particle production cross-sections, respectively.  

 

 

6. Conclusion  

 

Proton-, deuteron-, triton-, 3He-, and -particles- production cross-sections were 

obtained for 262 stable nuclides with atomic number from 12 to 83 at the energies of 

primary neutrons up to 200 MeV.  

 The data evaluation involved the analysis of available experimental data, the 

estimation of atomic mass dependence of cross-sections to improve final evaluated 

curves, the analysis of evaluated data from ENDF/B-VII.1, JENDL-4, JEFF-3.2, and 

TENDL-2014, nuclear model calculations, the improvement of existing evaluated 

data concerning the incorrect energy dependence, and statistical combination of 

experimental and theoretical data. 

 Final evaluated data were written in the ENDF format. 
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Fig.11 Examples of the use of evaluated data at 96 MeV (black circle) for the correction of 
components of gas production cross-sections. 
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Fig.12 Evaluated proton production cross-section for 27Al. Reference data are discussed in 
Section 3. 

 
 

 

Fig.13 Evaluated deuteron production cross-section for 27Al. 
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Fig.14 Evaluated triton production cross-section for 27Al. 

 
 

 

Fig.15 Evaluated proton production cross-section for 28Si. 
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Fig.16 Evaluated deuteron production cross-section for 28Si. 

 
 

 

Fig.17 Evaluated triton production cross-section for 28Si. 
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Fig.18 Evaluated -particle production cross-section for 28Si. 

 
 

 

Fig.19 Evaluated hydrogen production cross-section (sum of proton-, deuteron-, and triton- 
production cross-sections) for chromium. 
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Fig.20 Evaluated proton production cross-section for 52Cr. 

 
 

 

Fig.21 Evaluated helium production cross-section (sum of 3He- and -particle- production 
cross-sections) for chromium. 
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Fig.22 Evaluated -particle production cross-section for 52Cr. 

 
 

 

Fig.23 Evaluated hydrogen production cross-section (sum of proton-, deuteron-, and triton- 
production cross-sections) for iron. 
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Fig.24 Evaluated proton production cross-section for 56Fe. 

 
 

 

Fig.25 Evaluated deuteron production cross-section for 56Fe. 
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Fig.26 Evaluated triton production cross-section for 56Fe. 

 
 

 

Fig.27 Evaluated helium production cross-section (sum of 3He- and -particle- production 
cross-sections) for iron. 
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Fig.28 Evaluated -particle production cross-section for 56Fe. 

 
 

 

Fig.29 Evaluated proton production cross-section for 59Co. 
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Fig.30 Evaluated deuteron production cross-section for 59Co. 

 
 

 

Fig.31 Evaluated triton production cross-section for 59Co. 
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Fig.32 Evaluated -particle production cross-section for 59Co. 

 
 

 

Fig.33 Evaluated -particle production cross-section for 58Ni. 
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Fig.34 Evaluated -particle production cross-section for 60Ni. 

 
 

 

Fig.35 Evaluated -particle production cross-section for 181Ta. 
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Fig.36 Evaluated proton production cross-section for lead. 

 
 

 

Fig.37 Evaluated deuteron production cross-section for lead. 
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Fig.38 Evaluated triton production cross-section for lead. 

 
 

 

Fig.39 Evaluated proton production cross-section for 209Bi. 
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Fig.40 Evaluated deuteron production cross-section for 209Bi. 

 
 

 

Fig.41 Evaluated triton production cross-section for 209Bi. 
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Fig.42 Evaluated -particle production cross-section for 209Bi. 

 

 



31 

 

References  

 

[1] A.Yu. Konobeyev, U. Fischer, P.E. Pereslavtsev, D. Ene, Evaluated activation 

cross section data for proton induced nuclear reactions on W up to 3 GeV 

incidence energy, Karlsruher Institut für Technologie, KIT-SR 7628, 2012. 

[2] A.Yu. Konobeyev, U. Fischer, Reference data for evaluation of gas production 

cross-sections in proton induced reactions at intermediate energies, Karlsruher 

Institut für Technologie, KIT-SR 7660, 2014. 

[3] I. Slypen, V. Corcalciuc, J. P. Meulders, Proton and deuteron production in 

neutron-induced reactions on carbon at En = 42.5, 62.7, and 72.8 MeV, Phys. 

Rev. C51 (1995) 1303. 

[4] I. Slypen, V. Corcalciuc, J. P. Meulders, M. B. Chadwick, Triton and alpha-

particle production in neutron-induced reactions on carbon at En=42.5, 62.7, 

and 72.8 MeV, Phys. Rev. C53 (1996) 1309. 

[5] I. Slypen, s. Benck, j. P. Meulders, v. Corcalciuc, Experimental cross sections 

for light charged particle production induced by neutrons with energies between 

25 AND 75 MeV incident on carbon (p, d, t, and a), Atomic Data and Nuclear 

Data Tables 76 (2000) 26. 

[6] B.E. Bergenwall, A. Atac, S. Kullander, Experimental kerma coefficients for 

carbon deduced from microscopic cross sections at 96 MeV incident neutron 

energy, Phys. Med. Biol. 49 (2004) 4523. 

[7] B.E. Bergenwall, A. Atac, S. Kullander, Neutron-induced light charged particle 

production in carbon at 96 MeV, Nucl. Phys. A747 (2005) 152. 

[8] U. Tippawan, S. Pomp, J. Blomgren, S. Dangtip, C. Gustavsson, J. Klug, P. 

Nadel-Turonski, L. Nilsson, M. Osterlund, N. Olsson, O. Jonsson, A.V. 

Prokofiev, P.-U. Renberg, V. Corcalciuc, Y. Watanabe, A.J. Koning, Light-ion 

production in the interaction of 96 MeV neutrons with carbon, Phys. Rev. C79 

(2009) 064611. 

[9] S. Benck, i. Slypen, j. P. Meulders, v. Corcalciuc, Experimental cross sections 

for light-charged particle production induced by neutrons with energies between 

25 and 65 MeV incident on oxygen, Atomic Data and Nuclear Data Tables 72 

(1999) 1. 

[10] U. Tippawan, S. Pomp, A. Atac, B. Bergenwall, J. Blomgren, S. Dangtip, A. 

Hildebrand, C. Johansson, J. Klug, P. Mermod, L. Nilsson, M. ™sterlund, N. 

Olsson, A.V. Prokofiev, P. Nadel-Turonski, V. Corcalciuc, A.J. Koning, Light-ion 

production in the interaction of 96 MeV neutrons with oxygen, Phys. Rev. C73 

(2006) 034611. 

[11] S. Benck, I. Slypen, J.P. Meulders, V. Corcalciuc, M.B. Chadwick, P.G. Young, 

A.J. Koning, Light charged particle production in neutron-induced reactions on 



32 

 

aluminium at En=28.5-62.7 MeV, Phys. Rev. C58 (1998) 1558. 

[12] S. Benck, I. Slypen, J.P. Meulders, V.Coralciuc, Experimental partial and total 

kerma coefficients for aluminium at incident neutron energies from reaction 

thresholds to 65 MeV, Phys. Med. Biol. 45 (2000) 29. 

[13] R. Coszach, P. Duhamel, W. Galster, P. Jean, P. Leleux, J.-P. Meulders, J. 

Vanhorenbeeck, G. Vedrenne, P. von Ballmoos, Neutron-induced reactions 

contributing to the background in gamma-ray astrophysical mission, Phys. Rev. 

C61 (2000) 064615. 

[14] S. Benck, I. Slypen, J.P. Meulders, V. Corcalciuc, Experimental cross sections 

for light-charged particle production induced by neutrons with energies between 

25 and 65 MeV incident on aluminum, Atomic Data and Nuclear Data Tables, 

78 (2001) 161. 

[15] S. Benck, I. Slypen, J.-P. Meulders, V. Corcalciuc, M. B. Chadwick, Fast 

neutron–induced emission of light charged particles on aluminum (En = 25 to 55 

MeV), Nucl. Sci. Eng. 140 (2002) 86. 

[16] F.B. Bateman, R.C. Haight, M.B. Chadwick, S.M. Sterbenz, S.M. Grimes, H. 

Vonach, Light charged-particle production from neutron bombardment of silicon 

up to 60 MeV: Role of level densities and isospin, Phys. Rev. C60 (1999) 

064609. 

[17] S. Benck, I. Slypen, J.-P. Meulders, V. Corcalciuc, Secondary light charged 

particle emission from the interaction of 25- to 65-MeV neutrons on silicon Nucl. 

Sci. Eng. 141 (2002) 55. 

[18] U. Tippawan, S. Pomp, A. Ataç, B. Bergenwall, J. Blomgren, S. Dangtip, A. 

Hildebrand, C. Johansson, J. Klug, P. Mermod, L. Nilsson, M. Österlund, N. 

Olsson, K. Elmgren, O. Jonsson, A. V. Prokofiev, P.-U. Renberg, P. Nadel-

Turonski, V. Corcalciuc, Y. Watanabe, A. J. Koning, Light-ion production in the 

interaction of 96 MeV neutrons with silicon, Phys. Rev. C69 (2004) 064609. 

[19] V. Blideanu, F. R. Lecolley, J. F. Lecolley, T. Lefort, N. Marie, A. Ataç, G. Ban, 

B. Bergenwall, J. Blomgren, S. Dangtip, K. Elmgren, Ph. Eudes, Y. Foucher, A. 

Guertin, F. Haddad, A. Hildebrand, C. Johansson, O. Jonsson, M. Kerveno, T. 

Kirchner, J. Klug, Ch. Le Brun, C. Lebrun, M. Louvel, P. Nadel-Turonski, L. 

Nilsson, N. Olsson, S. Pomp, A. V. Prokofiev, P.-U. Renberg, G. Rivière, I. 

Slypen, L. Stuttgé, U. Tippawan, M. Österlund, Nucleon-induced reactions at 

intermediate energies: New data at 96 MeV and theoretical status, Phys. Rev. 

C70 (2004) 014607. 

[20] E. Raeymackers, I. Slypen, S. Benck, J.P. Meulders, N. Nica, V. Corcalciuc 

Experimental cross-sections for light charged particle emission induced by 

neutrons with energies between 25 and 65 MeV incident on natFe, 59Co, 209Bi, 

and natU, Atomic Data and Nuclear Data Tables 87 (2004) 231. 



33 

 

[21] R.C. Haight, Hydrogen and helium production in structural materials by 

neutrons, International Conference on Nuclear Data for Science and 

Technology 2007 DOI: 10.1051/ndata:07518, p.1081. 

[22] S. Kunieda, R. C. Haight, T. Kawano, M. B. Chadwick, S. M. Sterbenz, F. B. 

Bateman, O. A. Wasson, S. M. Grimes, P. Maier-Komor, H. Vonach, T. 

Fukahori, Y. Watanabe Measurement and model analysis of (n,x) cross 

sections for Cr, Fe, 59Co, and 58,60Ni from threshold energy to 150 MeV, Phys. 

Rev. C85 (2012) 054602. 

[23] S.M. Grimes, C.E. Brient, F.C. Goeckner, F.B. Bateman, M.B. Chadwick, R.C. 

Haight, T. M. Lee, S.M. Sterbenz, P.G. Young, O.A. Wasson, H. Vonach The 

59Co(n,xa) Reaction from 5 to 50 MeV, Nucl. Sci. Eng. 124 (1996) 271. 

[24] N. Nica, S. Benck, E. Raeymackers, I. Slypen, J.P. Meulders, V. Corcalciuc, 

Light charged particle emission induced by fast neutrons (25 to 65 MeV) on 
59Co, J. Phys. G: Nucl. Part. Phys. 28 (2002) 2823. 

[25] R.C. Haight, F.B. Bateman, S.M. Sterbenz, S.M. Grimes, O.A. Wasson, P. 

Maier-Komor, H. Vonach An update on (n,charged particle) research at WNR, 

Fusion Eng. Des. 37 (1997) 73. 

[26] M. Kerveno, F. Haddad, Ph. Eudes, T. Kirchner, C. Lebrun, I. Slypen, J. P. 

Meulders C. Le Brun, F. R. Lecolley, J. F. Lecolley, M. Louvel, F. Lefebvres, S. 

Hilaire, A. J. Koning Hydrogen isotope double differential production cross 

sections induced by 62.7 MeV neutrons on a lead target, Phys. Rev. C66 (2002) 

014601. 

[27] P. G. Young, E. D. Arthur and M. B. Chadwick, “Comprehensive nuclear model 

calculations: introduction to the theory and use of the GNASH code”, Los 

Alamos National Laboratory Report No. LA-12343-MS (1992). 

[28] A. Koning, S. Hilaire, M. Duijvestijn, TALYS-1.6, http://www.talys.eu/; A.J. 

Koning, S. Hilaire, M. Duijvestijn, TALYS-1.0, Proc. Int. Conference on Nuclear 

Data for Science and Technology, April 22-27, 2007, Nice, Ed. O. Bersillon, F. 

Gunsing, E. Bauge, R. Jacqmin, and S. Leray, EDP Sciences, 2008, p.211-214. 

[29] C.H.M. Broeders, A.Yu. Konobeyev, A.Yu. Korovin, V.P. Lunev, M. Blann, 

ALICE/ASH - Pre-compound and evaporation model code system for 

calculation of excitation functions, energy and angular distributions of emitted 

particles in nuclear reactions at intermediate energies, Report FZKA 7183, 

2006, http://bibliothek.fzk.de/zb/berichte/FZKA7183.pdf  

[30] A.Yu. Konobeyev, U. Fischer, P.E. Pereslavtsev, Computational approach for 

evaluation of nuclear data including covariance information, J. Kor. Phys. Soc. 

59 (2011) 923. 



34 

 

[31] Experimental Nuclear Reaction Data (EXFOR), https://www-nds.iaea.org/exfor/ 

exfor.htm; N. Otuka, E. Dupont, V. Semkova, B. Pritychenko, A.I. Blokhin, M. 

Aikawa, S. Babykina, M. Bossant, G. Chen, S. Dunaeva, R.A. Forrest, T. 

Fukahori, N. Furutachi, S. Ganesan, Z. Ge, O.O. Gritzay, M. Herman, S. 

Hlavač, K. Katō, B. Lalremruata, Y.O. Lee, A. Makinaga, K. Matsumoto, M. 

Mikhaylyukova, G. Pikulina, V.G. Pronyaev, A. Saxena, O. Schwerer, S.P. 

Simakov, N. Soppera, R. Suzuki, S. Takács, X. Tao, S. Taova, F. Tárkányi, V.V. 

Varlamov, J. Wang, S.C. Yang, V. Zerkin, Y. Zhuang, Towards a More 

Complete and Accurate Experimental Nuclear Reaction Data Library (EXFOR): 

International Collaboration Between Nuclear Reaction Data Centres (NRDC), 
Nucl. Data Scheets, 120 (2014) 272. 

 

 



35 

 

 

 

Appendix A 

 

Evaluated proton production cross-sections, data from ENDF/B-VII.1, JEFF-3.2, 

and TENDL-2014, and cross-sections at 96 MeV estimated using the (A)- 

dependence 
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Evaluated deuteron production cross-sections, data from ENDF/B-VII.1, JEFF-

3.2, and TENDL-2014, and cross-sections at 96 MeV estimated using the (A)- 

dependence 
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Appendix C 

 

Evaluated triton production cross-sections, data from ENDF/B-VII.1, JEFF-

3.2, and TENDL-2014, and cross-sections at 96 MeV estimated using the 

(A)- dependence 
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Evaluated -particle production cross-sections, data from ENDF/B-VII.1, 

JEFF-3.2, and TENDL-2014, and cross-sections at 96 MeV estimated using 

the (A)- dependence 
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