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Abstract

The experimental f i s s i o n croae-suction data of U-2^8, Kp-?.37

and Th-??2, publiahed up to the end of ?97O¿ are review«d and

analysed between their respective thresholds and 20.0 MeV. The •

r e s u l t s of a s t a t i s t i c s ] enp.lyr.is of tl;c available data, performed

v i t h a weighted Least-squarnB Orthoponai Polynomial F i t t ing computer

progra«!ine are presented in the form of point-wise cross - sec t ion

values together with the ir uncertaintion, and in the fore, of graphe.

of the f i t t e d curvos with an indication of r. region of 95!? s t a t i s t i c a l

confidence l e v e l . An estimate of the f i snion apectrum weighted

average cross-sectioru« and the ir re^ptid-ive uncoriainties i s a lso

given.

• ProDcnily at Coon] University, ÜÖOUI. Korea,
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I. Introduction

In recent years, a great deal of effort ha3 been devoted to the
development of techniques to measure neutron fission spectra, differen-
tial fast neutron spectra, and fast neutron fluonces in diverse areas
of research (Refs. 1-6). One of the established method» to measure
fast neutron flux and spectra is the application of threshold deteotors
based on threshold reactions such as (n,p), (n,a), (n,2n), (n,f) and
(n,n'). In all of these and related applications an accurate knowledge
of the energy-dependent reaction oross sections, as well as of the
opectrum-weighted integral cross sections, is of basic importance.

The object of this work has been to attempt a thorough statistioal
evaluation of existing experimental fast neutron fission cross sections
for Th-2V?, Np-2}7 ai*d U-238 in the energy range from threshold up to
20 MeV. Ko consideration has been given to the sub-threshold region,
nor has the threshold itself been specifically investigated.

Humorous compilations and recommendations of the considered
oross sections have been made in the past. Two factors, however,
justify the ourrent reviewt one is the availability of new data vhioh
have not been considered in earlier reviews and evaluations, the other
is the derivation of statistical confidence levels with due account of
the associated data uncertainties. Tt is hoped that justice has been
done to both of these pointsi considering in this review most known
existing data, and Introducing the use of a computerized statistioal
fitting procedure, in the derivation of the final results.

The two principal features of this study are the treatment of the
experimental data used as input for the analyois, and the method used
to analyze the data and their related uncertainties. With regard to
the data, in as many cases as was feasible, mo3t sets have been renor-
mal i sed to Davey'a 1968 evaluation of the U-235 fission cross seotion
(Ref. 13), eliminating thus, as far as possible, those discrepancies
arising fron differenens in normalisation. The second emphasis of this
work has been placed on the statistical fitting of the experimental
data by means of a weighted Least-Squares Orthogonal Polynomial Pitting
Program (Refs. 19, 20) yielding fitted excitation curves together with
an estimate of their point-wise as veil as regional uncertainties based
on a 95 percent confidence level.

Although statistical fitting programmes, such a» the one used in
this analysis, are powerful tools for efficinnt and rnnid processing
of experimental data, one «nust realize th't* H statistical approach
dealing not exclusively with statistical errors oome+inos disretfarda
and often does not do justice to the underlying physics. Furthermore,
these methods treat th« uncertainties attached to the data, whether
their origin is systematic or random, in a purely statistical way.
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The situation in aggravated more in thut the data, and specifically
the uncertainties usai «rr.od to th« data, aro not always sprrified by
the authors as bein^ either systematic or statistical, at best one
single error is usually given. Thus, the rtvju'itj tfiven In thia report,
in particular the uncertainties attached to the recommended values,
•ust be viewed in the light of tV>eae considerations,

II, Review of the considered. e> parimenial dula

The seta of experimental data collecto.1 for this review wem
obtained from two sources. Aa part of th« initial survey the
U.S. National Neutron Cross Section Center (a.i. Srookhaven; supplied
an up-to-date (April 1970) selected rairjpvaj from the BCISRS fix«-a;
this initial effort'waa supplemented by a literature search with the
help of CINDA-69 which resulted jn the collection of those cross-
section data which had appeared in the published literature (Rof3.22-54)
up to the end of 1970*

In the first phase of the roview all collected data sets wore
classified according to measurement type, normalization and complete-
ness of information, into the following four categories:

(1) Absolute cross section measurements. Unmodified values used
in this review.

(2) Measured cross-section ratio3 which were converted to tho cross-
section values used in this review by applying recognized
standard çroas-sections.

(3) Crosts-section shape measurement» which were normalized to a
reference standard to obtain the values used in this review.

(4) Other cross-section measurements, for which Information on
normalization vas. ambiguous, or data which had to be read from
curves and for which no error estimato was given.

Cross-sections which fall under category 1 hnve boon conridered
hero to be th« ••beet1' or most reliablej in all of these cases tho
original values, were uned for the input. Tn determining the croeo-oections
from measured cross-uoetion ratios (category 2) f or in ro-norsnalissing
the data in category (3) to more recent find currently accepte'', reference
cross-sections, the standard which was found to be moot widely uiied, or
which in tho final »nu.lysis v;.\a the basis« ai' tho rcco;mt»YidQd vr.luos, is
the U-235 fisoion cross-section, Although it is beyond th«- tscooo of
this review to give a detailed tmalysis of th« basic U-?.~yy (n,f) cross-
section, a current appraisal oL' tho variou3 r^comnenfied sets of tho
evaluated U~235 fission crosa-r.ections (Hûfo. 4, .10-13, 15, Iß, Z'¿) in
the energy rwge under considex'ation was nv^snar.v; those ar« given
in graphical form in Figure 1,
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Of these evaluated set3, Davey's recommended valueB (Ref. 13)
up to 10 KoVj have "boon considered during the last few years as the
most reliable referonce data. These data have recently been sub-
stantiated by the revised Honkel and Nobles data, and have also been
adopted by Alter and Dunford (Ref. 16) in their re-evaluation of the
U-235 neutron cross-section. Schmidt's recent evaluation (Bef, 22)
also shows a closer agreement with "Davey's values up to 1 MeV,
however Schmidt's recommended curve for the energy rarsje above 10 MeV
appears to be more reasonable than thfi extrapolated values given by
Alter and Dunford. In the present review, the U-235 (n,f) cross-sections
used as standard are based on Alter and Dunford1s (Bef. 16) values up
to 10 MeV and on Schmidt's recommended curve above 10 MeV.

Most data sets which fall in category (4) were not used in this
review primarily because of the lack of experimental documentation.
One of the exceptions has been the use of Henkel's 1957 values of the
Th-5?32 fission cross-section which were reported in LA-2122 (Ref. 53)
and included in the 1958 edition of BNL-325. These data were measured
at a very high energy resolution; unfortunately the numerical data of
this experiment were not available in tabular form, and the data bad
to be read from Henkel's curve in order to reproduce the highly re-
solved structure in the beginning of the first plateau, between 1.3
end 2.0 MeV. For the purpose of this review 88 points at 0.1 MeV
intervals wore read from the curve and a 5/5 uncertainty was assumed,
taking into consideration the error of the U-235 standard cross-section
used in this experiment, which is presumably Siven's 1953 value of the
U-235 <*(n,f ) - 1.269 + 3.5# at 1.25 MeV.

The cross-section data error pïays an essential part in assigning
the statistical weight to each data input point, and in the subsequent
treatment of these data by the fitting program. Because of the widely
differing modes of error analysis presented by the authors of the
experiments oonaiderod here, it has not been possible to separate
systematic frcm statistical errors; consequently what has been used
as input in this study are the overall errors assigned by the experi-
menters wherever these were given. In those cases where the data were
normalized or re-normalized, the effect of error propagation, which
stemmed from the uncertainties of the standards used in the initial
n rmaliftation, could not be taken into account in all eases because of
lack of information, and the errors originally given for the measured
data were transferred to the revised cross-section values.

The data sets used in the review of the U-228, Np-237 and Th-232
fission cross-sections are given in graphical form in Figures 2, 3
and 4 respectively. In sunmsry, this survey of available data has
yielded 111 U-238 (n,f) data points, 2Ó4 Hp-237 (n,f) data points,
and 153 Th-232 (nff) data points which were used ri3 input to the fitting
profjrara described in Section III. A brief description of each indivi-
dually considered data 3et is given below for each of the three isotopes.
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Data set3 used for the U-2n8 (nff) review

1) Hansen, McGuire and Smith (196B) (Refs. ?4, 25).
45 data points betweon 1.0 and 22.0 MeV. The data used
aro those given by Smith,, eec Eeferer.oo 24. Error given
by the authors ranges "between 3$ and 6$. Measured relative
to (n,p).

2) Kalinin and Pankratov (I.958) (Kefs. 26, 28).
7 data points between V I and 6.3 MeV. Data read fron curvo.
Assigned uncertainty of 7$ ̂y authors. Absolute measurement.

3) Emma et al. ( 19-65) (Ref. 37).
7 data points between 1.8 and 4.5 MeV.
Original data used. rfjo uncertainty ^iven by the authors.
Shape measurement.

4) Adams, Batohelor and Green (l96l) (Ref. 36).
14 data points between 12.7 and 19*4 MeV. Relative moaaurement
normalized at 14 MeV to Moat's (1957) Ï.13 barn value. Original
data used. Statistical error of ̂ 4 * given by the authors.

5) White and Warner (l9»7) (Bef. 32).
Three data points at 2.25, 5.4 and 14.1 MeV,
Originr-1 measurement normalized to the U-S?35 fission cross
«eotions as given by Stehn (1965). Renonnnlized for this
work to Alter and Dunford's and Schmidt's U-235 (n,f) values.
2ft standard deviation of the cross section given "by author.

6) Stein, Smith and Smith (1968) (Bef. 34).
14 data points between 1.5 and 5.00 KcV.
U238/II235 ratio measurement normalized for this review
to Alter and Dunford's data. 2.2^ absolute cross section
error given by authors,

7) Lanphere (1956) (Ref. 35)
6 data points between 0.5 and 3,0 MeV
(supplemented by 10 values read from curvo given in KFK 120/l).
Batio measuremert re-normaliaed for this review to Altor and
Dunford's values. Total uncertainty of deduced croas-section
is ^ 5 . 2 ^ .

8) Pankratov et al. (i960) (Ref. 27)
16 data points betweon 10.6 and 21.5 MeV.
Data measured relsnive to U-?33 ö r at 14 K*V, Values read from
curve and re-normalized in this work to boat's (1956) value of
I.I3 barns at 14 MeV. Error as given by the author is + 5$«

9) Pankratov (1963.) (Rpf. 28)
25 data pointa between 3.4 and 21.9 MeV. Data measured were
normalized to the U-2}8 tf. a t 3.4 MeV, na ¡riven ir< Paukr^tov J960.
Inc lude corroctod 1.9«j8 ¿fit;i b,v Kalinin and Pankr^tov between ?..0
and 8.5 I'oV, Dat° reud fro:.! curvo and rfi-normfiliwpd to Koat1:.;
(i958) value of 1.3 3 barna a t \.i MoV. I'-ccov as (ii.""jn by thf¡
authors i a •«• 5%.
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Data sets used for the Np~2 37 (n'.f) review

1) Otroshoherico ami Rhißin (196I) (Hefa. 42, 43)
24 data points between 0.012 and 1.5 MeV.
Data read from curve. Cross-section errors as
given by authors n g e from yf> to ($>,

2) Kalinin and Pankrntov (1956) (Hefs. 26, 28)
13 data points between 2.5 and 8.3 MeV.
Data read from curve. Cross-section errors as given by
authors are about 7$» Relative measurement normalised
to measured absolute value.

3) Protopopov, et al. (1958) (Bef. 52)
One data point at 14.6 MeV. Error is 8.3$.
Absolute measurement,

4) White, Hodgkinson and Vail (1965) (Ref. 39)
5 data points between 0.04 and 0,505 MeV. Relative measurement.
Sata vas renormalizad to Alter and Dunford's values for this
review. Combined error quoted by authors is around

5) Brown et al. (Pommard) (1970) (Bef. 46)
161 data pointa between 0.1 and 2,85 MeV have been used
in this review. Data is normalized by authors to Davey'e
1968 (Ref. 13) U-235 (n,f) evaluation. Error ranges "between
li and 25$, contres around 10$

6) Stein, Smith and Smith (1968) (Ref. 34)
12 data points between 1.0 and 4*5 MeV.
tfp-237/U-235 fission ratio measurement normalised to Alter
and Dunford's U-235 (n,f) values. Ratio measurement error
of 2.6$ quoted by author was used for the normalised values
used in this review,

7) White and Warner (1967) (Ref. 32)
4 data points between 1.0 ana 14.1 MeV.
Hp-237/II-235 fission ratio measurement originally normalised
to Stehn's (3965) U-235 values, re-normalized to Alter and
Dunford's and Schmidt's U-235 (n,f) values for this review.
Ratio measurement error of 3-4T& vas used for the normalized
values used in this report.

8) Stein, Snith and Grundl (1968) (Ref. 33)
7 data points between 1.5 and 4.5 KeV.
Ñp-?V7/U-238 fission ratio measurement normalized for this
review to the U-238 (n,f) values obtained in this review.
Ratio measurement error of 2.5$ as *iven by authors has been
used for the normalised values,

9) Schmitt and Murray (1959) (Ref. 40)
30 data pointe between O.r-n ar.d 8.0 !'PV.
ÏÏJV~?37/U-228 fission reiio ir.eosureBicnt renorm/tli^ed for 1hir
revifw to th« U-2>8 (n,f) values ohtr.ined in this review.
Bst*rated cor:bined error used in this review is Tf»,
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10) Pankratov, Vlasov or.ri P.vbukov (i960) (Pef. ?7 )
17 data poir.tr between 9.6 and 21.8 Me7.
Shape meusi: ri-iren-u. These dein v/ere noTTnaHv.Hd to
Pankratev's "u».1-er mo.'uiurerrfnt ( J96"•;) (soe n«rt data
reference) in the second p3ft.tenu region (-^ ? to 14 *
Crone-section uncertßinty es nasi^ned Try author is \

13) Pankratov (1963) (R'--r. 28)
24 data pc,int3 beív<í<?n 3.4 and ?1.7
Data measured rotative to U-236 <J. at 3.4 VoV,
and renorriifiiiv.ed for this review to Stein et al. (1968)
values (see 8) above, Ref. 33) at 3.4 MeV. Crosß-cootion
uncertainty of 5$ wfi»

Data Bets,used f«^ the Th-232 :(n_tf )_r/>vî ew

1) Behkani. and Kuizenffa (1968) (Pef, âQ)
3 data points at 1.2, 1.4 and 1.6 KeV.
^-£32 cross-section determined from fission count relative
to U-2}6 (n,f ). Oriftin&l data normal i r.eà for -íhis review to
Stein et al. (1968) TJ-2">6/ü-235 ficaion ratio measureaent
uaing Davey1B U-2 35 values. Combined error given by authors
rangée between 1c/o and 1Cç£.

2) Ermagaœbetov. Kuzneteov and Smirenkin (1967) (Ref. 49)
15 data points between 0.96 and 1.295 MeV.
Measured, relative to nntural \) ̂ncorthinty of 5$ Assigned
by authors.

3) Babcock (1962) (Ref. 47)
5 data points between 13.0 and 1Ö.0 MeV,
Measurement relative to U-238 (oi'ir:inal normalization values
not given). ErrörG range from 4^ to $

4) Babeock (l9C>l) (Ref. 54)
7 data points beii.-ecn I.14 znA 1,88 MeV.
Mo experimental information available, Dnta
from lîNCSC, Brookhûvon. Errors range frosi 8/s to

5) Henkel (1957) (Ref.
88 data points between 1.35 and 9.00 MeV.
Original data normalized to Diven1s (l°53 t LA-1336)
U-235 fission croas-section at !.?!> MoV of 1.269 barns.
Data from KHCSC, "Broolirhaven, wort road fron curvo.
Original tabulation r:ot available. A tf» error was asaicned
on the baoiB of error in original standard \ised,

6) Bercain et a l . (195&) (Ref. 51)
One data point at 14.6 MeV, Absolute measurement.
Approximate 57̂  error assigned by authorr.

7) Protopofov, Seli-takii und Solovit^ (l?5ci) (Ref.
One data pnirt at 14.6 KeV. /.b.;o^.i+.e n e B r

cvte 5/̂ - error n".v.\^ne'i by authors.
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8) Kalinin and Pankratov (1958)' (Itef. 26)
9 data points botveen 3.1 and 7.2 MeV.
Relative measurement« Original data used. Error assigned
oy authors is Tfi.

9) Pankratov, Vlasov and Rybakov (I960) (Bef. 27)
14 data points between 10.7 and 21.5 MeV.
Relative measurement. Data renontalized to Pankratov 1963 values
for thia review. Error assigned by authors is 5$.

10) Pankratov (1963) (Ref. 28)
26 data points between 3.4 and 21.8 MeV.
Data originally normalized by author to 0JJ5 barns at
3.4 MeV (BNL-325, 1957 Edition). Original data used.
Error assigned by authors is 5?&.

11) Bago and Goldstein (1967) (Bef. 50)
16 data points between 12.5 and l8.0 MeV.
Th-232 fission cross-section determined relative to U-238 (n,f)
cross-section. Original data was normalised to 1965 Barrai1
and KoElroy U-238 fission cross-section. Data for this review
were renormalized to U-238 (n,f) cross-section determined in
this review. Combined error of 1% was assigned.

12) Uttley (1956) (Ref. 30)
One data point at 14.1 KeV.
Ratio measurement. Original data based on U-238 a. value of
1,14 + 0,07 barns at 14*1 KeV. Error is approximately 5%,

III. Pitting Procedure

The essential feature of the weighted least-squares polynomial
fitting program used in this analyris is that it uses orthogonal
polynomials which allows a high degree of fitting (up to degree 40)
without ozceenive use of computer time. The orthogonality condition
results in the matrix of the normal equations being diagonal, thereby
avoiding the generation of the infinite Hilbert matrix. In the com-
putation, the importance of each input data point, or weight W., is
considered to be inversely proportional to either (Ac)* (absolute
weight) or (Ao/cr)^ (relative weight). The procrea also calculates
statistical parameters which reflect the quality, or "goodness of fit"
of a given degree of polynonial. This computer program w.ig developed
at the CSEK European Organization for Nuclear Bnsoarch, in Geneva
(Befa. 19, 20) and adapted for nuclear date, analysis at the IAEA, in
Vienna.

In the actual fitting procedure, two subsequent operations «re
performed on th* data. The first operation rri.wlts in the determin-
ation of the optimum dotfreo of fit which for the statistical F-distri-
bution yield» results within chostr.1 confidence limits. The second
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operation yields point-visa values of the fitted function of the decree
chosen on the basis of the firnt operation, and «,hiv ntatistieni uncer-
tainties of these point-wise values nt the discrete vniues of thft
independent variable.

The point-wise uncertainties of the fitted function which tho
program calculates correspond to a chosen statistical confidence Iflvel
of 95$ of *htt estimated mean of the calculated point-wise values. These
uncertainties, however, are attributed, to the individual point-vise
values only, and arc not a measure of the width of the confidence region
over the whole energy range. In order to obtain a quantitative measure
of this confidence region, which win contain the whole fitted function
uncertainty, at the discrete values as well as in the intervals, it is
necessary to veight the calculated point-wise uncertainties at discrete
values of the independent variable by e factor "f" which is a function
of the degree of fit (k), and the statistical ^-distribution factor (P)
for a given level confidence. The parameters usc-d in fitting the
U-238 (n,f), Np-237 (n,f) and Th-2}2 (n,f) data are sutnmarieed in
Table 1. All of the fitting operations are based on a statistical con-
fidence level of 95$ for the calculated accuracy of the fitted function.
Also, in order to determine the optimum fitting parameters, the first
run for each of the three considered reactions (not shown on Table l)
was a 40-degree fit, using'relative errors (that is, where the weight
of each point is inversely proportional to / Aff \2 ) as part of the

• * In" '

input.

Both the uncertainties of the input data as well ao the frequency,
or density, of input data play a doterminr.xp role in the final speci-
fication of the accuracy of the fitted points. Of these two, the uncer-
tainties of the input data, aside from the actual input data values, are
probably the most «eneitive, both from the pbysioo point of view ac well
as in its interpretation in context of the mathematical treatment by" the
fitting program. In view of the lack of experience gained so far in the
application of this statistical fitting approach to the analysis of
nuclear data, the liberties taken and assumptions made in the interpre-
tation of the significance of the uncertainty input pr.TR.meter must be
considered at this stage of this review as being of an experimental
nature. As an example, it was found that because of the variation of
the date by several orders of magnitude in the energy ranfje under con-
sideration, it was desirable to convert the uncertaintyeo of tho input
data (i.e. A o ) , which are in effect point-vise weighting factors in
the mathematical operation, to relative errors, r;o an to achieve an
equal importance of fitting throughout the considered energy ranne.
In ¡some caeos, however, ¿riven energy regions, such ao the threshold
regions of the U-238 and Kp-2.y7 crocs-section, were fitted separately
uairg the absolute error values in order to reduce tho resultant uncer-
tainties of the fitted points and eliminate undesirable oscj llatior^s of
the fitted function.



- 10 -

TABLE 1. Fitting Parameters

mCTlOIT

ÎJ-238 (n,f)

»P-237 (n,f!

Th-232 (nff

E (MoV)

Ejnin

0.5

0.07

0.6

7.0

"max

22.0

22.0

8.0

22.0

n

145

298

186

k

40

20

32

26

30

19

f

4.015

2.96

3.45

3.17

3.55
3.0)5

BEMABKS

Data were weighted
according to the inverse
square of the absolute
error for energy range
äS 1.5 KeV

Data were weighted
according to the inverse
square of the relative
error for energy range
»1.5 MeV

Data were weighted
according to the inverse
square of the absolute
error for energy range
«*0.7 MeV

Data were weighted
according to the inverse
square of the relative
error for energy range
arO.7 MeV.

Full energy range could
not "be fitted

(Belative values of input
(uncertainties were used
(in both fits

Parameter descriptions: n « total number of input data points;
k « chosen decree of fit}
f « weighting factor to convert from point-wise

to "continuous confidence region" uncertainty,
defined as

where P • statistical F-distribution factor for givan degree of confidence.
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IV. Discussion of tho f itted results

The f i t ted point-wise results of the "-238% Np-2Y7 a m l Th-232
fission cross-sections are tabulated in Tables 2-Tf 2-2 end 2-\
respectively. The cross-section uncertainties, as given in those
tables under the heading of "Delta Sífrap.'1, are "continuous confidence
region" s tat i s t ica l uncertainties baaed on an assumed 95$ s ta t i s t i ca l
confidence level ( i . e . point-wise uncertainties weighted by tho factor
f given in Table l ) . The f itted curve and the "continuous confidence
rogion", based on the 95$ confidence level are shown on Furores 2.3
and 4 for the three fission cross-sections together with the experimental
data.

I t i s of interest -to note that the width of the confidence region
varies inversely with the density of input data points; this is parti-
cularly noticeable in the case of Th-2}2 (Fi<?. A) in the energy region
between 9.0 MeV and 13.0 MeV, whore the spread of the data i s 0.5 to
1.0 MeVf and the uncertainty of the f i t ted data reaches * 307&.

On the other hand, the width of the confidence region appears to be
unreasonably narrow in some oeses, and i s not representative of the un-
certainties implied by the input data error-bars. This i s particularly
noticeable i». the 0.5 MeV to 9.0 MeV ranfíe of the Np-237 f ission cross-
section (Fig, p in the 12.0 MeV to 20.0 MeV rango of the U-238 fioaion
cross-section (Fie;. 2) and also in the 2.0 MeV to 5.5 MeV ran.rçe of the
U-238 curve« Hand-drawn envelopes shown by dashed curves define the
areas in question in these three cases.

As «ore accurate measurements with higher energy resolution
to be performed, the presence of a finer structure became apparent
immediately beyond tho crests of each of the cross-section plft-fcenux.
Tbi» behaviour i s readily seen in the figuros &tven here, and is typically
exemplified by Henkel's Th-232 data (Ref, 53) around 2 MeV, shown on
Fig, 4 as a dashed curve. Although the data tend to indicate similar
behaviour of the cross-section in the plateau regions of U-238 and Np-237,
no fine resolution data, as in the c&se of Thorium, i s presently available
to resolve a well defined structure.

In this analysis, mainly because of the lack of high accuracy and
high energy resolution of the available data, no fixact f i t t i n g of the
fine structure has bean attonptod, with the exception of the Thorium
first plateau region which i s relatively well defined by Henicel's data»
unfortunately no other data, of comparable density «rid aecvr<*.cy has Veon
measured since then for the Lhroo considered crocs-sections. In the
Thorium case, do«* to one hundred pointa m the energy range between
1,15 K<*V nnd 9.00 MeV at O.JO MeV inlervaln read from the curve., wore
supplemented to the input data, A 5# overall error vas csn.ifrned to the
data with due account of the 3.S9& uncertainty of the standar»! used.
Although a 40 deproe f i t of tho data over a limi tt-.d energy range provide»
an excellent point-wise agreement with the experimental data, the cor-
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responding uncertainty at such high degree fits becomes considerably
worse, and can only be reduced if much more limited energy ranges are
analyzed with lower degree polynomials. In the final analysis, the
Thorium fission cross-section was fitted in two separate runs as indi«
oated in Table 1. Thus, under the present circumstances, the fitting
could provide only an overall, or rough, structural detail of the cross-
section dependence.

It is evident that in any application of these threshold reactions,
such as in differential neutron flux measurements, an accurate knowledge
of such fine structure would play an essential role in the improvement
of the accuracy of such measurements. For the purpose of most threshold
activation detectors presently used, however, the detailed shapes of the
fine structure of these cross sections are not known well enough.

V. Calculation of the Fission Spectrum Averaged Fission Croes Section

An approximate calculation of the fission spectrum weighted
average fission cross section values of U-238, Sp-2}7 and Th-232 was
performed with the point-wise data obtained from the fitting prooedure
described above. In addition, an estimate of the uncertainty of the
calculated average cross-sections was made on the basis of the calculated
uncertainties of the fitted data points.

Considering equal energy integration intervals A E of 0.1 MeV,
and using a simple histogram integration method, the average weighted
cross-section was calculated from the following expression for the three
considered cross-sections between 0 and 20 KeV.

Where 0f(E.) are the point-wise fitted fission cross-sectione at
energies E., and 0(E.) are the point-wise values of the Watt fission
spectrum as given by Pryc, et al. (Ref. 67)î

¿(B) «x exp(-E/O.965)*ainh / O ? Ê

In combining the components of systematic effects to give an
overall treasure of the resultant uncertainty, tvo methodn can bo adopted
(see Kef. 66), One combinos the errors by arithmetic addition, the other
sums them in quadrature. While the linear combinaiion method io apt to
overestimate the overall uncertainty, the quadrature method, which is
aimilav to the method used in the treatment of statistical error propa-
gation, usually tenis to underestimate the overall uncertainty.



Both of those methods were used to estimate the overall
uncertainty of the weighted average cross-Kections 0~ t

1) Aflf calculated on the basis of the quadrature sunnetion method

are O.9JÉ, 0.7# and 3.69C for U-238, Np-237 and Th-232, respectively.

2) Ao*f calculated on the basis of the arithmetic summation method

are 9.4?*, 6.7# and 19$ for U-238, Np-2 37 and Th-232, respectively.

The results obtained in this evaluation of the weighted aversgo
fission croaî-aections and their uncertainties, are given together with
experimental and calculated results of other authors in Table 3. The
uncertainties quoted in this table, and the onea which ere considered
to bo the more realistic are those calculated by the method of arith-
metic summation.

Supplementary information which may be of interest in comparing
the response of the three considered threshold fission detectors is
given in Table 4« This tabulated information lists the percent reeponeo
of Ü-23S, 5p-237 and 7h-2 32 fission detectors in a Frye-type spectrum
for specific energy intervals between 0 and 20 KeV.
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TABLE 2-1. FITTED FISSION CROSS-SECTIONS FOR U-238

ENERGY(MEV) SIGMA(BARNS) DELTA SIGMA(BARNS)

0*10
0.20
0.30
0*40
0*50
0*60
0.70
0.80
0*90
• 00
• 10
• 20
• 30
• 40
• 50
• 60
«70
• 80
1*90
2*00
2.10
2*20
2.30
2.40
2« SO
2*60
2.70
2*80
2.90
3*00
3.10
3*20
3*30
3.40
3*50
3*60
3.70
3.80
3*90
4*00
4*10
4*20
4.30
4*40
4. 50
4.60
4»70
4.80
4*90
5.00

0.0
0.0
0.0
0.0
0.0
0*0012
0.0012
0.0036
0.0092
0.0192
0.0242
0.0353
0.0745
0*1493
0.2501
0*3473
0.4120
0.4647
0.5041
0.5306
0.5455
0.5508
0.5488
0.5419
0.5322
0.5216
0.5117
0.5035
0.4976
0.4943
0.4936
0.4951
0.4984
0.5029
0.5080
0.5131
0.5177
0.5214
0.5239
0.5250
0.5247
0.5231
0.5205
0.5172
0.5136
0.5101
0.5071
0.5051
0.5046
0.5058

0.0
0.0
0.0
0.0
0.0
0.0002
0.0002
0.0007
0.0018
0.0038
0.0049
0*0072
0*0149
0*0298
0*0498
0*0550
0*0517
0.0497
0*0481
0*0463
0*0443
0.0424
0.0411
0.0407
0.0413
0*0424
0.0435
0.0441
0.0441
0.0437
0.0428
0.0419
0.0412
0.0406
0.0408
0.0410
0.0414
0.0416
0.0417
0*0416
0*0413
0.0410
0.0406
0.0405
0.0405
0.0403
0.0414
0.0422
0.0431
0*0443



ETNERGY(MEV) SIGMA(BARNS) DELTA S1GMACBARNS)

5.10
5*20
5.30
5.40
5.50
5.60
5,70
5.80
5.90
6.00
6« 10
6.20
6.30
6.40
6.50
6.60
6.70
6*80
6*90
7.00
7.10
7.20
7.30
7.40
7.50
7.60
7.70
7.80
7.90
8.00
8.10
8.20
8.30
8.40
8.50
8.60
8.70
6.80
8.90
9.00
9.JO
9.20
9*30
9.40
9.50
9.60
9.70
9.80
9.90

10.00

0.5092
0.5148
0.5229
0.5336
0.54 68
0.562 4
0.5803
0,6002
0.6219
0.6449
0.6690
0.6937
0.7187
0.7436
0.7680
0.7917
0*8143
0.8356
0.8554
0.8735
0.8899
0.9044
0.9171
0.9280
0.9371
0.9447
0.9507
0.9553
0.9587
0.9611
0.9627
0.9635
0.9638
0.9637
0.9633
0.9628
0.9622
0.9616
0.9611
0.9606
0.9603
0.9601
0.9601
0.9601
0.960?
Oi 9603
0*9604
0.9605

0.9604

0.0456
0.0471
0.0489
O.O511
0.0535
0.0563
0.0594
0.0625
0.0657
0.0688
0.0716
0.0741
0.0762
0.0778
0.0790
O.0797
0.0800
0.0801
0.0799
0.0796
0.0793
0.0791
0.0790
0.0789
0.0790
0.0791
0.0793
0.0794
0.0794
0.0793
0.0792
0.0790
0.0788
0.0786
0.0785
0.0786
0.0769
0.0793
0*0800
0.0609
0.0818
0.0620
0.0837
0.0845
0.0852
O.0Ö56
0.0859
0*0859
O .065ÍÍ
0.085Í:.
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ENERGY(MEV) SIGMA(BARNS) DELTA SIGMA(OARNS)

10*10
10.20
10.30
10.40
10.50
10.60
10.70
10.80
10.90

• 00
• 10
• 20
• 30
• 40
• 50
• 60
• 70

11.80
11.90
12.00
12.10
12.20
12.30
12.40
12.50
12*60
12.70
12.80
12.90
13.00
13.10
13.20
13.30
13.40
13*50
13.60
13.70
13.80
13.90
14.00
14.10
14.20
14*30
14.40
14.50
14.60
14.70
14.80
14.90
15.00

0.9602
.0.9599
0.9594
0.958S
0.9562
0.9574
0.9566
0.9558
0.9550
0.9542
0.9537
0.9533
0.9531
0.9532
0.9537
0.9546
0.9559
0.9576
0.9599
0.9626
0.9658
0.9696
0.9740
0.97Q8
0.9842
0.9901
0.9965
1.0033
1.0107
1.0185
1.0267
1.0354
1.0444
1.0539
1.0637
1.0739
1.0844
1.0952
1.1064
1.1178
1.1294
1.1413
1.1533
1.1653
1.1775
1.1895
1.2015
1.2132
1.2246
1.2357

0.0852
0.0848
0.0845
0.0844
0.0844
0.0845
0.0847
0.0850
0.9854
0.0856
0.0858
0.0857
0.0854
0.0848
0.0839
0.0826
0.0812
0.0795
0.0776
0.0756
0.0735
0.0716
0.0697
0*0678
0.0661
0.0644
0.0628
0.0612
0.0596
0.0580
O. J562
0.0544
0.0526
0.0507
0.0488
0.0470
0.0453
0.0439
0.0428
0.0420
0.0415
0.0413
0*0414
0.0417
0.0422
0.0428
0.0434
0.0442
0.0450
0.0^59



ENERGY(MEV) S I CM A(BARNS) DELTA SItíMA(3AKNS!

15. 1 0
15.20
1 5.3 0
15.40
1 5.50
15.60
15.70
15.80
15.90
16.00
16.10
16.20
16.30
16.40
16.30
16.60
16-70
16.80
16.90
17. 00
17. 1 0
17.20
17.30
17.40
17.50
17.60
17.70
17.60
17.«30
10.00
1 8*1 0
1 8*20
18.30
1 8.40
18*50
18.60
18.70
10.BO
16*90
19.00
1 9. 10
19.20
19.30
19.40
19.50
19.60
19.70
19.60
19.90
20.00

1 .2 462
1 .2S.62
1 .265'5
1.27*0
1.2816
3.2684

1.2990
1.3027
1.3055
1,3074
1.3033
1.3005
1.308 0
1.3069
Î.3054
1.3038
1.3020
1.3004
1.2992
Ï.2984
1.2982
I .2988
1.3003

.3027

.3060

.3103

.3155
• 321 4

1.3280
i.3350
1.3423
1.3497
1.3570

1.3703
1.3761
1.3812
\.3855
I.3800
1.3920
1.394H
1 •39<"'ß
1.3991
i„401 a
1»AOS?
1 » 4 </<>'."
1.4Î50
1.4217

0.04 68
O « O 4 ? 3
0.046a
0.0498
0.0509
0.0518
0.0G2G
0.0533
0.05^9
O.0543
0.Ú54Ó
0.0547
P.0 549
0.0552
0.0 556
O«0562
O. 0570
0.0?¿81
0.0593
0.0606
0.0619
0.0631
0.0641
0.0650
0.0657
0*0662

0.0669
0.0 673
0.0677
0.0681
Ü.O6O4
O.Oótfó
0.0 6ÍJ5
0.0682
Ü.0Ó77
0.0O71
Or 0667
O.CÖ70
0.0682
O. 070tí
0.07 4 /
0^0797
O. 0Gt?3
0.0909
öc O9-3B

OÍ Î 0 20

O» tO27
0.10 20



TABLE 2 -2 . FITTED FISSION CROSS-SECTIONS FOR NP-237

ENERGY(MEV) SIGMA(BARNS) DELTA SIGMAÍBARN5)

0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80
0.90

• 00
• 10
• 20
• 30
• 40
• 50
• 60
.70

1.80
1*90
2*00
2*10
2.20
2.30
2.40
2.50
2.60
2,70
2.80
2.90
3.00
3.10
3.20
3.30
3.40
3.50
3*60
3,70
3.60
3.90
4.00
4.10
4.20
4.30
4.40
4.50
4.60
4.70
4.80
4.90
5.00

0«0246
0.0383
0*0816
0.2203
0.4499
0.7341
0,9707
• 1542
• 2789
• 3598
• 4099
• 4429
• 4696
• 4972
• 5289
• 5647
• 6025
• 6389
• 670 6
• 6948

1.7096
1.7145
1.71O0
1.6974
1.6790
1*6570
1.6338
1.6115
1 •59? 5
1.574 9
1.5620
1.5520
1*5466
1«5425
1*5393
1.535 9
1.5313
1.5246
1.5154
1.5033
1.4886
1.4717
1*4534
1.4346
1.4165
1.4001
1.3866
1.3769
1.3719
1.3722

0.0046
0.0055
0.0097
0.0222
0.0420
0.0633
0.0752
0.0583
0.0557
0.054Ö
o.osr>o
0,0537
0.0Ó06
0.0611
0.0610
0.0615

0.0646
0.0S5L'
0»065C
0.0633
0.0614
0.0602
0.060?.
0*0612
0.0626
0.G636
0.0533
0.0635
0.0631
0*0630
0.0630
0.0655
0.0676
0.0697
0»07J3
0.0724
0.0728
0oC731
0.0735
0.0744
0.0760
0.0783
0.0810
0.0840
0*0660
0.0893
0.0915
0.0934
0.0952
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ENERGV(M.£V) SIGMAÍPAPNS) DELTA SIGMAÍBAPJNS)

5*10

5.30
5*40
5.50
5*60
5.70
5.80
5.90
6*00
6.1 0
6.20
6.30
6.40
6*50
6.60
6.70
6.80
6.90
7,00
7.1 0
7.20
7.30
7.40
7.50
7.60
7.70

7.0 0
7,90
8.00
8.10
8.20
8.30
8.4 0
8.50
8.6 0
8,70
8.80
8.90
9.00
9.1 O
9.20
9,30
9..A0
9. £0
9.60
9.70
9.00
9.90

10.00

1.3782
: .3?oo
1 .4075
1 .4304
1.45P0
1.4097
1.5247
1.5621
1.6011
1.6408
1.6805
1.7194
1.7571
1.7932
1.8273
1.8593
1.8893
1.9173
1 .9435
1.9682
1.9915
2.0137
2.0351
2.0560
2.0765
2.096 6
2.1165
2.1361
2.15Ü3
2.1741
2«!923
2.2096
2.2259
2.2410
2.2547
2.2660
2.2773
2.2861
2.2931
2.2963
2.3020
2»3042
¿•3050
2.3047
2.3036
2.3017
2.299Í5
2.2969
2.2944
2.2919

0.0971
0.0990
0. 1011
0. 1033
0.1055
0. 1077
0.109 3
0.111?
O.11S9
0.11 G1
0.1184
0.1209
O,123Ó
0.1264
0.1291
0.1316
O.133G
0.1330
0. 135<b

O . 1 3 G Ó
0.1350
0.1344
0.13A1
0.1345

0.1
0.1416
O. 146. S
0.1521
0.1584
0»I652
0.17 20
O. 17Ô5
0.1845
O . 1ÍJ9Ó
0*1936
0.19 64
O • i 970
0«197tS
0.1065
0.1941
O. J909
0oiO74
O. 1039
O. lf>09
O« 17»VÛ
C « 1 7 7' <5
O . 1 7 S 2
O « Î ? 9 6
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ENERGY<MEV SIGMA(BARNS) DELTA SIGMA(BARNS)

10.10
10*20
10*30
10.40
10.50
10.60
10.70
10.80
10.90
11.00
11.1O
11.20
11.30
11.40
11.50
11.60
11.70
11.80
11.90
12.00
12.10
12.20
Î2.30
12*40
12.50
12.60
12.70
12.80
12.90
13.00
13.10
13.20
13.30
13.40
13.50
13.60
13.70
13.80
13.90
14.00
14.10
14.20
14.30
14.40
14.50
14.60
14.70
14.80
14.90
15.00

2.2897
2*2879
2*2864
2*2853
2*2846
2.2643
2*2841
2*2841
2*2841
2*2841
2*2839
2.2835
2.2628
2.2817
2.2802
2.2785
2.2763
2.2740
2*2714
2.2687
2.2661
2.2635
2.2611
2*2590
2.2572
2.2559
2.2550
2.2546
2.2547
2*2550
2*2565
2*2582
2.2604
2.2632
2.2666
2.2706
2.2754
2*2809
2*2874
2*2949
2.3037
2,3137
2*3253
2*3384
2.3532
2*3698
2.3080
2*4078
2*4292
2.4518

0.1818
0.1844
0.1869
0*1889
0.1903
0*1908
0*1905
0.IÛ95
0.1881
0*1864
0*1846
0*1635
0*1825
0*1818
0.1813
0.1807
0.1798
0*1784
0*1764
0.1737
0*1706
0*1673
0*1642
0*1616
0*1599
0*1591
0*1592
0*1598
0*1606
0*1610
0*1608
0*1596
0.1574
0.1543
0.1505
0*1465
0.J426
0*1394
0.1370
0*1355
0*1347
0*1343
0.1340
0.1338
0*1340
0*1352
0.1383
0.1442
0*1535
0.1661



ENERGYO'EV) SIGMA(BARNS) DELTA SIGMA(BARNS)

1 5. 10
1 5.20
15,30
15.40
15.50
15.60
15.70
15.60
15.90
1 COO
16.10
16.20
16.30
16.40
16.50
16.60
16.70
16.80
16.90
17.00
17.10
17.20
17,30
17.40
17.50
17.60
17.70
17.BO
17.90
18.00
16.10
18.20
16.30
18.40
18.50
18.60
18.70
18*80
18.90
19.00
19.10
19.20
19.30
19.40
19.50
19.60
19.70
19.8(
19*90
20.00

2.47B4
2.4997

2.548 3
2.5717
2.5930
£.6142
2 .63?. 3
2.6477
2.6601
2.6693
2.6750
2.6774
2.676 6
2.6728
2.6664
2.657 9
2.6480
2.6372
2.6263
2 0159
2.6066
2.5989
2.5934
2.5902
2.5B95
2.5914
2.595'5
2. £016
2.6093
2.6180
2.6271
2.6361
2.6445
2.6520
2.£580
2.6627
2.6659
2.6678
2.6687
2.Ó691.
2»6693
2.6699
2.6712
2.6735
2.6769
2 •6.015

2.6931
2.69<">3

0 .18)4
0.1984
0,2157
G.2321
0.24Ó2
0.2570
0.2639
0.2663
0.2641
0.2577
0.24 76
0.234 9
0,.?206
0.2063
0.1935
0.1832
0.1763
0.1727
0.1720
0.1733
0.1757
0.1784
0.1811
O.1836
0.18S5
0.1867
0.1870
0.I860
0.1839
0.1807
0.1772
0.1743
0.1730
0,1739
0.1770
0.1810
0.184S
0.1Ö59
0. 1(340
0.1789
O*. 1719
0. Jt>6J
0.1653
0. 17i?3
0.1873
0,2081
0.2309
0.2527
0.2/11
0.2843



- N O -

2 -3 . FITTED FISSION CROSS-SECTIONS FOR TK-232

ENERGV(KEV) SIGMA(BARN5) DELTA SIGMA(UARNS)

0.10
0.20

0*40
0.50
0*60
0*70
0*30
0*90
1*00
• 10
• 2*
• 30
• 4Í-
• 50
• 60
.70

1*80
1*90
2*00
2*10
2*20
2*30
2*40
2.SO
2*60
2.70
2*80
2.90
3*00
3« 10
3,23
3.39
3.40

3*60
3.70
3.30
3.90
4.00
4,10
4.20
4*30
4,40
4.50
4.60
4.70
4.80
4,90
5.00

c.o
0*0
0,0
0*0
0.0
0.0
0*0
0,0
0*0
0.0C14
O.OC30
0.0061
0*0129
0,0406
0o082G
001046

0.0861
0*0895
0.1068
0.1222
3*1244
0*1154
0.1058
0*1038
0,1101
0>119â
0,1,76e;

0.1284
0.1287
0.1312
0*1352
0.1386
0*1400
0*1395
0,1387
0,1391
0,1411
0.1437
0,1455
0,1454
0,1441
0.1428
0,1426
0*1439
0*1456
0,1463
O.1431
0>14?4

0.0
0*0
0.0
0.0
0.0
0.0
0*0
0*0
0,0
O.C003
O0OOO6
0.0012
0.0026
3.C081
0*016-5
O. 0213

0.C220
0.0235
0.0264
0*0303
0.0308
O.C30 2
0*0305
0*0299
0.C293
0*0296
0.0292
0.0201
O.0274
0.0267
0.0258
0.0253
0.0249
O o 0249
O.0254
0.0261
0.0263
0*0267
0*0270
0.0264
0*0256
0*0260
0.0271
0.0276
0.0272
0*0269
0.0264
0.0258
0.0261



- 21 -

ENÇRGY(MEV) SIGMA (8 ARNO DfcLTA SIGMA(BA«NS>

5.10
5« 20
5.30
5.40
5.50
5,60
5.70
5.60
5.90
6*00
6*10
6*20
6*30
6.40
6.50
6.60
6.70
6.00
6.90
7.00
7.10
7.20
7.30
7.40
7.50
7.60
7.70
7.80
7.90
8.00
8*10
8.20
8.30
8.40
8.50
8.60
8*70
8.80
8*90
9. OC
9.10
9.20
9.30
9*40
9.50
9.60
9,70
9.80
9.90
10.00

0.1397
0.138 3
0.J3BS
0 • 1 A9 ?.
0.1307
0.1365
0.1.335
0.132 <i
0*1565
0.1460
0.159 9
0.1760
0.1931
0.2125
0.2364
0.2649
0.2941
0.3181
0.3338
0.3439
0.3532
0.3609
0.3604
0.35*3
0*3462
0.3375
0.3300
0*3246
0.3215
0.3201
0.3198
0.3197
0.3192
0.3177
0.3151
0.7114
0.3068
0.3016
0.2964
0.291 4
0.2b70
0.2835
0.2809
0.2794
0.27Ö9
0.2791
0.2799
0%?81 0
0.2823
0.2 834

0.0265
0.0256
0.0245
0.0256
0.0275
0.0280
0.0276
0.0273
0.0261
0.0241
0.0240
0*0260
0.0281
0.0286
0.0281
0.0285
0.0276
0.0232
0.0259
0.0.Î2 2
0«03¿0
0.0321
0.034 1
0.0565
0.0551
0.0499
0.0453
0*0438
0.0440
0*0441
0*0438
0.0437
0.0443
0.0451
0.0452
0.0445
0.0437
0.0445
0.0485
0.0557
0.0648
0.0744
0.0830
0.0900
0.0949
0.0977
0.0985
0.0977
0.0V57
0.0927



ENERGY(MEV) SIGMA(RARNS) DELTA SIGMAOARNS»

10*10
10,20
10.30
10.40
10.50
10.60
10.70
10.80
10.90
11.00
1.10
1.20
1.30
1.40
1.50
1.60
1.70

11.00
11.90
12.00
12.10
12.20
12.30
12.40
12.50
12.60
Î2.70
12.80
12.90
13.00
13.10
13.20
13.30
13.40
13.50
13.60
13.70
13.80
13.90
14.00
14.10
14.20
14.30
14.40
14.50
14*60
14.70
14.80
14.90
15.00

0.2641
0.2844
C.26A2
0.2634
0.2821
0.2803
0.2781
0.2758
0.2735
0.2713
0.2694
0.2678
0*2668
0.2663
0.2665
0.2672
0.2685
0.2703
0.2725
0.2752
0.2782
0.2815
0.2849
0.2885
0.2923
0.2961
0.3001
0.3041
0v3083
0.3126
0.3171
0.3218
0.3267
0.3317
0.3369
0*3422
0.3476
0.3530
0.3584
0.3637
0.3688
0.3737
0.3783
0.3826
0*3867
0.3904
0.3939
0.3973
0.4006
0.4041

0*0692
0.0854
0.0817
0.0786
0.0765
0.0758
0.0768
0.0794
0.0833
0.0878
0.0922
0.0960
0.0987
0.0996
0.0993
0.0973
0.0937
0.0890
0.0836
0.0780
0.0726
0.0678
0*0640
0.0611
0.0591
0.0577
0.0566
0.0555
0.0543
0.0530
0.0517
0.0506
0.0497
0.0491
0.0488
0.0486
0.048S
0.0482
0.0476
0.0467
0.O454
0.0440
0.0427
0.0416
0.0410
0.0411
0.0418
0.0430
0.0446
0.0462



- '¿n -

ENERGY«MEV) SlGMA(EtAPNS) DELTA SiGMA(SARNS)

15.10
15.20
5.30
5.40
5.50
5.60
5.70
5.80
5.90
6.00
6.10
6*20
6*30

16.50
16.60
16.70
16.60
16.90
17*00
17*10
17.20
17.30
17.40
17.50
17.60
17.70
17.80
17.90
18*00
18.10
18*20
18.30
18.40
18.50
18.60
18.70
18.80
1 8* 90
19.00
19.1 0
19.20
19*30
19.40
19.50
19.60
19.70
19.8.0
19.90
20.00

0.4077
0.4 116
0.4160
0*4211
0.4268
0.4333
O.4406
0.4487
0.4575
0.4669
0.4766
0.4665
0.4964
0.5059
0.5146
0.5224
0.5289
0.5338
0.5370
0.5364
0.5378
0*5354
0.5312
0.5256
0.5188
0.5113
0.5034
0.4957
0.4 806
0.4826
0.47Ö2
0.47'55
0.4748
0.4702
0.4796
0.4846
O.491 I
0.A985
O.S0F.?.
0.5Î 36
0.520.4
0»5?.5B
0.52 9Ö
O.5"31 7
O.5320
i>.Ö30ü
0.ÜP86
0.5260
0«S239
0.S22P

0.0478
0.0491
0.0499
0.0504
0.0504
0.0500
0.0493
0.0483
0.0471
0.0460
0.0451
0.0446
0.0446
0.0454
0.0468
0.0408
0.0511
0.0535
0.0556
0.0571
0.0580
0.0579
0*0571
0.0555
0.0536
0.0517
0.0504
0.0503
0,0515
O.0S42
0.U578
0.0620
O.0661
0*0698
0*0726
0.0743
0.0746
0.0736
0.0712
0.0676
0*0635
0*0596
0.0574
o.osei
0*0621
0.06G7

0*0832
0*0660
0*0896



TABLE 3. Comparison of Fission Spectrum Averaged Croas Seotlona (qf)

Beaction Authors (reference
given in parentheais)

cL (m"b) Remarks

(n,f) Present work

Bresesti et al. 63(56)

Durham et al. 62(55)

ZiáP 63(57)

Orundl 63 (58)

Orundl 63 (58)

Orundl 63 (58)

Hioamond 57 (59)

Leaehman and
Sohmitt 57 (60)

285.

312.

310.

301.

313.

300.

309.

304.
312.

3IO.

- 27.

i 4.0

Calo. Prye-Spectrum with
fitted cross-sections
(Integrated between 0 and
20 MeV)

Calculation

Assumed value

Calculation

Assumed value

Calo. Maxwell-Speotr.

Calo. Watt-Spectrum

Measured _
Adjusted to v - 2*42

Measured

Hikolaev et al. 58 (6l) 310. - 10.0 Measured

Fàbry and
De Coster 68 (62)

McBlroy 69 (64)

Bresesti et al. 7C (3)

Breseati et al. 70 (3)

Bresesti et al. 70 (3)

Bresesti et al. 70 (3)

Orundl 68 (63,4)

Pabry et al. 70 (4)

353. - 30.0 Measured

335. Cale. SAHD-II

269.0 Cale. Watt-Spectrum

294.0 Cale. Frye-Spectrum

283.O Cale. Maxwell-Spec.

308.0 i 15.0 Renormalization of expert«
mental data.
Cale. Watt-Speo.

325. Z 19.

374. - 30.

Measured

Measured

- continued



TABíJ? ..}_. (continuer)

Reaotion Authors

Hp-237 (n,f) Present work

ff (rali)

*1209. - 87,

Pemarkn

Bresesti et a l . 63 (•jô) 1174.

ZiJP 63 (57)

Grundl 63 (58)

Gnmdl 63 (58)

Grundl 63 (58)

Grundl 68 (63,4)

McElroy 69 (64)

HinkeImann 70 (65)

Th-232 (n,f) Present work

1370.

3 391.

1365. - ?5.

1368.

70.2 Î I3.c ;

Bresesti e t a3 . 63 (56) 71.9

Fabry e t a l . 70 (4) 87.5 - 3.5

Calo. Pryo-Spectr\im with
fifcted croas sections ( inte-

"between 0 and 20 MeV)

Cetlculation

Calculo, t.ion

U-2?.8 (n,f) « 313 mb

Cale, Maxwell-Speo,

Cole. Watt-Spec,

Measured

Cale, SA1ÍD-II

Cale. Prye-Spec,,integrated
between 0.8 and 10. XeV

C,-ilc. Prye-Spec. with
fitted cross sections
(integrated between 0 and
20 MeV)

Calculation

Measured

• Results of integrating thy data obtained in this work between
0,8 and 10 MeV yields a flux weighted average cross section of
I536.O nrt>.



TABLE 4. Percent Response of Threshold Detectors in Frye Speotrum

Energy Bange
(MeV)

0 •

1 -

2 •

3 -

4 -

5 -

6 -

7 •

8 •

9 -

10 •

15 -

- l

• 2

- 3

- 4

- 5

- 6

• 7

- 8

- 9

- 10

- 15

- 20

U-238 (n,f)

0.43

26.50

33.60

17.92

9.44

5.07

3.38

1.95

0.93

0.43

0.34

0.01

Np-237 (n,f)

17.20

35.00

23.40

12.00

5.79

2.97

1.78

0.96

0.48

0.24

0.18

0

Th-232 (n,f)

(0.10)

24.60

30.50

19.60

10.70

5.12

4.31

2.92

1.2.3

0.50

0.40

0.02
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