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The neutron slowing-down equation in an infinite homogeneous medium with isotropic scatter-
ing is solved. The slowing-down kernel is separated into an elastic and an inelastic part. The col-
lision density is expressed in terms of Green’s function of the elastic scattering only. The Greuling-
Goertzel (G-G) approximation is used for the elastic scattering kernel, while Volkin’s model is
used for the inelastic one. A differential-difference equation for a one-level excited state is solved
by Laplace transform. Discussion of the poles obtained in the Laplace inverse shows that there
are forbidden zones in which there is no solution. Numerical calculations of the collision density
in Fes® at 922 and 865 kev levels are performed, which give the same behaviour as obtained
by Corngold. The average slowing-down time calculated with our approach agrees with Williams'’s

result in the asymptotic solution.

The inclusion of inelastic scattering in neutron
scattering has been performed by scattering kernel
approximation based on continuous slowing down
theory [1], evaporation model [2], and synthesis
technique [3]. Other techniques using a more
accurate treatment of inelastic scattering were
developed by Syros [4], Premuda [5], Segev [6],
Beynon [7], and ElI-Wakil [8].

In this work the scattering kernel in the homo-
geneous medium is separated into elastic and
inelastic parts. Volkin’s model is used for inelastic
scattering while the Greuling Goertzel approxima-
tion is used for the elastic scattering. The collision
density of the system is expressed in terms of the
Green’s function of elastic scattering only. A
differential-difference equation for one level excited
state is solved by Laplace transform. Numerical
calculations of the collision density in Fe%6 at 922
and 865 keV levels are performed. The average
slow ng-down time is also calculated, which
coinicides with that of Williams [11] in the asymp-
totic approximation.

Let us now consider the integral equation which
describes the neutron slowing down in an infinite
homogeneous medium as

(I —A)y(E) = S(E) (1)
where I is the identity operator and A is the
slowing down integral operator:

Ay= [dE hs(E') {(E' —E) y(E') (2)

where

hs(B') = Zs(E)| 21 ()

and y is the collision density.
If the scattering kernel f(E’ — E) consists of an
elastic and an inelastic part i.e.

f(E'>E)=fe(E'—E)+ fn(E'—E), (3)
then Eq. (1) becomes
(I —de)p(E) — Ainy(E) = S(E) (4)

or
Y(E) — (I —Ae) T Ainyp(E) = (I — 4e) 1 S(E). (5)

The inversion (I — A4e)~! is possible in terms of
Green’s function G (£, Ey), i.e.

(I — de)G(E, Eo) = 0(E — Ey) , (6)

and thus Eq. (5) can be written in terms of Green’s
function of elastic scattering G (E, Ey) as:
Eo
y(E) = [G(E', E) Ainyp(E')

E
Eq

+ [G(E',E)S(E')dE’ . (7)
E
The Green’s function for elastic scattering can be
calculated for the @ — (@ approximation by a method
adopted from Ref. [11] to give, upon neglecting the
contribution of the non-collided term,
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Upon using Volkin’s model
Z OB

for inelastic scattering in Eq. (7), it can be trans-
formed by differentiating both sides with respect to
E to the differential-difference equation

fin(B' = E) = 7 —E — Ey)

E) + G(E, Eo) hin(E, Ex) y (E + Ex)
= —G(E,Eo)S(E). (10)

an V!

This equation is solved by using Laplace transform
to give

dA S(4) e~
Hlemstn) o= hin G (ex, €0) €~

(11)
where ¢ = E|E;.
The poles of this integral occur at

A—G

yp(e) =

(e, €0) hine* = 0. (12)

Graphical solution of this equation for A=0-+1i7
shows that roots can only occur in the following
band of positive 7:
2n4+1)=x
ol T << (13)
Ek Er

An analogous expression holds for negative values
of 7.

One can also show that at least one and at most
three roots occur in each allowed band. It is easily
shown [12] that the allowed band roots must have

o
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Re (1) 0. The location of the roots in the nth zono,
if » becomes large, was predicted as

2 3
limt, = (@n+ 37 (14)
n—oo 17

and g .
! 2n+ 3=
limgp,=—In———. 15
ey Exhin G (ek, €0) (15)

The forbidden regions and location of poles are
shown in Figs. 1 and 2.
If the poles i occur at A;, then the calculation

of the residue of Eq. (11) leads to:
e) =G (&g, 16
R N I
S (1;) e=4;€
ol Z ( t) i )
I + hin G (ek, €0) exp(— Ai &)
The first term represents the asymptotic flux.
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Fig. 1. Forbidden regions.
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Fig. 3. Collision density for one
inelastic level.

This last equation was used to calculate the collision density for the 922 and 865 keV levels of Fe36

(Figure 3).

Application of the same procedure to the time dependent slowing down equation in an infinite

homogeneous medium leads to

G (e, €9) S (%) [

e—ocke

'/’(8) = Zt 7; I + h;n‘G é:ljw

+3—

where oy is the pole of o — hinG (&, o) %€ =0.

—Jj+hinGeH

(— ZJ' + az) (— 1 _hinGe_ak) + <— e —+ hmGe—“k)

o€

, (1)
2

The average time moment reduces in the asymptotic solution to the result obtained by Williams [11]:
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