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AVERAGE (n,a) CROSS SECTION INDUCED BY SLOW NEUTRONS
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ARSTARCT
For average (n.g) cross section of slow neutrong were
obtained working formulae based ap the statistical maoede)
As example, for several target nucles with A=91 — 49
were caleulated the transmission factors ol o particle

L INTRODUCTION

Investigation of charged particle emission reactions induced by slow
neutrons (E,<1MeV) is of interest for both the understanding of basic nuclear
physies problems and nuclear energy applications. In particular the study of (n,o)
Lross section is important for research of nuclear reaction mechanisms and -
cluster structure [1], as well as for estemating radiation damage due o helium
production in the structural materials of fission and fusion reactors 12]. In
addition, some (n,u) eross sections are of importance to nuclear astrophysics
caleulations [3,4), Because of this, it would be very useful (o obtain the correct
expression for (n,o) cross section , Several fomulae have been suggested to
caleulate average (n,y), ( m.p) and (n,x) cross sections for neatron energy up to
several MeV [4]. For average (n.y) cross section detailed consideration was
perfected by Lane and Lynn I5]. However, for specific caleulation of average
() eross section it must be taken into account  statistical fMluctuations of -
widths [6]. Main features of average (n,a) cross section have been obtained in
refs. [7.8] In this paper we report an the attempt of more detail consideration for

Averiage (n.c) cross section based on the statistical model of nuclear reaction,

2 AVERAGE (n,a) CROSS SECTION
2.1 RESONANCE THEORY
For slow neutrons in the energy range AE;, near resonuance state i,

averaged (n,e) cross section can be written as

[0, (00.E)(E). a
O 0 | (. — il
() we

oF;

where Jis the compound nucleus total angular momentum, | is the angular



mamentum of neutrons, E is the neutron energy and W(E) is the neutron flux. If
for AE, we assume @(E)=const , then using the one-level Breit-Wigner formula
[9] we et

W) L TL(LA) T, (1
()= 2EDS J’—-{—}_n%‘fe @
o (B-E ) 4 2 :

Here ) is the wavelength of the incident neutrons divided by 2n, g(J) is the
statistical weight factor, AE is the energy interval of rons, N is the Z
number, I, Tx and I are the neutron, alpha and total widths of i state, Using the
formula

‘#—; == 3
a +x a
we may write |
52 J)fr ()T, {JJ))
(7,.)=27°K &) [T, “ 4
(%) ??mn( r) o
Here D()=AE/N is the mean ing of es with angular momentum J,

2.2 STATISTICAL FLUCTUATIONS
OF NEUTRON AND ALPHA WIDTHS
li order to use formula (4) in practice, it is necessary to caleulate the
neutron and alpha-widths fluctuation factor,

=

which c.i be determined as

(T) eaTl-F(ri).ari.r, F(r,).r,

B o B e

(6)

where | and F, are the probability distributions for neutron and alpha widths .
In mosi cases experimental values of I, are satisfied conditions Fu<cely and
Fas<lv, (herefore expression (6) becomes

o T e
£(r) = .__.{.r.f .. 2] | u_ . %))
i T
lLast integral gives m
Jrar,r, = () (8

Thus, for reduced neutron widths1” =I_.fp,{r;'}"’ (here vy is the penetrhility
factor for neutrons) using Parter-Thomas distribution [10], we have

dy=30T LA " (9

(rae(r, >?H2n.(rj) I“.'r'l

From the expressions (4), (5) and (9) using the formula from ref [

P20 ) e e gl ot &

we get finally

(e, _J} = ani‘gz%‘j};ﬁ {I - J;ﬂcxp[ﬁ:}{i - ‘I’{ﬁ)]} (1)

Here ([1) is the error function

9 % e .>
U = e | exp|-£* e T 12
o) v qu{ { }J’ widp Z{r:‘}l-\'fE - J) B

where £(J) is the factor of channel spins [12]:
2ifboth [J-1]< 12172 < g+

S(D=1if [1-1]< only one of 1+1/2 < J+1 (13
0 otherwise

In order to caleulate the average (n,u) cross section by the expression (110 it is
neeessary to determine average a-width <[>, According to Blatt and Wei- kopl
| 13] average «-width is given by

49



P - 11
r.)= —2'(1 I (14)
Here T, is the transmission f; : ich i
.. actor which is a sum of the surface i
s refl !
Mnelm‘?lllty thfnugh Coulomb and centrifugal barriers. In the case ::;'u'(')l?l J:d
nucleus” approximation may be written [14] : o
vk B F 228 mes) T
(:kp{: A .:I Pl —+—— L | el ! % (15)

i ; 2t i

1 is the ; ! al
e A i e i 2 b s o e
S L e n, |is the angular mo L ¢

E, is the energy of c-particle; R; a et of o-pasticle and
y ] nd R, a 3

V{r) has been obtained by Igo [15] TRE thevios posace, [elear potintial

¥{r)=-1100exg| 1A 0 |, aray, (16)

0574

Il\‘?:;s\:jl::ptf:a:;n;::sion rlstmlu;- T, can be obtained by the expressions (15) and (16)

As. 3 results of our calculation for several nuclei are show ;
ni

dIetm ll:le Appendix. Other parameters of the formulae (11) and (12 H“Tﬂhk'

ermined from the compilation [16]. ) e

APPENDIX

Table 1. Transmission factor for (n,q) reaction

[ Target E, (MeV) | ’ ©
B .\zuc!;us | 1=0 rufnllo =2
“r- 915 5.41 0.26 0.20 0.11
'r:;zs g;i ;;{z' on e
. ; : 0.18
| Ed-l{ﬂ 9.44 3.90 3.20 g::ﬁ
Sm-147 984 | 440 3.70 250 |
Sm-149 907 | 048 0.40 0.28
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