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ABSTRACT. NEANSC Subgroup 15 has the tash to assess self-shieldinyg effecis in the unresaived resonance
range of structural materials, i periicular their importancs at vanous ensrgies, and possible ways to deal
with thern in shielding sud activation work. The principal results achieved are dummarised hroiefly, in
pariicular
. the new datas hase cousisting of high- resolution transmission data for iren, nickel and vanadium mes-
sured at Oak Ridge and Geel; _
. the improved theoretical understanding of cross sectinn Hucinations, imchuding their predistion, that
has Been derived from Hanssr-Feshbach, theory;
. henchmark rasults on the importance of self-shielding in iron at various energies;

{ ~) practivel utihsation of seif-shielding formation from evainated files,Renc
Hauser- Feshbach theory show that seifshislding effects are fupostent up to ¢ o1 & MeV of neuirnn auergy.
Pluctuation fastors axiracted from high-resolubion toial cross section date can beused i approximate alio
anmensured Auctustions of partial cruss sections and their affects, More rigorous methods can be based
on Monte Carlo saxapling of resonance ladders provided average resonance parameters are svatlable. Mesds
for further work on techniques and codss wers identified but the main tasks of the subgroup appear to be

fulfilled.

i. The High-Resolution Transmission Data

High-resointion transmission measurements performed on ironm, nickel and, mest recently, on
vanadinra at Oak Ridge and Geel reveal strong resonance strucinre of the total cross seciion extend-
ied unrescived resonanse region. For iron the bonndery between the so-called

1

ing far into the so-ca
resolved (1. 2. fully analysed) resomance region and the unresolved {beiter: unanalysed) resomance

region is at about 0.36 MeV which is the first inelastic threshold of *¥Fe. The resonance structiuze
diminishes gradually above that energy but enly abave 4 MeV are the relative fluctuntions smaller
chan 10 %. As the rescnance sbrucinres and ranges of analysed and unanalysed resonances are
similar for all medinm-weight siruciural materials, the results obtained for iren aze spplicable alse
t¢ wickel, chromium, and vanadium. Nonaegligible ¢elf-shielding »ffects are thevelure expecied up
to about 3 io 5 MeV for all these elements, '

A first quesilon was: Is the observed rrose section siyuctuze really the true resonance stractuze
or is it affected by intrumental resslution and coumting statistics? In the Geel dala il was easy
to verify thai above about 7 MeV mosi of the ahserved fincinations wers simply due to counting
statiatics {Fig. 1}. From 7 MeV down to 4 MeV true fiuctuations ate sexn but smoothed fo some
extent by limited instrumental reselution. {Fig. 2). Monte Carle sirmulstions based on stremgih
functions and efective radii of the various paziial waves indicated that below 4 MeV most of the
irue stzuctare was actually resolved {Fig. 3}




. Improved Thesretical 111 %ezs{andntb of Cross Section Fluctuations
. The. conclusion thal sbove aboul 4 MeV the fnctuations of the total oross section 3re wuilo-
portast for mosi practical purpeses, and that helow 4 MeV rmost of the true strucinre was resolved
in the high-resolution dala was coux shorated by theoretical caleulations. Hauser -Feshbach theory

¥

permits estimation of the mean and the varance of ihe total cross seciion as a function of neutron
us patiital waves.

enetgy {rom average rssonance patameiers and effective nuclear radii for the varic
The zelevant expressions ate
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for the vaziance, where 375 is the de Brogle wavelength of the relative motion of newiron and tazget
nucleas, g. the spin factor, (9.} a diagonal slement of the optical-model {or resonance-averag ged} §
matrix, and the sums are nver all con.\rmuimg {g-, py droowave) channels ¢ The compound nucleus
forraation cross section, oY = w5%g. {1 - H{5,.37), and the resonance-sveraged nanelasiic crosg
section, {08} = w8 %0 (1 — {[5.]7%)), are to be calculated Bs usnal, the former from an optical
readel, the latter from optical-moedel transmission coefficients \equwazﬁnt to strength functions)
either rigorously with the GOE triple integ 12l or with the familiar Dresner ind tegral approximation
for the width fluctnation corzection. Open inelastic channels increase the level widths, hence the
the fnctnations at higher energies. Fig. 4 shows ca;cvhn?c 2.yud
viations for ®Fe. The measured poinis are only about 180 % below
'uiaied curve w’nich indzcate that I}uoa ler and resolution broadening are not vary iraportant,
Above 4 MaV the relative fluciustions are below the
153 %o ievei and Ll&‘( BRimpo I:&,If- for mos pza-::tzzczd PUIDOSES.

level overlap, and thus rednce t
measured relalive ssanéard. davi

f}ze cai

3. Benclunark Calculations
Beunchmark calculations invelvisg finctualing iron cress seciicus wers perfermed by A. Hogene
bizk {Pelten) and L. Peteizai {Frascatl). These suthors wsed fluctnation faciors that had been
extracted from the high-resolution iron trassmuission data measured at Geel as follows. The fluc-
tuating total cross seciiens derived from the irangraission data can be written as & product of an
energy average and a fluctnating facior,
3 oD A N ; P
g By = F(E) f(E). (23

\ \

The smooth cross section was detezxmined by averaging the expetimnental cross sections in s 10
% energy interval around the energy & of the data point. The factor F{E) is then simply the
atio of chserved and smoothed crosa section. The faciors f{E) thus oblained were shen used 1o
impose the same Ructuations as observed for the total cross section alss on all relevamt partial
cross sertions. The actual posilive corzelation helween tolal a2 nid pariial cross section siructuze was
ihns replaced by strict proporilenality. Although this is not guite corzect — Iesonancs peaka in
different reaciion channels, aithough appeazing al Lhe same energies with the same widths, have
sse muai.} uncorzeleted heights — it iz expected te be an adegnate approximation of partial crose
seciicn fuctuations in tramspoti calculations or activatiou studies.
Tﬁe main resuit of these benchmark calculations was that there are nonnegligible effects up to

roughly 3 MeV, which is Cunsiatent with the predictions based on the high-resolution data and on
Hausez Feshback th»ozy;% ¢ = \3

4. Information to be Stored in Evaluated Files
High-resolution intal cross section data ahouid ve siored ungrooothed and snikinned i the

$

file. if they are available for the main isplopes of an element this is straightierward. If they aze




available only for the natural isoiople mixture they could be stered for all isotepes in the same w;h
which wo ﬂd j

for the main {even) iso io) 25,
resonance region up to 4 MeV. Above 4 MeV self-shielding effects nre not very iraporiant and
smoothed total cross sections appear to be sufficient — althongh with present storage capabilities
one might as well file the ums Yzc:-ui:,vd cross sections alav above 4 MeV. Above 7 MeV or so,
however, where the ohgerved flucinations are ma%tiv due to counting statistics it seems bhetler io
store smoothed cress sections so that users are not mislead. This is all that one nesds for ihe
approximaie {ﬁu:‘t:zsii«m factor) treatment of self-shielding effects cutlined ahove.

More arsbitions Mounte Catlo methods based on resonance ladder sampling reqauire transmission
{faciors x strength functicns) and efeciive nuclear radii for all zelevant reaction channels and pariial
waves. &s the number of ca;1=.;;bt;izng partial waves increases rapidly sbove the analysed resonance
region {where £ = 0,1,2,3 are wsually sufficient), and also the number of spen channels, and
as existing ladder codes de not szerm te be able to cope with meore than four partial waves snd
more than one or iwe inelastic channels such computaiions appear to be still in the domain of
basic nuclear physice rather than of nuclear technology. The sirengih function information can in
principle be calculaied from an appzcc—p‘t’mte optical model by the specialist but shounld probably not
be stored in evainaied files al present. In any case this question wight be considered in Subgroup
12 on Nuclear Model Validatiox. ’

eusure the correct sutcome for the olement and a onable representation al ieast
The energy range shonld be from tfr:.e zzr;d of the analysed (Mresclved”)

5. Conclusions
This status report is quite briell For more detalls ses the EFF progress reports, Subtask NDBi-
of June 1993 and of November 1833, F. Frohner’s coniribution to the Conference ou Nuclear Data
fnz Science and Techuclogy, Gatlinburg, May 1594, and the NSC Subgroup 15 report of Noveraber

1984 The following tesulis have heen obtained for medium-weight siructural waiegials:

- A good data base of kigh-reselution total cross sections in the nonanalysed {“unresolved”) res.
onance Tegion has been established by the experimentalisis ai Qak Ridge and Geel, comprising
iron, snickel, chromivm, vanadiem, titanium and melybdernum.

- & better theorvetical undersianding of cross section finctuations has been reached. 11 was
ealised that the variance of the total cross section can be caleulated from Haussr-Feshbach

t-neory. Fazthe:more, z cumulant expansion ‘ms been shown to lnk the average iransmission
and the moments of the total cross section distribution. These results were used o investigate
the energy dependence of cross ﬁ&rziun fincinations for iron. The zesnlt is thal above 4 MeV
he relaiive flucinatlons are less than 10 %.

~ Benchmark caleulations with and without fluctuations in the iron cross secilons have been per-
formed botk at Peilen and at Fraseati, with flactuation factors axtracted from high-rescintion
sotal cross section data imposed also on partial vross sections. The main result is that selft

shielding effects are guite lmporiant up to 2 or 3 MeV but negligible above 4 to 5 MV,
confirmning the theoretical assesament.

« The comseqnence {or lnbrmation storage in evalusted nuclear date files is that it suffices for
mosi praciical purposes te store the high-resolution dais st lezst up o ¢ MeV. Plucination
factors can be extracied from these data and imposed on all interesting partial cross sections
for spplications such as those made already in the NET and ITER context. New file formais
ot data types ars not nesded. '

These resudts answer the questions which Subgroup 15 had to consider. Ii is therefore proposed to
terminate the subgroup. '
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Fig. 5. 2D ITER benchmark., Nautron flux without self-shielding in the VAR module of NJOY s B =
118.7 cw {upper fgure). Relative difference between eutron flnx with end without sell-shielding in
URR at Bx 118.7 cm {lower fignre). From A. Hogenbirk, BFF-DOC-351, December 1994,




