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Inthoduction

This Supplement to the Proceedings of the NEANDC/NEACRP Specialists Meeting
on Fast Fission Cross Sections of U=233, U-235, U-238 and Pu-239, held at
argonne National Laboratory, June 28-30, 1976, summarizas the data and
graphical material presented for consideration by the Working Groups on
avsolute cross section values and cross section ratios.

Data files of all available data of absolute croes section measurements
of U-233, U-23%, U-238 and Pu-239, and of the ratios of U-233, U-238, and
Pu-239 to U-235 were assembled at Argonne National Laboratory for uae by the
two Working Groups. The data files of absolute cross sections included alse
data measured relative to one of the standard cross sections H(n,n),
11-6(n,a), and B-10(n,a), and the ratio data files included ratics derived
from absolute values which were measured in an identical type of experiment
by the same group of experimenters. The subject files (e.g., U-235-Absolute,
or U-238/U=-235-Ratio, etc.) coneisted of "Sets". These sets contained the
data from one experimental group which may have been published at different
times. (e.g., the U-235-Absolute Set 35 contains several subsets with the
data published by Szabo et al. at '70 Helsinki, '70 ANL, '71 Knoxville, '72
Vienna, '73 Kiev and '76 ANL, all of which, however, were measured with the
same calibrated neutron flux monitor). The assembling of the files was
started with an extract from the CSISRS data files of the National Neutron
Cross Section Center at the Brookhaven National Laboratory. Ratios were
derived from quoted consistent sets of absolute cross sections, or from
data which were actually measured as ratios but quoted as absolute values.
The latter type of data was eliminated from the data files on absolute values.
The files were improved by an extensive search for errors and data missing
on the original CSISRS files at the time the extract was made. Other
additions to the present subject files came from presentations made at this
meeting and are deacribed in the proceedings.

The contents of the subject files which were the base of the material
considered by the Working Groups is summarized in Tables 1 to 8. The data
were available on data cards, magnetic tape, and disc. The material pre-

sented to the Working Groupe consisted of files which contained data






listirgs, reprints and preprints of publications relevant to these data and
a smail-scale plot of the data. In addition larger-scale graphs of the
data sets were posted on boards in proper grouping to permit an easy com-
parison of the experimental data. The present supplement contains essen-
tially these graphs which were considered by the Worklng Groups. However,
a data set for Pu-239/U-235 by Fursov et al. was obtained only after the
end of the meeting but is included in the present supplement. Some data
points by Zhuravlev et al. on U-235 and Pu-239/J-235 were presented at the
Lowell Conference one week after the present meeting and are included for
the sake of completeness of the available data information of the time of
the printing of the proceedings. Some graphs were replotted in order to
reduce the total number of graphs and to improve thelr readability compared
with direct reproductions (Colors were used in the origirals for better
distinction between different sets. This would have resulted in confusingly
simila signs in a black-white reproduction).

The selectiuvn of specific sets on one graph was generally arbitrarv,
However, an attempt was made to assemble newer data and older data on
separate graphs. In some Instances the objective was to displav an existing
discrepancy. This is pointed out in the associated figure caption. Most
graphs contain a curve to permit the intercomparison between data sets of
the same quantity which were placed for better readability on different
graphs. Thus the curves are intended for visual reference rather than for
the comparison of the experimental data with these curves. Thelir selection
was arbitiary. For U-235 the ENDF/B-V, for Pu-239/U-235 and U-233/U-235
the ENDF/B-1V, and for U-238/U-235 the evaluation by Poenitz (Session I in
the Procecdings of this meeting) was used. In some cases curves were drawn
for individual data sets to demonstrate structure in the data. In some
instances the sare data set was plotted on different graphs in order to
achieve an improved data comparison between different sets.

The uncertainty of the experimental value is shown as a vertical bar
and the energy resolution is shown as a horizontal bar., Where no error or

resolution bars are shown, this information was not available or the bars






were smaller than the size of the sign. Whercvver a renormalization of shape
data was applied, it is indicated on "he graphs and detailed in the Figure
Caption. All (horizontal) energy scales are in MeV, 11 (vertical) cross
section scales are in barn (fcr U-2735), and all (vertical) cross section

ratio scales are dimensionless. Data over/underflow is indicated by an

arrow.

K ames given on the graphs were often referenced in the associated figure
caption. Otherwise the reference can be found in Tables 1-7 by ucing the
Set-No which is given on the graphs as a cruss-reference. The references
are iu a short format, Abbrevimtions are similar to those used and listed
in CINDA. Often only one reference is given for a data set which may base
actually on multiple publications, More ¢xtensive references may be found

in the given reference or in CINDA. The proceediigs of the present meeting
are referenced with 76 ANL.
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Tabfe 1, U-238/U-235 File

Sat Name Reference

1 Poenitz JINE 26, 483
2 MHeadows 76 ANL

3 Behrens 76 ANL

4 Coates 75 Wash

5 Cance 76 AN

6 Stein 58 Wash

7  Lamptiere PR 104, 1654
8 White JNE 21, 671
9 Cierjacks 76 ANL
10  Fursov 73 Kiav
11 Nordberg 76 ANL
12  Henkel LA=2122

13  Allen PPS/A 70, 573
14 Grundl 75 Waeh
15  Kuks 73 Kiev, AE
16 Ucttley AHSH(S)R169
17  Adams JNE 14, 85
18 Netter CEA~1913
19 Smirenkin AE, SAE 13, 974
20 Moat AHSB(S)RL69
21  Jarvis LA-1571
22 lyer 69 ROORKEE
23 Berezin AE, SAE 5, 1604
24 Hall LA 128

25 Bretcher LA 128

26 Z-Group LA 128

27 Chadwick LA 128

28 Haneen CF 618

29 Taschek LA 39

30 Smith BAP, 2, 196
31 Difilippo 76 ANL

Source/Status Comments

CSISRS
CSISRS

PC

CSISRS
CCDN
PAPER
CS5ISRS
CSISRS

PC

PAPER
PAPER

NOT YET
PAPEK
CSISRS
DER-CSISRS
PAPER
PAPER
DER-CSISRS
DER-CSISRS
PAPFR
PAPER
CSISRS
CSISRS
PAPER
PAPER
PAPER
PAPER

NOT YET
NOT YET
PAPER

PC -

Three sbsolute points
Several sets

Present stazus, '75

Shape, revised June '76

New data, 14.6 MeV '75 Kiev
Errors in CSISRS

Data from graph

Returned to ratio

Shape data only, preliminary

Preliminary data

Ref. CS in CSISRS unclear
Values from graph

Av, over Cf

Derived from abs. values
Derived from abs. values

Shape only

One point only
Derived from abs, values

One point only

Shown 1ir graph of LA 128
Shown in graph of LA 128
Shown in graph of LA 128

Ratfio formed fiom abs. values

New data



Tabfe 1, U-2:s/U-235 File (Contd, )

Set Name Reference Source/Status Commen:s
32 Grundl NSE 30, 45 PAPER Shape only
33 Evans 76 ANL PC Data only in Graph

34 Pankratov AFE 9, 399 DER=-CSISRS Not all data on CSISRS






TabLe 2. Pu-239/U-
Set Name
1 Letho
2 Poenitz
3 Gwin
4 Carison
5 Pfletschinger
6 Gayther
7 Savin
8 Smirenkin N
9 Chelnokov
10 Whal
11 Williams
12 White
13  Uctley
14 Gilboy
15 Soleilhac
16 Szabo
17 Perkin
18 Netter
19 Allen
20 Dorofeev
21 Meadows
22 lyer
23  Swmith
24  Henkel
25 Adams
26 Knoll
27 Smirenkin
28 Moat
29 Fursov
30 Cierjacks
31 Kaeppeler

235 File

Reference

NSE 39, 361
NSE 47, 228
ANS 15, 481
76 ANL
NSE 40,
75 Wash
YF1-3, 12
ICD~4

AE 31, 103
LA-1681
LA-520

JNE, 65 Salz,
AERE-1996

66 Paris

70 Eels,

76 ANL

JNE19, 423
JPR 17, 565
PPS/A70, 573
JNE 5, 217
76 ANL

69 ROORKEE
APS

LA

JNE 14, 85
76 ANL

375

AE, SAE 13, 974

AHSB(S)R169
75 Kiev
76 ANL

Source/Status Comments

CSISRS
CSISRS
CSISRS
PC
CSISRS
CSISRS
CSISRS
CSISRS
CS1SRS
CSISRS
CSISRS
PAPER,
CSISRS
CSISRS
CSISRS
CSISRS, CCDN
DER-CSISRS
DER-CSISRS
PAPER

PAPER

PC
DER-CSISRS
NOT YET

NOT YET
DER-CSISRS
PC
DER-CSISRS
PAPER

IAEA

NOT YET

NOT YET

CSISRS

Two sets

New data, preseut status, '76.

Shape only

Shows structure

Returned to ratio

Orly lower set valid

From absoclute values

Av, between two poss, values
New data

Pu status unclear

Unclear Reference CS

Shape only
Formed from abs, velues

From absolute values






Tabfe 3,

w
o
[ g

\D(‘D\JCI\UI-F‘UJNHI

10
11
12
13
14
15
16
17

Name

Letho
Meadows

Gwin
Smirenkin N
Lamphere
Williams
White
Pfletschinger
Behrens

Dorofeev
Allen
Netter
Uttley
Perkin
Henkel
Gorlove

Moat

U-233/U-235 Fike

Reference Source/Status Comments

NSE 39, 361 CSISRS

76 ANL CSISRS

ANS 15, 481 CSISRS

ICD=4, 67 CSISRS

PR 104, 1654 CSISRS From graph

L&=532G CSISRS

JNE, 65 Salz, PAPER, CSISRS Returned to ratio

NSE 40, 375 CSISRS

76 ANL PC Present statue of data, May
'76.

JNE 5, 217 PAPER From absclute values

PPS/A70, 573 PAPER Av. between two values

JPR 17, 565 DER-CSISRS

AERE - 1996 DER-CSISRS

JNE 19, 423 DER-SCSRS Sb=-Be Source

LA NOT YET

AE 6, 453 DER-CSISRS

AHSB(S)R 169  PAPER



Tabfe 4, U-235 File
Set Name Reference
1 Gwin ANS 15, 481
2 Grundl 76 ANL
3 Gilliam + R 76 ANL
4 Poenitz NSE 53, 370
5 Hansen 76 ANL
6 Czirr + 5 NSE 57, 18
7 Coirr UCRL-77377
8 Kaeppeler 7Vienna
9 Gayther 75 Wash
10 Cance 76 ANL
11 Gorlove AE6, 453
12 Chelnokov AE 31, 103
13  Kuks 73 Kiev
14 soith BAP2, 196
15 Henkel-LE LA-2122
16 Poenitz 68W 68 Wash
17 Melkonian NSE 3, 435
1B Yeater PR 104, 479
19 Diven PR PR 105, 1350
20 Wwilliams LA-150
21 Nyer LAMS-938
22  Whal LA-1681
23 Moat JNE 15, 270
24  Adanms JNE 14, 85
25 White JNE 19, 325
26  Perkin JN19, 425
27 Knoll + P JNE 21, 643
28 Netter CEA-1913
29 Allen PPS/A70, 573
31 Pankratov AE,INE 16, 494
34 Goldanski DOK 101, 1027

Source/Status

Comments

CSISRS
CSISRS
PC
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CCDN
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS/HOLD

Av, over Cf spectrum

New values

Shape only

Rel. Li 6, new values

Alsc ANL 70
Shape only

Shape only

Sh-Be Source

Several sets

Energies unclear



Table 4, U-235 Fife [Contd.)

Set

35

36
37
38
39
40
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

Nape

Szabo

Blons

Hall
Adamov
Benedict
Van Shi-Di
Dorofeev
Lemley
Wagemans
Michaudon
Perez
Wasson
DeSaussure
Ryabov
Taschek
dowman
Schomberg
Bailey
Derruytter
Shore
Cierjacks
Brooks

Zhuravlev

Reference

76 ANL

NSE 51, 130
LA-128
75 Kiev

65 Salzburg
JNE 5, 217
NSE 43, 281
ANE, t.b.p.

NSE 55, 203
76 ANL
ORNL-1804
INDC-31/U
LA-445

66 Wash
JNE 24, 269
LA 447

PR 112, 191
76 ANL

66 San Diego
76 Lowell

Source/Status

Comments

CSISRS,CCDN

CSISRS, BHAT
PAPER
PAPER
NOT YET
BHAT
PAPER
BHAT
CCDN
BAAT
BHAT

pPC

BHAT
BHAT
PAPER
BHAT
PAPER
PAPER
BHAT
BHAT
PC

NOT YET

ABSTRACT

Several sets, latest
values

Av, Cf Spectra

Requested from NNCSC
New data
Some values missing

Some values missing

New data

Relative H(n,n)






Tabte 5, U-238 FiLe
Set Name Reference

1  Barrall AFWL-TR-68

2 Grundl 75 Wash

3 Cance 75 Klev

4  Kuks 75 Kiev

5 Smith BAP 2, 196

6 Leachman INE 4, 18

7  Adams JNE 14, 85

8 Netter CEA - 1913

3 Monglalajo NP 43, 124
10 Emma NP 63, 64l
11 Uttley AERE-1996

12 Tlerov AE,JNE 11, 173
13 Pankratov AE,JNE 16, 494
14 Moat JNE 14, 85

15 Allen PPS/A 70, 573
16 Adamov 75 Kdev

17 Vorotuikov INDC-66U
18 Cierjacks 76 ANL

19 Zhuravlev 76 Lowell

Source/Status Comments

CSISRS Al(n,a) Reference
CSISRS Av, over Cf spectrum
CcCDN Updated value

CSISRS

CRISRS

CSISRS Av, over Cf spectrum
CSISRS Shape only

CSISRS

CSISRS

CSISRS Shape only

CSISRS

CS1SRS

CSISRS Several sets

CSISRS

CSISRS

PAPER Av, over Cf Spectrum
PAPER Subthreshold

PC Relative H(n,n)
ABSTRACT






Tabte 6.

Set

O W W

10
11
13
14
15
16
17
18
20
21
22
23
24
25

Pu-239 File
nhame Reference
Gwin NSE 45, 25
Weston ANS 15, 480
Knoll 76 ANL
Gayther 75 Wash
Schomberg 70 Hels,
Chelnokov AE 31, 103
Cote BAP 1, 187
Smith BAP 2, 196
Moat JNE 14, 85
Adams JNE 14, 85
Perkin JNE 19, 423
Netter JPR 17, 565
Allen PPS/A70, 573
Dorofeev JNE 5, 217
Smirenkin AE 13, 366
Dubrovina DOK 157, 561
Kalinin 58 Geneva
Szabo 76 ANL
Blons 70 Hels.

Kaeppeler

Source/Status

Comments

CSISRS
CSISRS
PC
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS/CCDN
CSISRS
NOT YET

Several sets

New data

Sb-Be Source

Presently valid data

Relative H(n,n)



Table 7.

W ~ N W N e

U-233 File
Name Reference
DeSaussure NSE 52, 46
Gorlove AE 6, 453
Perkin JNE 19, 423
Netter JPR 17, 565
Allen PPS/A 70, 573
Dorofeev JNE 5, 217
Pankratov AE,SAE 14, 167
Smirenkin AE,SAE 13, 974

Source/Status

Comments

CSISRS
CSISKS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS
CSISRS

Sb-Be Source

Several sets



Abbreviations

PC

DER-CSISRS

NOT YET

Private Communication
Derived from data quoted on the CSISRS-tapes

Data are known to exist but are not yet available
or could not be obtained.






jure U-235 (u,4) 10-100 keV

The shape-data by Gayther et at. (72 Vienna, p. 201) were normalized with the absolute photoneutron-
irce data from the University of Michigan (M. C. Davis et al., 76 ANL, p. 225). The data by Wasson
‘e averaged ogver 10 keV intervals (CA. Wasson, 76 ANL, p. i83). The data by Wasson, by Perez et al.
)E, £5, 203, 1974), and by Wagemans et al. (Ann, of Mucl. Energy, to be publ,, 1976) are white-neutron
Irce data which were normalizad in the eV-energy range, The data by Poenitz (NSE, 53, 370, 1974) are
loenergetic-neutren source data. The "bump" between 45 and 85 keV is very pronounced in the data by
‘ez et al,, Gwin et al., and Sayther et al. but shows to a lesser extend in the data by Poenitz, by
bo et al., by Wasson, and by Lemley et al, (see subseauent figures for comparison).

uwre 2 U-235 (n,§} 10-100 ket

Comparison of *he shape-data by Gayther et al. {see Fig. 1) with data by Szabo et al. (76 ANL, p.
i glves a summary of final data which were previously published at 70 Helsirki, 70 ANL, 71 Knoxvilie,
Vienna, 73 Kiev), and with data by Czirr and Sidhu (UCRL - 77377, 1975). Other data are by Cheinokov
al. (AE, 31, 103, 1971) and a single point obtained with a photoneutron scurce by Perkin et al.
IE, 19, 423, 1965). This point may strongly depend on structure in this energy region and uncertainties
the Sb-Be neutron source energy.
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Figure 3 u-235 (n,4) 10-100 kel

Comparison of the data points by Gayther et al, and a 1inearly interpolated curve through these poti
(which was shown in the preceeding Figs. 1 and 2) with the data by Gwin et al, (ANS, 15, 481, 1972),
Lemlev et al, (NSE, 43, 281, 1971), and Blons et al. (NSE, 51, 130, 1973). A1l data were revised to use
ENDF/B-V reference values for Li-6 (n,a), and B-10 (n,a) Double-points for data by Gayther et al.
indicate minor differences in the averaging procedure by the authors of the measurements and by M. Bhat,

Figure 4 u-235 (n,4) 10-100 hev

Comparison of structure in the U-235 (n,f) cross-section measured by Gvin et al, (AMS, 15, 481,
1972) and by Vlasson (76 ANL, p. 183). The data bv Wasson are shown by a diamond and a linea inter-
polated 1ine as an eye-guide curve, The data by Gwin et al. are shown by a linearly interpolated
curve only, Structure appears to be correlated below 40 keV but contradictorv between 50 and 80 keV.






b U-235 (n, 4) 10-100 hev

ayther et al. and a linearly interpolated curve through these points

. 1 and 2) with the data by Gwin et al., (ANS, 15, 481, 1972},

Blons et al. (NSE, 51, 130, 1973). A1l data were revised to use

}, and B-10 (n,a) Double-points for data by Gayther et al.

ging procedure by the authors of the measurements and by M, Bhat, BNL.

Uu-235 («,4) 10-100 kel

k35 (n,f) cross-section measured by Gwin et al, (ANS, 15, 481,
The data by Wasson are shown by a diamond and a 1inearly inter-
te data by Gwin et al, are shown by a 1inearly interpolated

rrelated below 40 keV but contradictorv betwzen 50 and 80 keV,
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dgute 5 U-235 (n, 4) 10-210 hreV

Comparison of the white-neutron source low-energy normalized data by Wasson (76 ANL, n., 183)
ith the absolute moncenergetic-neutron source data by Poenitz (NSE, 53, 370, 1974), and by Szabo et
1. (76 AHL, p, 208). For comparison with structure in the data by Gwin et al. see next Figure.
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Figure 6 U-235 (n,4) 10-210 keV

Comparison of the white-neutron source low-energy normalized data by Gwin et al. (ANS, 15, 481,
1972) with the absolute monoenergetic-neutron source data by Poenitz (NSE, 53, 370, 1974), and by
Szabo et al. (76 ANL, p. 208). For comparison with structure in the data by Wasson see preceeding
figure,
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Figure 7 U-235 (n,§) 10-210 keV

Comparison of averaged values from white-neutron source low-energy normalized measurements by
Wasson (76 ANL, p. 183), Perez et al. (NSE, 55, 203, 1974), Blons et al. (NSE, 51, 130, 1973), and
Wagemans et al. (Ann, of Nucl. Energy, to be nublished, 1976).
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Figure $ U-235 (n,4) 10-210 eV

Comparison of average values from white-neutron source low-energy normalized measurements by
Lemley et al, (NSE, 43, 281, 1971), Chelnokov et al. (AE, 31, 103, 1971), Czirr and Sidhu (UCRL
-77377, 1975), and Gwin et al, (ANS, 15, 481, 1972). The data by Lemley et, al, and by Czirr and
Sidhu were measured relative to Li-6{(n,x) and the other data were measured relative to B-1N(n,a).
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Figure 9 u-235 (n,4) 10-210 heV

Comparison of the shape-data by Gayther et al. (72 Vienna, p. 201) which were normalized
with four absolute photoneutron source values from the University of Michigan (M.C. Davis et al.,
76 ANL, p. 225) with the monoenergetic-neutrcn source data by Poenitz (NSE, 53, 370, 1974) and
with the white-neutron source low-en?rgy normalized data by Wagemans et al. (Ann, of Nucl. Energy
to be published, 1976), Perez et al. (NSE, 55, 203, 1974), and Wasson (76 ANL, p. 183).
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Figure 10 U-235 {n, ) 200-360 keV

Comparison of the data by Wasson (76 ANL, p. 183) with monoenergetic-neutron source data by
Szabo et al. (76 ANL, p. 208), and by Poenitz (NSE, 53, 370, 1974). The data by Gayther et al,
(72 vienna, p. 201) were normalized with absolute photoneutron-source measurements from the
University of Michigan (M,C. Davis et al,, 76 ANL, p. 225, see also D, M, Gitliam, thesis,

U, Mich., 1973). The data by Czirr and Sidhu (UCHL - 77377, 1975) depend on the accuracy of
the Li-6 (n,a) cross section. This figure shows the discrepancy in the range around 280 keV
which was discussed during the present meeting (see proceedings p. 206, 330).
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Figure 11 U-235 (n,4] 0.06-10.0 MeV

Comparison of white-neutron source data by Wasson (76 ANL, p. 183) and Leugers et al. {76
ANL, p. 246, also priv. com, by S, Cierjacks, 1976) with absolute monoenergetic neutron source
data by Szabo et al., (76 ANL, p., 208). The structure in the data by Wasson at 280 keV (see
preceeding figure) can be seen.
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Figute 12 U-235 {n,4) 0.06-10,0 MeV

The absolute monoenergetic neutron source data by Poenitz (NSE, 53, 370, 1974) were obtained
with a Black Neutron Detector (square), the Associated Activity Technique (circle), and a firey
Neutron Detector and Manganese Bath Technique {diamond). The monoererg2tic neutron source data by
Hansen et al, (see D. M, Barton et al., 76 ANL, p. 173) and by Kaeppeler (72 Vienna, p. 213)
were measured relative to the H(n,n) reference cross section, The averaged white-neutron source
data by Wasson (76 ANL, p. 183) were normalized in the eV-energy range.
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Figute 13 U-235 (n,4) 0.03-4.0 MeV

Comparison between a +3% band around the average result from the measurements by Poenitz (NSE
53, 370, 1974) and all subsequently published data (see discussion in the proceedings on page 206).
Data by Czirr and Sidhu (UCRL-77377, 1975) were not shown above 100 keV where the Li-6(n,a) cross
section is not considered a standard. Data by Zhuravlev et al. were presented at the Lowell-Confer-
ence on the "Interaction of Neutrons with Nuclei” which took place two weeks after the present meet-
ing. Thus, these data were not shown in the original graphs considered during the working sessions.
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Figure 14 U-235 (n,§) 0.06-10,0 MeV

The high energy data by Czirr and Sidhu (NSE, 57, 18, 1975) were originally normalized to a
3.5 MeV value from the absclute measurements by Poenitz (NSE, £3, 370, 1974). These data were here
normalized to the 14.6 MeV value by Cance and Grenier (76 ANL, p. 237) which caused only a 1%
change in the normalization. Data by Gayther et al. (72 Vienna, p. 201) were normalized to the
absolute photoneutron-source values from the University of Michigan (Gilliam, Robertson, et al.,
see M. C. Davis et al., 76 ANL, p. 225). The underflow value at 5.4 MeV is by White {JINE, 19, 325,
1965). Other data siown are by Czirr and Sidhu (UCRL-77377, 1975) and by Kuks et al, (73 Kiev,
4, 18).
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Figure 15 U- 235 (n,4) 0.06-10.0 MeV

Comparisnn of some of the nlder data.
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Figure 16 U-235 (u, 4l §-22 MeV

The data by Czirr and Gidhu (NSE, 57, 18, 1975) were normalized with the absolute 14.6 MeV
value by Cance and Grenier (76 ANL, b. 237). Other data shown are by Leugers et al. (76 ANL, p.
246, priv. com, by S. Cierjacks, 1976) and by White (JNE, 19, 325, 1965).



iGeses gomoy geinna nnass omps oy IR

LgreRg

i ;
|

4 -

P % B Sl i
T il __ : '
: BRI A MR 0 ) YO L S . —t + 3 . pr— - 44 e g .
-y : T e |+_r.r.r.,,.wLL -lﬂ_ w 5 D, [ wen e s A0 U IDEYIRS SR b o
_ BRI B S 5 S SRR B i BN W A REEE BN e 65 i S Wi i
i B o G Qe B E R L....q._.|_*l.. EEEE B . — - | IR |
_ } A 5 [ O L 0 O Gl A G, IO O 0 N L o FBEERE REmas B
| [T | | e A 1 JHJ.viY == 4 ﬁ?., ' L..ITL‘_ ._r 2 ey -+ - = pp— — S S—
I . 1l {1 e 4.Il_|-..ILT.|.I.|_+J.J rﬁwlh 4 T =54 R WA —
....... 5 S = EE ] Sty s Bk A B e e . b — S -
i s o S Ol 4 h DS EEERE BN S B H
§ - - SR (NI, T WL et ir+]T _|I|_|||..p_ : 1 il |r“. — —t— k¢||1 ——ee -_—
toskghghed: oo Perbet e T e PP k) N S s=e= "
o Supn WA BT RGBSR & BN R R SN R RS o = s .
e B W e S B e CHEN kst EBE N —— m_
| ~¢1F11..:I1\r.4.!_-.r LSS B B B I .
. e § . - i Q2 ,|+I1IT. L o U 1.3 ) : 4 i H i 7
S Tis. ) b (B R | 5055 1 5 5 Tt T e -
I ! i Ly T 1T |0 IR
M I BB RS B S S 2 2
i T H 3 : T I . el L
T3 R B : EEEREE EREENER | = =) =i Bl 4
. ey H ! L Hlmlun T Iml O e } T 1 ; ; A
i uLar S 0 S e MO I g : S B N ma
Y ._ R G, | T T -
i I A A MRS T 1 ) T o
) P TS ) o R FEE BEES B B e
I (RSGri S tu+rﬁL L b SSESEETRE ERgEE o -
¢ ,\»o ‘.\M.l wl”.lt \,.um!__..m....lwl, + _.MLY‘J._-Va% Lerr
b0 1 1 A T @ B
— ‘_.‘ z R e o B H ’
LR T L L 3 + | = 8 e
ILL..-.*._‘* R Rk R N H T | Ly
T G B Y ) T Ly 1 1 | ] H
—— S l_._% ] | I JCY
SRS & ] _"__w .ﬁ “m" \W. ! “ 1]
EE i : A | =y R B S
i S S ST i 1
BRESn NSRS B EEE N _FM =i r
" B S ol l i 1 G R 9 H [ ™
b b PR (RN BN 5 N O TR O T | M T
~ W Nt i 1o e i ; ;_ﬂ_ “ qh_»p:_.,.
Bt lo =t _.:|.-.. 0 A TR T 14 1111%
M RN A i W O TR AT 1
o i N el HE ] 4 EEE
Qrﬁffaﬂ _af : . BTl S
sl ol w|.|~c.m.n T - wq % T— .




35

.
- —

—— — - n— ST T S— e S e T S AR | 5 g0 s Sy I L N S L

. S W [ Sy ) W; FOOPE 'S N DS RSP N] UV, N S [L.iLAr\i, A
T % - villie ® .~A|,r.r  aaels [P [ [SE Y sy el s —— - B SUDUNESRNE! ISR | SO
ol e W=5 arg e e H‘. R e o TERUBEON TR - i = B et e Sl =

b ‘
R e e

oo b
e
- C—

p———") (-~

b o o 1 ..
B e B

. . - o F D

|

SRT—

s . N S ——
h i I mmm—
-1 2 A RS

I __ —— S .._.

! ) A
-4 v———

—— e g

! SR o =

. _ by somen

t g -

—— —— - .

i | -

i S N,

I : 5 RS ol
. - - i i
- - .r—p .

».,;lult — -

D e it st
b o s s e e
. L I}

i 4 e— - -k . -
A W 5 |
Il
— - . “ﬁ P
— TR t._n.f -t
P G —y b
g  a—
- i - « l.i+IH!!L
&g
Ly y
=i e i
-

1

{
o
|
I
I

¢t
+
N
1
|
|

i
(|
8 2
i
t1h]
1 k‘
L
If.-ﬁ[
H
1 ’
=€
5 i
" .‘ -.{ A“.‘
@
lfq TNy
il
1
]

4
—fr
-
i
i
1]
v
i
+
-
T

i
|
%
!
i
i
|
.! 1 iR
t_.}__.__........_._
t
I

Y - . £ ; .
. _ | i d W) ¥ i | SO T H . o -l 5l 7S
B == ' bd—iaf s 4 . _+rlr._l.“ . S | - = .tl; R NN E——
* ﬁ — | pop - _i I T 1. SO SR I (—— .
—lk . . ; L} i Yo iy = { S T SENOA SES— - i
o o m, SRR s ma : x
1 « i s i losbi | i P . PRV SRR I
cadiE g e rEmE T LI . st i ! son e e el e
v 1 i l 1 : 1
“ R S [ illl_l..v y g — e S _ RN N LR e i e ST
ZEode s eliEREET 3SERET SEEEE ER IR S IS T f e







Figure 17 U-235 [n,4§) §-22 MeV

Comparison of the data by Czirr and Sidhu (see preceeding Fig. 16) with older data.
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Figune 18 U-235 (n,4§) 0.01-20,0 MeV

This figure shows a +3% band around a reasonable but arbitrary guess for the cross section of
U-235 (n,f}. The curve bases on the newer data which are shown in the fiqure. See discussions in
the Proceedings following the working group report on the status of the U-235. Older data would
generally lie on the higher side of the curve.
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Figure 19 u-235 (n,4) 0.07-20.0 MeV

The relative difference of individual data with the curve from Fig. 18 is shown in this figura,
Note that systematic differences appear to be covered by the +3% range with the exception of the
range above 14 MeV, the data by Kaeppeler (72 Vienna, p. 213), and the data by Czirr and Sidru (UCRL-
‘77377, 1975) relative to Li-6(n,a}. Some additional points scatter statistically and exceed the +3%
range as should be expected.
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Figuie 20 U-23§ (n,§)/U-235 (n,§) 0.6-1.4 MeV |

Comparison of the data by Meadows (76 ANL, p. 73) and by Behrens and Carlson (76 ANL, p. 47). Botl
sets are absolute ratio measurements and agree in the plateau-region within about 0.8%. An energy sca1e§
difference of about 20 keV is obvious. |

e e Tk i

Figure 21 U-238 (n,§)/U-235 (n,4) 0.6-1.4 MeV

The revised shape-data by Coates et al. (75 Washington, 2, p. 568, private com. by G. D. James, 1§
were normalized at 2.5 MeV to 0.432. The shape-data by Cierjacks et al. (76 ANL, p. 94) were normalize
to the same value. ‘ |
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Figure 22 U-238 (n,4)/U-235 (n,§) 0.6-1.4 MeV

Comparison of the data by Behrens and Carlson (76 ANL, p. 47) and by Evans et al. (76 ANL, p. 149)
The data by Evans et al. were measured to investigate energy-scale differences between the data by Behr
and Carlson and the original results by Coates et al. and should not be considered for other purposes
(see Proceedings, report of the working group on ratios).

Figure 23 U-238 (n,4) /u-235 (n,4! 0.6-1.4 MeV

Comparison of older measurements. Normalization of the data by Lamphere (PR, 104, 1654, 1956) at
2.5 MeV to the average value of 0.432 would increase the apparent differences in the energy-scales with
data shown in the preceeding figures.
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igure 24 U-238 (i, §)/u-235 (n,§) 0.9-2.6 MeV

Comparison of monoenergetic-neutron source data by Poenitz and Armani (JNE, 26, 483, 1972) and by
adows (76 AHL, p. 73) with white-neutron source data by Behrens and Carlson (76 ANL, p. 47). Absolute
lues in the plateau-range between 2 and 3 MeV agree within about 1.2%. Energy-scales of the measure-
j- nts by Meadows and by Behrens and Carlson differ by about 20 keV, though measurements of the carbon
esonance energies agree within +3 keV,
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Figure 25 U-238 (n,§)/U-235 (n,4) 0,9-2.6 MeV

The revised shape-data by Coates et al. (75 Washington, 2, p. 568, private com. by G. D. James, 1¢
were normalized at 2.5 MeV tr 0.432, The shape-data by Cierjacks et al. (76 ANL, p. 94) were normalize
to the same value.
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Figute 26 U-238 (n,§)/Uu-235 (n,§) 0.9-2,6 Mel

The data by Evans et al. (76 ANL, p. 149) were measured to investigate energy-scale differences
between the data by Behrens and Carlson and the original results by Coates et al.. Data by Fursov et al
(73 Kiev, 4, p. 3) appear to differ in energy-scale by about one half of the target thickness. Data by
Stein et al. (68 Washington, 1, p. 627) differ in absoiute values in the plateau-region from 2 to 3 MeV
by about 2.5%. Normalization in this range would improve but not resolve the discrepancy of the 1.5 MeV
point.
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Figure 27 U~238 (n,4)/U-235 (n,§) 0.9-2.6 MeV

Comparison of older measurements. Normalization of the data by Lamphere (PR, 104, 1654, 1956) a
2,5 MeV to the average value of 0.432 would increase the apparent differences in the energy-scales wi
data shown in the preceeding figures,
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igure 28 U-238 (n,§)/U-235 (n,§) 1-30 MeV

The shape-data by Difilippo et al. (76 ANL, p. 114) were normalized at 2,5 MeV to 0.432, The
.5 MeV value by Poenitz and Armani (JNE, 26, 483, 1972) was measured in order to provide an absolute
atio value for the normalization of shape-data. The value by Kuks et al, {73 Kiev, 4, p. 18) was de-
ived from absolute measurements of the individual cross sections.
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Figuwre 29 U-238 (n,§)/U-235 (n,4) 1-30 MeV

The monoenergetic-neutron source data by Meadows (76 ANL, p. 73) and by Stein et al. (76 Washingts
1, p. 627) differ in normalization in the plateau-range between 2 and 3 MeV by 2.5% but at 1.5 MeV by
about 22%, Data by Meadow: were measured with an ionization chamber with an efficiency of about 97%.
Data by Stein et al. were measured with surface-barrier detectors with an efficiency of about 74%.
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Figure 30 U-238 (n,§)/U-235 (n,§) 1-30 MeV

White-neutron source data by Behrens and Carlson (76 ANL, p. 47) compared with monoenergetic-neut
source data by Stein et al. (68 Washington, 1, p. 627). Data differ by about 3.3% in the plateau-rang
between 2 and 3 MeV and by about 25% at 1.5 Mev,.
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by about 25% at 1.5 Mev.
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igure 31 U-238 (n,4}/U-235 (n,§) 1-30 MeV

The revised shape-data by Coates et al. (75 Washington, 2, p. 568, and private com. by G. D. James,
P76) were normalized at 2.5 MeV to 0.432, The monoenergetic-neutron source data by Cance and Grenier
75 ANL, p. 141) were measured between 2 and 7 MeV as ratios. The 14,6 MeV value was derived from
kiiolute measurements of the individual cross sections (76 ANL, p. 237).
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Figure 32 U-238 (n,4)/U-235 (n,4§)

The data by Lamphere (PR, 104, 1654, 1956) and by Stein et al.
by about 8% in the plateau-range between 2 and 3 MeV. OQther data s
et al. (76 ANL, p. 128) and by Fursov et al. (73 Kiev, 4, p. 3).



281 /U-235 (n,§) 1-30 MeV

and by Stein et al. (68 Washingten, 1, p. 627) differ
MeV. Other data shown in this figure are by Nordborg

Kiev, 4, p. 3).
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gure 33 U-238 (n,4§l/u-235 (n,{§) 1-30 MeV

The shape-data by Cierjacks et al, (76 ANL, p. 94) were noimalized at 2.5 MeV to 0.432, The data
White et al. (JNE, 21, 671, 1967) are shown for comparison,
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dgure 34 U-238 (n,41/U-235 (n,{) 1-30 MeV

This figure shows data which appear consistent among themselves but differ from an evaluated curve
weighted average of all data).
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Figure 35 U-238 {(n,§)/u-235 (n,4) 1-30 MeV

Comparison of some single-point data obtained with monoenergetic-neutron sources which are useful
for establishing the normalization of shape-daia.
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gure 36 U-238 (n,§)/U-235 in,§) 1-30 MV

The shape-data by Grundl (NSE, 30, 45, 1967) were normalized at 2.5 MeV to 0.432. The data by
nkratov et al. (AE, 9, 399, 1960; AE, 14, 177, 1963) were obtained from measurements of the individual
0ss sections relative to the H(n,n) reference cross section. The data by Evans et al. (76 ANL,

149) were measured to investigate differences in the energy-scales between Behrens and Carlson and the
iginal data by Coates et al..
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Figure 37 u-328 (n,§)/U-235 (n,4) 1-30 MeV

Comparison of some older data.
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Figure 3§ Pu-239 (n,4)/U-235 (n,s’ 0.01-0.4 MeV

A1l data on this figure are from monoenergetic-neutron source measurements. The value by Perkin ¢
al. (JNE, 19, 423, 1965) was obtained with an Sb-Be source and may depend on fluctuations in the indivi
cross sections and uncertainties of the neutron source energy. The data by Fursov et al. (75 Kiev, to
published) and by Znuravlev et al, (76 Lowell, to be published) were obtained aftar the end of this mee
Thus, they were not considered by the Working Group on Ratios but added here for conpleteness of the
display of existing data.
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Figure 39 Pu-239 (n,§)/U-235 (n,§) 0.01-0.4 MeV

Comparison of white-neutron source data by Letho (NSE, 39, 361, 1970), Gwin et al. (ANS, 15, 481,
1972), and Carlson and Behrens (76 ANL, p. 47). Data from the University of Michigan (Knoll, see M.C.
Davis et al., 76 ANL, p. 225), and older data by Dorofeev and Dobrynin (AE, 2, 10, 1957) were derived 1
absolute photoneutron-source measurements of the individual cross sections.
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)le-neutron source data by Letho (NSE, 39, 361, 1970), Gwin et al. (ANS, 15, 481,
Behrens (76 ANL, p. 47). Data from the University of Michigan (Knoll, see M.C.

). 225), and older data by Dorofeev and Dobrynin (AE, 2, 10, 1957) were derived from
jource measurements of the individual cross sections.
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Figure 40 Pu-239 (n,§)/U-235 (n,§) 0.01-0.4 MeV

The data by Gayther et &l. (75 Washington, 2, p. 564) are shape data and may be normalized other-
wise, Other datz are by Chelnokov et al. (AE, 31, 103, 1971), by Gilboy and Knoll (66 Paris, 1, p. 295)
and by Allen and Ferguson (PPS/A 70, 573, 1957).






Pu-239 (n,§)/U-235 (n,§) 0.07-0.4 MeV

t al. (75 Washington, 2, p. 564) are shape data and may be normalized other-
helnokov et al. (AE, 31, 103, 1971), by Gilboy and Knoll (€6 Paris, 1, p. 295),
(PPS/A 70, 573, 1957).
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Figure 41 Pu-239 (n,§)/U-235 (n,§) 0.1-20.0 MeV

Comparison of white-neutron source data by Carisun and Behrens (76 ANL, p. 47) with monoenergetic-
neutron source data by Meadows (76 ANL, p. 73}, by Fursov et al, (75 Kiev, to be published), and
Zhuravliev et al, (76 Lowell, to be published). The data by Fursov et al. and by Zhuravlev et al. were
obtained after the end of the present meeting and thus, were not considered by the Working Group on
Ratios.
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Figuie 42 Pu-239 (n,§)/U-235 (n,§) 0.1-20.0 MeV

Comparison of monoenergetic-neutron source measurements. The data from the University of Mich
(Knol1, see M. C, Davis et al., 76 ANL, p. 225) were derived from absolute measurements of the indi
cross sections,






Pu-239 (n, 41 /U-235 (n,{) 0.7-20.0 MeV

monoenergetic-neutron source measurements. The data from the University of Michigan
Davis et al., 76 ANL, p. 225) were derived from absolute measurements of the individual
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Figune 43 Pu-239 (n,4)/U-235 (n,§) 0.0-20.0 MeV

Comparison of white-neutron source measurements by Gayther et al. (75 Washington, 2, p. 564), and
by Cierjacks et al. (76 ANL, p. 94) with the moroenergetic-neutron source data by Pfletschinger and
Kaeppeler (NSE, 40, 375, 1979), and by White et al. (JNE, 21, 671, 1967, 65 Salzburg, 1, p. 219). The
shape-data by Gayther et al. may be othervise normalized. The normalization of the data by Cierjacks
et al. is preliminary. The figure shows the original data submitted prior to the present meeting. A
corrected data set supplied after the meeting is shown in the next figure. ‘
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Figure 44 Pu-239 (n,§) /U-235 {n,§) 0,1-20,0 MeV

Revised data set by Cierjacks et al. (76 ANL, p. 94).
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Figure 45 Pu-239 (n,§)/U-235 (n,{) 0.1-20.0 MeV

Comparison of some older data.



- - ” - — - v
v ' [ P | TF i -y v NN DU DA | 1'..... e IS IEEEE FRET I . s : p + e
. . v " L R T L + ¢ . . DN R R IR B it ARREE s SRR - . - . +—
' Eoa & i = e b B i . I TR T (I e MDA DI PR . . S
! t 1 ¢
# ! e e i on %o S L R (e . NN SRR ET RS FINNE Spee » v . I
4 = o
s e - ™t t
. ’ B CE 5 11 vt i —t . i s e IERE EERTE 2o ""T il ST BRI . - O S
; A R + -+ 4 4, [.t 3 Beiatiie Vel vk .-L-% R R R e AR . . . —- e
. & u it + I.. R R R R e BEETE TR SS By SeSpe L; R L R el R o ¥ l.-.. ——
I - &
st *
Y R S b & . l PRNSI B ‘ R e ] EEE T TR PR ....-.+.+.l..|
x A . P P | 4 v mmded b g e P DS DI BN |
. + + -1-1—1--4 ‘. EREEEE I IR IR TN SRR S {»+I.-
. . v v - - . R DT SRR I NS B e P
- i - —
. 1 P JEEREE S (es e . POREE PRGN P RS G
. ’ S axon g b NEHIL RSN Gk ok § sy - ...ﬁ...-..,*..f..q-
§ ' : . ! . * ._-I. IR I sl IRERS EEERE TERS S
. ' . P =54 F2y =5 b e N O i b i 4
1 B854 a8 So0 ibl BEBGA
1 + + - + * o
s “ T R toeee -,.-Ijq-.“. RS RRE *,4..1.,.-,1 +
. . T - + - L I I R Rk EALES aabas ot f s st
+ B b b 44 0 4 PR .I:... o bosbadiosd, ......_1‘] .
. . ok @ 4 INE EEEEE RS TSR PRSRS PSS Prees ..TaL_TI I;
- — el
o : o SO W I MRS NG ISR ROOH] PR oM B3| 1
- . ‘ . 4 1 -4 + 4 R S s b - St EEEEE RS BE TRTEE SRR I +
. . 1 o + T‘T I -u—&}rl-r.‘ TS EEREE sARTS MAAE + .
S . . . . oy b =% T R YRS EEE) botadtbredesas .
B 4 shbiRa s 8 deast bibd: i
; & W s 4 il IERER N B IR MR REEDE PSR PR PRRpt by {{':44
L . 3 . 5 i . 0} I S i TERE ETSRT PEPYE FRYEY Sewy o8 BE ) B
. ‘ . foeoq! = N S R R SR AARad b’ EPN I e
‘ L ST 8 bW il R BN SN0 N bai i e i
: U i & e e 1 88 snf
. v + . e pael & ll B . R EEEEC R Y oy o W [N EUPR
5 N V a« s & u - .i .QVI‘, vigeddpdedeaidy (0] PRSP [N
. g " O T | it ,.‘..T NP EREeY £E3s SUDN EYSET ENEEIRGE
" 5 . . I, ' {- 1 o+ o 4 =l ERRRE B e ..J»»#..T
. i i P | 11 . / 4 =+ 4+
pooe . o« +1 s 4 4
. i + " by l - o 14
N . . . - . .o lL 1
E s b st
A | . . 1 v g yilgid
v H v 400
# bk e e booad
i F v RIRE 00
: o i )
e e e Sy =B e e T
'
i
. . . UMY NI RO [T
8 -
I w : - b I . i e po siflwiey -
. . . . \
r bt .
) S —— - "
. S o . f S O O e [ {
' PO v TR IESRERER N I U ! .
A v Jeseid bbb Peean -
+ —
{ SwIR : e e IREEE EER . H -
! o . cafeas wwof e o e I -
. ' v b doe s s oyiadiuodguati®laa g : ' .
i Lk o 3 af B Pr SIUET (RCHS STl e i =
" e 4 - 8 e — e
Vs v ol i e e \ 5
P “ooa ' P . + 10 b oadd v moacaie | ¥
i % : e P W il s 00 A e i ] . i -
v ' . O (e | v &
\ '
| P I i I TR i " B ' o
[} | ' ! ! o (IR R IR SRR IREEY ERTY I R o . o
LS DSOS e ESRSS e A ISSIner ) SSS— . —_—
i . . [ ) . LN IR ‘ 40 . . .-
] ' ' . . T . oy e vilile @ . .
x| ; d vl BN RERE " q
\
.‘:‘ " R . . . e o sef o oy P ' ' -
IL AN o RPN, SRS S| N (SN S S A — |




LJ'
.- 4

T

TI:

—

R
TRy

+HHH

9

4

f

H

..

- -
. b e
R )

bt s

——— 4~

-

o

4o ds
WiHERE R
R e

R

DN

e

l

o
-
ey
11+
444
+ o 44
.

— -

+
-
—

t

ran SERME

v
4—'—'—,—. -
LS &
FESBROES SN e
o a——p
.o

.

[

1

1
———
e
—bges

PR

e e W

8

— :hp
N
—f

|
!
}

~ 3&':::3-

o
- s -
..
s de

PP

T4 .
. -
P —
- 8-
.-
PO
ey

L
—a s
4+ v -
P

. e
o

PP R oy

-

st a4

P
+ .

— o

I S ]

A

1

[ ]
[}

e

]
|

+

.
|







Figute 46 Pu-239 (n,§)/U-235 (n, §} 0,1-20.0 MeV

Comparison of some older data,
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gure 47 U-233 (n,§)/U-235 (n,{) 0.01-10.0 MeV

Comparison of white-reutron source measurements by Letho (NSE, 39, 361, 1970), and by Gwin et al,
NS, 15, 487, 1972) with monoenergetic-neutron source data by Meadows (76 ANL, p. 73), by Pfletschinger
it Kaeppeler (NSE, 40, 375, 1970) and a photoneutron-source point by Ferkin et al. (JNE, 19, 423, 1965),
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Figure 48 U-233 (n,4)/3-235 (n,{§} 0.01-10.0 MeV

Comparison of white-neutron source data by Behrens and Carlson (76 ANL, p. 47), and Gwin et al,
(ANS. 15, 481, 1972) with monoenergetic-neutron source data by Meadows (76 ANL, p. 73)., The peak
around 6 MeV is caused by differences in the threshold for second-chance fission in U-233 and U-235.
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Figure 49 U-233 (n,§1/U-235 (n,§) 0.01-10.0 MeV

Comparison of older measurements.
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Fegune 50 U-233 (n,§)/U-235 (n,4) 0.01-10,0 MeV

Comparison of older measturements,
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