
G.Khuukhenkhuu, Yu.M.Gledenov, 
M.V.Sedysheva, G.Unenbat 

SYSTEMATICAL ANALYSIS 

OF THE FAST NEUTRON INDUCED 

(n, p) REACTION CROSS SECTIONS 

E3-93-466 



Introduction 
Investigation of the fast ,neutron i.nduced ( n,p) reaction cros~ section 

is. of iiiterest . to. st tidies of reaction me'chanisms and nuclea~. stru~ture. 
On the other hand, the (n,p) reaction is important in reactor design 
technology, in particular for. estimations of niiclear heating, radiation 
damage and induced activity in structural materials. Because of these, 
it would be ~ery u~eful to d~rive some empirical law governing (n,p) 
cr~ss. section variatioii; Sev~~~ formulae have been suggested to describe 
the dependence of the ( n,p) reaction cross section upon the asy~meti-y 
parameter (N-Z)/ A of neutron and proton numbers in the target nucleus 
around the neutron energy of 14.5 MeV [1-4]. Recently, we observed a 
similar dependence for the ( n,p) cross section, averaged over the fission 
spectrum of 235U, using thermal neutrons [5]. 

In this paper we report on the attempt to make a systematic analysis 
for the known (n,p) cross sections in a wider energy range, namely, at 
energies of 6, 8, 10, 14.5 and 16 MeV. 

Formulae and Data Analysis 
The (n,p) reaction cross section at the neutron energy around 14.5 

Me V is satisfactorily described by the formula referred in literature as 
the isotopic effect: 

· 2 1 2 -K(N-Z)l 
<Tnp = C1rr0 (1 + Aa) exp[ A (1) 

where r0 = 1.4. 10-13 cm; A, N, and Z are the mass number, number 
of neutrons, and charge of the target nucleus, respectively; C and K 
are the fitting parameters. Analysis based on the experimental results 
at 14.5 MeV published up to 1972 showed that c~0.73 and K~33 [1]. 
Furthermore, it was found that the parameter c~o. 73 is approximately 
the ratio of the (n,p) cross section to the sum of the (n,p) and (n,a) 
cross sections. 

Now, we shall use a formula of type (1) to describe the (n,p) cross 
section for the energy range of 6 to 16 MeV. At energies below 10 MeV 
the approximation C=l can be used, as in the case of the thermal fission 
spectrum of 235U [5], because for energies En ::;10 MeV, the (n,a) cross 
section is, as a rule, too small in comparison with (n,p) cross section and 
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can be neglected. Then, formula (1) can be rewritten in the form: 

2( 1)2 [-K(N - Z)l unp = 1rr0 1 + Aa exp A . . '. (2) 

Thus, using formula (2) for energies ·E~ ~io Me V ,we must obtain only 
th~ fitting parameter K.' · · · , · , · 

Figs. 1, 2 and 3 show experimental values of (n,p) cross sections tak,en 
from compilation (6] and the line fitted by expression (2) at ~nergies qf 6, 
8 and 10 MeV, respectively. Plus and minus symbols denote the positive 
and negative Q-values, respectively. Corre~ponding values of the fitting 
parameter K are also given in: these_ figures. · , 
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Figure 1. The dependence of reduced (n,p) cross sections on the 
asymmetry parameter (N-Z)/A of neutron and proton numbers in the 
target nucleus at En=6 MeV. 
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, Figure 2. The same.as in Fig.lat En=8 MeV. 
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·· Figure 3. The same as in Fig:1 at En=iO MeV. 

Regarding the energies of 14.5 and 16 MeV, we· used formula (1) 
because .the (n,a) cross section in these cases is not small enbugh: in· 
comparison with {n,p) cross section to be ignored and shi:mld be taken 
into account in our calculations. Figs. 4 and 5 show experimental data 
of (n,p) cross sections taken from ref. [6] and the line fitted by formula 
(1) at the energies of 14.5 and 16 MeV, respectively. ·In these figi.fres, 
the corresponding values of the fitting coefficients C and K are given. 
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Figure 4. The sam,e as in Fig.1 at En=14.5 MeV. 
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Figure 5. The same as in Fig.I at_En=16 MeV. 

· Figs. _1:-5 d_emonstrate that formulae of type (1) satisfactorily de
scribe, the d~pendence of known experimental ( n,p) cross sections on the 
asymmetry•parameter (N:--Z)/ A of the neutron and proton numbers in 
the}arget nucleus for the wide energy range of 6 to.16 MeV: For such 
a systematic analysis, perhaps s9me correction• should· be made to ·the 
Q-v~lue of .the (n,p) reaction, in particular, for E;..::;10 MeVAn these 

·cases.the Q-value is frequently not small enough in comparison with the 
neutron energy to. be ignored. Further it is necessary to study such be
havior of the (n,p) cross sections from the view-point of nuclear reaction 
mechanisms and nuclear structure theory. 

References 
1.Levkovsky V.N. Yadernaja Fizika, 1973, v.18, p.705. 
2.Pai H.L., Andrews D.G. Can.J.Phys., 1978, v.56, p.944. 
3.Badikov S.A., Pashchenko A.B. INDC(CCP)-325, 1991, IAEA, Vienna. 
4.Hoang H.M. et al., Z.Phys.A, 1992, v.342, p.283. 
5.G.Khuukhenkhuu et al., Communication of the JINR; E3-93-:205, 
Dubna, 1993. 
6.Bychkov V.M. et al., Cross Sections for Threshold Reactions Produced 
by Neutrons, Energoatomizdat, 1982, Moscow (in Russian). 

Received by Publishing Department 
on December 28, 1993. 

4 

ll/ 

i.: 

·11 
r 

,:•' 

XyyxsHxyy r. H ,z:,;p. 
CncreMaTntJecKnii: aml.lIH3 cetJeHnii: peaKn;nn (n, p), 
BhI3hIBaeMOH 6hICTphIMH Heii:TpOHaMH 

E3-93-466 

IlpoBe.r,;eH CHCTeMaTHtJeCKHH amlJIH3 cym;eCTByrom;nx SKCrrepnMeHTaT.lbHhIX 
cetJeHHH peaKIJ;HH (n, p), BhI3hIBaeMOH 6bICTphIMH Heii:TpOHaMH, AJUI mnpoKoro 
Kpyra 51p;ep. IloJiytJeHa 3aBHCHMOCTb cetJeHHH peaKD;HH (n, p) OT rrapaMe-rpa 
acHMMeTpHH rrpOTOH-Heii:TpOHHOro tJHCJia 51p;pa-MHmeHH (N - Z)/ A rrpH 3Hep
rm1x Heii:TpOHOB 6, 8, 10, 14,5 n 16 MsB. 

Pa6oTa BhIIIOJIHeHa B Jia6opaTOpHH Heii:TpOHHoii: q>H3HKH HM. H.M.<I>paHKa 
OH.5IH. 

Coo6m,emie Q01,e,1HHeHHOI'O HHCTHT)'Ta S1,1epHb1X HCCJie,1oaaHHH. ,lly6Ha, 1993 
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Systematic analysis of known experimental cross sections of the (n, p) 
reaction induced by fast neutrons was carried out for a wide range of nuclei. The 
dependence of the (n, p) cross sections on the asymmetry parameter 
(N - Z)/ A of proton and neutron numbers in the target nucleus was obtained 
for neutron energies of 6, 8, 10, 14.5 and 16 MeV. 

The investigation has been performed at the Frank Laboratory of Neutron 
Physics, JINR. 
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