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Abstract

Principles of cross section evaluation

Evaluation consists in the derivation of complete easily interpolable
sets of "best" values of microscopic cross sections and parametric data
from available experimental and theoretical informations in the energy
range O to about 15 MeV and the estsblishment of corresponding corputer
nuclear data libraries for further use in reactor calemlationss Gaps in
the experimental information can often be filled successfully by nuclear
systematics or parametrization of some nuclear theory or model like
statistical reaction theory, optical or evaporetian model, The main
difficulty in evaluation consists in systematic discrepancies outside
experimental error between different experimental data sets, vhich only
sometimes can be resolved by renormalization. Beside the differential
experimental deta in some cases "clean" integral data which allow
univogue conclusions to the nuclear data involved are used in the
evaluation., The reliability of evaluated nuclear data sets can more

and more be assessed by comparison of calculated and measured integral
data e.gs from critical facilities, CGenerally the feedback from these
"dirty" integral data to differential data is not univoque and therew
fore g thorough review of the basic microscopic data most probably ine-
volved preferred to a computerised data adjustment that may be physically

incorrect.
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The field of evaluation of neutron cross sections has its origin in the
reactor theory, As is well known the reactor theory deals with the solution
of the Boltzmann neutron transport eguation and of equations derived from
it in various approximations in order to describe the neutron physical be=
haviour of nuclear reactors including safety coefficients like the Doppler
coefficient. In these equations neutron cross sections enter as continuous
functions of neutron energy and angle and other energy dependent data like
fission spectra and numbers of prompt fission neutrons, resolved and
statistical resonance parameters, As the modern computer capabilities allow
and force increasing refinements of the reactor theory methods which have
to be considered in parallel with steady refinements of the reactor physies
measurement techniques, more and more detailed and reliable values have to

be prepared for these nuclear dsta.

Every’evaluation of neutron nuclear data for a given element or isctope today
has therefore to fulfill the following general requirements. Reactor neutrons
cover energies between about O and 15 MeV, In this energy range no reaction,
the neutrons can undergo from physical grounds, can be left out in an evalua=
tions TFurthermore, as the reactor physicists are interested in the detailed
description of thermal as well as intermediate and fast reactors, an evaluation
has to consider the subranges of thermal, resonance and fast neutrons in
corresponding similar detail. Therefore, the density of the energy and angular
mesh points, at which the nuclear data have to be evaluated, has to be as
great as to describe the functional dependence of the data in a physically
satisfactory almost monochromatic way so as to allow an as simple as possible
interpolation between neighbouring data points. Linear interpolations on

- log=log, log=linear or linear=-linear scales are most frequently used. In the
regions of isolated narrow resonances, vhere in a double=linear intervolation
scheme thousands of data points would be needed for a satisfactory represen=
tation of the cross sections, a parasbolic interpolation appears to be more
appropriate and helps to spare computer storage. Perhaps in the computers

of the third generation with their very large storage capacities this
restriction can be omitted and the double linear interpolation scheme be
adopted throughout. In those special cases in which a cross section or s
distribution can be parameterized in a simple and univoque Way as €.g. in
the case of a pure one level BreiteWigner cross sectiong it could suffice

to evaluate and store only the parameters. For checking purposes, however,

it is advisable to store not only the parameters, but also the data points:
group constants for example should come out the same, vhether they are

caleulated from parameters or from data points. According to the different



cross section behaviour, particularly in the thermal and resonance regions,
the energy subdivision will obviously be different for each element or

isoctope.

In order to fulfill these requirements the evaluation physieist has to
consider all available sources of information, to assess critieally their
reliability and value and to derive, by selection, averaging, inter- or
extrapolation or other relevant methods, from the available informations a
univoque set of so=called "best" datas. The informations which are mseéd in
evaluation come from nuclear data measurements, nuclear theories or models
and from nuclear systematics. The main basis is the experimental information
like measurements of cross sections as a funetion of the neutron energy,

of angular or energy distributions in elastic or inelastic neutron scattering
and theoretical interpretations of measurements like the derivation of
resonance parameters- from measured resonance cross sections, or the inter=
pretation of measured inelastic scattering distribution in terms of nuclear
temperatures. In the case of gaps or discrepancies in this basic informstion
recourse must be held to some nuclear theory or model or nuclear systematics
considerstionss In the following we shall briefly discuss the principal
methods used in the evaluation of neutron cross sections and parametric:
data in the ranges of thermal, resonance and fast neutrons. For simplicity

we shall confine our discussion to medium weight and heavy nuclei.

The thermal energy range, with the exception of the rather complex thermal

scattering laws, which we omit from our considerations, presents only minor

difficulties in evaluation. To begin with medium weight and nonfissionable

heavy nuclei, generally pointwise Op data and ¢ values as averages over

thermal reactor spectra mostly reduced to thermal energy (0.025 eV, the
most probable neutron energy in a pure Maxwellian neutron spectrum at room
temperature) are available from experiment. The remaining data are easily
derived in the following way. In many cases the capture cross section in
the thermal range follows a pure 1/ve=law. This 1/v=law valid for positive
as well as negative energy resonances is easlly derived from resonance
theory under the conditions that the resonance energies Er are sufficiently
far apart from the thermal range, that the resonance half widths are small
compared to Er’ and that many exit channels are available in resonance
capture, which lead to a cancelling of interference terms between different
capture resonances and channels. The proportionality constant in the 1/v-law
is fixed by the "best” value of the capture cross section at thermal energy

which can be obtained by weighted averaging of the individual experimental
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values, If the above first two conditions for a 1/velaw are not fulfilled,
but still the third one, vhich is certainly the case for nonemagic nuclei,
ises 1f the resonances come close to thermal energies, then the cross sec=
tion in the thermal range can be calculated from one level Breit-Wigner
eontributions of all known positive s~wave resonances (the contributions
of higher l-wave resonances tend to zero for decreasing neutron energy)
and of one assumed negative resonance, The neutron width and the position
of the negative resonance can be fixed by fitfing the cross section con=
tributions of the negative resorance to the best values of the thermal
total and capture cross sections. The capture width of the negative re=-
sonance can generally be chosen as equal to the average value obtained
from the measured FY of the positive energy resonances, vhich according
to the third condition above obey rather narrow distributions., Best

values of GT(E) are obtained by simple averaging of the experimental

values anchJE) as the difference cm(E) - cy(E).

For the most important fissionable nuclei generally pointwise and thermal

experimental values for Ops Ops @ (or n) and occasionally pointwise 9,
values are available, from vwhich one has to construct an internally consistent
set of "best" cross sections as a function of the neutron energy, Obviously,
the evaluvation procedure to b; chosen devends on the availlable data types.
Host commonly cT(E) and cf(E) can be fixed by averaging exverimental

data, cn(E) be derived from experimental data or from resonance theory,

gy(E) be obtained by subtraction and o{E) as the ratio cé(E)/of(E).

The quantity n important for the determination of the fuel conversion
capubility of a reactor can then be calculated from o and best values of V
vhich in turn can be derived from direct measurements at thermal energies.
According to the most accurate available measurement due to Bollinger et al,
[1] on o(E) of pyp23?

region and ecusl to the thermal value within experimental limits which are

at thermal and epithermal energies, v is constant in this

almost comparable with the best precisions of about 1% attainable in modern -
G' measurements., Thus, v may safely be taken as constant in the thermal and
resonance energy ranges. Typlcal examples of evaluations of "best" thermal
cross section values are the works of Westcott et al. [2} and of Sher

and Felberbaum [3], for evaluations of "best enersgy dependent cross sec=
tions in the thermal range we refer e.g. to the wvorks of Barrington et al,

{4] and Joanou and Drake [5] as typical examples.



The evaluation of cross sections in the resonance range of neutron energies

generally presents much greater difficulties, particularly for fissionable
nucleis Typically transmission and partial cross section measurements of
varying energy resolution are availvble which subdivide the resonance range

in two parts one in which almost 2ll of the neutron resonances are resolved
and an other one at higher energies in which the experimental overlapving

of the resonances, due to the finite energy resolution and/or to the in-
creasing importance of higher l-wave resonances, does no more allow the
interpretation of the measured cross sections in terms of individual reso-
nances, Because the experimental energy resolution is never exactly mono-
chromatic, the true vhysical 1limit between resolvable and overlapping reso=
nances is higher than that attainable by experiment. In typical presently
available high resolution transmission measurements resonances can be re-
solved in medium=weight nuclei up to several 100 keV [6,7], in heavy non=
fissionable nuclei to several keV [8,9], in fissionable nuclei to a few

100 eV [ﬁO,?T]. Cenerally partial cross section measurements are more diffie-
cult and show worse resolution than transmission measurements. Thus, resonance
neutron widths derived from transmission measurements are generally known

to higher neutron energies than partial reaction widths. The measured re=
solved resonance cross sections are almost exclusively and successfully
interpreted in terms of various approximations to the general R-matrix

theory of resonance reactions |[12] developed in the past. In the overlapping
resonance range only & parameterisation of measured cross sections over groups
of resonances is possible and concerning the energy dependence of the cross
sections one has to rely on fluctuating, often discrepant experimental results
or on statistical theory estimates from average resonance parameters and sta-

tistical distributions. We consider these points in more detail below.

In mediumeweight nuclei at present the experimentally resolvable resonance

range generally ends below the lowest inelastic scattering threshold. The
total cross section is almost equal to the scattering cross section, the
capture cross section being only a small component. Thus, the O measurenment
can be described by the R-matrix theory simplified to only one open channel,
ises the elastic scattering channel, with various subchannels according o
different allowed combinations of neutron orbital and resonance total angular
momenta 56,13,14;. In addition GY measurements are avallable, which generally
reveal more higher l-wave resonances for which FY is larger than Pn. These
can generally be interpreted by supernosition of single level Breit~Vigner

terms.,
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An evaluation of the nuclear data must speeify the resonance parameters
including total and partial widths and resonance spins and the energy

dependence of o, OY and On’ As far as possible resonance parameter and

eross section:"g;st" values should be mutually consistents The Oy measure=
ments generally agree within experimental error, except mainly for differw
ences introduced by different energy resolutions; for example a better ree
solved measurement might reveal more resonances than a worse resglvéd one .,
The GY measurements, however, often show great differences in resolution and
large systematic discrepancies which in the simplest cases are due to wrong
normalisation or impurity admixtures in the samples; as a typical example we
discussed recently various diserepant cY measurements in the keV range on
- Fe [15]. Now most commonly neutron widths corresponding to the analysis

of the best resolved UT measurement or weighted averages of neutron widths
from different about equally well resolved O measurements are taken as

"best" values and the natural line shape of the scattering cross section

is recalculated from these neutron widths. In the case of several measurements
this simple procedure cbviously is only allowed, if ﬁﬁé”aﬁéi&sis of all these
measurements has been done with the saﬁe and corréct theorys This is not
always the case, To give an example transmission measurement on medium

weight nuelei in the past have often been interpreted by the so=called Bethe
formula [16] (see e.gs references [17] and discussion in reference [1%],
section IIT 1) for which the scattering matrix is nof mitary and, which is
inadequate to describe the often cobserved complex interference between differ=

ent scattering resonances as does the correct one channel multilevel formula,

In such & case a reanalysis of the measurement concerned in terms of the
correct theoretical description has to be done, before it can be combined
with other analyses to "best" datas The difficulties in the evaluation of Pé
and_cn(E) are generally small compared to those encountered in the evaluation
of FY and GY(E)' In most cases one can not simply average the existing GY
measurements, because the discrepancies due to systematic errors can only
rarely be removed. Then one has essentially to select one experimental data
set by a critical judgement of the different experiments or by nuclear
systematics considerations or just by physical imagination and to take over
the TY corresponding to this data set from the experimental analysis or to
do oneself this analysis. Then one can calculate cy(E) in the natural line
shape from these I‘Y and the ‘fn from the transmission measurements. For

those higher resonances, for vhich only the r, are available and, for which

the GY measurements do no more allow a resonance analysis in terms of Ty,



the average of the knowm PY for the lower resonances can be taken., In many
cases up to recent days the GY measurements were even too crude as to allow
an interpretation in terms of resonance Fy. In those cases assuming an
infinitely large number of exit channels in capture, thus constant FY from
resonance to resonance, one could choose measured values of the non=~1/v
capture resocnance integral or of the capture cross section at thermal energy
recalculated from resolved resonance contributions or interpolations between
known TY of neighbouring nuclei using the fact of the rather smooth A=dependence
of PY in order to get an estimate of ?y for a given isotope. As an example

we derived T for the main Ni isctopes from known isotopic thermal o values
and calculated o (E) from these TY and known T values up to a few 100 keV
(]14]|, section IIT 4), We leave aside here additional difficulties introduced
by the problems of isotopic and spin identification of resonances in elements
consisting of several similarly important isotopes.

232 238

Heavy nonfissionable nuclei like Th or U represent wp to a few keV,

where p=wave resonances become increasingly important, excellent examples

of almost pure s=wave one level Breit-Wigner cross section shapes with very
few exceptions in vhich small distances between neighbouring large resonances
occurs At epithermal energies, due to the average increase of Fn wvith /&

and the constancy of Fy, the capture process dominates, whereas with increasing
neutron energy the elastic scattering becomes more and more prominent. llostly
S measurements for various sample thicknesses, allowing an interpretation of
the resonancesin terms of Tn and Fy, and also some GY measurements, which
together with the Op measurements allow a direct determination of Fy, are
available. The fact that the resonances are so narrov and far spart explains
the rather good agreement in the resonance parameters derived from earlier
worse resolved and modern high resolution measurements, Thus, best values of
resonance parameters are mostly easily obtained (sometimes after rejection

of statistical scatter erromesously intervreted as resonances) by weighted
averaging of the individual experimental results. Cenerally Fn are determined
to much higher energies than Ty. As the measured FY corraspond to the
theoretically expected narrow distributions it is Justified to assume the
average of the known I for those resonances for which FY is not known.

Then cn(E) and cy(E) can be calculated from a superposition of single level
Breit-Wigner terms which are the same formulae generally used in the inter=
pretation of the measured cross sections for these nuclei. Only in the
vicinity of broad, closely lying resonances level=level interference needs to
be taken into account in the scattering cross section. All other cross sections

follow by wellknown formulae from these two.




The evaluation of consistent resonance parameter sets and cross sections for

fissionable nuclei represents one of the most difficult, but simultaneously

physically most interesting problems in the evaluation field. This is parti-
cularly due to the very complex resonance structure, particularly of cf, to the
generally very small level distance partly due to the superposition of two
swwave level sequences, to difficulties of spin assignment to resonances of
these nueclei like U235 with high grownd state spin and not very different
g=factors, For the main fissionable isotopes many measurement sSeries are
available particularly for O and Op and more recently also for n, o or GY

and - for O,® However, unfortunately neither these measurements nor the resonance
parameter sets derived from these measurements are generally in the desirable
agreement, The reasons for these discrepancies are manyfold: different

normalisation (e¢gs in o_ measurements), different energy scale, different

energy resolution, diffeignt statistical accuracy, wnsufficiently corrected
background effects etc.j they reflect the great experimental difficulties
involved particularly in the partial cross section measurements on fissionable
nuclei, Furthermore only very few of the availsble measurement series yield
enough information for the derivation of a complete set of widths and quantum
numbers of a given resonance, Finally a whole series of different shape and
area resonance analysis methods and various spproximations to the many=channel
Rematrix theory, ranging from the still most fregquently used simple one level
formula over the many capture, few fission channel spproximations due to

Vogt [18] end to Reich and llocre [19,20] to the most sophisticated many-

level analyses of Adler and Adler [21].

Because of these differences and discrepancies an evaluation, in a strict
sense, would have to go back to the original data, try to understand as
much of these discrepancies, to reconcile as far as possible different
measurements of the same quantity , select the measurements according to
their quality in statistical scatter, resolution etcs, to analyse the
selected data sets in terms of one and the same appropriate approximations
to the Rematrix theory (tsking into account the different Doppler and energy
resolution broadening of the resonances in different measurements), t0 dew
rive "best" resonance parameters, and finally to recalculate partial and
total cross sections in natural line shape with the same formulae from the
"best" parameters. The excellent work of Adler and Adler [21] on U235 resom

nances shows how much labour is involved in such a thorough evaluation.
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Most of the existing evaluations are based on less sophisticated and laborious
methods. They use the fact that the one level interpretation yields resonance
half widths not very different from the multilevel results, that most of the
experimental resonance analyses use the one level formula and that (particular=

233 and Pu2h1 resonances) the main part of the

ly with the exception of U
resonance fission cross section in the vieinity of the resonance peaks
(except in the dips between the resonances, where interference effects become
important) can be rather satisfactorily described by the one level formula.
Several simple methods, based on extensive spplications of the one level
formula, for the derivation of comglete parameter sets for a given resonence
from various carefully preselected experimental sources are discussed

in reference [ﬁh], sections IV 1 and IV 3. We consider only one typical
example, CGiven an isolated resonance and the following experimental informa=

tion: n in the resonance pesk represented by

(1) YgJor 5 £ .5 _f

n G+ 0 T +7T T =T

oy of v £ n
(oof’ OOY = peak fission and capture cross sections of the resonence cone
sidered), furthermore the quantities SIPL Ty S and T from a combined aresg
and shape analysis of measured Tp values, Considering that in the one level
approximation
g. T T
cor =hnx® (5) Loaf

(2) Ol = 0 Tp =hm ™ (E) =

(EO = resonance energy, x = reduced neutron wave length, gy © statistical
weight factor) and inserting T, from equation (1) one gets for Fp the

following guadratic equation

T (o T )2
(3) ro (e = =2t
21 X% (EO)

Here we have refused to a determination of the resonance spin and have set

gy = 1/2+ Fquation (3) is easily solved to give
——y
1 [oon

Tf then follows from equation (1) and.ﬁyfrom the difference T = Fn - Ff.
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Having established in this way complete one level parameter sets for the
available resolved resonanges, one can now calculate partial znd total eross
section; o and n "best" values with the same one level formulae in natural

line shape,

Ve next consider briefly the rezion of overlapping resonances. In medium

wveight nuclei "best" Op values are usually obtained from the best resolved

measurerents availeble which follov most closely the true physical fluctua=-
tions of the cross section, For GY some sophisticated averare through generally
differing experimental data has to be chosen., Also inelastic scattering to the
lowest cxeited levels sets inj we deal with the inelastic scattering further
belcw.~cn is usually obtained by subtraction of the sum of the other partial
cross sections from GT. Tor the calculation of energetic self shielding factors
for the overlapping resonances average (elastic and inelastic) neutron and
capture widths, (elastic and inelastie) strength functions and average level
spacings for different (1,J)=combinations and as functions of the neutron
energy nmust he made available, Were the simplest possible way is to take TY
independent from 1, J and E,; to adapt appropriate optical potentials to a
"pest" description of an average through the experimental 05 values and of
measured elastic scattering angular distributions in order to derive the
strength functions and to use the appropriately parameterised Fermi gas

medel for the predietion of the energy and spin derpendences of the average
level spacing; the average scattering widths are then obtained from strength

functions and average level spacings.

In heavy non-Tissionable nuelei the overlapping resonance range, in vhich

eross section fluetuations outside statistical error can be observed, covers
s and p=wave neutrons, The cross sections in this range are either directly
taken from experiment or calculated from average s and p=wave resonance
parameters and statistical distributions, Cenerally a statistical theory
obtained from averaging single level Breit~"igner temrms is sufficient and
average interference terms can usually be neplected as far as the condition
T/B <1 is not hurted ([14], section II 2). The understanding of the

usual discrepencies between different 0, measurements again represents the
main problem here., Average s-wave resonance rarsmeters (Tn, TY, T) are
generally directly derived from the parameters of the resolved resonances,
the p~wave strength function follows from fits of statistical theory
expressions to averaged experimental 0, values in the keV range. The energy
dependence of fn is specified by the well known centrifural barrier rene=-

tration factors, the energy and resonance srin dependences of D again by
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an approoriate Fermi gas model. The parity dependence of D nas bezn showm
by Ericson f22] +t0 be very small and is usually neglected., Commonly T is
assumed to ‘t;e independent of 1 and J; fo» U238 the equality of s and :é-wave
capture widths appears to be econfirmed within experimental accuracy by the
p=wave resonance measurements of Thomas and Bollinger [23] +« The level
spacings for each individual resonance sequence are assumed to obey a Wigner
distribution, the reduced neutron widths a Porter=Thomas distribution,
assumptions which are well verified by the existing experiments (see e.g.
[24] )+ For nuclei with a ground state spin I=0 it happens that for

certain 20 resonance series the same resonance J value 1s reached by
combinations of 1 with the two different channel spins J L =1 1/2. Under
the probably justified assumptions that possible interactions between nuclear

“and neutron spins are small and can be neglected and, that no correlations

exist between rié 4+ and rg e the reduced neutron widths
-
p(e)1g _ 12 plo)1s
n j= =1/ B

of such (1,J) resonance series obey 2 X2 distribution with two degrees of
freedom (see e.g. {25]). Interpretation of evaluated resonance capture widths
in terms of X2 distributions generally yields large numbers of exit channels
typically ranging from 20 to 40 corresponding to rather narrov distributions;
therefore in the ecalculations one uses almost exclusively constant capture
widths in accord with a §=funetion distribution. The same parameters from
vhich the average energy dependence of the cross sections is calculated,
serve in the caleulation of Doppler coefficients and of temperature dependent

energetic self shielding factors in the unresolved resonance range.

Vhereas for fissionsble nuclei almost all what has been sald for non-fissioneble

nuclei remains true, a large additional difficulty is introduced by the fission

component, Ve need only to remember the recent measurements [26=28] strongly
deviating from former experiments and the discussions still not completed
concerning the energy dependence of o and of ¢ ¢ for Pu239 in the higher

eV end lower keV energy range [26,28] in order to demonstrate the difficulties
in evaluating "true" of(E) and o(T7) values in the unresolved resonance range.
For estimates of 'I"?}(E) (1=0,1) several ways are possible. Usually one

either relies completely on the well known channel theory formula
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on Tgﬁ(g)

1
57 "(g) i B
Trexp {2m —m}
’h kil
W
(E‘Jn ‘h Jn e . . . . o
Bi s Buy = position and width of the i=th saddle point state belonglng

to the same J,7) valid for saddle point shapes of inverted harmonic
oscillators and has then to specify barrier positions and widths from

saddle point state systematics [29,3(?{ andfor fission threshold

expériments [31,32] ¢ Or one uses this procedure only for p-wave neutrons

and takes éQuation (¥) for s-wave neutrons with a most probsble spin indepenw-
dent barrier vidth of sbout 500 keV (see esge [31]) and fixing the saddle
point positions by the Ff values calculated from the resolved resonance Ff;v
Also "best" values of ¢(E) can be used in order to fix Ef(E)‘with or with=

out specification of the spin dependence ([14] , sections IV 1 and IV 3, |33]).
Finally combinations of these procedures are possible, In every case, however,
one has to assure that on the average statistical theory cross section estimates
from the average resonance parameters are or become consistent with the eross

section "best" values derived from the experimental datas

Evaluation principles and methods in the fast neutron energy range are
generally not as difficult and are well known. So we can be rather brief here.

Neutron interactions in medium weight nuclei in addition to those already

described before are inelastic scattering and ebsorption processes like

(nyp) and (n,q)sThe inelastic scattering range is subdivided into two
subranges. The lowver goes from the lowest threshold generally to several eV,
where either measurements of individual level excitation cross sections are

-~ available or, vwhere positions, spins and parities of the rest nucleus levels
are known and enable rather relisble theoretical predictions of inelastic
excitation cross sections by the theory of Hauser and Feshbach [35? with

inclusion of the somcalled statistical fluectuation factors.

In the higher subrange sbove several MeV inelastic scattering to individual
levels can not more be specified experimentally. Only broad energy distributions
from inelsstic scattering can be measured and interpreted or predicted by an
evaporation model, Recent theoretical refinements of the level density expresw-
sions and parameters [34} particularly allow more sophisticated interpretations
and prédictions of’"c@ntﬁxugué'inelastic scattering spectra than the older

evaporation formulae (see e.fe [35]). In the evaluastion of the experimental
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data for szc one has to pay particular attention to the fact whether the
measurements have been corrected for multiple scattering and for neutron
attenuation in the sample in order to get no overestimates; we refer here
for example to an extensive discussion of avallable oi?c measurements on
Fe in reference [1¥], section V 3, The total o, in the "continuum" range are

generally not directly measured and have therefore to be derived from the

difference G, = O = 0 = O, w0 = g9a A o (E) and o (E) one has
b . v s to p( ) a( )

still to rel? as far as poss?gle on experimental data vhich, however, are
often discrepant e.g. by differentnamalization; the statistical theory for
these processes, in spite of the progress made (see e.gs [36]), is apparently
still not able to describe measured cross sections within experimental accu=
racy and thus to mske reliable predictions of unknown cross sections (see

reference [14], section V). o, is generally derived as the difference 0, =0

TooX
Unfortunately the quality and energy resolution of the available measurements
for different processes are quite different. In a typical example O night
still show physiecally real fluctuations outside statistical scatter, where

for a partial cross section or Oy at worst only a few broadly resolved points
are available. This inconsistenc§ between different experimental data sets

is also reflected by evaluated data sets; it leads particularly to "local®
errors in those data like o vhich are obtained by subtraction and not from
direct experimental information. Unfortunately the refolding of an experimental
date set of bad resolution to the good resolution of a transmission measure=

ment is generally either not possible or at least not univogue.

For heavy fertile and fissionable nuclei one has in addition to do particularly
with of(E) and v(E). For fast energies there is generally much better agree=
ment between aifferent Op measurements than in the keV range. The evaluation
of y(E) for a nuclide presupposes the derivation of basic y standards from
the available experimental data and the renommalization of the experimental
v values to these standards, Concerning the gross structure the available
experimental information appears to indicate that the energy dependence of

v can be represented over the whole energy range by a simple second or third
order polynomial in E or by piecewise linear approximations, the free parae
meters being fixed by a least squares adaptation to the experimental data.
However, by this procedure possible fine struectures in V(E) like those
observed by Blyumkina et al. [37] on U235 in the several 100 keV range (but
not confirmed by other authors, see [14], section VI 1g) and attributed to

fission channel effects get lost.
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Elastic scattering angular distributions in medium weight and heavy nuclei
are generally isctropic in the centre=-ofemass system uUp to energies of the
order of 10 keV vwhere swwave scattering is predominant, In the rescnance
range in medium weight nuclel composed of resonances with different 1 and J
values the experimental information on Gn(E,Q) is still not detailed enough
and "best" values of cn(E,G) have to be evaluated from a rather restricted
number of measured distributions, In heavy nuclei with the much larger level
density;cn(e);within the experimentally possible resolutions, is already

in the keV range a rather smooth function of the neutron energye In the

MeV range, as is well known, the optical model with appropriate parameteriw
sation is able to reproduce the few available cn(e) measurements -about within
experimental accuracy and can thus be used rather reliably for interpolations

and predictions of on(g),

Frem the available integral data generally only those rather few which might be
called "clean" can directly be used in the evaluation of "best" microscopic

datas By "clean" integral data we mean those in which no spatisl dependence

enters and, in wvhich, directly in the experiment and/or afterwards by corrections,
the neutron energy spectrum is completely and univoquely specified as a simple
function of the neutron energy and, from which one can draw wnivoque conclusions
to certain microscopic nuclear data. Typical quantities are the infinite dilute
non=1/v capture or activation resonaence integral slready mentioned above, which
can be used for the estimate of en average capture width, or measurements of
average (n,p) or (n,0) cross sections in a fission spectrum, which can be used

for renomalization of CP(E) or UG(E) datas.

The reliability of evalusted nuclear date sets can more and more be tested by
compariscn of calculations, in which these data are used converted to groups
constant sets, and measurements of integral data like spectral indices, prorpt
neutron decay constants, fission and capture rate traverses, breeding ratios
and others in eritical facilities [38,39]. Particularly the effect of new
measurements of important cross sections, whose results deviate from the
respective evaluated "best" data [ﬁh}, on the prediction of integral measurew
ments is studied with "interim" group cross section sets which differ from
the respective "best" sets only in these nev data and yield a test of the re=-
1iability of these measurements |39]. The results of those integral comparisons
and tests give indications as to which microscopic "best" data might be in
error and would have to be reinvestigated. Several computer programs have ree
cently been developed Lﬁo—h3j vhich allow an adjustment of group constants by
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fits to sets of measured integral data., However, the feedback from those
integral dats as vere mentioned before to differential data or even only
to group constants is generally not wmequivocal 3 the adjustment may even
lead to physically wronger results., This has the consequence that different
adjusted data sets are likely to fit a series of critical facility measurew
ments equally well. Furthermore one can not be sure that such a group cross
section set adjusted for critical facility data will allow more correct
predictions of the physicel properties of large power reactors. Therefore,
in order to get better approximations to the physically true cross section
shape which, on the nuclear data side of the problem, alone can guarantee
throughout correct reactor physics calculations, we would prefer a thorough
reevaluation of the basic microscopic data to a computerized group cross

section édjustment.
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