V \» International Atomic Energy Agency INDC(CCP)-253/L
\n"?ﬁ!‘é’r
INDC INTERNATIONAL NUCLEAR DATA COMMITTEE

EVALUATION OF RESONANCE SELF-SHIELDING FACTORS FOR 238y

IN THE UNRESOLVED RESONANCE REGION

A.V. Komarov and A.A. Luk'yanov

Translated by the IAEA

January 1986

IAEA NUCLEAR DATA SECTION, WAGRAMERSTRASSE 5, A-1400 VIENNA






INDC(CCP)-253/L

EVALUATION OF RESONANCE SELF-SHIELDING FACTORS FOR 238y

IN THE UNRESOLVED RESONANCE REGION

A.V. Komarov and A.A. Luk'yanov

Translated by the TAEA

January 1986



Reproduced by the 1AEA in Austria
February 1986

86-00369



Translated from Russian

(Original paper received on 13 December 1982)
UDC 539.170.013

EVALUATION OF RESONANCE SELF-SHIELDING FACTORS FOR 238U

IN THE UNRESOLVED RESONANCE REGION

A.V, Komarov and A.A. Luk'yanov

ABSTRACT

On the basis of a theoretical model of identical equidistant
resonances for the energy dependence of cross-sections in the un-
resolved resonance region, the authors have parametrized the values
of the resonance self-shielding factors and their Doppler increments
for 238U. They have proposed a method by which the Doppler incre-
ments of the self-shielding factors can be calculated from simple
analytical formulae by redetermination of the model parameters.
Analysing the experimental data on direct and capture transmissions
in the unresolved resonance region, they demonstrate the possibility
of describing those data as a whole and of deriving from them the

cross-section group functionals.

One of the most complex problems encountered in describing the process
of the slowing down, absorption and transport of neutrons in media is to
evaluate the effects of resonance self-shielding in the region of unresolved
levels. Owing to lack of direct experimental information in this region,
various approximations are used to plot the energy structure of cross-
sections. The best known of these are the method of sub-groups [1] and,
abroad, the use of probability tables [2]. 1In the sub-group method, which
was developed by M.N. Nikolaev, any group-averaged functional of cross-section
0-F(o0) (including group-averaged transmissions) is represented in the form
<F(o0)> = EakF(ok); to find it, one needs to specify the sub-group
paramaters akok [1,3]. The advantage of these methods lies in the ease of
their practical use. For example, the sub-group method is used successfully
in the practice of reactor calculations, while the question of the physical
sense of the parameters remains open, their determination requiring special integral
measurements, especially energy-averaged transmissionsas a function of
sample thickness [1-3]. 1In the present paper we propose a method of

parametrizing these data and a relatively simple method for calculating,



on the basis of the transmission parameters, the main cross-section functionals

used in group calculations.

In order to describe the resonance structure of neutron cross-sections,
we use the model of identical equidistant resonances [4], which takes into
account the basic qualitative characteristics of the behaviour of actual
cross-sections. 1In the formalism of the R-matrix theory for nuclei below
the inelastic scattering threshold the total cross-section ¢ and the
radiative capture cross-section o, can be represented by fairly simple

formulae [5]:

: 2
6(E)= €, + 6, (scosp - tg zsing)s/ (st +1gtz) ; (1)
6 (E)= 6, 57 (tg°z +1)/(tg?z + 57, (2)
where z = E/D, E is the neutron energy, D the distance between resonances,
cm the cross-section at the resonance minimum, 00 = OM - Om characterizes

the cross-section value at resonance maximum UM; S =1T/2D is the strength
function and ¢ the interference phase of potential and resonance scattering.
In the case of identical scattering with radiative capture and without the
Doppler broadening of resonances, the parameters of formulae (1) and (2)

can be calculated with the help of the evaluations [5,6]: 6;:(491/x2)(fn//')- p=xR,
S = (H/Z)So/f, where R is the optical radius of the nucleus; S0 the reduced
strength function and Tn and T are the neutron and total widths. 1In a case
where there are several scattering channels, formulae (1) and (2) describing
the total and radiative capture cross~sections are also valid, but in this case
the parameters cm, 00, S and ¢ will be based on the model and can be obtained
from an analysis of experimental data on transmission or by fitting to the
available values of cross-section moments or resonance self-shielding

factors [7,8].

The averaging over energy of formulae (1) and (2) corresponds to
averaging over the period -II/2 £z <1/2 and gives the well-known results for

average cross-sections {9]:
<6> =6+ 6,(sinp + scos?p)/(1+5) = B, + 6, sCOSP/(4+5) ; (3
where Up = Um + Uosin2¢ is the potential cross-section.
Transmission with cross-section (2) will take the form [4,6].
+ .
, (soosq»-tgzsimp)2
T:(exp(—n6))=-i exp(-né,,) exp { -ng,
-%é

et dz.
tg°2 (5)




The cross-section movements are accordingly determined as [6].

(G2 = (6% {s 602/[2(“5)2]}; (6)
<.i> L (sVE, +V6,)(sVE, +VE) .
6’ Ve,6, (sVE, +78)%+6,sin%pu-s?) 7
i | 567
<'_2>=<E>2+ 32 - 2 '
6 2[6N6m] [(sﬁ;\r Y6, +605in2(p(1-52)] (8)
where ¢ = 0 + O .
m (o] m

The values of cross-section moments (6) and (7) characterize the
resonance self-shielding factors which, with allowance for the "dilution"

cross-section OR’ are determined as [3,5]:

ft(6k);4/<6>[<6_:?R>/< ‘ >"6R] ] (9)

©6+65)°

6,
o/l St | (o)

6e
fe(GR)g‘/<69>[<6+6R>/<6:6R>:| ’ (1)

where the subscript t refers to the total cross-section, e to scattering
and ¢ to absorption. The group cross—sections used in reactor calculations
are obtained by multiplying the average cross-sections by the corresponding
resonance self-shielding factors. Addition of the cross-section O in

R
formulae (9)-(11) is equivalent in the scheme considered to redetermining the

o

value of the cross—-section at the minimum oo - o +°R. In this scheme, the
m m

group-averaged capture cross-section on filtered beams as a function of changes

in filter thicknesses is found as
(6, exp(-n6)> = <6, >exp{-n[6,+6,/2]} 1,(n6,/2), (12)

where Io is the Bessel function of the imaginary argument [4]. Here the

effective resonance integral of absorption<oc/o> will take the form
(6,/6> = { (6. exp(-n6)>dn=(e,> /76, 6, , (13)
0 .

and the self-shielding factor f can be represented by the formula [5]



(V6 + V61 )+ 6, sin2p(i-52)
o™ e Ao Tem ey (s

* * *

where ing =0 + o0_,,0.,=0 +0_ the dilution cross-section O_ has been
m m R M m R R

taken into account.
On the basis of the definition of fC and fe in (10), (11), formulae

(13), (14) and relation <0C/0> + <Oe/0> =1 we find

656,05 =1/ (8,) fut <65+ 6) = [1/Vom(Gnr 633] fe (15)

or for zero dilution (oR = 0)

1/V6,6, =<1/67f. = [’/«Gc>fc+<66>fe)]fc . (16)

Formula (14) for calculation of the capture resonance self-shielding
factors describesthe absorption by one system of resonance levels (for example,
with £ = 0). 1In the case where several systems of resonance levels have to be
taken into account and one of them is predominant, the capture self-shielding

factors can be calculated as [5]:

fc-fc'{« 6,50/ <60 + [1-K6.0 /6 or /6 57 | an

where <°cs>/<°c> characterizes the contribution of the S-wave (main system

*
of resonance levels) to the average capture cross-section; fC is calculated

by formula (14); a;, f:, <o*> are calculated with allowance for the

dilution cross-section °R by redetermination of the parameter ° .

Consideration of the Doppler broadening of resonances

The influence of the Doppler broadening of resonances on the shape of
the resonance curve (which can be neglected in the case of some structural
elements) is very substantial in the case of heavy elements. At present,
the classical scheme for describing such an effect is to use the Maxwellian

distribution for the velocities of the nuclei in the target [9]:
F(E')AE" = (1/¥T a)exp[- (E'- E)Y/a?]dE" , (18)

where & = 2/KTE/(A+1) is the Doppler width, k the Boltzmann constant and
T the absolute temperature. The use of the Maxwellian distribution to

describe resonance shape gives us the well-known functions ¥(§,x), X(&,,x) [9]):
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¥, x)=

2 °§° exp[-63-yay

VT
(19)

oo f- 72 }

T yexp[-£2(x-y)?

1+y y )

Here [, =YA/2A, I'y being the natural resonance width. For example, in the
case of the single-level Breit-Wigner formula for the total neutron-nucleus
interaction cross-section which takes into account the interference of resonance

and potential scattering (¢#0), we get

6(E)=6,+ 6, [we,, :r)cos2q>~X(§1,::)§i.n2(p]. (20)

where X = Z(EA-E)/FA .

Applying distribution (18) to cross-section (1) (which gives the

Breit-Wigner formula for S<<1) we obtain
S o2y °§e:tP(-':'Ei> dx
YT A \) a2 52+t92 [sz(E+x)/D]

G(E)= 6m+6°s'mch+

6,ssin2 d a(E+x)/D
B R Oy [l 2) 0 -

v A s +tg [SI(E+:I:)/D]

As will be seen from formulae (19)-(21), the application of the
Maxwellian distribution leads to integrals which are fairly complex for
practical use, while if the model resonance parameters om, ¢, S, oo are used,
the accuracy with which the Doppler broadening of resonances can be described
using the functions W(&; T X(&;,x) - will not be very high. A more rational way
of considering the Doppler broadening is to redetermine the parameters Gm, ¢, S,oo
so that the temperature dependence of the resonance structure of cross-sections
can be described more efficiently. Assuming that the temperature broadening does
not affect <o> (3) and Op = Om + Oosin2¢, we come to the conclusion that only two
of the four parameters need to be redetermined. There are several methods for
such redetermination. For example, we can calculate the strength function
as Se([+2)/2D=§("+38)/T, where the relationship between A and A (Doppler width)
is considered in Ref. [10]. With the norm W(CA’X) remaining constant, we can
redetermine the parameter 60:8;)‘60 Y(¥V2'€,0)[4,11]. Given this redetermination,
the parameter ¢ can be left unchanged. The accuracy of such redeterminations
was studied in Refs [10,11]; 1in this case the Doppler changes in the effective

resonance integral <oc/o> are described satisfactorily, while the description



of the Doppler increments of the self-shielding factors ft and fC is less

satisfactory.

The calculation results show that, when the model parameters are used,
a satisfactory agreement with the well-known values of the Doppler increments
of the resonance self-shielding factors is achieved by a redetermination of the
form

60-601},(4)0); (22)

6, =(6,,+ 6,)sin*¢/(26% +sin’g). (23)

Formula (22) reflects a reduction in the resonance maxima during the
Doppler broadening (see expression (20)), while formula (23) approximately
describes the temperature dependence of the cross-section Gm at the minimum.
For a specific case in practice, where we know the value of parameters o 9o )
and also op at a certain temperature (for example, 300K) formulae (22) and

(23) will take the form

6, =6, ¥(&,,0)/[¥(&.0)] 5 (24)
G = 6,-(6,-6,) {15 £2e? /l4€262 + k(268 - 262 )]} . (25)

Here K = (6,-6,,)/6p i E.=T/2a, (b is the Doppler width at the
temperature sought T; [=2Ds/q); E=T/2a (b is the Doppler width at the
initial temperature, for example 300K). After the parameters Em and 50

have been determined, § and ¢ can be found from the conditions
¢ =awsin(V6,~ 8.’ /6,); - (26)
§ = (<6>-6,)/(6, 0525 + 6,- <) . (27)

It is possible to redetermine parameters (25)-(27) both in the case
of single-channel scattering with radiative capture, when parameters 0, ¢, S
are well known, and in the case of model parameters. Redetermining parameters
00 6> S, CIN for different temperatures, by formulae (9)-(11) we can then
calculate the Doppler increments of the resonance self-shielding factors with

an accuracy good enough for practical applications.

Parametrization of the values of self-shielding factors

The calculation of self-shielding factors, their Doppler increments

and the transmissions for different thicknesses in the case of elastic



scattering and radiative capture can be illustrated conveniently if we use
the isotope 238U as an example [12]. For this isotope the experimental

data on transmission were analysed and the available values of the resonance
self-shielding factors were parametrized; since this particular method
involves averaging over a large number of resonances, the analysis was

performed in groups 10-16 of the BNAB-78 26-group system of constants [3].

In order to parametrize resonance self-shielding factors with
simultaneous solution of the corresponding equations, we determined the
parameters Um, ¢i S, 00. In groups 10-14 we used the equations for
<o>, <1/0>, <1/0"> (see formulae (3), (7) and (8))and 6F==6hr+@%sin2¢.
For cp we took the value of 10.9 b recommended for the unresolved region
[3,12]; <1/o> was calculated by formula (15) for zero dilution and
<i/6%> '(4/<6>)/[<6>ft(0)]' The values of fc’ fe, ft’ <oc>, <oe> , <o>
were taken from Ref. [3].

The four equations with four unknown quantities were solved with the
aid of the FUMILI and NEWTON programs from the BEhSM-6 computer library.
The FUMILI program fitted the parameters by the least-square method [5-7],

and the NEWTON program solved the four equations with four unknown quantities

by the Newton method of solution of a system of transcendental equations
[8,13]. The results of these programs were in agreement. As was shown by
the calculation data, the value ofop in groups 15 and 16 was somewhat higher
than 10.9 b; in these groups the contribution of the p-wave to the average
capture cross-section was small [14,15]; as the fourth equation, instead of
op, we therefore used /G;TG;:E:), which was calculated by formula (16) with
the data of Ref. [3]. The set of four equations was solved with the two

programs and, as in groups 10-14, the results tallied.

In Table 1 the numerator gives the values of parameters 0, © S, o,
obtained by solving the set of four equations in groups 10-16, and the
moments of the cross-sections <g>, <02>, <1/0>, <1/o2>ca1culated from them
as well as the self-shielding factors ft’ fe and fC for zero dilution OR?
(formulae (3), (6)-(11)); the denominator contains the resonance parameters
and group reactor functionals obtained fram the analysis of data on direct and capture transmissions.
Table 2 presents the dependence on the dilution cross—section UR of the resonance self-shielding
factors ft’ fe and fC found by formulae (9) and (11) with the use of the derived parameters, in
comparison with the data of Ref. [3]. 1In groups 13-16, fC was calculated
by means of formula (17), the contribution of the S-wave to the average
capture cross-section being taken from Ref. [15]. In groups 10-12 the

contribution of the resonance levels of the p- and d-waves to the capture



Table 1. Average resonance parameters, cross-section moments and self-
shielding factors for groups 10-16.

2, (2 2, 2
SZ?UP 6,60 ¢ s 6, 6 |<6>, 6 [<65,6°ki/o>s7Tki6%,67% 4, fe fe
10 [9.32 |0.305 | 0,217 | I7.51 | 13.464 |203.6 |0.0814 |0.00707 |0,777 | 0,855 | 0,917
6,57 | 0,506 | 0,177 | 24,36 | 14,24 |240,6 |o0,0825 |0,007%61 |0,85 | 0,702 | 0,85
11 |s,J9 |31 | 0381 | 28,76 | 14,48 | 263 |0.082 |0.0075 |o.701 | 0,755 | 0,845
5,59 10,417 | 0,073 | 42,26 14,47 266 0,082I 10,0077 0,744 | 0,734 | 0,84c
12 |2.76 | 0,270 | 0,765 | 41,52 | 15.88 {356,5 {0.08II |0.0076 |0.631 | 0.672 | Q.75
3,98 |0,532 |0,0533 | 34,5 | 13,7 |21¢,5 |0,0831 |0,00207 }0,972 | 0,568 |C,75
13 (519 {0.281 | 0,347 | 74,13 | 18,95 |675,5 |0.0€85 |p.01045 [0.477 | 0,449 | 601
I,91 )0,316 {0,0362 116 16,39 (495,8 10,09 0,0I31 0,741 | C,665 | 0,€73
14 375 | o7 lo.0s54 | 229 | 22,18 | 175 |0.0973 |0.0114 {0,318 | C.33 474
4,75 | 0,163 {0,0548 {229,5 | 22,07 | I784 {0,0823 |0,011I }0,325 | 0,377 | 0,500
15 |3,I5 10Q.000710,0108 | JO97 | g3.%2 | 6951 10,0888 10,01026 10,182 | 0,365 | Q0,522
4,93 | 0,0859]0,0147 | 8II | 22,48 | 5206 |0,092 [0,00993 |0,I71 | 0,412 | 0,538
16 |5.6 | 0,0c66|0,00636| 1629 | 23,03 | 8880 |0.0786 |0,00887 {0,133 | 0.497 |0.656
6,32 | 0,07130,012¢ 840 21,02 4910 {0,09II j0,00822 |[0,I50 | 0,465 [ 0,61t

cross-section is large and approximations of formula (17) are not valid
[5,14,15]. 1In these groups the capture resonance self-shielding factors
were calculated by formula (14) with allowance for only one effective system
of resonance levels; this evidently accounts for the disagreements with

the data of Ref. [3] although the derived values lie within the existing

scatter of evaluations of fC in these groups [3,12].

For parameters ° 5 O S and ¢ (see the numerator in Table 1) in groups
10-14 we carried out redetermination as a function of temperature using
formulae (24)-(27), and calculated the Doppler increments in the resonance
self-shielding factors for the total capture and scattering cross-sections;
these are given in Table 3 for comparison with the data of Ref. [3]. The
relative error in these data, apart from the values for fC in groups 10-12,
where the fc values themselves differ, does not exceed 50% (mainly not more

than 10-20%), i.e. it is of the same order as the accuracy of those data
[3,12].

As can be seen from Table 1, the values of o in groups 10-16 and 9y
in groups 10-14, which were obtained as a result of parametrization, agree
satisfactorily with the minimum and maximum values of the total cross-sections
in the respective groups [16]; here 00 is described approximately by the
dependence Gos(l.sz/kg)(l'n/l')l}f(q,o) for the strongest resonances, while
o  mowhere drops below the value o= QHRZ(TY/T), where T, and T are the

radiative and total neutron resonance widths in the group. Parameters S

10
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Table 2. Resonance self-shielding factors for 238U at 300K.
Group fs for 65, equal to Je far Or, equal to fe for 6, equal to
No. 10000 | I000 | OO 10 0 10000 | I000 | IO0O 10 0 10000 | IuoO 100 10 0
10 - 0,997 | 0,973 | 0,901 | 0,855 _ 0,998 | 0,987 | 0,947 | 0,917 _ 0,996 | 0,962 | 0,851 | 0,777
(0,997) |(0,974) | (0,907) | (0,855) (0,998) |(0,986) | (0,946)|(0,912) (0.998) | (0,988) |(0,948) |(0,91)
0,995 | 0,993 | 0,944 | 0,821 | 0,755 - 0,99 | 0,972 | 0,898 | 0,849 | g0 | 0,992 | 0,937 f0,78 | 0,701
I )(0,999)|(0,901)}(0,936) | (0,828) | (0,755) (0,995) |(0,963) | (0,880)|(0,844)| ~° (0,996) | (0,968) |(0,884) |(0,83)
12 (0,999 | 0,97 (0,908 | 0,746 | 0,672 | 0,999 [ 0,99 | 0,953 | 0,847 | 0,785 0,999 [ 0,988 | 0,908 [ 0,72 | 0,631
(0,998) |(0,978) |(0,882) | (0,756) | (0,672) |(0,999) |(0,989) |(0,93) |(0,832)](0,78) [(0,999) |(0,990) |(0,929) |(0,795) [(D,713)
13 0,997 | 0,968 | 0,805 | 0,56 0,449 { 0,998 | 0,984 | 0,894 | 0,706 | 0,6 |0,985 | 0,965 | 0,833 | 0,585 | 0,477
(0,990) |(0,917){(0,724) | (0,581) |(0,447) | (0,995) [(0,955) |(0,8II) | (0,674)|(0,603){(0,995) |(0,954) | (0,791) [(0,592) {(0,S0I)
0,968 | 0,905 | 0,642 | 0,44 0,33 | 0,994 |o0,952 |0,775 | 0,576 | 0,474 | 0,983 | 0,913 | 0,631 | 0,376 | 0,318
I4 {0,977 |(0,846)|(0,609) | (0,477) | (0,384) |(0,988) |(0,913) [(0,718) |(0.579)](0,479)|(0,988) |(0,903) |(0.625) [(0,377) |(0,285)
0,952 | 0,756 { 0,564 | 0,464 | 0,365 | 0,979 | 0,871 | 0,695 | 0,588 |-0,522 | 0,946 | 0,703 | 0,330 |0,I83 | 0,I82
IS |(0,968) |(0,800)|(0,556) | (0,461) |(0,385) |(0,968) |(0,891) |(0,686) | (0,572)|(0,522)|(0,979) |(0,84) |(0,471) [(0,239) |(0,183)
0,939 | 0,743 | 0,6 0,537 | 0,497 | 0,977 | 0,87 | 0,756 | 0,688 | 0,656 | 0,929 | 0,626 | 0,269 | 0,146 | 0,133
16 (0,957 (0,777) |(0,526) | (0,537) | (0,497) |(0,966) |(0,889) |(0,746) | (0,681)|(0,656)}(0,962) | (0,75) | (0,358) |(0,I71) |(0,133)

N.B.

The data from Ref. [3] are given in brackets.
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Table 3. Doppler increments in the resonance self-shielding factors for groups 10-14 for 2380.
Group | 2 af, for Sg+ equal to ofe for Sz + equal to af. for 65,4 equal to
No. 1000 100 10 0 1000 100 I0 0 1000 100 10 0
0,0017. | ,0,0136 | 0,0442 | 0,0585 | 0,0008 | 0,0066 | 0,0252 | 0,0372 | 0,002 0,02 072 0,102
10 | [€0,00II) | (0,0082) | (0,0275) [ (0,0456) |(0,0005) | (0,0043) | (0,0I58)|(0,0252) | (0,0005) | (0,0084) {67551 (o .0321)
a, | D,0007 | 0,006 | 0,022 | 0,0302 | 0,0003 | 0,002 | 0,01 | 0,0I67 | 0,0014 | 0,012 | 0,05 0,0779
2 (o.oooe) (0,0057) | (0,017) (0.0264) (0,0003) | (0,0025) | (0,0097)(0.0I52) | (0,0002) [ (0,002) [ (0,0088) | (0,0143)
0, 0,027 | 0,074 | 0,094 o,0018 | 0,013 | 0,0463 [ 0,066 | 0,0037 | 00,0285 0,085 [ 0,I09
oo Bl L2 835 | (0:0% | 6:5%s | 0:0028) |(0:0019 | (.01 | (:068) | B:05% | (B:001% | (S:023)| 8:08m | (3:0%8s)
a. | 0,006 | o012 | 0,036 | 0,043 | 0,0007 | o0,0057 | o,02 | 0,0278 { 0,0022 | 0,08 | 0,067 | 0,094
2 {(0,00Is) {(0,01I) | (0,0272) | (0,0374) |(0,0008) | (0,006I) | (0,0I76)|(0,0243) | (0,0007) | (0,0057)] (0,02I3) | (0.0327)
a | 0,006 | 0,0383 | o,0757 | 0,0845 | 06,0028 | 0,020I | 0,053 | 0,068 | 0,006 0,0428 | 0,107 | 0,124
12 + |(0,0081) | (0,033I) (0 0451) (0,0718) | (0,0042) (0 0214) (0,037) |(0,0457) | (0,0044) | (0,0276)| (0,0649) | (0,0807)
0,0029 | 0,0213 0,058I | 0,00I4 0,0324 | 0,0421 | 0,0032 | 0,0253| 0,0837 | 0,112
42 |(0,0045) | (0,0222) (0.0356) (0,0467) | (0,0023) (0.0135) (0,0272) | (0,0334) | (0,0022) | (0,0I58)] (0,0433) | (0,0573)
0,0I 0,067 | 0,086 | 0 . 0.9 1 0076 | 0,092 | 0,012 . 0,I25 | 0,124
no |G 66 |cish QR &8 | &8 [8:5% (S8 [ &:5B | G5 |68 | 8:5h
A 0,044 | 0,052 0.0677 0,0034) | 0,024 | 0,055 0.0646 | 0,006 0,0428 | 0,112 | 0,I
2 (0.012) (0,038) | (0,037) | (0,055 (0,006 (0,027) |(0,036) |(0,041 (0.007) (0,036) | (0,07) | (0,08
0,0342 | 0,0652 0479 | 0,0744 | 0,0I76 | 0,0533 | 0,0526 | 0,0653 | 0,033 0,102 | ,0,09II | 0,0630
14 84 1(0,0404) | (0,0408) (0'0257) (0,0853) (o O?AS) (0;0411) | (0,0293)(0,0442) | (0,033) | (0,083) (0 0771) (0,0641)
a. | 0,0203 | 0,0616 | 0,0559 | 0,0648 0,0429 | 0,0566 | 0,0645 | 0,07 0,074 0,0755
2 {(0,0285) | (0,0407) | (0,0274) | (0,1048) (0.0155) (0,0367) [ (0,0307){(0,0418) | (0,020) | (0,065) (0.0731) (0,0697)

N.B. The data from Ref. [3] are given in brackets (A1 = £(900K) -~ £(300K), a

= £(2100K) - £(900K).



and ¢ are sensitive to the Doppler broadening of resonances and are based

on the model.

The parametrization method considered is clearly inapplicable to small
S and ¢ and to large o (which corresponds to groups 17-22) since for these
values the error in calculating functions ¥ and X will be large and cross-
section (1) is described by the approximate dependence o(E) = o + OOS/(thZ + 52y,
In this expression there is a very strong correlation between 00 and S, and

in groups 15 and 16 these parameters can no longer be regarded as independent.

Analysis of experimental data on transmission

With the help of the four paramters Om, %, S, 00 we can calculate
not only the self-shielding factors together with the Doppler increments
but also the transmission data [5,12]. As an example we analysed the
experimental data on the total and capture transmissions (formula (5) and
(12)) in groups 10-16 for 238U. In groups 10 and 11 we analysed the data
contained in Ref. [17], and since transmissions are given only for small
thicknesses, we also added the data of Ref. [18]. 1In groups 12-14 we
analysed the data on direct and capture transmissions of Ref. [18]}; in

groups 14-16 we used the data from the ENDF/B library for calculation of the

direct and capture transmissions by the URAN program [19].

The parameters %“ ¢, S, 00 of formulae (5) and (12) were fitted to
the respective experimental data with the help of the FUMILI library
program on the BEhSM-6 computer by the least-square method. In the FUMILI
program, a corresponding statistical weight can be assigned to them,
depending on the existing accuracy of experimental data. A large error is

typical of capture transmissions.

The results of fitting transmissions in groups 10-14 are given in
Fig. 1, and those for capture transmissions in groups 10-16 in Fig. 2.
The parameters 00 ¢ s, % obtained from analysis of the experimental data
are given in Table 1 (denominator). From Figs 1 and 2 it will be seen that
the data of Ref. [18] lie above the results of fitting transmissions for
large thicknesses, and this may be due to the influence of secondary neutrons [20]
and background. At the same time, the data on direct and capture transmissions

contained in Refs [17,19] are described satisfactorily by formulae (5) and (12).

For the parameters o1 & S and % obtained from analysis of
experimental data by formulae (3), (5)-(7), (9)-(11) we calculated the
values of <o>, <02>, <1/0>, <1/o2 >, ft’ fe and fc (see Table 1, denominator).
In the case of parameters of groups 15 and 16, by means of redetermination on the

basis of formulae (25)-(27) we calculated the Doppler increments of the resonance
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Fig. 1. Experimental and calculated values of transmissions T(n)
as a function of thickness n in groups 10-14 for 238y, x - data
from Ref. [18]; A - data from Ref. [17]; o - data from Ref. [19];
~ - values calculated by formula (4); — - exp(-n<o>).

ﬂn)

{ hGr. 104 Cr.11 Gr.12 Gr.lﬁ Cr.14 Cr.15,0Cr.16
(1}
06
o x
a4 )
a ®
02 x
‘—l—d—-

t2 LI 3 12 12 1

2 LI 4 f n,on

Fig. 2. Experimental and calculated values of capture
transmissions T _(n) in groups 10-16 for 238u. x - data
from Ref. [18];c A~ data from Ref. [17); o - data from
Ref. [19]. —~ ~ values calculated by formula (12).

self-shielding factors ft’ fC and fe’ which are given in comparison with the
data of Ref. [3] in Table 4. It is seen from this table that the error in

calculation of the Doppler increments does not generally exceed 15-20%.

The parameters of the method proposed for analysing experimental data
on direct and capture transmission are very sensitive to transmissions for
large thicknesses. This applies most to the parameters cm - the value of
the group-averaged minimum cross-section. By analysing the experimental data,
we can find the values of this and other parameters with fairly high accuracy

and calculate the transmissions for any thickness [5-7]).

Here it is significant that the direct transmissions can be used to

obtain the capture transmissions only on the basis of data on average cross-
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Table 4. Doppler increments in resonance self-shielding factors for groups
15 and 16.

CroupA af. for 6g, equal to af, for 65, equal to| af.for ©6,,equal to
No. 10000 | 100 0 10000 | 100 0 | 10000 10 | o

A 0,0142 0,0901 0,031II }{ 0,0I48 0,035 0,0343 | 0,0065 0,0393 | 0,0293
15 ! | (0,0082) | (0,0945) | (0,0407) |(0,01I4) |(0,0394) |(0,0585)|(0,0055) | (0,0425) |(0,0299)

A 0,0072 0,0786 0,034 0,0078 0,0382 0,0332 | 0,0034 0,037 0,0324
2 | (0,0045) | (0,082) | (0,050) [(0,0066) |(0,0432) |(0,0385)](0,0032) | (0,0402) {(0,0274)

a 0,0152 0,005 0,038 | 0,0I%4 0,032 o,0131 | 0,0063 | 0,0343 | 0,040
' | (0,0146) | (0,0841) | (0,0281){(0,0155) [(0,025) [(0,0203)|(0,0068) | (0,0262) {(0,014¢)
a o,0076 | 0,077 | 0,037 | 0,0082 { 0,0363 |{ 0,024 0,0033 | 0,0336 | 0,0248
2 | (o0,0078) | (0,0773) | (0,0348) {(0,0087) |(0,0284) |(0,0I72)|(0,0037) | (0,0259) |(0,0143)

16

N.B. The data from Ref. [3] are given in brackets.(b1 = £(900K) - f(300K);

Az = £(2100K) - £(900K)).

sections <%;> [5]. Unfortunately, there are no reliable experimental data on
the direct and capture transmissions for 238U over a wide range of sample
thicknesses, including the biggest, which could show all the advantages and
disadvantages of the proposed method. However, it can be concluded that the
method is fully applicable to the region of unresolved resonances and can be
employed to describe the experimental data available here. The situation is
somewhat less favourable in the region of resolved resonances, where analysis
of transmission data can be further complicated by the strong correlation of
parameters S and <%. A more correct method which can give values of S, ¢, o
agreeing with the respective theoretical evaluations would obviously be to use,
for the cross-section, formula (21), which takes proper account of the effect
of the Doppler broadening of resonances; however, it would give rise in the

analysis of transmission data to computational difficulties.

The method we proposed for analysing experimental data brings out the
importance of new experimentation on total and capture transmissions for
. . 238, . . .
large thicknesses in the case of U if we are to refine the data in the

unresolved resonance region.
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