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Abstract 

In this report an evaluation for the neutron nuclear data types of U-235 
above the resolved resonance region up to 55 HeV in described, in particular 
the following data types were evaluated; the fission cross section, the 
to ta l cross section, the capture-to-fission ratio and the mean number of 
secondary neutrons per fission. But also some of the other data tynes 
changed due to their dependence upon the pr Jmarily evaluated types. 
The presently recommended nuclear data for U-235 are contained in vers ion 
3 of the KEDAK-library which will presumably be released in the second 
half of 1PT3. 

Auswertung von Heutronendaten für U-235 oberhalb des aufgelösten 
Resonanzbereichs für KEDAK 

Zus amne n fas s ung 

Dieser Bericht beschreibt eine Auswertung der Heu-;ronenkerndaten für 
U-235 oberhalb des aufgelösten Resonenzbereiches bis herauf ••! 15 MeV. 
Im einzelnen wurden die folgenden Datentypen ausgewertet: Der Spalt-
querachnitt, der totale Wirkungsquer schnit t , das Verhältnis vom Einfanp--
zu Spaltnuerschnitt und die mittlere Anzahl der pro Spr.ltung frei wer
denden Neutronen. Aber auch ein Teil der übrigen Datentypen hat sich 
geändert wegen ihrer Abhängigkeit von diesen primär ausgewerteten Typen. 
Die gegenwärtig für U-235 empfohlenen Kerndaten sind in Version 3 der 
KEDAK-Bibliothek, die voraussichtlich in der 2. Hälfte von 1973 frei
gegeben wird, enthalten. 
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I . Introduction 

This report describes a re-evaluation of the following nuclear 
data types for U-235 on the German nuclear data f i le KEDAK: 

v , the mean number of secondary neutrons per fission, 
a. , the fisBioa cross section, 
ff , the to ta l croae section, 
a i the capture-to-fisaion ra t io , 

in the energy region above tlie resolved resonance range in par t i 
cular 
v i thermal - 15 MeV 
Bf» o T , - : 15o eV - 15 MeV 

This evaluation hao been started, since a number of precision measure
ments for these data types have been carried out in the years after 
1966, the year of J , J . Schmidt's KEDAK-evaluation for this isotope, ^3J|7 
A precise knowledge of the neutron fission crosa section of U-235 is 
o± obvious importance for i t s use «a standard and for the osculation 
L" fast reactor properties. The v-data needed a revision since noot 
recent measurements for v (U-235} revealed considerable deviations from 
the BO lonf assumed linear energy dependence which should be token into 
account in fas . reactor analysis. 

Concerning v a l l t-xperimcrtal information available t i l l September 
197o, concerning 0 t i l l January 1971, OmtiH J u u e 1971 and o t i l l 
October 19T1 hae been considered het^ The evaluation takes into 
account the most recent recommendations by Lhe IAEA /from 19^27 
for the v-value from spontaneous fiasion of Cf, 

BeeideB, the upper energy limit of the data seta wtdlable for U-235 
on KEDAK vas extended for a l l data types up to 15 MeV. 

The here recommended neutron nuclear data for U-235 are included in 
version 3 of the KEDAK-library vtelch will presumably be re_«uaed in 
1973. 

Zum Druck e i n g e r e i c h t am 7 . 5 . 1 9 7 3 . 



In order to avoid mi a understandings ve would like to emphasize that the 
U-235 data aete rscoEroended here for KEDA& do not correspond to the 
microscopic data basis of the KFK IHB-eet fo* U-235- The KHC IHR-aet 
£?l6jfaas atablisöed. on the "basis of the HöX20£-set /il§?hy modifying 
the group constants for selected data types and energy groups for 
acme aateriala of psrieular importance i s reactor calculations, 
mainly for the heavy isotopes U-235» U-236 and Pu-239. Ifteoe group 
ooiH-fcanta oets were in general not derived from evaluated nuclear data 
but vere obtained as eye-guide averages of experimentol data in specific 
energy ranges selected in such a vay that an improvement in the agreement; 
between calculated and measured results for integral quantities of fast 
test reactors could be expected. This vay of improving the nuclear data 
basis for reactor calculations by taodifying group constants i s connidered 
in Karlsruhe only aa a f i r s t and preliminary atsp prior to a careful re -
evaluation of the data ^Tt|7 » sut* th i s grceedur« was also applied i s 
the case of U-235- Whereas the KPK IHR-set for U-S35 vaa generated in 
the beginning of 19?1, the «valuation for U-235 ve» completed only in 
the second half of 1972. 

•Ehe only evaluated data set for U-B35 on which the KK UIR-sst ia baaed repre
sents that for the data type « vhieh. is recommended in this report. 
The other data types: a-, a~, <* have not yet "been re-evaluated .for the 
KEDAK f i le at the time when the K̂K INR~set vas generated. In the present 
evaluation of these data types a l l experimental information, has been 
considered, eventually selected and afterwards f i t ted by a smooth curve 
without direct relationship to integral quantities of fart reactors, The 
differences hetveeu the basic nuclftar data of the KJK IHR-set for 
y-235 and the corresponding ae« data seta for KEBAK described here 
are therefore mainly due to the fact that the KEDAK data sets represent 
evaluated data vfaareas the group constants of the KKt IHR-eet, though 
generally vithin the range of available experimental data, are biased 
to some extent by the aim of getting an improved accordance betveen cal
culated and measured integral quantities of fast zero pover_ reactors. In 
addition in particular cases preliminary experimental data vere used in 
generating the KEK IHR group constants vhareaa the KEDAK evaluation could 
profit by the corresponding final valueB due to the time delay in 
establishing both data seta. 



1 £ " "^ g nverngo number of aecondary noutroiis per flaalt 

The curront concnpt of th" «HWgy tin pernio n o of the nVHrng" numtior of 
tlnutrona per fission V i s Imaml on tho ludr>p«ni Ionen of tlio ovfcnjsn 
liinitic onoruy or Elio i'lealon i>OBi(i"iita upon tlin excitation oufirey of 
tho finalle nuclmia /~l7, From this It follows dirncUy tlir» Hmwr 
iilcrfinan of V witli luoronaliig incident neutron ontray. SctuiBtnr mid 
Kownrton /"87 novo nirnlirind ttita onnray dopuntinnco uy tnttlug Into 
account tlio vnriojH fliuion mod™. 

For Incident nnutron nnitsloa bo Low about 5 MnV tlinrn nxleta only onn 
«liiinoo for fission nwnnly the fission or tho formed compound nuelnus 

C. At auorglos oliovn about S «eV tiio oxciintion «nfirgy bscoaos ftigli 
triouftli to permit the evoporntion nf n nnutron prior to fission of tho 
reaiiiual nucleus, la this rflugo of Incidnnt neutron onorglos the 
(«, n ' l ) reaction occurs in addition to tits? Cn, X) renctio« ami two 
types of nuclei ore undergoing fission, namely tho U compound" 
nucleus and tho 3 u compound nucleus, Auovo about lo - 12 Jicv also 
ftaaion of the 0 compound nucleus takes p l a o due to tfea (H, 3a'i? 
pro cos a in tho [) target nucleus. Thus nil neutrons omitted by 
ftaaion of thn compound nuclei U, U, U formed by t l» throe 

raaetioa types will contribute to thn total nuabRr of noutrooa ptr 

fission of tho target nucleus 2 3 3 U . 

Ttifl ffiotlificetion of thü linear energy <!eiKmdcnae ofV in tlio upper 
energy range by the Incidence of tho (n, n'f) process nnil the 
(n, 2n'f) procoaa he a been confirmed by most recent precision 
measurement's» Furihariaorn, moat recent EfinsarranaatB nova rtivartiaci 
considerable structure inV in the energy region below nhout 1,5 IleV, 
Puovlous (nwaauronents had in general not a aufftciontly high reaolution 
ana wREo'uot simued fti energy tinnse imough to a<i£ect thn variation of 
T (G)'l UntnileU studies of these observed nffocta hnvt. uefn clvnn by 
Blyumkina nt nl,'/~"a7: Kuznetaov, sntronkln./~*7i StnittneRii, WvlinchuR 
/""57i iioadows and' Shnloa /~*S/. fecordiag to 8eMo*s ami Whales, tho anerego 
kinetic energy' of the fission fragments la not constant with Increasing 



neutron energy E , i . e . the necessary assumption for a linear 
variation of?wlth E la not valid. 

The Russian groups use tho channel theory of the flaalon procoas 
for an Interpretation of the irregularit ies ofV . in the opinion 
of lUyumklna et a l . these irregularities are connected with 
irregularities in the average kinetic energy of the fission frag
ments. They are based on the transition Iron • - to p-wave neutron 
fission U'.annels with different parity which takes place with 
incvuHBlng incident neutron energy. At the present time, however, 
there Is no Indication for n preference of any of the hypotheses 
end additional studies are needed for the clarification of tho 
process In this energy region, 

b) Evaluation of ^ <E) for U-2LJB 

235 No evaluation has been carried out for the v-value lor U ot 
thermal energy. We rely here on the comprehensive study of Itanim, 
Weatcott, Lemmel, Leonard, Story and Attree /~77 on the 2200 m/sec 
constants for f i s s i l e iaotopos. They have considered all available 
experimental Information wp to la te 1969 and fcnve obtained the 
following figures: 

- t h , 2 3 5 , = 2.4220 + O.C 

where y. =v + ̂  witliv as average number of prompt neutrons per 
fission and v as average numbor of delayod neutrons per fission. 

The availnblo experimental Information abouty ( ' U) , . . 
Table I. All previous Measurements Indicate a considerable Increase In 
the yield of delayed neutrons with neutron energy Increasing fro« 
3 to 14 MoV. This is contrary to theoretical predictions based on the 
behnvlour of fission »nan nnd change distributions /~8, 0, ID/* Most 
recent LA-measurements of Mastera.Thorpe, Smith /Il7 have confirmed 
the theoretical expectations. They have developed a new technique for 
thi nccurute determination of absolute delnyed-neutron yields fully 
utilizing tho neutron Intensities available from accelerator neutron 



T h e r e f o r e sma l l samples cou ld bo ua«d so t h a t m u l t i p l i c a t i o n 

c o r r e c t i o n s were not necoaao ry . Moatpre e t a l . have porformoa 

i n n b s o l u t e measurement of v ( " U) o t 14,<j MoV us ing t h e 

t a 
T (ü , n) He r e a c t i o n aa n e u t r o n s o u r c e nnd n r o l a t i v o measu re 

ment of t h o a . l - t o 1 4 . 0 - MeV y K i l d , E s s e n t i a l l y a l l s y s t e m a t i c 

n r r o r a a r e e l i m i n n t e d i n t h e s e r e l a t i v e measurements . No n u s o l u t e 

c a l i b r a t i o n s o r mass d e t e r m i n a t i o n s o r e micessnry ; only t he 

a c c e l e r a t o r t n r g o t 1 B caoiiBfttl (from b t o T ) . The a b s o l u t e d^ lnycd-

nei i t ron y i e l d nt 3 .1 HnV has t h e n i»«on o b t a i n e d nu p roduc t of the 

a b s o l u t e y i e l d n t 1 4 . 9 MoV nnti t h e r e l a t i v e y i e l d . 

Wo have tidopted t h e exper imoi l tn l r e s u l t s or t h e s e LA-mo n summon LB 

f o r t h e c a l c u l a t i o n of t h e t D t n l number of n e u t r o n s p e r f i s s i o n 

I r o n t h e BiftBaüreö number of prompt « o u t r o n B . v?G irav» (löaumcsi t h a i r 

1 4 , 9 MeV-valtif) t o be v a l i d i n t h o e a * r g y rnng« above JO HeV and 

t h a i ? 3 . 1 $ißV--tfalue t o Me v a l i t i i n t h e on«rgy rs i ige below lO ile¥ 

nnd a b o v s t h i m a a l s n » r g y . At th«lFW*l ene rgy be have chosen t h s 

r e s u l t o b t a i n e d i n meaa<txt>at<nta ot Keeptt» e t n l , / " a / • 

the rmal ene rgy 

be lo» 10 MeV 

above 10 HoV 

A l l r e c e n t nnd t h e Ma jo r i t y of t h e s u r l i e r measurements Tor v f o r 

f l s s i l » [ • • t e r i a l o have beon performed r e l a t i v e t b t V m»na nuMber 

o t prompt n e u t r o n s from s p o n t a n e o u s t l e s i o n of Cf, A l l nKpertmentnl 

V ( U ) - V B 1 U B B hnv« been runarmfi l ined i f n e c e s s a r y t o t h o va lue 

recommended by t h o IAEA /~V7 

a .705 + 0 .012 

a.co!> /i?7 it follows 

a.nse * s.ou 

0.Q1S8 -j- 0.0003 

0.018 + o.ooa 
o.ooas + O.0O08 

• 1th 5 , p (25i?o • 

—IB , 2 5 2 , 
• » . < Of} » 



In the evaluation of V(E) for we have taken Into account the 
experimental Information available up to September 1970. The expe
riments going back to years earl ier than 1961 have not been con
sidered here because a l l these measurements do not cover a closed 
energy range but have been performed only at single energy points. 
Tn addition It Is often not olear whether delayed neutrons are ln-
rluded In the final results given by the authors or not. The 
available experimental Information la summarized In Table Tl. Tn 
particular we have considered the following measurements! 

Blyumktna et a l . I 19611 C9 

Butler et a l . 1 1961 $•$ 

Colvln, Sowerby 1 1965 ^20/ 
Conds" 1 1965 £21/ 

Hopkins, Dlven 1 196^ £22/ 

Kuznetaov, Smirenkln t 1966 /\&, stf 

Mather et a l . ; 1964 jfety 

He«dowa, Whalen ; 1962, 1967 /&' 2§7 

Nesterov e t a l . ; 1970 /stf 

Prokhorova, Smlrenkin ; 1958 /SB/ 

Savin et a l , ; 1970 ß$ 

Soleilhae et al • ; 1969, 1970 £0, 2p 

The experimental resul ts of these measurements were renormallzed to 
the moot recently recommended V~ { ' Cf)-value as given above. The 
numerical reBulta of the Savin measurement are not quoted In re
ference ^297 but oould be extracted from the WEA-revlev which had 
Just become available $2?. Concerning the uncertainty of the 
V -values V-P have taken over the values given by the authors them
selves. No additional error analysis has been carried out by our
selves . 

The results of the above measurements have been fi t ted by a smooth curve 
passing through the V-value at thermal energy as recaimended by the IAEA. 
For th is purpose the computer subroutine SH0jttH (ffi has been used. The 
f i t has been performed at once for the whole cnorgy range from thermal 
up to 15 Hev. The subroutine SM#0TH determines for the description of 
a smooth curve through the data 



< ( » > - . , * b 4 < x - V • o, <„.«,, S « ^ , ™ , ) 3 

i a 1 , 2 , n -1 

X l " X " V l 

and that 

(" _W 2 

x l 

*" d j / f ( x t ) - y, \ 2 , 3 

1-1 V. p t / 

{x , y,) ore the data points with weights p i => l,n . 

Tho inverse »quireo of the errors ol tho individual measured 
points enter tn this procedure a« weights of the data pointt;. 
Since only one particular value for the parameter 3 can he 
uaofl for the smooth over the whole energy rasgo ;alno relat ive 
welBht» ware assigned to tho data tu the various energy regions 
to obtain different aegrees of smoothing which is necessary in order 
to get bast f i t s to the different energy regions. Thus the weight» 
p, of the data points are products of the relative «eights which 
are characteristic for a particular energy range and the iidivldunl 
weight! of the data points. 

The »out importaat »eaaureme&t series la the energy range above 
1.5 MeV yp to 15 H#¥ is that of Soieilhac et s i , £33/ beeauae of 
t)i» good energy resolution of thia meeeurenent and the small 
uncertainty of i t a results < see Table II ) . In addition thia 
measurement covers the whole energy range 1.5 UeV - 15 MeV in 
•tepa Of approximately 0.5 MeV. In this region also Mather and 
Fieldbouae /247 have performed Heasurementi; but only at several 
energy point• and with a lesser Hccmracy in v and »1th a coarse 
energy resolution than Soleilhac. The uncertainty of the v-data 
measured by Savin et a l . in this energy range ia larger than that 
of the Soleilhac-dsta. 



This la taken Into account In the f i t of the datn by the weighting 
with the fnverae error-squarea of the data. Thus the reaulta of 
SoleUhac et a l . get the greatest weight in the following: procedure 
as far as the above energy range ig concoraed. 

Tiie Most ttxteasivs Msauresieats in tka energy range fcelow 1.5 MsV are 
thoan of Meadows and Whalen, of Savin at a l . and of Solellnao at a l . 

- 235 Tha uncertainty in v < u) la of „owparable alee In the neaaurement* 
of «oadow» and Whalon and of Solellhao et a.L I t la larger, however, 
by a factor of about 2 in the experltoent of Sovia et a l . 

233 
Fig. 1 shows tha experimental data for •?< U) together «1th the 
sasceiatesi errors ia the tmsrgy raaga tram theroai up to 1.4 kSoV and 
Fig. B the data In the energy range from 1.4 MeV up to IS MeV. 
Concoming the Soleilhac Haaaurentonta the eo-cKllOd maximum errors, 
I . e . the a ta t la t lca l errors plus 0,S % tluo to corrections inaccuracy, 
are plotted. As already mentioned the measured V -value» were re-
nomaUzed to P ̂ P ( ? , 5%f> a 3.75B, Alao the rocoaaended curve v 3 5 (B) 
ts given In the figures 1 and 2. Fig. 1 compares in addition our 
recoimanded v(B>~oarye xit* Sh* avocation of Mather and Baiaptoa Hiß$-
In the energy region i.f Fig. 1, i . e . up to 1,5 MeV, our y -value* 
are below 1 HeV higher than those oi,' Mather by up to 0.3 %. In the 
upper energy rang« above l .S MeV devlatlona fro* the evaluated em-ve 
of »other are encountered in the rsgiona 2.5 - 3,5 MeV, 7.5 MeV - 10 MeV, 
11 Mav - 13 HeV nnd are there of the order of magnitude of 0.3 - 0.5 %. 

gtiove 1.5 MeV SL. CS> can fee appro» ism ted by a series of straight l ines . 
If allowance la »ado for a »axlnum deviation of 0.1 % of the straight 
line functions for 7fro« the reconwended curve th« following function» 
reproduce V , (B) I 



1 .5 - 2 .4 UeV 5(E) • 2 .385 + 0.134E /SeV/ 
2 .4 - 3 . 3 (lev (7(E) = 2 .455 + 0.105E /f iev7 

3 . 3 - 4 . 6 UeV *<E) n 2 .3555 + 0 . 1 3 5 « / S e v 7 

4.B - 5 . 2 UeV v ( E ) o 2 .196 + 0.1B9E /ä.)V/ 

5 . 2 - 6 . 2 UeV 5 (E) » 1 .968 + 0.2124E /Öev7 

6 . 0 - 7 . 7 UeV v ( E ) = 2.13SS + 0.184BE /UeV," 

7 . 7 - 1 0 . 0 UeV *(E) a 2.80S + 0.136B /5ov7 

1 0 . 0 - 1 1 . 0 UeV v(E) n 2 .771 + 0.110E /HeV7 

1 1 . 0 - 1 1 . B UeV V{E) =< 2 .601 + 0.1255E /5«v7 

1 1 . B - 1 3 . 0 IteV ?(E> - 2 .372 + O.1450E / 5 o v 7 

According t o the var ious XLsslon BO de« the (a,!)-, the 

( n , n ' f ) - and the (it, 2 n ' f ) - r e a c t i o n W only three-aegment 

l i n e a r f i t of the e v a l u a t e d smooth curve v . (E) should be 

appropriate wi th breakpoint ! at the thresho ld e n e r g i e s of the 

( n , n'f)[iooflSB a t about 8 WaV and of t h e ( n , 2n ' f ) process 

at about 11 UeV, Then good l i n e a r f i t » were obtained i f the energy 

H a l t s f o r the l i n e a r f i t s are chosen in the f o l l o w i n g Banner: 

1 .5 - 4 . 8 UeV : v(E) = 2 .4003 + 0.1245E /KeV/ 

7 . 5 - 1 0 . 5 MeV : v{E) = 2 .509 + 0 .136E /5eV7 

1 1 . 5 - 15 KeV : 5 (E) * 2 .372 + 0.145B /MeV/ 

The d e v i a t i o n s of the f l r a t two s t r a i g h t l i n e f u n c t i o n s from 

the e v a l u a t e d »Booth curve do not exceed 0 . 3 % and those of. 

the l a a t one 0 . 2 %. 

Below 1.5 UeV g . (E) i s g i v e n by a smooth curve which ahowa 

tnaxlQU« d e v i a t i o n s i r o n the l i n e a r energy dependence ( s t r a i g h t 

l i n e through thermal h o s t va lue and V-va lues above 1.4 UeV 

and below 1.6 MeV) 

at about 0 . 4 HaV of about 1 .05 X 

a t about 1,05 UeV of about l . O %. 



with tholr time resolutior 

1 , , Patrick et a l . tjg 2 naec/u 

2 . Bloom At a l . /43? 1 nseo/ai 

3 . do Sausaura at a l . /487 100 nsoo/a - 5 nfloc/m 

1, UlGhaudoD at al . / 3 7 - « 7 10 nseo/n 

5 . Van - Shi - di at a l . /«7 40 nsac/a - 10 neeo/m 

s. Wilbur K. Drown at a l . /st>7 20 naaa/a and 1 useo/m 

7 . J, Jl. L«M1«^ at al / IGO7 1 naea/a 

The «eaaureasnta of Cao at «1, /~&47 oover only thn energy range from 

6 aV to 3 k«V. Struotura ln*V-i however, la obaerved alio In the 

hlghar keV-renga ao that thia measurement waa rejected in favour of 

the other MO» ax tan« IVB onas. Batumi at a l . /sa7 have Beaaured with 

a resolution of 1 naac/ai and have data«tad atruoture I n ' , at neutron 

energies aa high • • 200 keV, but thay have only determined the Bhape 

We have taken into account the structure in the fission cross.section 

of U up to 30 keY aa given by the above experiments anil have selected 

the measurements of 2'ona et a l . for Incorporation Into the EELAK-flle, 

Flncq these measurements have been carried out with the best resolution 

and a good accurnny of the order of magnitude of 4.5 - 7 } . The experi

mental result!' o' Blons et a l . are baaed on the B (n,«*-1) crosa section 

for which the authors have aaBumed the following energy dependence 

•2. ,- A„ _ eio-3 

Uore recent mecaurementa for'the B (a,*'') cross section by Sowar by 
et al. /Ü27 have shown deviations fro» the so far aaaumed /fS behaviour 
of this cro** paction. The differences uatmaon the more recently re-
couiended D <n,*0 crosa »actiona and the vaTuea aaaumad by Blona 
et ni. amount at 10 k»Y to 1 % (below 10 k*V they are lass than 1 % ) , 
at 25 JceV to l.fl %, at SO *»V ,o 2.» %, at 



2» isV to 3 ft and at 30keV, which 1B the upper energy " » i t 
of tise slon* experts»nt, * ö 4 ft. In 19?t the o r i g i n a l Blons 
*fcta were corrected, for t h i s e f f e c t T>y Blons himaelf 
and Ve have inc luded an the KEDAIT - Tile t i iese correct««] 
o^ - v a l u e s . 

For oaaparisnn purpose» the results of th« above „jegtareaeivt 
>«ri«* in th« regi-ja 1«W - 30J«>V «re plotted in rig,_3 »a 

av*ragas over lkey intervals between lOiieV and over 10 kov 
interval» above leaey up to 3Qlf*. Thesfe averages are slao 
quoted In T»M« %V. Their QUBWIXCII value* wa-i taken fro« 
tha report of Blona et a l , /4a7 und Leaü*y et a l . /loo? with 
th« exception of th* iMaauraawnta of Patrluk et a l , /03/ for 
wnt oh v ourselves havo calculated the »verages. The Interval 
value« of the Blons results which we presently recosMend on 
KODAK are systematically lower than the averages of the 
VichsudoB, data which have been rectasMadsd previously. 
The sane tendency show the LA-resuits /50j. 100/ and the 
Karwell-Heaaur<9Menta / % ? • They uro in general a l io lower 
than the QRWL/RPI / Js7" and the Hussian /XiJ oeasureneata. 
This discrepancy i s not yet resolved, but wo presently 
recoamend the Blons retul te since the sore recent measure-
meate tend to lower values and in addition tha energy reao-
Itltioa was i «proved in th is expori««a£ ta coatü&rison to the 
•»asurenenta of Mlchaudoa. The deviations between the Ulchaudon 
and the Blona results amount in the maximum to 15 % in the 
interval 8keV - 9K»¥, They or* by far not so large in the 
energy range below 1 MV (in general they do not exceed there 
4 %). This can be seen In the Bloo* report, since these 
authors give for this energy rang« a coepsrlson of ^-averages 
of th*sa •ssaurasents over o . l HeV interval». 
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We have taken crer on KEDAK the Blons data In the whole energy 
range from 150 «V up to 30 keV. 

The results of the Lemley et a l , ßüö/ Measurements «ere not 
available at the time of th is evaluation. The resolution of 
th i s measurement i s comparable with that of the Blons experi
ment, but for the Blons data a higher Aoouraoy I s quoted. 
Furthermore the Lemley-data are In the region 1 » 5 KeV 
extremely low in comparison to a l l other existing meaourements 
(a. Pig. 3 ) . 

The fluctuations obeervod in high-resolution fission oross 
ssotion measurements are connected with similar fluctuations 
in the to ta l oross section. This Implies that they are due to 
the entrance channel rather than to the phenomenon of inter
mediate structure in the fission channels 

Above ?0 KeV the scattering experimental data points have been 
f i t ted by a smooth ourve using the aomputer subroutine SPV30TH 
3~2? (see also seation I I L) ) . The f i t has been carried out at 
once for the whole energy *ange upwards from 20 keV up to 15 MeV. 
The measurements of the following authors have been taken Into 
account ei ther as complete data sets or partly and with reserva
tions (see also Table H I ) t 

Heliconian et a l . ßfij 
Diven ßg 
Dorofeevj Dobrynin /Ei/ 
Kalinin, Pankratov /&/ 
Adams ot a l . ß§/ 
White ßy 
Knoll, p&iitz ß $ 
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Kannen, HcOulre, Smith ß$? 

Süabo e t e i , jffS>7 
KHppeler ^ 7 

The inverse squares of the errors of the individual measured data 
paints vere used as individual weights of the data In tha following 
proaedare, Concerning the iBeaaureroaata of Siwen and those of Doro-
feev and Dobrynln only the absolutely imaeured fission OTOBB aeotiona 
at 1,27 MeV and 30 keV respectively were included In the data f i t . 

In the energy range twin 1 MeV to 3 MeV thore exict only very few 
data points a£ the selected measurement aeries (see F.v- 6), In 

order *•» obtain here a reasonable 6L-ehape we have accepted the re-
eulta of the LOB Alamos bomb shot maacurenentB by Cramer £%p In 
th i s region, These data would otherwise be le f t out of consideration 
alnoe they are normalized to the already evaluated «(.«-data of Davey 
/<)$ Iß thla range, furthermore the uncertaintiea of these measurements 
are for & susfeer of data pei&ta very large. 

In the energy range above 3 MeV the White data are In good agreement with 
the revlaed cr f-valuao of Hansen, MoOulre, Sndth corrected for errors In 
the efficiency of the long counter used fop flux measurements. These 
•erreotlona lead to redustions in the orSglsaatf^-valaaa of Smith, ffenfcel 
KobleB ß%f of the order of 10 %. Highest preference was given to th is 
data eet because of i t s normalisation to the well-known (n,p) standard. 
Tha experimental resul ts of Kalinin and Pankratov 1» thla energy range 
were also ta&en lata account In the date f i t but with lees weight than 
the other »aeuretneni aeries sin.ce th is data set I s not in accordance 
with the low White value at 5«^ Hev* Thla discrepancy i s probably due 
t o dlff ioult ies in the accurate determination of the neutron flux. 
Ilho owAsuremetite of White are efcarBUterired by a particular careful 
determination of the neutron flux whereas in the Russian measurements 
the flux determination l a baßed on a yield curve for the p-T-ree^tlon 
DOüBured i s parte 1953 " ^ 1 ^ ' 

http://sin.ce


la tha upper HeV-range abovfl about 13 MeV we have uaod 10 
addition to the Hansen, KcOuire, Smith result» the experi
mental data of Adams, Batchelor, Green /7o7 In order to 
determine the ahape of the flasion croaa aeotlon in this 
rane«i. In particular we have drawn above 14 lleV an eye-guide 
curve through the data of these two meaauremant aer ies . We 
have postulated for the I -curve that I t pusses at 14.1 MeV 
through toe White value at this energy, although the W-re-
sulta /?87 ahow a tendency to lower & -values around 14 MeV. 
But the White r emi t at 14.1 MeV la confirmed by a meaaure-
aient of Uttley and Phillips /837 relative toi (see Table 
III) at the aane energy and la also In good agreement with 
the measurement at Aldetmaatotv of Aditao, Batchelos, Green 
at 14 UeV. Thus i t can be considered «a very rel iable . Above 
17 UeV the two measurement aeries of Adams, Batchelor, Green 
and of Hansen, McCuire, Smith show strong dlacrepanciea, hut 
no attbntion was given to i t alnce we confirm ourselvea ip 
th is evaluation to an upper energy limit of IS HeV. 

In the Figs, -t, 5,6 the experimental results of the selected 
Measurement aeries as well as the recommended« .(E)-curve are 
represented together with the measurement uncertaiutiea if 
assigned by the authors. The energy range from 30 keV to 270 
kev is considered in Fig. 4, from 200 keV to 1.5 MeV in Fig, 5 
and from 1 UeV to 15 HeV In Fig. 6. The largest diviatlona of 
the presently recommended & -data frois tb« previously recommended 
fission croas section values on KEIAK to the «.mount of lO % ace 
encountered in the HeV-ranga above about 2 lieV, where the 9.-data 
fru_ the neasuraawnti of Smith, Henkel, Nobles have been replaced 
by corrected values of these measurerneuta. The deviations In the 
energy range from 30 keV to 2 MeV amount to maximal 3 %. A compari
son with these previously recommended KKDAK-values la oiiiy given 
in Fig. 7, whereaa a comparison with the Dewey-evaluation / M 7 la 
given over the 



energy r e g i o n of F i g . 4 , F i g . 5, F i e - &-

Tho recommended * ( E ) - c u r v e la In accordance with t h e o r e t i c a l 

e x p e c t a t i o n s / 8 4 7 i n «o f o r aa at about 6 MeV a now r i s e of 

the f i s s i o n c r o s s s e c t i o n occurs due t o the inc idence of tho 

( n , n ' f )procesB and of about 11 MoV on increaao in 4 a t t r i 

butable t o the <n, 2 V £ ) r e a c t i o n . 

28 
The e v a l u a t i o n for • ( E ) could bo ausnarized aa f o l l o w s : 

Energy r e e l o n Experimental b a s i s 

.50 eV - 30 k«V Dions e t « 1 . / 4 s 7 

30 keV- 15 HeV White / 7 2 7 ; Bzabo e t a l . /8o7i 

H a u e n , HcQulre, Sailth / 7 8 7 ; 

Kkppeler / 5 l 7 j 

The e s t i m a t e d accuracy of the recommended d . - v a l u e s for u i s 

t a b u l a t e d be l tm: 

Energy rafge ^ Comments 

150 eV - 1 k«V • 10 ] Corresponds t o the uncer ta inty of 

1 - 3 0 W V * » j t h e Majori ty of t h e Blons e t » 1 . / 1 3 / 

r e s u l t s i n t h e s e r e g i o n s 

30HBV - 1 |leV * 3 Uncerta inty of the White- and tho 

Szabo e t a l . - r e s u l t s which a re 

predominant l a t h i s range 

1 KeV - 3 ueV ± s Average u n c e r t a i n t y of the r e s u l t a of 

Greater /5~z7 which Mainly determine the 

l> -curve. IK t h i s ran«* 

3 UeV - 1» H«V _ , 6 Correspond» t o tbe average error of th( 

ray laod « - - v a l u e s of Hansen, McOulre, 

Smith 



IV, The t o t a l croaa s e c t i o n 

The t o t a l croaa a e c t l o n was eva luated In the energy range 

above the reao lved reaonance reg ion i . e . above 150 eV. 

S ince the e v a l u a t i o n of J . J . Sohaldt in 1969 / Ü 4 / i n the 

lower energy range p r e c i s i o n Meaaurenenta with high energy 

r e s o l u t i o n have been performed whloh ahow conaltlerrable 

a t c u c t u r e i n * . , . Tha '& - va lue« recoamatuled on KEUA.K i n 

19BB had bean obta ined in t h i s energy range aa the auai 

of the p a r t i a l oroaa a e c t i o t u Off «V and A , Therefore 

errora In t h i a croaa a ac t ion type aroao'roft wrong f l u c -

t u a t l o n a i n ä y (aas a o c t l o n V ) and a r e v i s i o n of 

theaa data waa of grea t importance. Furthermore i n the 

h igher energy range r e c e n t l y a high p r e c i s i o n «eaauro-

•ant of cabe e t a l . haa ' icoa» a v a i l a b l e . 

In the n l d d l e of 1971 , hen t h i s e v a l u a t i o n waa a t a r t e d , 

the e x i s t i n g •onourements and the energy range covered-

i n thea« meaaur e v e n t s were 

i n t h e lower energy range , i . e . below 30 keV, thoae of 

Xichaudon, 1984; 150 eV - 720 eV ; / 4 0 7 
Yeater e t a l . 1957; 210 eV - 7 . 9 keV; /as? 
UelkoiUim * t »1 .1958; 1 . 2 E-2 eV - 48keV; /äB7 
Derr iea 1986; 720 eV - 10 keV; ßU 
U t t l e y e t a l . 1963) 150 eV - 950 key i /887 
U t t l e y 1B64; 270 eV - 7f l i t*i m7 
Klbdon,Langadorf1954; 650 eV - 150kaV; /907 
Bäckhoff e t a l . 1071; 10 keV - lCOkeV; s?l7 

and in t h e h igher energy range , I . e . above 30 keV, thoae of 

Bratenahl e t a l . 1958; 7 1*W - 14 HeV| / 9 2 7 

Cabe'' e t « 1 . 1870; 100 keV - 6 Me", j /Ö37 



Poster et a l . 1987 2.3 MeV - 15 MeV /94.7 
Oalloway 1960 500 key - 950 k o v /957 
Henkel 1052 40 toV - 7 .5 KeV /ÖG7 

Smith et a l . 1665 810 kOV - l . S MeV /IT7 

In this aurvey about available raenai 
meats of Avercjianio, Vereteimikov /_5s7 ami those of 
Laflgaiorjf da not gppear. Both were rejected in advance 
Ö jcame al their larg« uncertttl-aty (up to IS % and la % 
respectively). 

Fro« the above •easurement aar16» wo have aelected the 
followins one«: 

UlGhaiidon /Jo7 in tho regJ-or 

Berrien /B77 " " " 
Bttckho« ot a l , /0 l7 " " " 

and la tfce region 30 k « - IS mV 

Cab» at a l . /337 

60 eV 72Q eV 

20 eV 10 k « 

10 keV 30 W 

Foster ot al • tjy 
dslloway /£K>7 
Bratonah1 m? 
Uttley /g87 

All these seaaurewenta have a total uncertainty of their 
result» of about 3 %, 

Tilt, •aasia,ea>snta of ktlchaucioa, thoaa of Der Men and thoa« 
of Bockho/f et a l . are not only the aoat extensive aeaau;ra~ 
aenta in the respective energy region but they have alao 
the best raaolutloa In co»pnrlHon with other experiment! 
don« In this rang», naaatly 

t » 5 oaeo/at ID the Ulchaudon experiment, 
t - 0.8 naec/ai la the De»lea experiment, 
t ' 0.3 OMC/V la to* BöcVtoaK «xpetlmeat, 
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Whereas the measurements of Mloheudon and of Deinen are ab

solute measurements, that of BSokhoff et al. Is a relative one 

aiming only to investigate the structure of the total orosa 

section and does not g l w absolute cross seotlon values. Its 

results «fere normalized by BtJokhoff to the ̂  «value» evaluated 

by 4".3, Sohsiät £ $ , ^ »hit* are baaed an expex&aental re

sults of Uttley $ $ In thla range. Slnoe no new ntaDurementa 

are available in this range *&* above normalization »till holds, 

But the results of the BÜokhoff experiment are therefore only 

in that energy region of was for us, where we take fluctuations 

in the cross section types into aooount, I.e. up to 30 keV. 

The experimental results of these hlgte-reaol«tion jaeasure-

ments in the lower energy range are represented in Pip. 7 a) 

- $)., 'Hie plotted points correspond In th» energy region 

150 eV - 720 «V (Fits. 7 •) - h)) to the Mlohaudon points, 

in the region 720 eV - 10 keY (Fig. 7 h) ~ p)} to the Derrien 

points and in the range 10 keV - 50 1»V <Flg. 7 <))) to the 

BBokhoff results. The experimental data of Derrlen {!$$ have 

a gap between 5^3 keV and 5.97 keV. 

In the higher energy range, i.e. above 50 keV, the measure™ 

nwnt series of Smith et al. ßß)', of Henkel £j$ and of 

Hlbdon et al. $0/ were discarded because of the reasons 

outlined below. 

The experimental results of the Smith measurements $£? and 

also at Use Henkel measureoentB ß $ in the upper energy rang« 

are too low (dee Fig. 8 b)} in comparison to the very extensive 

and aoeurate Measurements of Cabe et al. recently performed in 

this range up to 6 MeV. A oonptrlson of thu aoouraoy of the 

three data seta cannot be made, ainoe for the Hankai and also 

the Smith reaults no uncertainties are quoted in the corres

ponding references $&, j§7 , 
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The uncertainty of the Cobe results la given in reference 
/ßZ/ as less than 3 %. Highere -values are also claimed 
by Foster et a l . /847, although hia results are lownr 
than thong of Cnbe* and of Bratennhl et e l . /QZJ «ho hoe 
measured only one value in this rang», namely at 7,05 Mov. 
The tneoBUKrSent aeries of Hlbdon, Longsdorf /BO/ can In 
any case only play a role in the energy range fron 30 koV 
- ISO keV, This measurement goes back to 1053, Furthorraoro 
oo uncertainty is quoted lor the experimental results ana 
since the experimental data are considerably lower by about 
9 % than the Uttley result« in this cans« /8B, 807 and olao 
than the Cabe* reeults in the snail overlapping region of 
both measurements, from 30 KeV up to ISO key proforoneo has 
boon given to the two massureisant series of u t t ley . The 
experimental results of the two measurement series wore 
fi t ted in this energy range by a smooth curve. For the 
data points of the oseaaurement of Uttley from IÖS4 ßs7 
no errors were quoted. We have here taken over the un
certainty at the data points in the corresponding energy 
region of the measttrement from 19B6 /§97 whiob varies 
between 1 and 2 %.since both measurement series cover the 
same energy range. 

Above 150 keV up to a MeV th» Gabe" data /D37 play the 
predominant role because these measurements were carried 
out at very densely spaced energy points, in smoothing 
out the experimental data the reaulta ot the Uttley 
measurement, however, were also taken into account, at 
least up to 850 iteV, the upper energy limit of th is 
measurement. In the region 3,3 HeV - fl Mev the Cabe-data 
sad those of Bmtenahl et a l , /927 were fi t ted by a 
smooth curve. 



In this region also experimental data of a measurement 
of Foster et s i . /947 axist , but the measurement aerloa 
of Foster at a l . and of catta* et a l , are dlacrapant. The 
reiulta of roster are systematically lower than the reaults 
of Caba' by about 3 to 5 %. The measurement of Foster la 
neither a high precision nor a high resolution measure
ment, i t was perforated over a large energy range only 
to determine the energy dependence of «"_. The energy 
resolution la 2,5 - 4.9 %, that means «ore« than that 
of the cab«' meaaurement by a factor of about 3. In the 
region fl HeV up to 10 HeV we had no other choice than 
to take the valuea of Foster at a l , /94J, since this is 
the only existing measurement which covara the »hole 
region. Besides this measurement there ere only a few data 
points of Bratenahl at a l , /927* 

The experimental results of the measurement series foref-
in the upper energy range fron 30 keV IS UeV are shown 
in Fig. 8 a) - h) together with the presently recommended 

eL(E)-curve optained by smoothing out the selected experimen
ta l data. 

A comparison betwonn the presently recommended 9^-valuaa 
and the previously on KEDAX recommended curve la given in 
Fig. 6 for the energy range 30 kaV - IS IWV. In thla 
region the previously recoanendeä 4 (E) -curve la lower 
than the preffantly recommended one by about 3 %, A 
Maximum deviation of nearly B % la encountered at about 
4 MeV. Those higher<? -valuer are due to tba recant experi
mental reaulfs of Cabe* et a l . /937 which are higher than 
the results of Henkel /967 on which the previous evaluation 
/34, H57 is faaed. Concerning the lower energy rang* in 
the region 1 0 - 3 0 keV essentially no differences in 
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comparison to the previous KEBAKV -values oaist , since the 
Bockhoff results are normalized to the a1--values recommended 
by J . J . Schmidt /34, H57. In the range 150 eV - 10 keV 
majsinum deviations of about 10 % are encountered In the 
region 1 VieV - 10 keV »here the previously recommended 
tf -values are lower than the presently recommended ones. 

A survey about the measurements consldored in the Of-
evaluation is given below 

Energy range Experimental basis 

150 eV - 720 eV 
720 BV - 10 keV 
10 keV - 30 keV 
30 keV - ISO keV 

ISO keV - 6 MoV 

6 (lev - 15 HeV 

Mlchaudon /5o7 
Derrlen /BT? 
Böckhof f. at Dl. /9 l7 
Uttley /5a, 8S7 
Cabo'/537 l Uttloy /8JJ7, 
Galloway /ÖS/ 
Foster et a l . /M?» Bratenahl /827 

The accuracy of the recommended tf -values is estimated to be: 

Energy range 
^ 

Connents 

L50 eV - 720 eV 

120 eV - 10 keV 

10 keV - 30 keV 

30 keV - ISO keV 

± a 

f 

+ 2 

due to the uncertainty of the Mlchpudon 

due to uncertainty of the Derrien r e 
sults 
due to the spread of experimental data 
in thla range 
due to the spread of experimental data 
in th is range and to the uncertainty of 
the <3ttl«y results 



A«! 
Energy range irar Coaaents 

ISO k«V - 2 , 3 M*V t ' due to tha uncertainty of tha Cabo 
and Uttlay raaulta 

2 . 3 HaV - 6 llaV + j due to discrepancy between Foster an 
- a Cabe'end to tha uncertainty of the 

Cabe" results 
0 HeV- 15 HeV + i due to uncertalnt" of tha Foster 

- i results and Ita dlhorepanay w'.th the 
Cabe"results 
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V. The capture-to-flsslon ratio 

A revision of the KEDAK-value for*-was performed In the 
energy region above the resolved resonance region, 1.«. 
above ISO eV. In the oY-region the results of • high 
resolution Measurement of de Saussure ot al , /487 has be
come «viiliblB since the evaluation of J. J, Schmidt /J4?. 
This necessitated an Incorporation of thesQ values ..ata 
kEDAKi since due to the lack of an o<* -measurement of a 
resolution comparable with that of the Mlchaudon & -measure
ments, incorporated 1986 into KEDAK, we had since that tino 
wrong fluctuations in the capture cross sections. The 
highest resolution reached in the de Saussure experiment 
from 1086 is B nŝ c/ra and so comparable with thn resolution 
of the Michaudon <£„-experiment, froa which we have tnken 
over tho energy values for KE11AK, 

Up to October 1971 when this evaluation was startod no other 
measurements were available with such a good resolution. Silver, 
de ssussure et al . /Jd2/ have performed * new «b-measurement 
over tho same energy range and even extended up to 100 krV. 
whereas the high-resolution measurement of de Sau*sure from 
19 BG has an upper limit of 3 KeV. At Knox vi l i e preliminary rsaults 
of tneue recent measurements vera reported but up to now no final 
results ar« avsilscle. He have not taken into account them ther-
fore j/TlU7 in our evaluation and nave taken over on KEDAK in the 
lover energy rang» the data of de Sausaura from 1966. 
The de Saüasur« data war» normalized concerning the fission crosa 
section by'making; the fission resonance integral fron 0.45 to 
10 MeV equal to 127.45b and concerning the capture cross 1 act ions 
by aaMag-tfa« absorption rwcnanc* intagr»! frost 0.45 to 1.0 eV 
equal to" 58,12 b. Fro» a oompariaco of 100 «V interval values i t 
follow« that on'thaaveragati» d»aaUMur* data «how deviations 
of about 15)( with regard to tb* pravlou* «DAK -values. 



In the lover keV-range, i . e . above 3 keV up to some ten of keV e 
number of toasureiaente are available: 

Energy regio? Accuracy Ref. 

Bandl et a l . 197H 8 - 6o keVj (IB-IT) *; ^1037 
Csirr, Lindaey, 197o; 2.6 - 3o keV; T - ß %% fatf 
Miradjan et « l . 1?7o; o.3 eV-5 keY; U -16 Jf; fall 
Kurov, Fyabov, 19TO; 1ooeV-3o keVi 9.5 -13 %; Zio67 
Van-6hi-di et al . 1965; 1ooeV-3o keVj below 1 k«V 7 % 

above 1 keV 7-5-12* ptf 
Bilver, 
de Saussure et <\1. 1971; loo eV-lookeVi - ß°$ 

In the higher ke\-range except of acme very old inaccurate measurements 
(see reference £&•, B1j>7) the foil owing measurements vere performed: 

de Saussure et a l . , 1966 
Weston et a l . , 1964 

Diven et a l . , 1959 
Hopkins, Diven 1962 

Energy range Accuracy Ref. 

17 keV-6oo keY; 8 - 16 * />§7 
12 keV-69o keV; 9 - 2o % ß<Ü 

loo keV- 1 MeV; 16 * ZTofl/ 

3o keV- 1 KeV; 7 - 11 % ß°2l 

Since in the lover keY-range a l l authors have quoted interval-averaged 
values, even i f unfortunately not aver the same intervale* ve give in 
Fi«. 1o a) and b) a comparison of the different measurements in the region 
up to loo keV. For KEBAK ve have taken over in th is range from. 3' keV - 11 keV 
the three values of Czirr and Lindsey over the intervals 3 keV - 1*«29 KJV-
T.31- keV - I0.9 keV. I t i s difficult t o decide for. one of the measure
ments in th is range. First the data of the several authors are not averaged 
over the same energy intervals as already mentioned. But furthermore 
the different seta of interval values shov a different; tendency vith in
creasing energy» some data sets increase tsome decrease in the same energy 
range.Concerning the Van-Shi-di measurements ve have thought that it : is a 
too old measurement. She oij-values of thiß measurement shov very strong 
fluctuations in the energy range considered here. The same i t true for 
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the measurements of Kurov, Hyabov. The experiment of Muradjan et a l . covers 
only the energy range up to 5 keV. The reBults of Silver, de SausBure 
are only prelimin-iry, not yet corrected for multiple scattering e.g. £Tlü7. 
Then remain the Banal et a l . measurement and the Cairr, Lindeey measurement 
up to 1o keV (above 1o keV they have quoted only one value for the interval 
23 keV - 26 keV, for the interval 1 1 - 2 3 keV no value is given) mainly 
because of the fact that i t goes down to euch low energies ae 3 keV which 
IB the upper energy limit of the high resolution de BauBsure measurement 
from 196*6" adopted for KEDAK. From the Bsndl measurement results are availa
ble only above 6 keV and for joining the last do Saussure value at about 
3 keV one has anyway to take the Czirr data between 3 and 8 koV. Above 
1o keV one has the choice either to f i t the reQuita from the measurements 

a t selected energies of de Sausaure et a l . and of Weston et al . by a smooth 
curveor to take over the interval values of Eandl et a l . The cfc'E)-curve 
evaluated 1966 gives in th is range a good mean between the Eandl results 
and the higher resul ts of the point measurements i f one excludes the deep 
minimum in the <*> -curve of Bandl around 25 keV. This minimum in the 

<Jj (E)-curve 1 bowevert i s up to now not confirmed by other experimental 
final resul ts . We have therefore kept on KEDAK up to about ho keV the 

C*J (E)-curve evaluated by J . J . Schmidt in 1966. 

Between 11 keV and 15 keV we have adopted a smooth connection to the 

*i -value recommended by J . J . Schmidt £ik, H15.7. In the region above ho keV 
we have taken over higher & -values than J . J . Schmidt ones so following 
the evaluation of Alter and'Dunford £Tlg7. Alter and Dunford took by 5 to 
7 t higher 06 - values,, but only in the region 60 - 2oo keV. According 
to our opinion the range with higher ou- values should be extended up to 
l*5o keV. The main reason for recommending bisher «4 -valueB are the 
experimental'data of de Bauesure et a l . $&7 which had not been available 
to J . J . Schmidt. This measurement series coverB the region from 17 keV-
600 keV, however. He have drawn an eye-giude curve through the there 
available meaaurementB of Diven, Weston, Hopkins and Diven and de Sausaure 
and have joined i t to toe previous KEDAK-evaluation of J . J . Schmidt £3>ilH15.7 
at 7oo keV. The presently recommendid eft-values are by about 5 - 7 % 

higher in the region £0 keV - ^5o keV. The experimental data in the range 
up to 1 HeV as well as the recommended curve for cfi(E) are given in Fig. 11. 
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Above Too kaV up to lo MeV the ofc(E)~eurve of J . J . Schmidt fro» igfig 
£3jt7 is s t i l l reoonBenOedi that neaxia a rather cLoae \f& -dependence 
of C y , since no •eHurementa at a l l exist above 1 HeV and no new 

HeaaureBests axe Available betveen too JceY sad 1 He?. 

Above 1o HeV up to 15 HaV ve hava takan over the OV-valno« reconnended 
by Alter «ad Dunford who have obtained their valuea by extending smoothly 
the etj(E)-curve of J . j , Schmidt. The presently recoanended ou(E)-curve 
in the region 3o JtoV - 15 MeV i s given in Fig. 13. A awiary of theotrov*-
luation i s given belovi 

Energy region 

150 ev - 3 kflV 

3 keV - 11 keV 

i i W - 15 fceV 

15 keV - 6a k«V 

6o keV - k5o i e V 

l*5o keV - 7oo keV 

Too keV - l o HeV 

l o HeV - 15 KeV 

Cements 

d« SauBsure £587- data, 

interval velueB of Dairr, Linda ey ^oJj7 

»Booth connection b«tveei) Csirr , Lifldsey 

asä the eU <£) - curvo recosaended $bovo 

15 k«v 

mean between Banal interval values and 

de Bnussure and Weston data 

eye-guide curve through data of Diven( 

Kenton, Hopkins and Bivea, de Eaussure; 
5 - t % higher ob-valuea tbas grevicai 
KEDAK-evaluation 

smooth joining of present and previous 
KEMK-evaluation for Q!> 
previous KEDAK-evaluation for oO 

Alter , Suferd evaluation: saraoth con
tinuation of previous HEDAK-evsiuaiiaa 



The accuracy of the recommended tfs - v a l u e s la es t imated as o u t 

l i n e d below; 

Energy r e g i o n *£-& Comments 

180 »V - 3 kev 

3 keV - 15 key 

IB keV - DO keV 

50 keV - 1 MeV 

+ l o 

- 2o 

+ 25 
- l o 

+ 10 

- 15 

+ 10 

- IS 

e s t i m a t e d uncer ta inty of tho de 

Ssusaure data 

due t o d i s c r e p a n c i e s between e x p e r i 

mental ab-data i n comparison t o the 

C z i r r , Lindsay va lues 

due t o the spread of experimental 

data In t h i s range 

due t o tho s c a t t e r i n g of the e x p e r i 

mental data around t h e recommended 

curve i n p a r t i c u l a r due t o the d l a -

arepanoy between the h igh de 

Saussure v s l u e a and t h e low Weston 

r e s u l t s 

Ho accuracy e s t i m a t e can be made above 1 IJeV tltni'j there e x i s t no 

experimental data a t a l l . 



V I . Secondary data, changas 

The r e - e v a l u a t l o n f o r t h e d a t a t y p e s « . , Q T , CO, V c a u s e s changes 

I n t h e o t h o r c r o s s s e c t i o n t y p e s , t h e s o - c a l l e d s econda ry d a t a 

c h a n g e s , s i n c e they a r e m u t u a l l y d e p e n d e n t . The ene rgy r a n g e i n 

which d a t a changes f o r t h e d i f f e r e n t c r o s s s e c t i o n t y p e s of 

U-235 a r e e n c o u n t e r e d , a r e sumsjarized i n t h e t a b l e be low: 

KELAK c r o s s 
s e c t i o n t y p o dk t a t y p e 

Energy r n n g e of t h e 
ahanges 

name 

Energy r n n g e of t h e 
ahanges 

ALPHA + * . ">i/s1 ISO, - 1B.E+B 

ETA 
1 " T T - T ' 

l . E - 3 - 15.E+6 

CHIP % - ene rgy d i s t r i b u t i o n of 

t h o prompt n e u t r o n s 

unchanged 

MUEL p- - a v e r a g e of t h e c o s i n e of t h e 

e l a s t i c s c a t t e r i n g a n g l e i n t h e 

l a b o r a t o r y a y a t e n 

10.K+6 - 15 ,£+6 

NUE + v - a v e r a g e number of n e u t r o n s l . E - 3 - 15.E+6 

SGA 6 n - n b s o r p t i o n c r o s s s e c t i o n ISO. - 1S.E+6 

SGALP Ö j , - ( n , * ) c r o s s s e c t i o n unchanged 

SCF + " 3 f ~ f i s B i o u c r o s s s e c t i o n 150 . - 15.E+6 

SGG e i f - c a p t u r e c r o s s s e c t i o n 1 5 0 . - 15.E+6 

SGI d , - i n e l a s t i c s c a t t e r i n g 2.4E+6 - 15.E+6 

SGN d - e l a s t i c s c a t t e r i n g c r o s s 

s e c t i o n 

1 5 0 . - 15.H+6 

SDP « p - <"• « o r « . . « : « . » • unchanged 

SOT + rf - t o t a l c r o s s s e c t i o n 150 . - 15.E+6 

SGTR ^ t r - t r a n s p o r t c r o s s s e c t i o n 150 . - 15.E+6 

S02H ^ 2 | | - t o , 2n) c r o s s s e c t i o n 10.E+B - 1S.E+B 

aasn «: t i i " ( , a ' 3 n J c r o 8 B » o o t i o n 12.5E+6 - 15.E+6 

SOX tfx- n r m - e l a a t i o c r o s s s e c t i o n ISO. - 2.4E+6; 

10.E+6 - 15.E+0 

•i> 



- these data types were re-evaluated. 

For th* data type» SG2!jt SG38, ISiEL the changes consist only i s 
an extension of the curves recommended by J . J . Schmidt /34/ up 
to an unorgy of IS MeV, 

For the non-elastic cross section, data typ« name SGX, no aew 
measurements exist . In the rung» 10 KeV - 15 JteV we have takon 
over the values mud from thr> extended tf {E)-curve previously 
recommended on KEUAK /347. In the range below 2.4 KoV SOX was 
changed a« obtained by the relation 

* 0 below 2.4 HeV 

la th* range 2.4 S£aV - 10 i!«V tho previously raccmiaeridoil 3GX-
valuos remained. The changes in v . and Öy-in this range and 
also In the range ID Uev - 15 KBV were shifted on the inelastic 
scattering cross section, data type name SOI. We relied here 
on J . J . Schmidt's KEDAK-evalnation for U-235 fron 1956 /3jj7 and 
adopted the s*-ae procedure Jor the determination or the SOX- m«i 
SGI-values. 

The changed for th« other cross section type» were obtolnad 
throughout free the following relational 

3GA - absorption cross section &a,a^%*^t since cf =o 

SGG - Qnptur» cross section «jfoat*. 6 ( 

3GS - a las t ic scattering cross section <<f =a"T - 4X 

SGTR " transport cross section &t =rfT - J^ *rfn 
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la the higher energy range above 400 keV the presently and pre
viously on KEDAK recommended <3 (E)-curva and g (B)-ourve 
respectively are given in Fig. 13 and Pig. 14 respectively to
gether with the experimental date points. For hath cross 
section types no new measureneats exis t . The enelastio scattering 
cross section d , in the same energy range Is represented in Fig. 
13, For this data type some new measurements are available, namely 
that of Drake at a l . /Tll7, that of A ra i t age at a l . /J.12? and that 
of Batchelor and Wyld /1137, The calculated curves f or tf ,<J ,ft , 
l i e fairly well between the experimental measurements. 

Concerning the energy scale of the KEUAK-polnts a l l data type» 
for U-235 except CHIF aro stored at the same energy points alnco 
our program for the calculation of the mutually dependent crosa 
sections presupposes th i s . Above 30 keV up to lo HeV wo have used 
the same energy points na stored in the previous version, only 
very few additional points were Inserted In thla scale In order 
to reproduce .wall tha energy dependence of V and CF . Below 30 koV 
we have taken over the energy points of the high resolution 
d--measurements of Uichnudon ( i t = 5 oaec/m) in the range 
160 eV - 723 «V, of Derrien ( i t » 0.8 naec/m} in the range 
724 eV - 10 keV end of BöckhofI ( a t = C.3 naec/m) in the 
range 10 keV - 30 keV and have interpolated the other cross 
section types at these energies or calculated the mutually de
pendent cross sections at these energies. Since the high 
resolution tf^-meaaurernents of Blons at a l . ( A t > l nsec/m) 
and the «^-measurements of da Sauasure (A t => 5 nsec/ai) show 
sometLmes a shift in the energy of their peaks and valleys in 
comparison to the peaks and valleys of rf_, the above selection 
of the energies by taking the points of thetf -measurements 
has eomotinoi led to negative (J -values. Vary probably some of 
these negative S -values are also dL*1 to the difference In the 
resolution of the 0 -measurements on oun side and the • > - and 
o> -meaaureawnts on the other aide. 



Since the nunber at these points, hoxever, »aa very emll in 
aonpexlson to the to ta l mutfaer of energy points In thle range 
wo have re-oaloulated the arose Bnotion values at thene points 
deciding from aasa to oeoo whether*- o r ä - or4>ae baBia cross 
section typ« should be changed by a small amount. 

In the KEDAK-evaluation from 1966 for U~23S the energy dependence 
of th t average fission width F f was detearatined by f i t t ing the 
evaluated «<w(E)-ourve, A »pin dependence of f* waa not considered. 
Slnoe also nowaday« bet ter inforamtlon about the spin- and energy-
depandenoe not yet exists we have only repeated the f i t t ing proce
dure with our changed «&-values. The quantity «die beat suited for 
th i s purport because i t depends only veafcly on a oorreot value for 
the strength funotlon. 

A " J • rg- KT^ / 
<$> ' »vg * . . i y^m \ 

<*>. i < s ' > *** 
i , J 



with 

The cnerBV dependence of D la predicted by the Feind gaa model. By 
uoinc this relation one obtains that 

5 < V E > V f / , \ 

la Independent of 1 and J. alien Me have 

• 1% 
<*> 

'r 
The used eyafcols have the following IM «ulnat 

I n , )*V> ? > P - elastlo «ottering and capture «nd fiaalon and 
total widths, renpeativler 

j - spin of the ooapound nualeus 
X - «nculsr •oswntiM of the lnaldent neutron 
D - luvel apsolnc 
S - strength funotlon 
v - barrier penetration factor 



- statistical spin factor 
- incident neutron energy 
- effeotive binding energy corrected for the 

pairing energy, of the last neutron In the 
compound nuoleus 

- level density paranetor 

We nake now the following amplifying assumptions (for reasons of 
Justification see also KPK 120 p. D 99 - D 117)t 

..T" - r* -n 
and elnoe nothing abgilt p-wave fission in known one oan set 

_ BJ n alnoe nothing definitive i s known about the 
* J-dependence of 

- « ; • * 

<£* --h* - is'i* - s J ; 5 

because of the lack of any other evidence 

That means that the s t a t i s t i ca l distributions of ff and fn were 
assured to be the same for the two spin states J - 3 and J - 4. 



With those aasuaptlon* i t foilova 

s <?t ^iWn-2 *"3 T w.3 < - 2 '4 T »-i '" i ^ . 5 > 

V? • Vi<a,Tii-a««3TM.3 « " A w ^ s 1 , ^ > 

V (B) waa dataralnad from thii «xpraaalon by fitting the svaluatad 
•b (E)-curve. Th* naw valuaa war« lacorporattd Into tna KEOAK-fll« 
uadar tha data typ« 5TQF. 

<*>-
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NW/11, pp. £91 

$$? C.A. Uttley, CM. Newotead, K.M. Dlnent, Proo. Conf. Hual. 
Data for Reaotora, Paris, Oot. 1966, Vol. I , pp. I65; data 
referenoed in CCDN-NW/ll, pp. 291 

^ 9 7 C.A. Uttley, AERE-M-1272 (1963); data referenoed In CCDN-HW/U, 

PP. 291 

06/ C T . Hibdon, A. Langsdorf J r . , AHL-5175 (1954)j data referenoed 

in CCDH-NW/11, pp. 290 

ß\J R.H. Böckhoff, A. Dufr*>3ne, 0. Hohr, H. Welgmann, private 
oonnunioatlon 1971, published In Joum. Nuol. Sn. 26 (1972) 

91* data received from CCDN in Saoloy, 1971 

/§2? A. Braten&hl, J.M. Peterson, J . P . Stoering, Phys, Rev. HO 

(1958) 927 

ßÖf J . Cabe", H. Canoe, A. Adam, M. Beaufour, H. Labet, Proo. 2**̂  
In t . Conf. Nuol. Data for Reactors, Helsinki, June 1970, 

p . CN-26/68 or Vol. I I , pp. 31 

ß£f D.W. Glasgow, D.O. FosMr J r . , Phyo. Rev. Letters 22 (1969) 

139 

£ffl L.A. Oalloway, quoted in TID-IIOO5 (I960) 
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QS R.L. Henkel, LA-1493 <l952)j data referenced in CCHMW/U, 

PP. 290 

^ 7 J«?* Vhalen, A.B. s^lth, J.W. Headowa, AND-7UO (1965)I data 
referenced In CCDN-W/U» pp. 291 

/jijg7 V.Y. Averohenkov, A.I. Veretennikov, Sov. Progress in Neutron 

Phye., HoflDOM 1961, pp. 191 

$ $ h. I*ne*ford, ASRB-P8/HP9 (*96S) 3* 

^Oß? J.R. Lealey, O.A. Kqrworth, B.C. Diven, Nuol. So. Engns. £2 
(1971) at t 

^ 0 l 7 D.S. Mather, P.P. Bwpton, AWRB OK/71 (-RAM» (UK) 132 AL), 

Aug* 19?i 

/ log? E.o. Silver, 0. dt Sauaauxw, R.B. Parts« B.W. Ingle, Proo, 3 " 
Conf. (foutr. Croa» flection» Ttohnology, »lOJWille, Maroh. 1971, 

Conf. 7:0301, Vol. 2 , pp. 723 

^Toy R.-B. Bendl, H, MlMSMr, P.H. Fröhner, Proa. 3 r d Conf. ftmtr. 
Cro*5 section •Taebnoicsy, l&wwillt , March 1971. Vol. I , pp, 273 

and KWC 1563 (1972) 

/Tp57 J .B, Czirr, J .S . Lindsey, UCRL-72454 (1970) «nd Nuol. So. Engng. 

Ü (1970) 5ö 

/?$$? 8.Y, Ifcradjin, T.A. Hoatnvaja, V.J, KoBtwro, X»* Q. TaoUOjadn 
Pros, g 0 0 I n t . Conf. Bud, D*t* for Reactors, HelBinU, .June 

1970, vol . 1, P P . 357 or j). CN-26/121 

£»«7 M.A. Kurav, Yu.V. Ryabov, So Don Sik, H. Wilicov «t a l . . Proa, 
2 n d In t . Conf. Huol. Data, for Reaotors, Helainki, June 1970, 

p . C8-26/12S 

ßt$$ I>. W. Venton, Q. do Saunew«, R. Qwin, Bucl. So. Ensng. 80 

(1964) 80 

£ o J 7 B.C. Diven, J . Terrel l , A. Henwendlnger, Fhy». R*v. 109. (1958) 
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^ 0 9 7 ^.C. HopfcUia,, B.C. Diven, Suol. Ss . Stigng, 12 £1968) 169 

^flp7 H. Alter, C.L. Dunford, Al-AEC->BMO-lE9i6 (1970) 

£ l j 7 D.H. Oral», ftwl. Phya. A133 096?^ 10* 



^112/ B.H. Arndtage, A.T.G. Ferguson, J.H. Montague, N. Starfel t , 
Proa. Calif, on Nucl. Data for Reaotora. Parts, Oot. 1966, 
Vol. Ij PP. 38? 

fZ-Hfl H. Batohalor, K. Wyld, AWHE-05V69 (1?69) 

/TlU/ o, de Saussure, private conmunieation 1972 

^Tl_g7 E. Kiefhaber, J . J . Schmidt KTK 969 (PEANDC(E)-11B"U"), Sept. 1970 

/T16/ E. Kiefhaber, KFK157S, Hfirz 1972 

/Tl7_7 H. Küsters et a l . , KPK1632 to be published 
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Bont» in the onargv range 1 ktV - SO keV 
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Table I: Available experlnentnl information on the absoluta 
delayed neutron yield per figalon of u 

"t < 2 3 5»> Reference 

5 d ( 2 3 5 u ) thermal Hrunson et i-l., 1935 
/T27 

% < 2 3 S " > « . . t 

{fUnion spectrum) 

fission »puctrum neutronas " 
0.0014 

Rono, Salth. 1057 

thormal; O.01B8 -t- 0,0008 
fission flpectru«n:0.016& + 0.0005 

Kcapln «t n l . , 1958 
J f a, 10? 

14 UoY neutrons: 0.022 + 0.00B UcGsrry et a l . , 1DB0 
/147 

7.(2.4 MeV)/ vlthernml = 1.03 + 0.04 ' Mnkeyutenko, 1960 A <i - __ 
<?X3.3 W V V t h o O.09 4- 0.04 \ - -U d | 
C.C 15 MeV)/ v *h ^ i , 8 6 + o.06 . 

several measurements In thn range 
250 keV - 1.5 MeV 

•v . varies between 0.015 und o.Ol7; 
ao numerical values, given 

Cox «t n l . , 1967/68 

14.B UeV ouutrons; 0.0095 + o.OOOS 

% (3.1 MeV) 

Itestere et a l . , 1069 
/Ü7 

\Fjtl4.9 KeV) 

Itestere et a l . , 1069 
/Ü7 

file:///Fjtl4.9


Table i i ; Available ex pnrl.ee nt si info.-aation oo 5"25 fro« 1961 up to l«t« 1970 

Reference Energy region Accuracy 
7W Standard C — « . 

B'-yuakina «t a l . j 1 9 8 4 / " ^ 0.08 HeV - 0.99 KeV 
O.OB HeV - 0.64 HeV 

0.7-J. 2 
0.7-1.6 2.43 

Scint i l la tor measurementa 
Thoriu« fission detector 
Measured quantity 5 P ( E Q ) 

v7E°nT 
E° t t * 0.39 HeV 

Butler at m . j 1961 /Tg/ 0.21 HeV - 1.58 ileV 0.6-1. ^ ( • " " r a - s . « 
Colvin, Sowarby; 1965 /2o7 0.101 HeV - 2.57 HeV 0.8-1.9 0" c 2 5 * « 

SP 
in reference /207 
data for the ra t io 

Vp(E) ( ^ W / v P p C ^ ^ g l v e n 

Cond»*»t fcl.; 1965 / z l ? 0.06 UeV - 14.8 HeV 1 . ^ s p < 2 5 ? [ : 0 = 3 3 W 

HopklM, Divan; 1963/227 0.28O HeV - 14.5 HeV 0.9-1.6 «»f"*»)^-™ 
Kuzoataov, Salrankin: 1966 0.03 li«V - 0.70 HeV 0.7-1. »S,'*^'-*-*1 aeasured quantity Vp(E ) 

E0,, = 0.4 JlnV 

Hath«, Fleldhouae, itoat; 
1BS4 /247 

0.04 «ev - 7.96 Hev 0.6-1.7 } P < Ä 2 0»=3.78! 
ap 

Meadows, TOalenj 1962 /%7 
; 1967 /ale/ 

0.03 11*7 - 1-76 KeV 
0.039 HeV - 1.0 HeV 

0.7-1.O 
0.6-O.9 

v ^ 2 5 2 « ) « * ™ 

http://pnrl.ee


Table i i ; Continued 

Reference Energy region Accuracy Standard Conentti 

HMterov, Rurpelsov; 1970 : O. - 1.5 MeV 
/Z77 

0.6 - 1.1 iVg p( 2 S 2C')=3-'»12 

Prokhorova, SMirenkln; 
1958 /2B7 

0,37 MeV- 3.25 Mev 0.7 - 1.7 V^C 2 3 S U) =2.414 

5° =* 0.37 MeV; 

Savin et a l . ; 1970 /29,327 0.6S HeV- 6.60 M»V 1.? - 3 v j ^ 2 5 2 « ) =3-772 

Soleilhac *t a l . ; 1970 /3 l7 
1969 /3o7 

0.21 HeV -2.36 MeV 
1.36 MeV -14,79Mei> 

0.5 - 2.2 
0.3 - 0.5 

(stJtifitical 
only 

values used for renonielixatlon: 



Table i n ; Available 2 -measurements for U in the energy range 1 keV - 15 KeV later than 1950 

Reference Energy range *P Standard Consents 
data f n 

Y.iter et s l . ; 1954 
/ffl lese 

0.7 - 43 keV 
5 eV - 2 keV 

t4 - . Columbia 
absolute tf 
Measurements 
betWB«n G.3 and 
0.7 «V /377 

not considered, ba-
cauae DO absolute 
•easureaents and 
reference values 
arc baaed on 
e a r n e r •easvir«-
*»0tB 

-

Hlchaudon «t a l . ; 1958 -
1964 

/37 - 40/ 

<1 keV - 20 koV • 5 - » 

8 eV 
fro« aeasure-
u»ats of Shore, 
Sailor W 
normalized to 

£(0.025 ev) = 
582b 

-



Table I I I : Continued 

HOfarence Energy range 
Accuracy 

*g, -- Standard Consent 3 data 
l i t 

Lllcbaudon, Rib on et a l . ; 
/4 l7 1965 

2.5 eV - K> kov + 5 - 6 Vi, f«) « 
0.4 
with data of 
Shore,Sailor/42/ 

previously r e -
oowcended on KEDAK 
/34,3s7; presently 
replaced by the 
Blons Measurements 
/437:resolution: 
10 osec/m 

Melkaolan et u l . ; 1957 
/4V 

0.01 eV - 4o kev + 4 - 6 i [ 2 i , 580b/ 
0.0253 3V 

relative measure
ments,but noraa-
lized to the well-
known 2200 m/sec 
value i> ' ^ 2 5 a n d 

therefc:«? taken 
into account 

* 



Table i l l : continued 

— Energy range 
Accuracy 

«r—'v 
Standard Comments lata 

i t 

Corlov et 61.; 1959 
/fc7 

3.5 - 800 kev + 7 tff25 = 1.30b/270 
keV 

rejected since re
lative measure
ment* and norma
lized to the ab
solutely measured 
standard value 

-

perkin et a l . ; 1965 24 keV « f 2 5 -(:!-36 

+ 0.06) b 
absolute 
measurement 

neutrons from a 
Sb-Be-source, 
calibrated la 
three indepen
dent ways 

» 
Van-flhi-dl et a l . t 
fly 196S 

0.1 keV - 30 keV + 1 - 4 ^ f 2 S=(582+6)b/ 
0.025 eV 

rejected because or 
a (10-40 naec/ml reso
lution worse than the 
Blons experiment /43/ 
and since the results 
are avail, only as 
energy averages.used 
lor comparison pur-



Reference Energy range 
Accuracy 

Standard «-«. Data 

f i t 

de Sauasuxe et a l . 1966 

/487 1967 

0.4 ev - 30 keV > 5 f %(E)dE = 
J r 127.9b 
0.45eV 

obtained fron the 

•easured data at 

Bowmann /497whlcb 

•re normalized t< 

•=,„,=577.111/0.02; 
1 2 3 eV 

ateasurenents with 

a resolution of 

100 nsec/ai -

2 nfiec/a; worse 

resolution than 

the Bloss experi

ment; used for 

comparison pur-

-

Vilbur K. Brown, Bergen, 

Craaer; 1966 

/N>7 

20 oV - 2 MeV Ll(n/**T up to 

100 k e v : t f f 2 5 

IO keV-2 MeV 

(BNL325) 

relative •easure-

oents; Petrel 

underground ox-

plosion; used far 

coaparison pur-
-

:r*aer, Bergen; 19B9 

;«7 
20 eV - 1 keV + 5.5-90 Li(n,«0T; 

He(n,p)T 

underground nucl. 

detonation Persim- -



Table T T T J Continued 

Reference Energy range 

Crue r ; 1970 10 ev - Z.8fl HeV 

m 

^scuraoy Standard Coaaento Data 
f i t 

+ 4.5-50 «lent 1 U V U Poaward under
(n,«3T; ground detona
BbovB Gf^-date t ion; because 
evaluated by of the large 
Davey $ 3 •* uncertainty of 
several energy th is Measurement 
points in the only used In the 
range 0.G72 - range 0.9 - 3 HeV, 
3.01 MaV •there not suffi

cient experimen
t a l aata points 
frcat other authors 
are available for 
the determination 
of the shape of , 
and where the un
certainty of the 
•easured data I s 
satisfactory and 

X 



Is ' , 
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Table ffli Continued 

Reference Enei^y range Accuracy 

4 ^ 
Standard CcaaKiita Data 

f i t 

BoMwn « t a l . j 1970 

£7 
1.5 keV - 500 JteV •0 absolut« d o l i 

section deteradna-
tieuii considerable 
structure observed 
TO to 200 toV 

-

Blons e t a l . ; 1970 17 «V - 30 keV ± *.5 - 7 X % n , « » ; 
300 eV 

3 <* f (B)dH 
60 eV 

over the Measu
red data of 
Klchaudon ^KJ7 

Measurement with 
the best energy 
resolution BBongb 
the ^ -aeasure-
•ents which show 
structure In tf 
In the v^v-T^npe 

* 

htultj e t a l . t 1971 20 tV - IOC )»V averag-o: 8 ''LI (n.tf*) data not available 
at the t l ae of th i s 
evaluation; only 
used for oo^iarlson 
purposes:under-
grotxkl -luclear 
exDloalon 

-



gable"lTjr Contim»d 

Reference Energy range Accuracy Staikiard Co IM m t s Data 

f i t 

» j e r i 1950 

0. 
14 MeV ^ - ( 2 - l f r J . 09 )b <^8- (1 .15±0 .O3)by 

14 MeV 

s i n g l e d a t a p o i n t 

aeasured r e l a t i v e 

t o t h e s tandard 
-

Dlvenj 1 9 5 3 , 1957 

83 . 
0 . 4 0 5 - 1 . 6 2 BaV ± 5 - 6 0 ^ . ( 1 . 2 7 ± 0 . 0 4 ) b / 

1.27 MeV 

•eaEured r e l a 

t i v e t o ^ n , p ) 

a b s o l u t e Measure-

• e n t o n l v a t 

1.27 IfcVj 

t h i s r e s u l t h a s 

been e-'«=iderftd T a r t l y 

Utfcley, H J I U I I 3J1956 1 4 . 1 MeV Ö f 2 5 - ( 2 . 2 0 ± p . O T ) b 
| ^ s - { l . l 4 ± p . 0 3 > b j 

1 4 . 1 MeV 

r e l a t i v e Beaaure-

a e n t . cooflravs 

the V h l t e r e s u l t 

• t 14 .1 » V 

U l a n , Ferguson: 1957 3 0 keV - 3 MeV ± 1 - 3 - 3 (n»p) f l u x deteradna-

t i o n b y propor

t i o n s 1 counters 

f i l l e d wi th 

"lydrosen. 

-
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Table I I I ; Continued 

Reference Energy range Accuracy Standard Coaments Data 
f i t 

Dorofeftv, Dobrynln; 
195?3& 

30 JceV - 5 MeV ± 5.5-6.5 

30 kEV 
measurements using 
known strength 
sources; absolute 
»--msasurenent only 
at 30teV, therefore 
only th i s value has 
been taken Into 
account 

partis 

Hoatf 1958 

&7 
14 MeV 

0.09)b 
«f^-li.isw.o^v 

14 »teV 
measured 07 Moat 

3s7 single data 
f paint, 

measured re
lative to the 

/ standard 

Berezln e t a l . ; 1938 
5$ 14.6 MeV <S r e 5 - (2 -30± 

0.15)» 
rff2^.(l.l3rt.05)b/ 

14.6 HeV 

single data 
f paint, 

measured re
lative to the 

/ standard 



Table I IH Continued 

Reference Energy rouse Accuracy 

t 

Standard Tn—niiTn Data 
f i t 

«tettar; 1961 50 IceV - 3.8 HeV + * - 9 
1.6 MeV 

Measurenent of tbe 
ratio tfr(Pu359)/ 
^f{U-2M)l«tandard 
•eaturwd relative 
to natural uraniusi 
and determined with 
<#£2ö'0.ytt> a t 1.6 
HeV. Sine« the 
•easuraaeatB were 
not absolute, thay 
have bata ie.1 acted. 

-

Kalinin, Paakratov; 

1 9 5 8 ^ 7 

3 - 8 «ev * ± 7 
no eiTor bars 
for t l » indi
vidual data 
points ere 
gl van 

absolute •easure-

considered In the 
data f i t , but l e w 
weigtat was assigned 
to tbase data than 
to the results of 
Hansen, HcGulre £& 
since the la t t e r 
geasuraaent support 
the White data In 
th is range In con
trary t o Pankratov 

X 

with 
reser
vation 
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Referenoe Energy rang« Accuracy Standard Coaaents Data! 

f i t 

Gllboy. Jtooli; 1966 

BS 
0.?8 - 0.62 MeV ± s 

s t a t i s t i c a l 

6 Lt fn.rt*) rejected, since re la
t ive aeasureneuts 
aiming to the In
vestigation of s t ruc
ture in Ö as de
tected by Albert /7 l7 : 

-

Knoll, PBnltst; 1967 

Ä*7 
30 to'/ 
6* toV 

<^ 5-(2.1%O.06)t absolute 
neasureaents 

two independent 
•ethods for the de-
terrtn&tlon of the 
neutron flux 

% 

Pönitz; 1968 £€} 30 taV - 1.5 Hsv 
130 toV - 1.5 MeV 

+ 5 - 12 
^ ^ . i g b / 3 0 keV 
ne&sured by 
Knoll, Poniti 

"grey* neutron de
tector; data not 
compatible with the 
White neasureRente 
relative to the 
hydrogen scattering 
cross section, de
viations of up to 
about 15 £- Reacted 
because of these un
resolved discrepancies. 

-



Table H i t Continued 

Reference Energy range Acouraoy Standard COMKOtS Data 
f i t 

Hansen, HcOuire, Saltni 
1 9 6 0 ^ 

2.2 - 10.5 WeV + 5 - 7 (n, P) neutron flux aeasura-
menta with a proton 
recoil telescope; 
data originally Mea
sured by Smith,Henkel, 
Koblea fiitfi corrected 
by Hansen et ml. for 
inseatteriiut effect«. 

X 

Szabo, Leroy e t a l . j 17.5 teV - 1.01 Hal i ? absolute 
Measureavnts 

three different 
aetboda far deter-
•dnation of the 
neutron flux; u&* 
of the flsi ion tihA»-
b*r constructed by 
White; deviation» 
between the Whlte-
and Szabo-rteults 
• c l %. 

X 



Table m i Continue«! 

Reference Energy range Aceuraoy standard CU—PTltg Data, 
n t 

KXppeler; 1?T0 4*0 keV 
550 1»V 

^- (1 .17+0 .0*1)1 
« I J 5 - ( l - 17±p .Ml ) t («. P) 

The measurements were 
extended over the ener
gy range 0.1 HeV up to 
1 HeV, but no f ina l r e 
sul ts are available. 

* 

\)i 

+ The sign "x" seana, that the results of this •eaaureacnt were taken into account In the data fit, 
the sign "-" aeons, that they have not been considered. 



Table IVi (^„c-Mewiges of iiigh resolution •easur«»ents over the energy range 1 keV - ?0 teV 

< « f > 
Bwrgjr Mlch&ivlon V*n-Shl -d l d« Saus BUT**? Wilbur K^rowa Bl£n& e t e l . P a t r i c k « t e l . Lerne? e t e l . 

i n t e r n a l • t e l . e t « 1 . « t a l . e t a l . 

B*g m-& GÜ #& £& 5S W /TqpJ 

_.... - S * a l * 7 - Dubra OHL-HPI LOS AlHKS S e o l a v Harwell Los Aleoas 

3 0 - 2 0 . 5 . 1 1 5 _ - 2 . 1 0 6 2 . 0 9 3 2 .101 

2 0 - 1 0 2 .801 3 .271 - 2 .7S8 2 . 4 6 7 2 . 4 6 8 2 . 3 3 8 

1 0 - 9 3 . 4 1 8 3 . 3 * 0 3-101 3 . 2 4 3 3 . 0 7 4 3 . 1 8 8 1 
. 9 - 8 3-505 3 . 2 2 7 3 . 1 2 2 3 . 0 3 0 2 . 9 8 4 3 . 1 0 2 

8 -:•%• : ; 3 . 551 3 . 4 3 0 5 .951 3 . 0 3 4 3 . 1 9 3 3 -296 
7 3 - 1 0 5 

" T - - - " 6 ~ 3 i791- 3 -457 " 3 . 6 1 2 3 . 1 4 9 3 . 4 6 9 3 . 2 9 1 1 
6 - 5 » . 2 7 » '. 3 - 8 3 1 3 . 9 1 0 3 . 4 5 9 3 . 9 4 8 4 . 2 7 3 J 5 , T .•»-. -. 4 . 5 0 2 4 . 4 9 9 1 .728 4 - 0 1 3 4 . 4 1 3 4 . 3 7 1 4 . 0 1 0 

4 - " 3 " » . 8 8 7 ' - 4 .907 • 5-117 4 .721 4 . 8 5 4 4 . 8 0 5 4 .511 

3 - 2 5-761 5 . 6 2 0 5 .680 5 .464 5 - 4 0 4 5 .388 5 .057 

, S ! - ;I.-.- .: 7 i 5 » 5 , 7 -619 7 . 6 0 1 7 - 6 5 3 7 . 4 4 5 7 . 4 8 3 6 .7*1 



PIEur* captions 

Elff- 1 i The experimental Information and reoomniended curve for 
$ « { £ ) l n the energy range from thermal up to 1,4 MeV 

Flfl. B i The experimental Information and reconmended ourv« for 
V^c(E) in the energy range fro« X.* MeV up to 15 MeV 

Pip. 3 i <$ „--average* of high reaolntlon neaBuremento in the 
energy range X keV - 30 tasV 

Plff. 4 « SoleoMd. neaftvireraent aeriee and recowmendeu tf-„ 
ourve In the energy range from 30 keV to 270 IceV, 

ourve In the energy range from 200 IceV to 1.5 MeV. 

Pig. 6 i Selected meaaureewnt «eriea and w contended ^ -
ourve in the energy range from X MeV to 15 MeV. 

Fig,. 7 t high-resolution ^ T -measureaents reooMnended on 
a) - q.) KEMK in the energy1 range 150 eV - 30 WV. 

Fly. 8 i Experimantal data and reoomended ourve forO"T in 
a} - b) the energy range JO keV - 15 MeV. 



Fiat. 9 f Coaparleon between the previously and presently OD 
XBMK reooaeJtnded <S„(S)-oupve 

Fl». 1Q| Batpeidaantal data and reooamnded ourve foro6- In 
a) the energy range 3 k»V - 50 keV 
D) the energy range 1(5 keV - loo keV 

PI«, l i t Experlwental data and reooamnded ourve for*„- in the 
region 50 kev - 1 HeV 

Ply, lgf Fraaently raooamendedl6(B)-curve In the energy region 
JO keV - 15 KeV. 

Jig. 13i Experimental data and reoonMOded ourve for ti ~~ In 
the energy range 400 IceV - 15 MeV. 

Pi«. l4t Experiment*! data and recoanended ourve for the imn-
elaatlc oroas Motion <S •* In the region 400 lav -

Pifi. 15i Experimntal data and reooaawaded ourve for the total 
inelaatlo aoatterlng aroaa Motion iS~5 in the energy 
range 15 k«V - 15 MaV. 



Kay tt> t h o s y b o l a uaed l g F l g . l 

/ i Blyumkiaa e t » 1 . ; 1964 / W 

^ B u t l e r e t H 1 . j 1961 / 1 9 ? 

0 C o l v l n , Sownrby ; 1663 £ 2 0 / 

A Cond6 j 19BS /Iff 

Q Hopkins , Dlvan ; 1B63 £ 3 2 / 

7 Kuznotiio'-, flalraflkln ; 1966 / 2 3 / 

f } M»th«r o t l l . ; 1964 /SM? 

+ t .Mdow«, Khslen } 1B62, 1B67 / 2 5 , 2g7 

^ iVestorov e t i l , ; 1970 / Z 7 ? 

A P rokhorov« , SmlrenltlQ ; 1B68 £ 2 8 / 

A Sav in o t « 1 . j 1970 /29_7 
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— p r t a e a t l y recovMiid«d 

Mather - e v s l u i t l o a / 1 0 l 7 



Key to the symbols used In Fig. 2 

^ Butler et a l . j 1961 /197 

Q CoLvin, Soworby j 1935 /2©7 

yj Condo j 19e5 /ä l7 

^ Hopklna, Diven i 1B63 /2|j7 

O Mather ot a l . ; 1964 /247 

-f- Meadowa, Whalon ; 1962 /Ü37 

^ Hostorov et a l . ; 1970 /27_7 

£ Prokhorovo, Salrenkln ; 1968 /287 

^ Savin et nl . j 1970 /297 

Q Soloilhac et a l . ; 1969 /3o7 

presently reconoaontleü 



[ - T T T „.,. _Jk_J .._L_ i — | , • . i ~ 
W - , ,, r - = - , * t r " ' ! r A~f, — a, ~ 

i l f Sp- ; , ; - • .-£.- 3 
, Zt^lElk i , 1 

! . %t^ _J | i • l " 

MI 1 i , i ) <M 

11 I i *~ • • i & . ~T ! - - * T - r - f — { H - ! t 
r __ aLfcl FF —1-4- —'-pt - i -H - -' 

-rijH. ! ' i' 1 i 

"' ' r _k-L4—, f 1 [ i 1 
a " , -nt -S*+- « ' 1 •!• 1 1 i r-" L_ J ! L " 

• ' • *--.» -

—i .' -

-ix -f "-' 

-s 

s 

•5 

S 
, — - . } . 

• - - « — -

- • 1- I 

- 'wer* • 



UÄtirtöiih^L 

* • • - • i 
- «r-•v • 

•fei 







Q2 03 <W 0.5 05 07 03 09 



i i l J F - - 1 
i | 

, . | t t 

r. ir~? . i . 





a Ö Si S s s Ö Fl 
ä •7

0E
 

•5
0E

 

ts ä 

300 

300-

300 





3-13E02 3-S7E(E 3-40E 02 3-S3E 02 3-67E 02 3-BOE 02 3-S3E 02 







£ g g g 



OH 7-50EO2 7-KE02 7-70E 02 7-BOE 02 7 -3E02 B-OOE 02 



y g 







m Ü s ä g 







1-16E 04 1-3EE 04 1-4EE 04 1-54E 04 1-SOE 04 1-3EE 04 8-12E 04 E-SBE 04 S-44E 04 5-SOE 04 5-76E 04 S-3EE 04 



s a 8 s s : S ;' E £j 

B $ 8 sr ä. ST S % 



Key to the syabola used In Flg. B a) - b) 

9 Hlbdon, Langadorf ; 1354 /SO? 

^? Uttley j 1963 / Is7 

X Uttley ; leS6 /SB? 

£̂  HSnkol j 1952 /flß7 

O Smith » t i l . f 1365 /%7 

^> Cab« «t »1. i 1870 /83/ 

X Calloway ; 1980 /B»7 

4* Foster, Qlasgtw i 1668 /9*47 

Q Bratonatü «t a t . j 1958 /JW 
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Key t o t h e Symbols used In F l g . 1Q and 11 

p r e s e n t l y recomraondod a (E) c u r v e 

p r e v i o u s l y /^/ recoromtmded o (E) curve 

J — L Van - Sh i - d i e t a l . /~VjJ 

Bandl e t u l . £*°Ü 

mnn C z l r r , Lindsay L^0*/ 

Murn.Jjnn e t a l . n.ü€J 

Kurov, Ryabov e t a l . Ö°S/ 

» • • • • S i l v e r , de S a u a s u r e o t « 1 . f\oy 

Q de SQuaenre a t a l . / 48 / 

0 Wostaa ot al. S}°l7 

X a i v e n e t a l . / T o a 7 

A, Hopltlna, Otven ßüä? 
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