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Abstract

In this report an evaluation for the neutron nuclear data types of 1-235
above the resolved resonance Tegion up to 15 MeV is demcribed, In particular
the folloving dato types vere e-aluated: the fiasion cross mection, the
total crass section, the capture-to-fisaion ratic and the mean number of
accondary neutrons per fiasion. But also some of the other data tytes
changed due to their dependence upon the primarily evaluated types.

The presently recommended puclear data for U-235 are contnined in version

3 of the KEDAK-librery which will presumsbly be released in the second

half of 1973,

Auswertung von Neutronendaten flr U-235 oberhnlb des aufgelSaten
Resonanzbereichs fiir KEDAK

Zusammenfassung

Dieser Bericht beschreibt eime Ausvwertung dcr Neutronenkerndeten fiir
U-235 oberhalb des sufgeldsten Resonanzbereiches bis herauf <u 15 MeV.
Im einzelnen wvurden die folgenden Datentypen ausgeswertet: Der Spalt-
querschuitt, der totale Wirkungsquerschnitt, das Verhdltnis vom Einfang-
zu Spaltquerschnitt und die mittlere Anzahl der pro Sprltung frei ver-
denden Neutronen. Aber auch ein Teil der ibrigen Datentypen hat sich
gefindert wegen ihrer Abhiingigkeit ven diesen primir ausgeweristen Typen.
Die gegenvhrtig fir U-235 empfohlenen Kerndaten sind in Version 3 der
KEDAK-Bibliothek, dic vorsussichtlich in der 2, Hilfte von 1973 frei-
gegeben wird, enthalten.
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Introduction

This report describes o re-eveluation of the following nuclear
data types for U-235 on the German nuclesr deta file KEDAK:

¥, the meen number of mecondary neutrons per fission,
Oy, the fission cross section,

0, s+ the total trose section,

& , the capturs-to-rission ratio,

in the energy region above the resolved resonance range in parti-
culer

¥+ thermal - 15 HeV

Ugs Ops ok 150 e¥ - 15 Mev

Thie ovaluation has been started, since a number of precislon measure-
ments for these data types have been carrled out in the yeors after
1966, the yeer of J.J, Bchmidt's KEDAK-evaluatlon for thic isotope. /347
A precise koowladge of the neutron fission cross section of U-235 io

ou' obvious importance for its use ns standard end for the ezlculation
.~ fast reactor properties. The S~data necded a revimion mince most
recent measurements for ¥ (U-235) revealed considerable deviations from
the sc long nssumed linear emergy dependence which should be tuken into

aceonnt in fas. resctor omalymis.

Concerning ¥ )1 experimc-%al icformation aveilable till September
1970, concerning oy 1ill Januey 971, ﬂTli.ll June 1971 and @ till
October 1971 has been considered hei. The avaluation tekes intc
account the most recent recommendations by “he IAEA /Trom 19697
for the S-value from sponteneous fimsion of 20%Cf,

Besides, the upper energy limit of the data mets aveileble for U-235
on KEDAX was extended for ell date types up to 15 MeV,

The here recommended nectvon nuclear dete for U-235 are included in
veraion 3 of the KEDAK-library which will premumsbly be re-vused in
1973,

Zum Druck aeingereicht am 7.5.1973.



In order to uvoid misunderstendings we would like to emphasize thet the
U-235 date sets Tesormended here far KEDAK do not correspond to the
microscopic dats desis of the KFK INR-get for U-235. The KFK INR-aet
[T16]was otablished on the basis af the KOXTOT-set /1157ty modifyiog

the group constante for selected date types and energy groupa for

some paterinla of periculsr importence in reactor nglnulatiuna.

mainly for the heavy inotopes U-235, U-238 and Fu-239. These group
conr-tante pets vere in gemersl not derived from evelvated muclesar date
but ware obtained as eye-guidc avarnges of experimental date in spacific
energy ranges selected in such & wey that an imérewmane in the sgreement
betweon celculeted and measured resulte for integral quentities of fast
t.est reactors could be expected. This way of improving the nuclesr data
basis for recctor calculationa by modifylng group comstente is considered
in Karlsruhe only a8 a first and preliminery step prior to a careful re-
evaluation of the data /T1]/ , and this procedure vas eldo spplied in
the ceme of U-235. Whereas the KFK INR-get for U-235 vas generated in
the begioning af 1971, the evaluation for U-235 wes completed only in
the second helf of 1972, .

The only evaluated deta set for U-235 on which the KFK INR-set is based repre—

Bents thet for the date type v which is recommended in this report.
The other datae types: Tgs Ty & have nct yet been re—eval\mted ,tbr the

KEDAK file et the time when the KFK INR-set vwas generated. In the present
evaluation of these date types a1l experimentel informstion bes been
coneidered, eventuslly selented and ertervards fitted by a amooth curve
without direct relati ip to integral itiea of fert i + The
Aifferencen betwesn the basie m.cl'*ar data of the KFK INR'-aer. for

U~235 and the correaponding new aatu wete Tor KEDAK deunnbed here

are therefore mainly due to the fact thet the KEDAK date neta repreﬂenb
evalugted data whereas the groun chﬁtmtE of the KFK INR-set, thonsh
generally within the range of uvulahle experizentel daté, are bissed

0 Bame extent by the aim of getting eu improved eccordance betveen cal-
gulated and meuured integral q_usnnhea of faat ura povrer, rencta:s. In
sddition in particulsr cases preliminary expermen:al date vere uged in
generating the KFK INR group constents wheress the KEDAK evalustion could
profit by the corresponding final values due to the time delay in
eatablinhing both deta oots ’ ’




1f. Tho nvernge numbor of pecondary noutrons per fission
8) Tho energy depondence of ¥ (U-245)

‘The currsnt concept of the Aargy dapendonco of the averag= numbar of
neutrons por (issioq ¥ is Luead on tho iladepemieacs of tha averagn
kinakic onergy of tho figsion IragmrNts upon tha excltation euergy of
tho Iimaile auclous /17, From this it Follaws directly the llanar
Lucranan of ¥ with dnerengiug Lucideat qeutron onergy. Yehustor and
Howarton [27 havo mnoutfind this eanrgy dependence by toking (nte

agcount the various flasion modes.

For incidopt nrutron enorgles bLelow about 5 Mny thece axists only one
chanca for f1asion momaly the fisslon of tho formad campstnd auclnus
0. At aaergios above nbout § KV the oxcitation energy bocumas figh
nhough to permit the ovaperation nf n neutron prior ta fission of tho
¥@gidual nucleus. in this rauge of incidant neutron ensrgies the

{n, n'f} reactian gecurs in nddikbion to the {n, f} venction nmd two
types of nucloi ore wndorgoing fiseicn, namely the 'J'JHU compound
aucleus and the 2%% compound nucleus. Abovo nbout 10 - 12 Nev also
riaion of the 2% compound cucleus tokes place due to the (a, 30°1)
procass in the %8y target nuclous. Thus all noutrons omitind by
f1gsion of the compound mscled 220U, 253y, Py rormeu by the three
reaction types will contriliute to tha Eotsl nunber of noutrogs por

fisrion of thn targot nuclaus 235!!.

The moulficntion of tha linear snnrgy depandence of¥ in the nppor

mnergy range by the lncidence of the {n, n'f) procnss and thn

(n, 2n'f) procasa hus. been confirmed Ly most racent procision
neagurencgts. Furthermora, moat racent mansurenents iave ravaniad
considernbie structure in¥ in the coergy region below shout 1,5 Mev,
Pravious measuronodts had fn geioral not o aufflciently high regelution
ond wero not Bpnced in onrgy donse nmough to detect Ghe varintios of

¥ (E). Dotntled studies of thase observod offects have bren given by
Dlyunkina ot al. 7/ 5/% Kuznatsov, Smironkin /A7; gtrutimekil, peviinchuk
/757, Hoduous and Wmnlen /76/, Accerdiog to Nendows and Whnlen the averoge
kinetic ohergy of thé figgion Iragmonts is not constant with lacraasing



neutron enorgy E_, i.e. tha necessary assumption for a linear
variation of 7 with § is not valid.

The Ruselan groups use the chamnel theory of the fisafon process
for an interpretation of the irregularities of V. In the opinion
of Dlyumkina ot A3, these irregularities ere connoctod with
trregularitios in the nversge kinetic energy of the fisslon frag-
monts. Thoy are based on the transition from a- to p-wAve neutron
nne}s with different parity which takes place with
incvymsing incident neutron muorgy. At the present time, howrver,

fisaion

thers 1s 1o indication for a prafnrence of mny of the hypotheses
ond add{tional studies ure nceded for thm clarificetion of the

process in this energy reglon,

b)_Evaluation of ¥ (F) for v-

- 245
No evaluation hns boen carried out for the alun for ~ U at

ther

energy. We roly hore on the comprehanslve study of Ilanua,
Westcott, Lemmel, Lnonard, Story aud Attree / 7/ on the 2200 m/aec
constants for fiesile Laotopos. They have cansidered all available
oxperimental {nformation up to late 1860 and knve obinined the
following figures:

- 2
G ("35U) = 2.4220 + 0.0066

—n + 9 w!:th =5 average mumber of prompt noutrons per

fisslon and ¥ o5 avernge numbor of dmlayad noutrons por flasion.

The ovailnblo experimental information abouty . (2w Ls Etven 1o
Table I. ALl pravious indicate & » {ncrense 1n

the yinld of dolayed neutrons with unutron emergy increasing [rom
3 to 14 Nov. This ia contrary to theoretical predictions Lased on the
bohmdour of f1ssion mass nad change distributions / 8, 9, 197. Most

recant LA-meadurements of Masters,Thorpe, Swith /I17 have copfirmed

tho thmoretical « They have devol d a new for
the accurate dnterminetion of abaplute delayed-neutren yields fully
utilizing tho weutron Lntenaitios mvailable from accelarator noutron

sources,



Therefore small samplea could be used So thet multiplicatlon
corrections ware ot necessury. Masters et al. have performed

- (239,
an nbeolute mensurement of ¥ (

U) ot 14.9 MeV ueing the

T {(d, n) He reaction s urulrgn Source gnd a relative measure-
mont of the 3.1 - to 14.9 - MeV yluld, Bsanntially all systematic
arrora are eliminated in thoge rolntive meosurements. No nusolyte
calibrations or mnas JetorminAtious Are necesanry; only the
nccolerator target ie chauged {from D te T). The absolute delnyed-

nentron yield nt 3.1 MoV hap then #Pen obtained aw product of the
nbgolute yinld nt 14.8 MoV and the relotive yield,

We have udopted the experimonin) results ol thnae LA-monsuremonts
for the calculation of the totn) numbor of noutrons por {ission
Ironm the meRsured number of prampt noutrons. We have wagumed thoir
14.9 HeV-volun €0 ba valid in thn ewergy rnnge above 10 eV mnd
titeir 3.1 MeV-valua to be voild in the on~rgy range below 10 MeV
nnd nhove thorunl ensrgy. At tharmal cnergy be have chosen the
rosult obtainod in mensurements of Keeptn et al. / B/ .

0.0158 + 0.0008 thermal energy
% - qo0s oz volow 10 Hev
0.00985 + 0,0008 above 10 MoV

All receat and thes majority af the enrlier measurements for ¥ for
f£issile raterisls have been performed relative th the meaa number
of prompt neutrons fvom spontsneous Lissian of “S2CE, A1L amperimentnl
T

recommended by tho IAFA /777

U)-values have been renormalized if necessary to the value

\7:" .(25?‘.,)> = 1,768 3 0,012
with ?;’f (¢ = o.con /377 4t tollow

;;F ®p = w56 s D012



In the evalustion of WE) for 22°U we have taken into mecount the
oxperimental information available up to September 1970, The expe-
rimenta going back to years esrlier than 196] have not been con-~
ridered here because all these measurements do not cover a closed
energy range but have been performed only at single energy points.
Tn addition 1t 1s often not clesr whether delayed neutrons are in-
rluded in the final results given by the authors or not. The
avallable exporimental fnformation ia summarized in Table TI. Tn

particular we have the following
Blyumkina et al. 1 1964 [y
Butler et al. i 1961 Vi
Colvin, Sowerby } 1965 (207
Condd’ 1965 217
Hopkins, Divan 3 1963 227
Kuznetaov, Smirenkin ; 1966 /8, &7
Mather et al. 7 1964 L2y
Meadows, Whalen 3 1962, 1967 /25, 267
Nesterov at al. 3 1970
Prokhorova, Smirenkin ; 1968 /287 .
Savin et al, 3 1970 Vg

1969, 1570 /30, 37
The experimental resulta of theae measurements were rengrmalized to
the most recently recommended V:p(zszcr)-vuue S given mbove, The

Soleilhso et al.

numerical results of the Savin messurement are not quoted in re-
ference /297 but could be extracted from the TAEA-review which had
Just become available /327, Concerning the uncertainty of the

‘7,, ~values w¢ have veken over the values glven by the sutnora them-
selves. No additionsl error analysis has bean carried out by our-

gelves.

The results of the above measurements have been fitted by a smooth curve
passing through the V-value at thermal energy aa recomsended by the TAEA,
For thia purposa the computer subroutine SMZGTH /33/ has been used. Tha
f£it haa been performed at cnce for the whole ¢norgy range from thermal
up to 15 MeV, The subroutine SMIPTH detarmines for the desoription of

B Smooth ourve through the data



1 (x) =, + bi (xex) + ) (xmxy
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(x,+ ¥() are the dats Foints with watghts p, 1 @ 1, .

The inverse equares of the errors of the irdividual mensuraed

points enter in thim procedure wa weights of the data points.

Since only one particular value for the psrameter 5 can be

used for the smooth over tha whola anorgy rango,niso velative
waights ware ssgigned to the dats Ln the various enorgy regions

to obtain different negrees of dmoothing which 18 necessary in order
to gat best fits to the diffeorant energy regions. Thus the welghts
Py of the data polnts are producta of the rell‘nva weights which
arg characteristic for a particular energy range and the individun}
woighte of the datn points,

The mopt important memsurement soriep Ln the Onergy range Above
1.5 WV up to 15 MeV¥ ia that of Sclellhac et al. /307 because of
the good emergy resclution of this mespurement and the amall
uncurtataty af ite resulta ( see Table IT }. Ia addition this
measuremant covera the whole anergy range 1.5 NeV - 15 eV in
ateps of approximately 0,5 MeV. In thia region alao Macher and
Pieldhoupe /247 have perforwed mensurements but only at several
energy points and with m 1
enorgy resolution than Soleilhsc, The uacertainty of the ¥ -date

er reourscy in ¥ and with a coarse

moagured by Savin et al. ln thik evergy Tange ia lsrger than that
of tho Solellhac-deta.



This im taken into Rccount in the tit of the dkin by the weighting
with the inverde error-squmres of the dmta, Thus the reaults of
Holellhac et al. get the greatect weight in the followlng procedure
a» far ng the abovo energy range is concorasd.

The moat extendive nomsurements in the energy renge below 1.5 WoV are
thoss of Meadows And Whalen, of Savin et al. and of Soleilhac et al,

The yncertainty in Fp (’mu) 13 of .omparable @ize Ln the measuremsnts
of Moadows and Whalon mnd of Solellheo et

by @ factor of about 2 in the experiment of Suvin et al,

It im larger, howsver,

Fig. 1 shons tho experimantal dets for 3¢ U) together with thb
swEcciated errors in the ansrgy renge from thermal up to 1.4 MoV ead
Fig. 2 the datm in the spergy range from 1.4 MeY up to 15 MeV.
Conetraing the Soleilhac mossuremonts the so-celled maximum orrovs,
i.e. tho atatigtical errors plus 0,5 % dus to corrections imaccuracy,
are plotted, As already mpntioned the messured ¥ -values were ve~
normslized to v;" (™%1y « 3,756, Also the recommended curve Tpg(®
t8 given Ln the Zigures 1 aad 2. Fig. 1 compares in addition our
reconmanded ¥ (B}~ ourve wits the svalitian of Mather and Bampten /i01/.
In the energy region of Fig. 1, i.e, up to 1.5 MeV, our it-vnluan

are below 1 KeV higher thun those oy Mether by UP to 0.3 %. In the
upper ensrgy Tange atove 1.5 MeV deviations Irom the eveluated curve
of Mather are encountered in the ragiens 3.5 ~ 5,5 MeV, 7.5 MeV ~ 10 NeV,
11 WaY - 13 MeV Rud are thore of the order of mmgnitude of 0.3 - 0,5 %.

Atova 1.5 MV ¥, (E) can be approximated by 8 series of straight 1inas.
1f ellovaace is made for m maximum deviation of O.1 % of the straight
Liue functions for ¥from the recommended curve the following functiona

roproduca Vpe (B) 1



1.5 - 2.4Mev 1 U(B) = 2,385 + O.LO4E [MeV/
3.4 - 3.9Mev :  F(E) = 2.455 + 0.103E /MeV/
3.3 - 4.8MevV : V(E} = 2.3555 + 0.1354E /WeV/
4.B - 5.2 Mev ¥(B) = 2.186 + 0.1B69E LAN7
5.2 - 6.2 MV : V(E) = 1.868 + 0.2124E /iy
6.0 - 77NV :  V(E) = 2.1355 4+ 0.1B4BE /Hev,
7.7 - 10.0Mev : P(E) = 2,800 + 0.1368 /Ko¥/
10.0 - 11.0 Mev : ¥(E) = 3.771 + 0.110E /Hev/
11.6 - 11.8 MeV : V(E) = 2.60L + 0.125GE /Hev/
118 - 15.0MV :  F(E) = 2.372 + 0.1430F /Mev/

According to the various Iission modes the (n,f)-, the

(n, a'f)~ and the (n, 2n'f)- Teaction AN only thres-aegmant

linsar fit of the evalusted wmooth curve ¥, (E) should be
priate with at the hold of the

(o, n'f)mooess at mbout 6 MeV and of the (n, 2n'f) process
at about 11 MeV. Then good 1inaar fite were cbtained if the onergy

limits for the linemr fits are chosen in the followiug manner:

1.5 - 4.8 Nev : ¥(B) = 2,4003 + 0.1245E /Ney7
7.5 - 10.5 Mev : F(E) = 4.509 + 0,136E /Mev7
11.5 - 15 Mev : F(B) = 2,372 + 0,1458 /isV7

The deviationa of the firat two straight line functions from
the evalusnted pmooth curve do not exceed 0,3 % and those of
the last one 0.2 %.

Balow 1.5 Mev \','25 (B) 18 given by a smooth curve which shows
naxioue deviations irom the linear energy dependence (atraight
line through thermsl beat value and V-values above L.f eV
and belaw 1.8 Nev)
@t about 0.4 MeY of mbout 1.05 %

and
at abput 1.05 MWeV of about 1.0 %.
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with their time resolution

1, patrick ot al.

2. Blons et al.

3. de Saussure et al.

4. Micheudon et al,

5, van - Shi - di et ml.
@, Wilbur X. Drown et al.
7. J. B. Lenley ot al,

2 nsec/m
1 nsec/m
100 nsec/m - 3 naec/m
10 nsec/m
40 nasc/m - 20 nsec/m
20 nawc/m and 1 psos/m
1 nsec/m

The measurements of Cao et a}, / 54/ caver only the enorgy rangs from
€ oV to 3 key, Structure in ’&‘, however, is obwerved also in the
higher keV-Tange #0 that this measurement was rejected in favour of
the other mors extensive ones, Bowmann et sl, /887 have measured with
1 resolution of 1 nsec/w aud have detsoted struoture in3, st meutron
enorgios s high as 200 keV, but they have only deterained the ehape
ot .

We have taken fato mccount the structure in the fission cros
of 235y up to 20 kev

ection

given by the above experimants and have selected

the weasurements of D'ona et a1, for incorporation into the KEDAK-file,
£ince these meadureme:ta have boen carried out with the best rosolution
and a good accurmay uf the order of magnitude of 4.5 - 7 %. The expori-
mental resulcy of Blon et al, are basod on the % (o,&) cross section
for which the authors have assumed the following aumergy dnpendance

2 (o, &) = &0l 5

VE /o]

More recent messurementa for tho mB (a,#) cross section by Sowerby
et nl. /627 have shown daviations from the o far assumed :‘,(i' behs viour
of this cross nection. The differences Letween the more recently re-~

comasndod %5 (n,&) cross eections sud the vaTues

unad by Blons
ot A1, amount at 10 keV to 1 % (below 10 XV they are 1 then'1 %),
at 508V to 1.6 %, ax 20V v 2.5 %, at
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25 %6Y to 3 % and et 30keV, which is the uppor energy iimit

of the Blons experiment, tc 4 %, In 1371 the origimal Blono
deto vere corrected for this effect by Blons himael?
end we have included in the KEDAK - file these corrected
dr = voalues.

For comparlsnn purposes the results of the above weapurezent
wories in the regisa 1¥2¥ - 30kev are plotted in Fig, 3 aa
avarsges avor 1keY intervals between 10uev snd over 10 kov

intarvais above 10wV up to 30k& . These avarages sre alac

quoted {n_Table IV. Their auseriawl values we~a taken frow
the report of Blons et ek, /457 and Lewlsy et 1, /1007 with
the exception af the weaduraments of Patriuk at al, /857 for

wnleh we ourselvés have cslculated the aversges. The interval

valuss of the Blons reaults which we presently Tecomsend an
KEDAK ere aystematically lower tusn the everages of the
Ulchaudon date which have basn reccmmended previously.

The mtne tondency ahow the LA-results /50, 150/ aad the
Harwell-weasurements /557 . They 4ro in gensral also lower
than the ORWL/RPI /487~ and the Russian /777 messurements.
This dizcrepency is ot yet resolved, but we preaently
recomend the Blons results since the mors recent mewgurs-
woatd tend to lower velues and in addition the 2nergy reso-

lution wes improved in thie sxperiment in conperison to the

mogsurementa of Michaudon. The devistions botween the Michaudon
and the Bloo# results amount in the maximum to 15 % in the
iaterval @keV -~ 9 keV. Thay ore by fer not 6o large in the
spargy range below 1 W (in general they do noil exoeed there

4 %). Thie can be seen in the Blons report, since thess

authors give for thiz eusrgy renge a comparisan of G! averages

of thi weasurapents over o.i kev intervals.
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We have taken cver on KEDAK the Blons data in the whole emsrgy
Tenge fram 150 oV up to 30 keV.

The results of the Lemley et al, /T00/ measurementa were not
available at the timo of this evaluation, The resolution of
this memsurement 1s comparsble with that of the Blons experi-
ment, tut for the Blons data a higher acouracy is quoted.
Purthermore the Lemley-data are in the reglon 1 » § KeV
extremely low in compariach to all other existing measurements
(s, Fig. 3).

The I in high. lution fiseion oross
ssotion are with similar 0l
in the total aross section. This impliés that they are due to
the entrance channel rather than to the phenomenon of inter-
mediate structure in the fimsion charmels

Above 30 KsV the scattering experimental data points have been
fitted by a smooth curve using the aomputer subroutine SMGATH
33 (ses aleo meation II L) ), The fit has been carried out at
once for the whole energy range upwards from 20 keV up to 15 Mev.
The measurements of the followlng authora have been taken into
account either as complste data seta or partly and with reserva-
tlons (ses alao Table III):

Melkonlan et al, 57
Diven 55
Dorofeev, Dobrynin 7
Kalinin, Paniratov 157
Adems ot al. Va4
wmste 7

Knoly, Ptnits 57
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Hangen, Hefuire, Smith Viis
Szabo et al. 87
Kippeler 27

Tha inverse squares of the errors of the individusl messured data
points were used as individuel weighta of the data in tha following
v the of Dlven and those of Doro-
feov and only the 1y fivsion crose oeotions
at 1,27 MoV and 30 keV respectively were inoluded in the date fit,

In the energy range freom 1L MeV to 3 MeV thore exiot anly very faw

data pointe of the selacted measurement meries {ses B:.. 6}, In

order t obtain here a reaschable Gp-ehaps we have sacopted the roe
sulty of the Lob Alamos bomb shot meagurements by Gramer /537 in

this reglon, Thesa data would otherwise bs left out of vonafderatien
aincs they are normalized to the alredy evaluated 8,,.-data of Devey
/537 1n this range. Purthermore the uncertainties of these measurementa
are for a number of data polnta very large.

In the energy range sbove 3 MeY the White data are in good agreemsnt with
the revieed G-values of Haneen, Moduire, Smith correated for errort in
the effiojency of the long countar used for flux weasurements. Thease
corrections lead ¢o reductions in the originald g-valuen of mith, Renkel
Noblee /797 of the order of 10 &, Jighest preference wos given to this
dnta get becawse of its normalization to the well-known (n,p) standard.
The experimentel regults of Kalinin and Pankratov in this energy range
wera alzo taken.inta acoount in the date fit but with 2ess welght than
the other measurement series since this data sst fe not in accardanias
with the low White valus at 5.4 MeV. This discrepanay in probably duo

to dffisulties in the mocurete detsrmination of the nsutron flux.

The measuremenits of White are charmoterized by a particular careful
determnation of the peutron flux whareas in the Russian meamurements

the flux determination is based cn a yleld curve for the p-T-reavtfon
ooesured 1n parts 1953 and 1558,
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In the upper Wev-range above about 13 MeV we heve used ic
addition to the Hansen, Kcguire, Smith results the expori-
mental data of Adams, Batchelor, Qreen /707 in order to
determine the shape of the fiesion crosd meotion in this
rangs. In particular we havo drawn above 14 MeV An eye-gulde
turve through the data of these two meAsurement series. We
2 at 14,1 MoV
through the White vAlua st this energy, although the LA-re-

hnve postulated for the I‘-eurve that it pn

sults /787 show a tendency to lower & -valuns around 14 MoV,
But the White result at 14,1 MeV is confirmed by a messure-
ment of Uttley and Phillips /837 relative to¥,,. (seo Table
105} &t the wema energy and 1s 2180 in good grsement with

the at & of Adrms, Batchelor, Green
Wt 14 MoV, Thus it can ba considercd sa very reliable. Above
17 MeV the two mossurement series of Adams, Batchelor, Green
and of Hauwen, McGuirs, Smith show strong discrepancies, but
fno attuation was given to Lt since wa confirm ourselves ip
this eveluntlon to an upper snorgy limit of 15 MoV,

In the Figs. 4, 5,6 the experimentsl results of the sslected

measurement series as well ms the recomacnded 3  (Ey-curve are

ropressuted together with the mesurement uncnr:nh.tiul 1t
me@igned by the suthora. The egergy runge from 30 key to 370

eV 18 considered in Fig. d, from 200 keV to 1,5 NeV in Fig. 5
and from 1 MeV to 15 MeV in Fig. 6. The largast diviations of
the pregently rescommended l'-—dntl Iror the previously recommended
fission cross section valusa on KEUAK to the amouat of 10 % are
oncountered in the WoV-range above about 2 Mey, where the 3 -data
fru. the ueasurewents of Smith, Henkel, Nobles have besn replaced
by corrgcted valuos of thess measureseuts. Tho deviations in tho
energy range from 30 keV to 2 MeV mmount to meximal 3 . A CompAri-
son with these previously recomwended KEDAK-valuss is ouly given
in Fig, 7, whereas s with the y lustion /337 i»
Eiven over the
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energy region of Fig.4, Fig. 5, Fig. 6,

The racommended 3, (E)-curve 1s in accordance with theorotical
expsctations /847 in do far as ot about 6 MeV a now rise of
the f1

1on cross section occurs due to the incidence of the
(n, n'f)process nnd of about 11 MoV an increaso im 'Ar Attri-
butable to the {n, Za'f) resction,

The evaluation for 8 (E) could be summmrized as follovs:

Energy region Experizent
50 oV ~ 30 key Dlons et al. /437
30 key- 15 Mev White /727; Bzabo et al. /80/;

Hansen, McQuire, Bmith /787;
Kippeler /817;

The estimated mccuracy of the recommended d  -valuaes for 2:‘t’u is
tobulates below:
a,
Energy ravge z’ 15| Connenta
1
150 ev - 1 kev| 4+ 10 Corresponds to the uncertaiuty of
1 - 0wy 8 the majority of the Blous et ml. /13
results 1a these regions
aokev - 1Mev | & 3 Uncertainty of the Wsite- mnd the

Szabo et @l. - results vhich are
predoniuant in this range

LMV - 3 MeV | + 5 Average uncertainty of the results of
Cramer /527 which mainly detersins the
I‘-cu.rva 1o tbie Tauge

+
[

3 MeV - 15 Mev| + Correspuads to the average srror of the
reavised i‘-uluu af Eansen, Kcduire,

smith
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IV, The total crosa pection

The total cross section was evaluated Lu the energy range
above the reaclved resonance region {.e. above 150 ev.
Since the evaluation of J. J. Bohmidt in 1968 /347 in tho
lower snergy rango precimion messuremants with high ensrgy
resolution have been performed which show considerable
structure 106, The 3,-values Tecomenled on KEDAK 10
1086 hed been obtained in this energy range as the sum

of the partisl oroas seotions Sg 4, and 8 . Theretore
errors in this cross section type arome from wroog fluc~
tuations in &y (aes section ¥ ) and a revision of

th
higher energy range recently o high pracision mensure-

data was of great importance, Furthermore Lo the

want of Clhe’ at 1, has ! come available,

in the middle of 1971, hen this evaluation was started,
the existing memsurements nnd the energy range covered:

in these neasurements were

in the lower energy range, 1.e. below 30 keY, those of
Michaudon, 1964; 150 eV - 720 eV ;
Yetter et al. 1957; 210 eV - 7.9 keV;

Helkonian et al.1958; 1.2 E-2 &Y - 48)eV;

Derrien 1960; 720 oV - 10 keV;
Uttley et nal. 1p6d; 150 ev - 950l;
Uttley 1064; 270 &V - 78 u¥;
Klbdon, Langauor[1954; 630 oV ~ 150 ka¥;
Bickhoff ot al, 1071; 10 keV - 100keV; /87

and in the higher energy range, i.a. mbove 30 keV, those of

Bratenshl et al. 1838; T sV ~ 14 Mev;
cabe’ ot a1, 1870; 100 keV - 6 Ne';
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Poster ot ml, 1987; 2.3 MeV ~ 15 Mev; /8347
Gallowny 1960; 500 kev - 950 key; 795/
Henkel 1952; 40V - 7.5 Mev; /087
Bmith et al,  1965; 810 k¥ - 1.5 Mev; /877

In this survey about availsble measurementa the measurp-
ments of Avercheuko, Veretonnikov /587 and these of
Lpngdiord do not appear. Doth were rejocted in ndvance
bicause of their lsrge uncartataty {up to 14 % aad 11 %
respoctlvely) .

From the sbove measuroment asried we have welected the

following ones:

Mighsudon 7307 tn the reglon 180 oV - 720 eV
Derrien mzo 220 oV - 10 kev
Bickhoff ot al. /017 " " " W ke - 30 kb

and in tho region 30 k& « 15 MeV

cabd et al, /357
Foater ot al. /347
aslloway /557
Bratenahl /027
vttley /88, 897

All thesa memsurements have a totel uncertainty of their
results of about 3 %.

The meagurements of Michaudon, those of Derrien and those
of Bbckhoff st al. are not only the acat extsnsive messure-
ments in the respective auargy rogion but they have also
the best resolution in cosperison with other expariments
done in this rangs, nemely

t = B uec/n in the Michaudon experiment,

t = 0.8 usec/a  in the Derrien wxperiment,

t = 0.3 nanc/m  in the Bickhoff experimeut.
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¥hereas the measurements of Michaudon and of Derrien are ab.
solute meamuremants, that of Bickhoff et sl. 18 a relative one
aiming only to investigate the structure of the total cross
meatich and does not give absalute cross section valuas. Its
recults wers normalized by Bicknoff to the ¥ .valuen evaluated
by S5, Sonmidt /35, 357 which are based an experimental re-
sults of Uttley /BF7 in this range, Sino no new measuremsnts
a7o available in this range the sbove normalization still holds.
But the resuits of the Bokhoff experiment are therefore only
in that energy region of wse for ua, where we take flustustions
in the arose aaction typea inta wapount, 1.6. up to 30 keV,

The sxpsrimental resulta of these high-resclution ewesure-
ments in the lower ensrgy rangt are represented in Pig. 7 a)
=9). The plotted points corresperd in the snergy region

150 eV « 720 &V (Fig. 7 a) ~ h)) to the Michauden peints,

1n the peglon 720 oV - 10 keV {Fig. 7 h} ~ p}} to the Derrien
pointe and in the renge 10 ksV ~ 30 ksV (Fig. 7 q)) to the
BYokhoff results, The experimentsl data of Derrden /Bf7 have

a gap between 5.43 keV and 5,97 keV,

In the higher energy range, i.e. above 30 kaV, the measure.
ment series of Smith et al. /517, of Henkel /567 and of
Ritdon et al. /507 were discarded because of the reasens
outlined below.

The exporimental results of the Smith measurements /577 and
aleo f the Henkel measurements /567 4n the uppsr energy range
are too low (see Fig, 8 b)) in comparison to the very exténaive
and macurate measurements of Cabd ot al. recently performed in
thie range up to 6 MeV. A compariscn of the Acouracy of the
thres data sets cannct be mads, since for the Henlml and also
the Smith results no uncertainties are quoted in the corres-
ponding references /36, 977 .
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The uncertninty of the Cabé Tesults 13 Eiven in reforeace
£33/ ea lean than 3 4. Higherd -values arc clsa claimed

by Foster =t el. /547, although his Tesulta kre lowar

*han those of Cabe mad OF Bratenahl et al, /527 who han
mansurad only ong value Ln this rangs, nnmely at 7,05 oy,
The mesurement sories of Hibdon, Langsdorf /597 cen in

any case only play s role in the energy range from 30 ko¥

- 150 keV, This medsurement goea back to 1953, Purthormora
no unosrtainty is quoted for the expsrimontnl results ond
aince the experimental data ure considerably lawer by nbout
9 % than the Uttley reaults ia this renge /38, 897 end slso
then tho Cabd results in the small overlapping region of
both measuremants, from 30 ke up to 160 keV preforence hos

Uaon given to the two massursmant seriesa of Uttley. The
experimentn}l results of tho two measuremant peries wore
fitted in this onecgy Tange by a smooth curve. For tho
data poata of the wessurewent of Uttley from 1964 /Bg7
o errors ware quoted. We have here taken over the un-
certainty of the deta polnte in the corresponding energy
region of the memsuremant from 1966 /HB/ which veries

between 1 mnd 2 %;3ince both mexsurement series covar tho

dama energy range.

Abovb_150 keV up to & MeV thy Cabs dita /537 play the
predominant role because thede messurements wera carriad
out at very denaely spaced energy poiots. In smOOthing
out the exparimental date the resulta of the Uttley
messurement, however, were &lso teken into sccount, at
least up ta 650 keV, the upper energy limit of thim
uoasureseat, In the region 2.3 LoV - 8 MoV the Cabé—data
aud those of Brotenshl et al, /527 were fittea by &
Fmooth curve.



In this region also experimental data of @ measurement
of Foster et al. /547 exist, but the memeurement series
of Foster et al. end of Cabé et al, are discrepant. The
Tesults of Fostar are systematically lower than the remults
of Cabé by about 3 to 5 %. The measuremant of Foster is
neither a high precision nor a high resolution memsurc-
ment. It

performed over n large energy range only

to determine the onergy dependence atd,r. The energy
resclution 1§ 2.5 - 4.5 %, that means vorse than that

of the Cabd measurewent by a faotor of mbout 3. In the
region @ Mev Up to 13 KeV we had no other choice thun

to take the velues of Foster et a1, /D47, mince this is
the only existing mespurement which covers the whols
region. Beaides this measurement there ars only & few duta
points of ErAtanshl et al, 537.

The experirontsl resulta of the memsurement series ford,
in the upper energy rauge from 30 keV 13 WeV are shown

in Fig. 8 m) - h) together with the presently recommanded
{ tained by out the
tal date,

A comparison betweon the presently recomsanded O -valuss
and the previously on KEDAK recommended curve is given in
Fig. 8 for the eusrgy range 30 keV - 15 WaV. Io this
region the priviously recomosndsd d,rm ~curve 18 lower
than the preseatly recomsended ous hy about 3 %. A

maximum devistion of nesrly 8 % is encountered at abaut

4 MeV. These higher Go-valuer are dus to the receut experi~
mental results of Cabd et sl. /537 which are higher than
the results of Henkel /587 on which the previcus evalumtion
/34, 5/ 1s based. Concarning the lower energy range in
the region 10 - 30 keV eamentially no differences in
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Seuparigon to the pravious KEDAK @ -values exlst, since the

Bckhoff results ere normalized to the G‘T-Vl)ues recommended
by J. J. Schoidt /34, HS/. In the range 150 oV - 10 keV
maximun devlations of mbout 10 % are encountered in the

region 1 keY - 10 keV whers the previously recommended

n‘,‘.-vnun are lower thon the presantly recommendad ones.

A survey sbout the meaaurements considered ln the GT-

evaluation is given below

Energy Tange

Exporimental basim

180 =V - 720 eV
720 ®V¥ - 10 key
20 ke¥ - 30 keV
30 keV - 180 kev
150 ka¥ - @ MoV
8 Mev - 15 Nev

Hiohaudon /307
Derrien /877
Bickhof? at nl. /B
Uttley /88, 857
cave’ /837, Uttley /B67,

Galloway /387

Foster et al. /547, Bratenshl /827

7

The accurscy of the recommended d:s-vnlnel 1s estimated to ba:

Energy vange “r_ /57| Commenta

150 eV ~ 720 oV | s+ 3 due to the uncortainty of the Michrudon
results

120 ov - 10keV) +7 dus to uncertainty of the DerPien ro—

. aults

10 keV - 30 kev | +4 due to the spread of experimental data
in this range

30°kev ~ 180 keV | + 2 due to the apread of experisental date

-8 in this range snd to the uncerteinty of

the Bttlsy results




4% 7
Energy range = ~/"%7 | Comments
150 keV - 2,3 M| + 3 due to the ucertainty of the Cabg
and Uttley results
2.3 M6V -~ 6 MeVf + 3 due to discrepancy between Foster an
-3 Cabs end to the uncertainty of the
Cabé results
G Mev- 15 MeV + 3 due to uncertaint” of the Foater
-3 results and its discrepancy with the)
Cabe”results




V. The capture-to-fission ratio

A Tovision of the KEDAK-value forob was performed in the
anergy region sbove the resolved resonaace region, i.e.
above 150 eV, In the oV-region the results of a high
resoluti of de ot al, /387 has be-
47 .
This necessitated an incorporation of thess valuea .ata
KEDAK, mince dus to the lack of 8a o -meawurement of @
resolution comparable with that of the Kichaudon 8 -measuro-

aome aviilable since the evaluation of J. J, Bchmidt

nts, Lncorporated 1868 into KEDAK, we had since that timo
#actiona, The

highsst resolution resched in the de Ssudsure experiment

wrong fluctustions in the capture cro

from 106 1s B nsec/m nnd 4o comparable with the resolution
of the Michaudon & -experiment, Zrom which we have taken

aver the energy valuss for KELAK.

Up ta October 1971 when this evalustion was started no other
messuremants were available with much o good resolutian. Silver,
de Seussure et ul. /T02/ have perforned @ new & -mesurcment
over the same ecergy range aad even extended up to 100 ke,
whereas the high-resolution messuremest of de Saussure from
1986 h
of tneve recent measurements were reported but up to now no final
results are evailsble. We have not taken into account them ther—
fore /1147 in cur evalustion ard have taken over on KEDAK in the
lower energy range the data of de Sauesure from 1966.

un upper 1imit of J Ke¥, At Knoxville praliminary rssults

The de Saiawure dats wers normalized concerning the fission cross
ssction by making the fissico resonance integral from 0.45 to

10 MeV equal to 127.45b and concerning the capture cross sections
by ma¥ikg:the absorption rescnance integral from 0.45 to 1,0 oV
equalito 58,12'b, From & cdmparison of '100-eV lmterval values it
"£611cned thiat on' the ‘aversge ‘the & data ahow A

‘of ‘sbout 15 & with regard to the pravious KEDAX ~values.

oo v oan P

P e
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In the lover keV-range, i.e. above 3 keV up to same ten of keV &
pumber of reasuvements are available;

Energy region lLecuracy Ref.,
Bandl et al, 1971; 8 - 60 keV; (12-17) &5 {7037
Czirr, Lindaey, 1970; 2.6 ~ 30 keV; T-8%; {1047
Muradjen et et. 19To; 0.3 eV-S keVy L ~16 %; {7057
Kurov, Ryabov, 1970;  1ooeV-30 keV; 9.5 ~13 %; {1067

Van-hi-ai et al. 1965;  looeV-30 keV;  below 1 keV T % .
above 1 keV 7.5-12%  /7L7/

Bilver,
de Seussure et al. 19T71;  loo eV~-lockeV; - L7027

In the higher ke\ -range except of mome very old insccurate memsurements
(see referance /3l', B157) the follawing meamurements wera performed:

Energy rangs Aceuracy Ref.
de Seugsure et al., 1966 17 keV-6oo keV; 8-16% xe7
Weston et al., 1964 12 keV-690 keV; 9-20% L1077
Diven et al., 1958 1oo keV~ 1 MeVj 6 % L1087
Hopkins, Diven 1962 30 keV- 1 MeV; T-1% [ieg]

Since in the lower keV-renge all suthors have guoted interval-averaged
values, even if unfortunately not over the same intervals, we give in
Fig. lo a) and b) & comparison of the different measurements in the region
up to 1oo keV. For KEDAK we have teken over in thim range from 3 keV - 11 keV
the three values of Czirr and Lindecy over the imtervals 3 keV - k.29 kuoV-
T34 keV = 10.9 keV, It is Uifficult to decide for one of the masgure-
Tents in this range. First the data of the several suthors are not averaged
over the sume energy intervals as already memtioned., But furthermore
the different sets of interval velues ghov & different; tendency with in-
creesing energy, scwe data sets increase,some dscrawse in the same energy
Concerning the i ve have thought that it is a

too 0ld meesurement. The o, ~values of this messuremenmt shov very strong

) fluctuations in the energy range considered here, The eame it trus for




- 25 -

the measurements of Kurov, Ryebov. The experiment of Muradjan et al. covers
only the energy range up to 5 keV. The results of Silver, de Sunssure
ere only preliminary, not yet corrected for miltiple scettering e.g. /T147.

Then remain the Bandl et al. meesurement and the Czirr, Lindsey messurement
up to o keV {ahove 1o keV they have quoted only one value for the interval
23 keV - 28 keV, for the interval 11 ~ 23 keV no value is given) mninly
because of the fact that it goes down to such low energies as 3 keV which
iB the upper energy limit of the high ion de

from 1566 adopted for KEDAK. From the Bandl meesuremont results are availa-
ble only above B keV and for joining the last do Saussure valus at sbout

3 keV ope hao anyvey to teke the Czirr dato between 3 and 8 keV, Abova

1o keV one has the cholce elther to fit the remults from the meaguremonts
ot gelected energles of de Baussure et al. and of Weston et 6l. by & omooth
Surveor to teke over the interval values of Bandl et al. The o (E)-curve
evalusted 1966 gives in this renge a good mean between the Bundl results
and the higher results of the point messurements if one excludes the deep
minimum in the ol -curve of Bandl around 25 keV. This minimum in the

& (E)-curve, however, is up to now not confirmed by other experimental
final results, We have therefore kept on KEDAK up to sbout 4o keV the
o (E)-curve evelusted by J.J, Bchmldt in 1966.

Between i1 keV £ad 15 keV we heve edopted & smooth comnection to the

< -value recamendsd by J.J. Schmidt /34, H15/. In the region shove o keV
we heve taken over bigher o -values than J.J, Schmidt cnes so following
the evaluation of Alter and Dunford /117, Alter and Dunford tock by 5 to
7 % higher o - values, but only in the regiom fo - 260 keV., Accordieg
to our opinion the range with higher ou-— values should be extended up to
450 keV., The main resion for recomnerding higher b -values are the

i 1-date of de at ol. 7§67 which had not been evailsble

to J.J, Behmidt. Thie meesurement series covers the region from 17 keV-
foo keV, however. Wa have drawvn an eye-giude curve through the there
availsble measurements of Diven, Weston, Hopkina and Diven and de Beussure
end have joined it to the previous KEDAK-svalustion of J.J. Schmidt /3%,H157
at Too keV, The preeently recommendad ok -velues are by about 5 - 7 %
higher in the regiop €2 keV - 450 keV. The experimental data in the range
up to 1 MaV as well as the recommended curve for o(E) are given in Fig. 11.




Above Too keV up to lo MeV the a(E)~purve of J.J. Schmidt from 1966
{347 ie atill recommended, that means & Tather clome 1/E -dspandance
of &y, mince no  mamsurements at all exist sbove 1 NeV end no new
measurements are svailable batween oo keV and 1 MaV.

Avove 10 MoV up to 15 HeV we hava tuken over the obh-valuss recommended
by Alter and Dunford who bave obtaiped thair values by axtending amoothly
the &(E)-curve of J.J. Schmidt. The presently recommended gy{E)-curve

in the region 3o Xeo¥ - 15 MeV is given in Flg. 12. A summary of the oreva-
lustion is given belows

Energy region Corments
150 eV~ 3 keV Qe Buusaure (87 date
3 XxeV - 11 kev ipterval values of Cairr, Lindaey /Toh7
11 keV = 15 keV ranoth connection between Czirr, Lindsey
snd the o {E} = curve recommendsd sbove
15 ke¥
15 keV - 6o keV meen between Bandl interval values snd

de Baussurs end Waston data

6o keV - kS0 xey eye-gulde curve through deta of Diven,
Wopton, Hopkina snd Diven, de Ssussure;
5 = 7 § higher di-values than previcus

KEDAK-evaluation

LUSo ke¥ - Too keV amooth joining of present snd previous
KEDAK~evaluation for oft

Too keV ~ 1o MoV previcus KEDAR-evaluation for o

1o Me¥ ~ 15 MoV Alter , Duford evaluation: emooth eon—

tiouation of previois EXDAR-evalustion



The accuracy of the reconmonded O zﬁ-vlluei is egtimated Es out-

lined balaw:

Energy region A‘;L Is Comnonts
180 oV - 3 keV + 1o estimated uncertainty of the de

"2 Saussure duta

3 keV - 15 keV + 28 due to diucrepancies batwsen experi-
-10 mental a-data in comparison to the

Czirr, Lindsey values
18 keV - 50 keV + 10 due to the spread of experimental
: -15 data ia this range

50 kev - 1 MeV + 10 due to the scattaring of the expori-

- 15 me.ital data around the recorasendnd

ourve in particular due to the dis-
arepancy between the high de
8mussure values and the low Weston

Tegults

No acouracy estimate oan be mede mbove 1 NeV finuy there exist no

exparimental dats at all,
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data changes

The re-evaluation for the data types o”, d,r,eo,; ceusas changes
in the othor cross section types, the so-cmlled secondary datn

changes, since they ere mutuslly dependent. The energy range in
which data changos for the different crosa maction typsa of
U-235 are encountored, are summarized in the tabie bolaw:

KEDAK cross Energy range of the
section type duta type changes
name fov7
et o = Q‘WG'I 150, - 16.E+8
ETA 1" 1 +1* 5 1.E~3 ~ 15.E+6
CHIF % - enargy distribution of urchanged
the prompt neutroas
MUEL |9, -average of the costue of thal10.E+6 - 15.5+6
elastic acattering angle in thel .
Iaboratory syatem
nue * ¥ —average number of neutrons |1,E-3 - 15.E+6
per fission
SGA G -nbsorption cross section {150. - 15.E+8
SGALP @4, ~(n, &) crosa section unchanged
sor * @ ;~fiamion cross section 150, - 15.E+6
8Ga &y--capture cross section 150. - 18.E+6
SGI dn,- ineleatic scattering 2.4E+6 = 15.E+6
cross sectlon
sa &, - elustic scattering cross |150. = 15,746 .
section
scp & = (0, P) cross section unchanged
sar * & - total cross section 150. - 15.B46
SOTR dy¢y - transport cross section [150. ~ 15.E+d
Y 2y = (B 2m) croms mection  |10,E+B - 16.E+B
8o oy = (Ms 3n) cross section {12,546 - 15.E46
sex « 130, - 2.4B+8;

x non-alAstio cross section

10.E+6 - 15,E+8
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* - thase data types were re-avnluated.

For tha duta types SO2Y4, SG3N, MUEL ths changas conatat oaly la
an extonsion of the curves recommended by J, J. Schmidt /547 up
to an onorgy of 18 MeV,

Faor tha nan-slastic croas section, data type nome SGX, no new
mecsuromants exiat, In the rungo 10 MeV - 15 MoV wo havo taken
over the valuss read frem thn &xtended dz(!:)-nurva proviousty
recomzendad on KEDAK /347, In the range holow 2.4 MoV SOK was
changad au obtained by the relation

é

x Gyt @ 3, +8, voy,

@ O below 2.4 NeV

In the range 2.4 MeY - 10 MeV tho proviously recemmended SGX=
viluos remainad. The changes in Gr and By-in this Tange and
8lgo in the range 10 MeV - 15 MoV were shifted on the inelastic
acattering cross section, dats typa name SUI. We rolied here

on J. J. Schmldt's KRIAK-sveluation for U-235 from 1968 /347 end
adopted the evme procedure for the determination of the §0X~ nnd
SGI-values.

The chauges for the other crois section types were obtalned
throvghout from the follawing relations;

SGA - absorption cross section & = Syrdy since @0
d‘w=o
8Ga - oOMpturs cross section Spad. 6,

8GN = elsgtic Bcattering croas ssctico gn au’,r -dx
BGTR » ErRn@port oross mection &, =dp -y 00



In the higher ensrgy range above 400 keV the presently and mre-
viously on KEDAK recommended 6n<3)-°“r'/° and Gx(ﬁ)-curve
rospectively are given in Fig. 13 and Fig. 14 respectively ta-

gother with the experimental date points. For Loth cross

section types no new messursmeuts exist. The rnelastic scattering
cross section dn. in the same energy range is represented in Fig.
15, For this data type soma new neaguremants are available, namaly
that of Drake et al. /7117, that of Arsitage et al. /1127 and that
of Batchelor aad Wyld /T137. The culculated curves for qn,dx.q"‘
1lie fairly well betwssn tho experimentsl messurewents.

Concerning the energy scale of the KEDAK-points all data types
for U-233 except CHIF ero etored at the s

© etergy points since
our progrem for tho caloulation of the mutuslly dependent crol

wections presupposes this. Above 30 keV up to 10 KeV we have used
the same energy points ns stored in the previous version, only
very tev additional oints were inserted in this scale iu order
to reprotuce well the crergy dependonce of ¥ and . Below 20 keV

we have taken ovor the energy points of the high resolution

UT-mnnsuramntl of Michnudon {4+ = & wiec/m) in the range
160 eV - 723 eV, of Derrien (At = 0.8 msec/m) in the range
724 eV - 10 keV oud of Bickhoff (4t = C.3 nmec/m) in the
range 10 keV - 30 keV and have interpolated the other cross
soction types at these energiss or calculated the mutually de-
pandent cross sections mt these energles. Since the high
resclution € -moasurements of Blons et al. (At = 1 nsec/m)
and the & -messurenents of de Saussure (4 t = 5 nsec/m) shaw
sometimes a EMAft in the energy of their peaks and valleys in
comparison to the peaks and valleys of "r' the above selection
of tho energles by taking the polnts of the & —measurcments
has sometimes lad to negative Gn-v-:luu. Very probably some of
these negative §, -values are also duc to the difference in the
rosolution of the § -measurements on ouo side aud the ¥,

os ~meamurements on the other sida,
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Sinco the muber of these points, however, was very small in
comparison ta the total number of energy points in this range
we have re-caloulsted the cross seotion values at these points
deoiding from case to oane whether® . or 8y orabas basia cross
section type should be changed by a small amount.

In the KEDAK~evalustion from 1966 for U-235 the energy dependence
of tha aversge Fisaion width r' was determined by £itting tha
evaluated o (E)-ourve, A4 spin dopendaneu of r‘ was not considersd.
Since alpo Dowsdays bettap information about th. #pin- and enargy-
depandence not yet exists we have only repeated the fitting proce-
dure with our changeddi-values, The quantity o ims best suited for
thia purpose becauss it depends onhly weakly on a corTeot value for
‘the strength funotion.

\" g >
3 B
1fa<“¥> et l Suc T <

{d> - - =
T 2 £ 1 3
le<¢’> 2B 5 % vl <_r‘.‘.{..__
=
. Mm 'r?
1,083 Cu
g r
L k3 L .
1.3 By T ]
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with

= 3, (2aE) -

[ Dy B - (0,
5, D, (g Py &y VE
it followa

v
1 ir
E S, ———— D
. Ly M5 (R 5, &) v

=Y
£ 8 s
Lreru M

By Gy &y Ty

Tne snergy dspendence of T ia predioted by the Perml gas model, By
using this relatioh one obtaina that

5. (aga) «8)2 )
3 ”(;:: (::2 lxp( -2\/ n(RB +E) + 2\/5:
13

ia independent of 1 and J, Then we have

(Y = 12 5 5y n. T
Le® M F‘ ¥
13

The used syobols have the following meaning:

Mo, Ty, 7, T - elastio soattering and capticis and fission and
total widths, renpeativiey

Bpin of the compound nualeus

- angular momentum of the inaident neutron
luvel spacing

- strength funotion

= barrier panetration factor

< U H=
i
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& statistioal spin faator

E = incident neutron energy

EB - effeotive binding energy corrected for the
pairing energy, of the last neutro; in the
nompound nucleus

a - level denaity parameter

We make now the following simplifying mssumptions (for reasons of
Justification see also NFK 120 p. D 99 - D 117)s

WP R
flwo fleo £

and singce nothing abuut p-wave fission 1u known one oan sot

Lo} 4
aince nothing definitive ia known about the

J-dependence of

e il - ﬁf

Ju3 = =
g2 1y __1‘5.1114 -85 .y
2
beoause of the lack of any other evidence

o33 qodeh .o
4 T‘r Tm Ty

That means that the statistloal distributions of r;- and R wore
assumed to be the same for the iwo spin atatea J = 3 and J = 4.
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¥ith these mssunptions it Zollows

° 1 2 LR |
P 8T8 50" T *BTaa B a8 T )

Wiy =

) 1 1 1
BTy *+ 81 Y1 eyl a3 s 1ug * BT 504"65 T” s >

I"! {E) was detersined from this expression by fitting the svaluated
& (E)-curve. The uew valuss were Lucorporated iuto the KEDAK-file
uader the data type 5TGF,
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Table I: Available experimontal information on the absolute

deleyed neutron yield per fission of 225”
235
T 7w Reforenco
9,550 thermat Brunson et r1., 1855
- 210 a1 g a7
Y OO g
{f1s810n spectrum)
figaion spoctrun neutrona;  Op0374l foso, Smith, 1057
. /357
thormals 0.0188 + 0,0008 Keepin ot 1., 1958
f1ssion spectrun:0,0160 + 0,0005 .88, 107
14 Mov noutrona: 0,022 + 0.008 NcGarry et al,, 1960

1187

Makeyutenke, 1960

¥,(3.4 Mov)/ Vytheranl = 1,00 + 0.04
as7

7,628 wevy/ T 0 = 0.99 ¥ 0.04 }

T, 15 HeV)/ Vd‘h = 1,86 + 0.08

eoveral measurements in the range

250 keV - 1.5 MoV
Tq veries between 0,015 Bnd 0.017; 13867

Cox et al., 1967/68

a0 numerical valuea given

Mesters et sl., 106D

14.8 MeV agutrona; 0.0088 4 0.0008
17

Yy (3.1 Hov)
= 1.80 4+ 0,11

\_Iu(lA.ﬁ He¥)
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Table I

Avaglable experizentsl inforsation oo ¥, from

1961 up to late 1970

Referanco Runrgy region AS57Y | standard Comeents
=0 ,235
Blyusiion et al.; 19864/ 3/ | 0.08 Mev - 0.93 uev| 0.7-1.2 Vintm = Seintillator meBsurements
©.08 WV - 0.64 Mev 2.43 Thorium fimsion detector
ty =
messured quanti y, Vp(Bn)
vp(@’n)
0y = 0,29 Mev
—— =7 235
Butler et Ri.; 1961 /T97 0.21 Mev - 1.58 Mev| 0.6-1. | ¥, (T m=2.47
colvin, Sowerby; 1985 /207 ©0.101 Mev - 2,57 uev| 0.8-1.9 [ P &g in reference /307
P data for the ratio
Tm PP Pongive
P P
condd et tl.; 1965 /717 0.06 MeV - 14.8 Mev | 1. GP (25259 <an]
nlnd {2 enescy polois) 5p
Hopkins, Diven; 1963./227 0.280 Mav - 14.5 Nev [0.9-1.6 |U% p(z'zt::)=:;.'ru
Kuzoetsov, Smirenkin; 1966 0.08 NeV - 0.70 Mev (0.7-1. \’lzh(z‘T)ﬂ.n moagured quantity ¥_(E )
/18,57 . 3,00
E%, = 0.4 MV
Mather, Fieldhouse, Most; 0.04 Nev - 7.96 wev 10.6-1.7 |y¥ (524:3:3.732
g sP
1984 /247
[ueadows, Wnalen; 1962 /257 | 0.03 Me - 1.76 Mev [0.7-1.0 [T (Zh0)=3.782
; 1867 .422/ ©0.039 NeV - 1.0 MeV 10.6-0.9

- g9f ~


http://pnrl.ee

Table IT : Continued

Reference

Energy region Accuracy  Standard Comments
L
Pop 282 :
. Hurpeisov; 1970 o. - 1.5 Mev i 0.6 - 1.1 [Y] (" en=3.782
/217 :

o iop 235 o
“IProkhorova, Smirsnkin; ! 0,37 MeV - 3.25 MevV | 0,7 - 1.7 ;vth( U)=2.414 measured quenti YVD(ED)
N F2 i S (E% )
‘1968 /287 : i e

i % = 0.37 Mev;
o
|
| — -p 252
Savin et al.; 1970 /26,32/ ©0.85 KoV~ 6.60 Mev | 1,2 -3 V7 (T en=3.772

Solellhac et 8l.; 1370 /317

0.21 MeV -1,36 MeV
1.36 MeY -14.79 Mev

0.5 -~ 2.2

0.3 - 0.5
(sttistical
only

values used for renormalization:

P (252

¥ gp cp) = 3.756

TP (235, -
V(T W = 2.4071

.



235
Availmble z‘—-easurem’nti for "7 U in the energy range 1 keV - 15 Kev later thsn 1850

1984

57 - &

1§ g Bgyaz
B8 eV
from measure—
ments of Shore,
Suitor /327
normslized to
61,(0.0?5 ev) =
582p

Reterence Energy range Accursey
Ai % standard Commenty
Sy
Yester et al.; 1954 V.7 - 42 kev +4-6 Colusbia aot considered ba-
/387 1956 5ev - 3 kev abaolute & cauge no sbsolute
measurcments measuroments and
betwsen 0.3 and | reference values
are based on
esrlier wessure-
meats
{utcheudon et 1.; 2958 =| <1 kev - 20 kev +5-6




Table III: Continued

1ized fo the well-
knova 2200 n/sec

vatue §or G oo
therefore taken

and

into account

Accuracy .
Roterence Energy range 2 Standard Commeats data ,
a
I e
Uichaudon, Ribon et al.; | 2.5 eV - 20 kev| +5-6 ljfad Zj(z) dE previously re-
/a7 1965 ou4 comeended on KEDAE |
with date of /33,357 presently
Shore,Sailor/32/ | replaced by the
Blons wessurements
/437 resolution:
10 nsec/m
Melkonian ot ul.; 1957 | 0.0l eV - fo kev | + 4 - 6 8 = 5800/ relative measure-
0.0253 3v | ments,but norma-

- Gn-



TAble III: Ccontioued

/457

1
xev

lative mesrure-
ments and norma-
lized to the ab-
mclutely mezsured
standard value

Aceuracy
Referance Energy raoge Standard Comments fata
ady it
L%
GI
Gorloy et sl 1959 3.5 - BOO kev * 7 ‘25 = 1.30b/270 rejected since re-

/57 1969

S p5(s82eEIE/

0.025 oV

» (1040 nzec/w reso]
tution worse than the}
Blona experiment /43/]
apd gince the results)
are avail. only 8s

energy averages,used
for comparison pur-

Perkin et w1.; 2965 24 kev €y =(2.36 absolute neutrons from a
/487 + 0.06)b .
H calibrated 1o
| three indspen- x
dent ways
Ven-Shi-di et al.; 0.1 kaV - 30 keV +1-4 rejected becruse of

poses

o5~



Table I1I: Contioued
. Accuracy
Reference Energy range L Standard Comments DPata
6‘— L 7_-/ fit
de Saussure et al, 1966 0.4 eV - 30 keV 5 1 eve (B)E = messurements with
/357 1967 nf“ev 2™127.90 | u resolution af
: obtatned from tnd 00 05°/m -
mensured data of 2 nsec/m;worse -
Bowmsnn /dg7wnicH FesOlution thaa
ore normalized tq U Blond experi-
G .517.1n/0.025 oot used for
28 eV| comparison pur-
poses
¥iibur K. Brown, Bergen, | 20 oV - 2 Mev - Li(n@3T up to relative messure-
[Cramer; 1966 100 knv;dus pents; Petrel
/507 10 kevV-2 Mev underground ex-
[ (BNL325) plosion; used for -
comparisen pur-
poses
ramer, Bergen; 1969 20 €V - 1 key + 5.5-90 Li(g,MT; underground nucl.
He(n,mT detonstion Persim- |-

™

-6 -



Table IJT: Coutimied

Reference Enevgy range “::‘m"i - Standard Commento Dsta
& LY 1t
r
Cramer; 1970 10 eV - 2.84 Mey * 4.5-50 £low 1 ¥aV L1 | Posmard under-
\5s7 (n,)T; ground detona-
above Gm-data tion; beosuse
evaluated by | of the large
Davey /537 at | uncertainty of
several energy | this measurement
pointe in the only used in the
range 0,672 - | range 0.5 - 3 MeV, partly
3.01 MaV where not suffi-~ x

olent experimen—
tal asta polnts
from other authors
are available for
the determination
of the shape of
and where the un-
certainty of the
measured data 18
satisfactory and

fr
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Tabie ITY: Contimied

Refarence

Epergy range

e ry

(Data
21t

i |Bowman et sl.; 1970

167

1.5 ke¥ - 500 keV

Do sbsolute croms

secticn determina.
t1on3 conaiderable

strusture observed
up to 200 ke¥

Blons et al.; 1970

R1274

17 eV - 30 kev

loﬁ(ﬂ:«):
v
TS e
60 eV
over ths measu-

red data of

Michawten [R5/

measurewent with
the best enerxy
Tesclution amongh
the E‘,--.m.
mmts which show
structure in Sf
in the key-

- |renley et 81.; 1972

g

20 ¢V - 10C keV

average: 8

6:.1 (o, o)

data not available
at the time of this
evaluaticn; only
used for compariscn
Parposes;uder—
ground "wclear




Qable I3 Contimed

Refapence

Vi

dm-(z.eo:o.m)b

15.1 MeV

€ o(1-1030.03)0/]

Telative measure.-
ment, confirma
the White result
at 4.1 MAV

Comments Data
A8, iy
L /g
Pryers 1950 14 Mev 9’!25-(2.163 2.09)b |%,g=(1.13:0.03)b/] single data point
14 Mev [ measured relstive -
: to the standard
Diven; 1953, 1957 0.403-1.62 MeV £3-6 0;,‘,5-(1.2110.05)1,/ absolute measure-
1.27 MV  |ment only at
weasured rela- | 1.27 %V
tive to.u, p) this result hao x
been_cunsidered 1y
Uttley, Philll; 531956 14.1 Rav

Allen, Pergusen: 1957

20 keV - 3 MoV

£13-3

{0, p}

flux determina-
tion by propor-
tior:=1 countera
filled with
“ydrogen.

-¢6 -
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Ret;;z!mx

0.15)b

14.6 MeV

Energy range Data
Ady 1y
; g
g’% Dabrynin; 30 X2V - 5 Mav * 5.5-6.5 Grzsn(2.2\10.12)b measurementa using
r 30 iV knowa strength
R sources; sbsolute
6 ;-measurenent cnly
at 30keV, therefors x
anly this value has partly]
been taken into
account.
Hzai,f 1958 14 MeV 51.25-(2-19 * ﬁm-n.l}lo.oz)b'
L6/ 0.09)b 14 wev -
menrured by Moat
537 single data
polat,
Barezin et al.; 1958 neasured re-
(657 13.6 MeV Bps=(2.30 & gt (1-1340.05)0/ lative to the

standard




Table III; Contimred

Reference

Energy range

Accurmoy

$er9

Standard

1%

Netter; 1961

[&F, &5

50 keV - 3.8 MeV

£4-9

@y om(2.0020. 3200

1.6 mev

measurement of the
ratdo 9, (Puz33)/
O, {U-235); atandara
measred relative
to natural uraninm
and determinad with
Spog=0.340 st 1.6
eV, Bince the
WeANUreREItA weTe
ot abeolute, they
have bewn rejected

Kalinin, Pankratov;

1958 /887

3-8 mv

T

no ervor bars
for the Indi-
vidual dsta
points are

absolute measure-

cangidered in the
data fit, ot less
welght uas assigned
to thase data than
to the results of
Hansen, McGuire /7687
since the latter
scammement support
the White dsta in
this range {n con-
Arary to Pemkratov

with
reser-
vation]
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Table TII: Gontinwed

relative to the
hydrogen scattering
aruss seotlon, de-
vistions of up to
about 15 &. Relucted
because of these un-

resolved

Rafsrenoce Energy range A mﬂ
:;2 Vo4 1y
Gilboy, Knoll; 1966 0,38 - 0.62 Mev +2 61y (n, o) rejected, since rela-
Vi statistical t1ve measurenents
atming to the in- -
vestigation of strue-
ture in G, as de-
tected by Albert /717;
Toll, PYmtz; 1967 30 ko %p5(2.1920.06) abmolute tvo independent
Vir ' 64 Xov Gppg=(1.7820.13)Y measuresents methods for the de-
termination of the *
neutron flux
Paitz; 1968 /767 XMV -15MY | o q.zs-e.wo/zo kev| "gray® neutron de-
1970 f717 130 XoV - 1.5 MV = measured by tector; data not
Mooll, Piénitz compatible with the
Vi White measurements

-9 -



K

Table IIT: Continued

mination of the
neutron flux; use
of the fisaton chaw-
ber constructed by
White; deviations
between the White-
and Szabo-results
<1%.

Reference Energy range A Data
GAe’, g it
N
Sansen, MrOuire, Smithi] 2.2 - 10.5 MeV +*5-17 (n, B) nestran £lux messures
1968 787 ments with a proton
recoll telescope;
data originally mea-
aured by Smith,Henkel,
Novlex [757; corrected *
by Hansen et al. for
insoattering effects.
-{szabo, Leray et al.; 17.5 keV - 1.0L MeW + 3 absolute three differeny
| 2970: Bo7 mewsurements methods for deter~

-2 -



&v radge O.1 MeV up to
1 MeV, but no final re-
sults are availabla.

Refer=mce Energy range Data
s A:, 4 it
£
KEppeler; 1970 A0 xev %25-(1.1730.(»1)1: The mtasurements were
87 530 18V &g 170.00yy (0 P extended over the eper-

+ The aigh "x” means, that the results of this measurement were taken into account in the data fit,
the sign "-" means, that they heve not been congidersd,

-g9 -



Tgbla IV dm of aigh over the energy range 1 kev - 30 kv

<@, >
Energy | Michawdon | Van-Shi-dif de Sauseure | ilbur K.Browa | Blcns et al. Patrick et al.| Lemley ot m.
 tnternal at al. et al. at al. et al,
o] | FT Vg &7 &7 Ay V7 Lo/
oo o) -Sadlay. | Dubra CRL-RPT Loz Alamos Saclay Barwell Los Alamos
- 3,115 - - 2.106 2,093 2.101
2.801 3.271 - 2,758 2.467 2.468 2.328
3.018 .30 3.101 3.248 3.074 3.188
3.505 .227 3022 3.030 2.984 - 3002
<3430 3. 3.034 2193 3.29% 3.0
B 3457 | 3612 3.149 3.459 3.29
aazrk | 3.8 3.910 3.458 3.948 A2
A.502 PN w728 s.013 a1y a3 .00
w887 T ROOT 5.117 A2 A.85% X805 4,511
5.761 5.620 5.680 5.468 5.k0% 5.388 5.057
TN 7619 7.601 7653 7.485 7.483 6.741
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Figure captions

Big. 13 The exper AL inf ion and ourve for
625(3) in the energy range from thermal up to 1.4 MeV

Pig, B 3 ™e inf and T ourve for
:/'25(2) 3n the energy rang® from .4 MeV up to 15 MeV

Hg. 3¢ S g eges of high iutd in the
energy range 1 keV « 30 eV

Bg. 4 s serien and ] 5
ourve in the energy range from 30 keV to 270 keV.

Blg: 52 series and 6[25-

ourve in the energy range from 200 keV to 1.5 MeV.

saviee ard Gﬁ -~
curve in the energy range from 1 MeV to 15 MeV,

. e 25
Big, Tt  High-reaolution & -measurements recomoended on

s} = q) YEDAX in the energy range 150 eV - 30 keV.
25
Pig, 81 1 dsta and curve for@, 1n

a} - b) the energy Tangs 30 keV - 15 MeV.



Pig. 9

Fig. 10¢

Pig. 11
Big. 13
ME, 13
Pig, 1A
Fig, 15

Comparisan betwsen the previcusly and presently on
YEDAK reccmmended &,(X)-ourve

data and aurve f‘"'d’zs in

o) the energy rarge 3 kaV « 50 ksV
b) the energy range 45 keV ~ loo keV

1 data and qurve tor 1/25 in the
region 50 XaV - 1 MeV

Presently recommended #b(E )=curve in the anergy region
30 keV « 15 MV,

1 data and curve for dism
the ensrgy Tange 400 kaV « 15 MeV,

1 data and ourve for the non~
olastic ocross untlmGis in the region 400 sV -
15 Mev,

1 datn and re ourve for the total
1inelsstia soattering crcas ssotion sff 1n the ensrgy
rvangs 15 k¥ ~ 15 MeV.
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Eey to the symhole used ia Pig. 1

Blyunkioa et sl,

Butler et al,

Colvin, Sowerby

Condé

Hopkins, Diven

Ruznetsor, Smirenkin

Mather ot al,

¥ .udows, Whalen

Nesterov et al.

Prokhorova, Smirenkin

Savin et al.

Solaeilhac ot al,

presently recomssnded

Mather - evaluation

1984
1981
1063
1988
1063
1060
1084
JrILE
1970
1988
1870

1969,

ity

13
<

v
]

~
13
~

[~
&4

I, I~ ]\l
3R 8
L I N

3§
=1

o1 (B, 7

Feig

w0 /B,



Koy to the symbols used in Fig. 2

4> butier et al. ; 1981 /T7
O Colvin, Sowerby 3 ames /307
A condd 5 1065 /717
&> Hopkins, Diven ; L1063 /227
© Mathor ot al. i 1884 /24
-+ Houdows, Whalon ;o082 /387
€@ iostorov ot al. ; 870 /T7
A\ Prokhorova, Smirenkin 3 168 /27

A Savin et ol. ; 1970 /297

Soleilhac et nl. ; 1888

—— presontly recomonded
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Key to the symbols used in Fig. B

Hibdon, Langedorf

uteley

vttlay

Heakel

Bmith et al,

caps et al.

Gallovay

Foster, Glasgaw

Bratenan} et al.

H

i

1934

1863

1888

1952

1985

1970

1960

1969

1958

/5

S

B) - b)
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Key to the symbols used in Fig. 10 and 11

presently recommended a (E) curve

previously /357 recommanded a (E) curve

van - Shi ~di et al, 17
Bandl et ul, 13037
Czirr, Lindsey /T047
Muradjon et al. /1057

Kurav, Rysbav et al,

8ilver, de Seussure ot &1, /1027
de Saussure ot al. /787
Weston ot al. /3077
Diven et al. /087
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