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Abstract: The basic agssumptions of the statistical model are well determined, but
there exist some difficulties in the practical calculations of the resonance cross
sections. An anslytical method of resonance cross sections averaging with account
of interference and level width fluctuations at an arbitrary ratio level width to
mean spacing has been developed. The expression for radiative capture cross gection
was obtained under certain approximations as a twofold integral which has to be
calculated numerically. The appropriate computer COD was prepared. The case when
radiative capture is the unique concurrent of the elastic scattering has been in-
vestigated and the values obtained for radiative cross section are in a good agree-
ment with the Monte Carlo results. Further improvements of this method consider the
two~ and more chennels case and the practical scheme for calculation of the trans-
mission exp(-no°) and other cross section functionals as group constants for react-
or calculations. The cereful analysis demonstrates the‘advantages of this method in

precision and conversion.

(cross section, neutron resonance, level interference, analytical method)

The data for averaged values of
transmission (exp(-n6)) and selfin-
dication {Opexp(-n0)y cross sections
on energy intervals (groups) in depend-
ence of the sample thickness n are of
great importance for the resonance neut-
ron transport problems. From theoretical
point of view, the model of resonance
structure containing all basic peculiar-
ities of energy dependence essential for
the transmission is needed for the de-
termination of these values, especially
in an unresolved resonance region. The
correct description is important not only
for the resomance maxima, but also for
the interference minima. Evidently, this
is possible only in the frame of multi-
level approach.

The model proposed here uses a
simplified version of R-matrix formal-
ism. At present, it is limited only by

the case of one level scattering in com-
petition with the multilevel radiative
capture (nonfissile nuclei). The energy
structure of the cross sections in the
case is determined by the function /1/

R(E)=%§ n/(Ex-E-4ifp/2) (1)

where [, are the neutron widths, £, -
energies of resonancesA( [y -~ radiative
width to be chosen equal for all A ).

lans E) » [ are parameiers in such a
scheme.,

The collision function S(E) and the

cross sections 0'(E) and Oy (E) are express-
ed through R(E) as /1-3/:

S(E) =
~2if [ 2
1 - iR(E)

_1],
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Op=4 - 151%=

20 (R*-R) /14~ 4RI (4)

For determination of the average
(for many resonances in the group)
values of eross sections functionals
{F(0)) or (F(R)?, the well known sta-
tistical distributions of resonance
parameters R(E) (eq.1) are to be used.
In the present work we suppose that the
level spectrum is equidistant, namely -
E).Eou\p, where D is the mean level
spacing. The possible effect from the
level spacing fluctuation in ( F(R)) is
taken into account by redetermination
of parameter Iy in eq.(1) as My * [y +4
where & is the dispersion of (Ex-Ei -1)
values distribution /4-5/. Themn R(E) cen
be written as /3/:

Xa

R(E)= 5.).Z=-oo£ +Ja- oy

(5)

Rq +4 Qz
where 5=Tlﬁ,/2o . y:fll’;/zo » & =JI(E-El)p
end the values %= rm/,—n are distribut-
ed as Porter-Thomas statistical law:
- '5/2

4
YQ_.H; e dx (6)

P(ac) dc =

The average for a group containing
a great number of resonances is deter-
mined as

<F(W:” : M
g Sae [1 ) Fls2 55 s

For many functionals F(R) the
many-fold integral (7) can be analytic-
ally calculated /3/

<eLta> -

(8)

[

oL Sin (E-L %) £
Sin (E—-Lg—Zi,St)

CTEN

.
P)
st

P

Q

K. A
(7% >);(4fs ) (9

0=

Y [sbnzr’ + 5_—5 05 2*(’] (10)

A more complicated expression for the
many-fold integrals (7) is obtained in
the case of functionals depending on
both R and R, for example (Ty)(4).

We determined the functional:

i (Rt~R™)

) =

S“/;LE’ [s&n(&—«;q)%n(ﬁ-&!ﬂ 1
$an (£-4p) st (e+i9q)

F=<e
(11)

P=§+s(t-t)

§=5=50t-t) (12)

£ 52(t+t'J2+ 2 S%(t—t') +\32

for which the presentation through full
elliptic integrals exists of III order
/5/.

The average radiative capture cross
section (4) can be written as:

{OyY=
@ _(t+t)

-2 % S dedt (F+ 2y ) Flt.t)
The derivative is expressed through
an elliptic integral of II order

13)

2

(9t at)F(t t) = I
14

usy Y sh(prg)sk(g+y 2V

n¢ 5h 24 (i‘ k) (4+lvo )
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where
¢ < \Lskle-2)5h(5-¢)
b osk(pg)shigry)

(15)
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<é"r)/ O—’r in dependence of Sy/Sn for different values of I3 /D

The ratio (0})/ O0v , where Oy is
the average cross section, without tak-
ing into account the widths fluctuations
(the result with Xy =1 for R(E) (eq.5)
/2/), 1s presented on the figure. The
results of calculation of (0p) in the
frame of our model (13) are compared
with the same value obtalned by the
Monte-Carlo method /3/. The figure shows
good agreement between values obtained
by both methods. The careful analysis
demonstrates the advantages of this me-
thod in precision andConversion which is
confirmed by numerical computer calculat-
ions.

Purther improvements of this method
consider the two and more channels case
and the practical scheme for calculation
of the transmission exp(-n ) and other
cross section functionals as group con-
stants for reactor design.

The transmission averaged on energy
group can be presented as

T= {exp(-n0)y = é%uf;(gb +§_:)7 (16)

where A = 4n cos?Y , B = 2n32LP .
g = (1 = iR) (eq. 3).
Using the Laplace transformation

/5/
7% 3 jbl,(z@c) e dt  am

one obtains

—-—

b . (18)
ehf 5 o+t T, (208t )T, (2 W)x
6 0

X P(tIt'}
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where .
P (t,t') = <%?" e g'tg' ¥ t} =

) o3
€ [%w TR T

(19)

For the selfindication cross sect-
ion in our model, the following express-
ion can be obtained (3) (4):

<0’r epp(-no')7 =
s @ _ '
2t | [ dear & U, (o)
° (20)

X Io(ZVEFP)

where the derivative is determined by
the relation (14).
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