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Neutron-induced cross sections of 3He and ^He have been evaluated 

for JENDL-3 in the energy range from 10-5 eV to 20 MeV. Evaluated 

quantities are the total and elastic scattering cross sections of 4He 

and the total, elastic scattering, (n,p) and (n,d) reaction cross sec

tions of 3He. The total and elastic scattering cross sections of 4He 

were analyzed with the R-matrix theory in the overall energy region. 

In the 3He evaluation, the R-matrix calculation was performed below 1 

MeV by considering the total, elastic scattering and (n,p) reaction 

cross sections, and above I MeV the evaluation was based on available 

experimental data. The evaluated data have been compiled in the ENDF-5 

format. 

Keywords: Evaluation, Neutron Nuclear Data, Helium-3, Helium-A, 

Cross Section, JENDL-3 
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1. Introduction 

Neutron-induced cross sections of helium isotopes are important not 

only for nuclear engineering but also for the studies on few-nucleon 

systems. Unfortunately, they were not contained in the second version 

of Japanese Evaluated Nuclear Data Library (JENDL-2), which was released 

in 1982. Thus, it was decided to evaluate the neutron nuclear data of 

3He and 4He for JENDL-3. 

Concerning 3He, evaluated are the total, elastic scattering, (n,p) 

and (n,d) reaction cross sections. According to the experimental 

data^_^)> the
 3He(n,Y) reaction cross section is less than 50 pb in the 

energy range from thermal to 17 MeV. Thus, we neglected the (n,y) re

action in this work. The (n,p) reaction cross section is considered as 

a standard from thermal to 50 keV. The ENDF/B-V data on 3He were carried 

over without any changes from ENDF/B-III of which evaluation was per

formed in 1968. 

The present evaluation of the (n,p) cross section took account of 

the new measurements and the accuracy was much improved, particularly 

for 0.3 - 100 keV. The (n,p) cross section was analyzed with the R-

matrix theory below 1 MeV as well as the total and elastic scattering 

cross sections. 

For 4He, the open channels are the elastic scattering and (n,y) 

reaction up to 20 MeV. The (n,y) reaction, however, has a negative Q-

value (-893.6 keV) and its cross section is expected to be negligible 

in the energy range concerned. In fact, no capture measurement has been 

reported. Thus, we considered only the total and elastic scattering 

cross sections which were assumed to be equal to each other in this work. 

The essence of the present evaluation was already published^'. 

This report is intended to provide more complete information for users 

of JENDL-3. The status of the presently evaluated quantities is listed 

in Table 1. 

2. Helium-3 

2.1 Total Cross Section 

There are several measurements available for the evaluation: 

Battat et al. (1959)5), 0.2 - 20 MeV, 

Als-Nielsen and Dietrich (1964)6), 0.0003 - 11 eV, 

Goulding et al. (1973)7>, 0.7-30 MeV, 
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Alfimenkov et al. (1981)8), 1 - 200 keV, 

Haesner et al. (1983)9), 1 - 40 MeV. 

Below 1 MeV, the total, elastic scattering and (n,p) reaction cross 

sections were analyzed with the R-matrix theory. The R-matrix para

meters used in the analysis are given in Table 2. The calculated re

sults are shown in Figs. 1 and 2, together with ENDF/B-V and the experi

mental data. It should be noted that the ENDF/B-V data give small cross 

sections as compared with the present evaluation and the experimental 

data of Alfimenkov et al.8) 

Above 1 MeV, the evaluated curve was obtained by the least-squares 

fitting to the experimental data of Goulding et al.') and Haesner et 

al.") Figures 3 and 4 show the evaluated results. 

2.2 Elastic Scattering Cross Section 

Available experimental data are listed as follows: 

Seagrave et al. (I960)10), 1 - 6 MeV, 

Sayres et al. (1961)11), 0.95 - 17.5 MeV, 

Curtis (1973;12), 14 MeV, 

Drosg et al. (1974)13), 7.9 - 23.7 MeV, 

Alfimenkov et al. (1977") 1 4 ) , 0.02 - 2 eV, 

Alfimenkov et al. (1981)8) , 1-200 keV, 

Haesner (1982)15), 1 - 30 MeV. 

Below 1 MeV, the evaluation was based on the R-matrix calculation. The 

calculated thermal cross section is 3.13 barns, in good agreement with 

a value of 3.10 + 0.13 barns recommended by Mughabghab et al.1'') The 

results are illustrated in Figs. 5 and 6. A large difference is seen 

between the present evaluation and ENDF/B-V. ENDF/B-V assumed a value 

of 1.0 barn for the elastic scattering cross section from 10-5 eV to 

10.8 keV, but the assumption is obviously inconsistent with the measure

ments of Alfimenkov et al.8,14) 

Above 1 MeV, the present evaluated cross section was obtained by 

subtracting the reaction cross section ((n,p) + (n,d)), which is dis

cussed in the following sections, from the total cross section. The 

results are shown in Figs. 7 and 8. 

Angular distributions of elastically scattered neutrons were de

termined on the basis of the experimental data10'15) above 1 MeV. 

Isotropic distributions in the center-of-mass system were assumed in the 

energy range from 10-5 eV to 1 MeV. 

2 -
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2.3 (n,p) Reaction Cross Section 

Available experimental data are given as follows: 

Coon and Nobles (1949)17), thermal, 

Coon (1950)18>, 0.4 - 3 MeV, 

Batchelor et al. (1955)19>, 0.12 - 1.2 MeV, 

Gibbons and Macklin (1959)20), 8.65 keV - 4.2 MeV, 

Sayres et al. (1961)11), 1 - 8 MeV, 

Als-Nielsen and Dietrich (1964)^) , thermal, 

Macklin and Gibbons (1965) 21>, 4 - 300 keV, 

Antolkovic et al. (1967)22>, 14.4 MeV, 

Costello et al. (1970)23), 0.3 - 1.16 MeV, 

Drosg (1978)24), 7.9 - 23.7 MeV, 

Haesner (1982)i5), 1 - 30 MeV, 

Borzakov et al. (1982)25), 0.27 - 137 keV. 

Below ] MeV, the evaluated data were obtained from the R-matrix calcula

tion. The calculated thermal cross section is 5328 barns, in good 

agreement with a value of 5333 i 7 barns recommended by Mughabghab et 

al.lo) The evaluated data are shown in Figs. 9 - 13. It should be 

noted that the present evaluation is in good agreement with the measure

ment of Borzakov et al.2-") in the energy range of 0.3 to 130 keV. The 

ENDF/B-V data are larger than the present evaluation in this region. 

In the ENDF/B-V evaluation2^), the thermal cross section of 5327 

barns was derived from the measurement by Als-Nielsen and Dietrich"'' of 

the total cross section up to an energy of 11 eV, and the cross section 

was assumed to follow 1/v up to 1.7 keV. From 1.7 keV to 100 keV, the 

ENDF/B-V evaluation was based on the measurements of Gibbons and 

Macklin2^>21). The present evaluation shows that the deviation from the 

1/v law is 1.5% at 100 eV and 4.8% at 1 keV. The 1/v behavior below 100 

eV was well described by the *S resonance in the R-matrix calculation. 

The resonance corresponds to the first excited state (J71 = 0+) of **He 

at an excitation energy of 20.1 MeV. This result is consistent with the 

spin dependence of the (n,p) cross section measured by Passell and 

Shermer2''. 

Above 1 MeV, the evaluation was made on the basis of the least-

squares fitting to the measurements of Haesner*->) and Drosg24'. The 

results are seen in Figs. 14 and 15. 
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2.4 (n,d) Reaction Cross Section 

The evaluated (n,d) reaction cross section was obtained from the 

least-squares fitting to the experimental data of Haesner^-') and 

Drosg.24) The present evaluation is almost consistent with the ENDF/B-V 

data, as seen in Fig. 16. 

3. Helium-4 

In the present evaluation, the (n,y) reaction was neglected and 

thus the total cross section is equivalent to the elastic scattering 

cross section. A smooth curve was obtained from the least-squares 

fitting to the experimental data on the total cross section. The mea

surements used in the fitting are listed as follows: 

Battat et al. (1959)5) , 0.94 - 20 MeV, 

Vaughn et al. (I960)28), 0.12 - 19.8 MeV, 

Austin et al. (1962)29), 7 - 12 MeV, 

Rorer et al. (1969)30), 0.2 - 6 eV, 

Goulding et al. (1973)7) , 0.7-29 MeV, 

Lamaze et al. (1979)31), 15 - 28 MeV, 

Haesner et al. (1983)9> , 1 - 4 0 MeV. 

Furthermore, the curve thus obtained was considered as a set of experi

mental data with accuracy of 5% and was analyzed with the R-matrix 

theory in the overall energy region. Initial values for the R-matrix 

parameters were taken from the work of Bond and Firk32>. The parameters 

were automatically adjusted by using the RESCAL code33), and the final 

values are given in Table 3. The calculated thermal cross section is 

0.759 barn, and agrees with a value of 0.76 ± 0.01 barn recommended by 

Mughabghab et al.1") The R-matrix calculation was adopted as the evalu

ated data in the overall energy region. Figures 17 - 19 show the evalu

ated data. Angular distributions of elastically scattered neutrons were 

calculated with the R-matrix theory up to 20 MeV, and are illustrated in 

Figs. 20 - 25. 

4. Concluding Remarks 

Neutron nuclear data of 3He and ^He were evaluated for JENDL-3 in 

the energy range from 10~5 eV to 20 MeV. 

The total, elastic scattering and (n,p) reaction cross sections of 
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3He were analyzed with the R-matrix theory below 1 MeV. The 1/v behav

ior in the (n,p) cross section was well reproduced by taking account of 

the JS resonance. Above 1 MeV, these cross sections were evaluated on 

the basis of the experimental data. The evaluated data on the 3He(n,d) 

reaction were obtained by the least-squares fitting to the experimental 

data. 

Concerning ^He, the elastic scattering is the only reaction channel 

to be evaluated, which means that the total cross section is assumed to 

be equivalent to the elastic scattering one. The experimental data on 

the total cross section were analyzed with the R-matrix theory in the 

overall energy region. Angular distributions of elastically scattered 

neutrons were also obtained from the R-matrix calculation. 
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Table 1 Sta tus of present ly evaluated q u a n t i t i e s . 

Q u a n t i t i e s Energy range («V)« 
x mm. max. 

Comments 

1.0-5 

1.0 -5 

1.0 -5 

1.0 -5 

4.36+6 

2.0 + 7 

2.0 + 7 

2.0 +7 

2.0 +7 

2.0 +7 

Figs. 

Figs. 

Figs. 

Fig. 

1-4 

5-8 

9-15 

16 

(1) 3He 
a) Cross section 

Total 

Elastic scattering 

Nonelastic scattering 

(n,p) 

(n,d) 

b) Angular distributions of 
secondary neutrons 

Elastic scattering 1.0 -5 2.0 +7 

(2) 4He 

a) Cross section 

Total 1.0-5 2.0+7 Figs.17-19 

Elastic scattering 1.0-5 2.0+7 

b) Angular distributions of 
secondary neutrons 

Elastic scattering 1.0-5 2.0+7 Figs.20-25 

* 2.0+7 denotes 2.0x10'. 
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Table 2 R-mat r ix p a r a m e t e r s used in the n+3He a n a l y s i s . 

I , I E f (MeV) J T ^ M e V 1 / 2 ) r ^ ( M e V 1 / 2 ) B ^ B J j R ^ ' 

0 - 1 0 . 4 2 3 2 . 0 0 0 1 . 9 0 0 - 0 . 8 3 0 - 0 . 7 2 1 0 . 0 

0+ 0 - 0 . 4 7 7 1 . 0 1 4 1 . 0 1 4 0 . 0 - 0 . 0 3 4 0 . 2 

1 - 1 1 . 5 2 3 2 . 4 0 0 2 . 1 0 0 - 0 . 6 2 8 - 0 . 5 7 5 0 . 0 

Channe l r a d i i : a = a _ = 3 . 5 5 fin. n p 

The R - i n a t r i x i s g i v e n by 

The symbol B. d e n o t e s t h e r e a l boundary c o n d i t i o n . 

Table 3 R-mat r ix p a r a m e t e r s used in the n+^He a n a l y s i s . 

Jit 

1/2 + 

1/2-

3/2-

3/2 + 

5/2 + 

I 

0 

1 

1 

2 

2 

E^fMeV) 

22.375 

5.758 

0.964 

35.575 

30.840 

'xn<M«V 

1.809 

2.768 

2.198 

3.498 

3.074 

l/2} p»Jl[ 
Rn0 

0.120 

0.289 

0.310 

0.0 

0.0 

Xn 

0.0 

-0.286 

-0.706 

-0.220 

-0.256 

Channel r a d i u s : a = 3 . 3 5 fm. 
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Fig. 11 3He(n,p) reaction cross section in the energy range from 1 keV to 10 keV. 
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ŵrf̂ f** 

* 

0 

P n r c r M T 

--• FNDF/B-V 

fr 

WORK 
/ 

59GIBB0NS+ 

65MACKLIN+ 

82B0RZAK0V+ 

2 

« 

^ T ^ 
^ < v & 

3 

—s 

i 5 

2 **• 

6 

*-* 

0s* 

7 

» 

t 

*̂. 

g 

G 

10 

> 
pa 

o 
I 

Neutron Energy I eV ) 

Fig. 12 3He(n,p) reaction cross section in the energy range from 10 keV to 100 keV. 
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Fig. 13 3He(n,p) reaction cross section in the energy range from 100 keV to 1 MeV. 
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Fig. 15 3He(n,p) reaction cross section in the energy range from 10 MeV to 20 MeV. 
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Fig. 16 3He(n,d) reaction cross section. 
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Fig. 17 Total cross section of **He below 3 MeV. 
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Fig. 18 Total cross section of 4He in the energy range from 3 MeV to 10 MeV. 
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Fig. 19 Total cross section of 1*He in the energy range from 10 MeV to 20 MeV. 
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Fig. 20 Angular distributions of neutrons elastically 
scattered from 4He at 400 ~ 750 keV. 
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Fig. 21 Angular distributions of neutrons elastically 
scattered from ^He at 1 ~ 2 MeV. 
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Fig. 22 Angular distributions of neutrons elastically 
scattered from 4He at 3 ~ 5 MeV. 
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Fig. 23 Angular distributions of neutrons elastically 
scattered from ^He at 6 ~ 10 MeV. 
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Fig. 24 Angular distributions of neutrons elastically 
scattered from 4He at 12 ~ 15 MeV. 
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