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INTRODUCTION

This is a report on the status of neutron cross section data for
reactor radiation measurements being prepared at the request of the
International Working Group on Reactor Radiation Measurements (IWGRRM)
for its November 1972 meeting. This is to be considered as a first
step towards the later establishment of internatiorally accepted
standard values for these reactions. The eighteen reactions con-—
sidered most important in the list of reactions suggested by the
members of IWGRRM, W. Zijp ad P, Mas, in a letter to the Nuclear

Data Section in 1971 have been surveyed. The other reactions on

that list will be included in Part II, which will be published in

the near future,

A brief description of the status of the data for each of these
reactions is given including in most cases displays of the latest
evaluations and of any data measured subsequent to these evaluations.
The final sections of the report summarize the requested accuracies
as given in RENDA—72(1), the accuracies presently attained and remarks

concerning requirements for improving the present accuracies,

nd
A draft of this report was discussed at the 32 Meeting of the
EURATOM Working Group on Reactor Dosimetry in Rome in September 1972.

Comments received from this Working Group are included in this report.

The authors would welcome any comments and suggestions of IWGRRM on
this report, particularly on the observations and recommendations as

contained in chapters XIX and XX of this report.
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TAERMAL AND IFTERMEDIATE CROSS 3ECTIONS

. Lié(na) )

The Lis(n,a) reaction is used as a standard for high accuracy
measurements of partial neutron cross sections(particularly capture
and fission), especially in the keV region of neutron energies. At
higher energies it is important as a standard for in-pile reactor

neutron spectrum measurements.,

The following table taken from refererce / 2_/ gives the Q-values and
thresholds of the possible reactions produced by neutron interaction

with the Li6 nucleus,

X Q-value reshold
Reaction MeV energy, MeV
Li6 +n— a + t 4.785 Exothermic

" —_— Li7 +y T.253 Excthermic
" — a+d+n - 1.472 1.719
" — He’ +4d - 2.430 2.838
" — " +p - 2,727 3.185
6*
" —_— Li% + n' 2.184

It is seen that below 1.719 MeV only three reactions are possible,
viz. elastic scattering, (n,a) and (n,y). The cross section for the
(n,y) reaction is very small (at thermal about 40 mb compared to

940 barn for the (n,a) reaction), The cross sections for absorption
and for the (n,a) reaction are thus essentially identical and can also
be obtained as the difference of the total and the scattering cross
gsections, The existence of significant competing reactions above
1.718 MeV makes L16 rather unsuitable as a gtandard for cross section

measurements at higher energies.

The main evaluated data sets:forlds(n,a) available at present and dis-

cussed in the paragraphs below are the following:

(1) DFN 214 D of the UK nuclear data library (UKNDL) / 3_/, which
now is only of historical value, but forms the basis for the
ENDF/B file mentioned under (ii) above about 2 MeV;

+) FPast Cross Section for this reaction is included in this chapter also.



(i1) MAT.1115 of the ENDF/B-III library / 4_/;

(1ii) DFN 914 of the UKNDL which supersedes DFN 214 D,
This file is still not available to IAEA/NDS, but comments on
and plots of the data are contained in reference [TS;?.

Figures 1 and 2 taken from Zf3;7 display the DFN 214 D data [f147 to-
gether with all experimental results available before 1964. The (n,a)
data contained in MAT,1115 are based on the evaluations by Uttley et

al, [f?_7 from thermal to 1.7 MeV and by Pendlebury 17147 above 1.7 MeV,
They are displayed by the solid curve in figures 3 and 4 together with

some more recent experimental data, DFN 914 is based on Uttley's
older evaluation / 2_/ below 0.5 MeV and on Uttley's more recent eva—
luation 175_7 above 0,5 MeV, Figure 4 shows all three evaluated data
sets above 0,5 MeV; note that DFN 914 is much lower than the two other

evaluations between 0,5 and about 6 MeV due to data by Clements and

Rickard / 6_/ used in DFN 914.

In the following the status of the data is discussed by order of energy.

Thermal

The 2200 m/sec cross section value is established to about 0,5%. The
most recent very careful measurements on 96 and 99% enriched L16 samples
by Meadows and Whalen 177;7 yield 938 + 6 barn in excellent agreement
with a value of 940 + 6 b deduced by Uttley and Diment ZTB;?‘by extra-
polation of their fit to the total cross section and in good agreement
with a more recent still unpublished value of 943,.8 :_2.8 barn obtained
by Silk and Wade ZTELJ7. The present "best" value (weighted mean of the
above three) is 942.4 b [T10_7.with a confidence level 0.5%. For
comparisont the value used in MAT,1115 is 940.25 b and in DFN 914

940 + 5 b, No further work is needed,
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Thermal energies to 10 keV

Below 10 keV o_ follows the 1/v law to within 1% [27. The 1/v

expressions corresponding to the aforementioned 2200 m/sec values are:

Q
[}

a 149.9b/ V& ev/ present "best" value 171Q47
" 149.56v/ VE/ v/ MAT. 1115 [ 4/
" 149.5b / VE/ev/ DFN 914 /57

]

[

No further work is needed.

10 = 500 KeV

The available experimental data and the curve calculated by Uttley et al,

472,8;7 as the difference Gp = dn are displayed in figures 3 and 5

taken from references thh7pand [ib;7 respectively, It is believed that
at present Uttley's calculations give the best description of Ss in

the vicinity of the 247 KeV resonance. They are very well confirmed
particularly by the recent direct N measurements of Coates et al, [TiLJ7
(see figure 6 taken from reference /11/). The recent discrepancy
observed between the Coates' data (Harwell) and the lower results obtained
recently by Fort and Marquette [TEZ;7 (Cadarache) which were essentially
due to the use of different Li glass thicknesses and different multiple
scattering corrections is approaching resolution more in favour of the
higher Coates data 1711;7. Most of the other data displayed in

figures 3 and 5 are much older and are discrepant to the recent data

sets mainly because of probably doubtful multiple scattering and other

corrections,

Uttley et al. 172;7 conclude that the present accuracy of the Oy data
(+ 1 standard deviation) is about 2% at 100 KeV rising to 5% between
150 and 300 KeV and increasing to 10% at 500 KeV. We concur particularly
with their recommendations for new GT measurements to confirm the results
of Uttley and Diment [TBJf and a remeasurement of the elastic scattering
cross section to confirm the data of lLane et al, [T14;7 over the 247 KeV

resonance used in Uttley's derivation,
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500 keV — 15 MeV

The available datz displayed in figure 4 show a large discrepancy in
the range 0.5 to 4 MeV beitween essentially all older measurements done
before 1560, on which DFN 214 and MAT,1115 (above 1.7 MeV) are based,
and the DFN 914 data. Trusting more the oa data derived from GT anrd Gn
Uttley et al. ZT5_7 obtained the DFN Gl4 ca data by normalizing the
relative measurements b2low 4 MeV by Gabbard et al, Zfii;7 (1959)

and by Clements and Rickards Zf?ij7 (1972, particularly accurate)

to their derived Ga value at 5C0 KeV and interpolating smoothly to the
experimental data available above 12 MeV [fi§;7. According to Uttley
et al, [—5;7 these data are reasonably consistent with the inaccurate
values obtained from the difference between the nearly identical total

and elastic scattering cross sections below 1.7 NeV,

In conclusion further Oy measurements are urgently needed below 4 MeV

to confirm the data by Clements and Rickards / 6 /. Between 4 and 12 MeV
measurements are needed to consolidate knowledge (4 - 8 MeV) and to

close gap (8 - 12 MeV), Until soluticn of the mentioned discrepancy

the DFN 914 data are recommended for use,
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III. Cosg(n,y)Co60

The production of Co60 from neutrons interacting with a 0059 target
is used as a fluence monitor in the thermal and intermediate energy
region. Most of the experimental information available consists of

thermal capture cross sections and resonance integrals.

A complete review of thermal data before 1566 was performed by
Story (17) who recommends a value of 37,5 + .13 barns at .0253 eV,

A review in 1969 by Silk & Wade 18 including their own new measure-—
ment recommends 37.34 I 0.09 barns. Finally in 1971 there is a
recommendation of 37.3 + .2 barns from Kohler and Vaninbroukx (19).
(18) then 37.34 +0.09is the weighted

mean, It would appear that a value of 37.34 barns for the thermal

59

If only data since 1963 are used

capture cross section of Co with an uncertainty of .5% should be used.

59

There exist three compilations of Co

(20) (21)

recommends a values for RIY(C059)

(21)

infinite dilute capture resonance

integrals by Drake sy Zijp and R. Barrall and McElroy(lls). Drake

of 75 barns. The reported resonance

integrals range from 38.3 to 8l. barns. Kdhler and Vaninbroukx(lg)

recommend 70 = 6 barns. Recent (1972) recommendation by Holden(116) is 75 b,

These two values represent the realistic limits of this integral. Recent
mex:irements indicate that the value is between these extremes (see

Table XIXA).

The thermal capture cross section obeys a l/v law in the thermal region
up to about 5. ev. Figure T gives the recommended curve of Simons
and McElroy (22) giving three prominent resonances below 10 kev, The
reference does not give the source of this line shape but it is pro-
bably a reconstruction from various published resonance parameters.
This curve gives 70.0 b for the resonance integral and 36.9 b for the
thermal cross section. Zijp (23 also gives a recommended curve from

1 eV to 1 keV but this curve appears to be the total cross section from
the an Editicn of BNL-325(23) and not the capture cross section for CoSQ
This total cross section shows considerable structure above 10 kev
which is not present in the Simons evaluation, There are two values for

(24)

Figure 7. The agreement is not very good with the Simons evaluation,

the capture cross section reported by Macklin which are shown on

maybe because of the missing structure in the evaluation, Finally,
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one unpublished 2 keV value from INC is in excellent agreement with

the Simons evaluated curve,

From the foregoing, it would appear that the Simons and McElroy are
the best data currently available for the capture cross section of 0059
and that the thermal cross section is known to about 5% and the reson-—

ance integral to about 10#.
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1V, Au197(n,y)An198

The gold capture cross section .s displayed in Figure 8 in two
regions 1) from ,1 eV to 10 eV inciuding the resonance at 4.9 eV.
2) from 1 keV to 100 keV. The values from 10 to 100 keV are those
reconmended by Vaughn and Grench (25) and used in tke ENDF/B library
as a cross section standard. From 1 to 10 keV the Simons (22)

evaluation is displayed, Between 10 eV and 1 keV no data has been
plotted but the resonance parameters of Julien et al, (26) are re-
commended as they are the most extensive measurements available and

form the basis for all evaluations. The region below 10 eV is obtained
from resonance parameters and with an additional 1/v component required,
due to negative resonances to reproduce the recommended 2200 meter/second
value obtained from thermal measurements, The paraméters for the

4.9 eV resonance are taken as "best"™ from Wood (27)

plotted is due to Simons and McElroy (22). The region below .1 eV

« The curve as

is assumed to be 1/v,

(22) is

1585 barns and the thermal cross section is 99 bvarns. R. Beaugé as

21)

It would appear that the uncertainty in the resonance integral is about

The infinite dilute capture resonance integral given by this data

reported by Zijp recommends a resonance integral of 1551 z 20 barns.,
2% but the spread of the resonance integral measurements approaches 15%.
The thermal value most often recommended is 98.8 barns and is good to
about 1/3%. See Table XIXA.
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V. U-235(n,f) and Pu-239(n,f) Thermal Regior

The thermal and Maxwellian average cross-—sections of U-235 and Pu-239
have been evaluated, simultaneously with U-233, Pu-241 and ¥ (Cf-252), by
the JAZA consultants group of G.C. Hanna et al in 1969 [2—§7. The recommended

values are given in the table belowe.

U-235 l Pu-239

abscrption cross-section Sa 678.5 h 1.9 1012.9 z 4.1
fission cross—section Gf 580.2 1.8 741.6 z 3.1
capture cross—section SY 98.3 ¥ l.1 271.3 be 2.6
bound-atom + R
scattering cross-section Ss 17.6 - 1.5 8.5 - 2.0
capture/fission a 0.1694 % 0.0021 0.3659 % 0.0039
cross-section ratio * * i *
total neutron~yield + +

. 9 2.0719 - 0.0060 2.1085 - 0.0066
per absorption
total neutron-yield =~ + +
per fission vt 4223 193 I
g-factor for g o * 0.001 + 0
absorption a 9787 0010 1.0752 -~ 0.003
g-factor for 8¢ 0.9766 ¥ 0.0016 | 1.0548 ¥ 0.0030
fission :
g-factor for g + +
neutron—yield V) ! 0.9979 - 0.0018 0.9810 ~ 0.0027
per absorption |

The tabulated cross-sections in barns are meant for monoenergetic
neutrons of 0.0253 eV or 2200 m/s. The quoted errors are meant as standard
deviations, not as confidence limits. Maxwellian average cross—secticns for a
spectrum~temperature of 20».4°C can be obtained by multiplication with the
corresponding g-factor [2-27 : é"\f = 8¢ €f. For other spectrum-temperatures the
g—~factors from Westcott 1-2-27 should be reduced to the 20.4°C values contained
in the table.

The shape of & (E) in the thermal energy-range is implied in the g-factors.
The evaluation by G.C. Hanna et al does not give recommended 6(E) curves; but
the corresponding curves in the ENDF/B library have been adjusted such that they

agree with the cross-sections and g-factors given in the table.
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Since the itime of this evaluation (1969) some new experiments have been
performed which will increase the fission cross—sections and decrease the
neutron-yields per fission.

Based on a new value of the U-234 a half-life, Deruytter and Becker ZEQ?
obtained €, (U-235) = 587.9 Z 3.4 barns, a value which is 1.3% higher than the
rreviously recommended value. Their result of &, (Pu=239) = 742.5 I 3.7 varns
corfirms Eanna's value, cut it aay reguirse revisicn ic 732 barns, if cre telicves
the new value of the Pu-239 half-life found by Oetting /31/.

The previously existing discrepancy in experimental values of ;£(Cf-252)
seens to be resolved at a value of about 3.73 1327'compared to the value of
3.765 z 0,012 recommended by Hanna et al Z§§7. This would reduce the ﬁ;-values
of U-235 and Pu-239 in the same proportion, if this would not be in conflict
with the established wvalues of VA

These problems are being evaluated right now by a new IAEA consultants
group which will establish a new set of recommended values in 1973. Until the
new evaluation is complete, it is recommended to use the 1969 values tabulated

above, which are consistent with EZNDF/B-3.

VI. U235(n,f) and Pu239(n,f) Resonance Integrals

Recent evaluations and experiments on U=235 and Pu-239 resonance-integrals
have been compiled in the table below. This table is not meant to be complete
but to give an impression about the scatter of existing values.

All data areinfinite dilute resonance~integrals of the form

oo de
L3

[se) T
EN-

In the table the upper bhoundary of the integral varies between 1. MeV or

15, MeV; this should make little difference for the data. Note, however,

that the data cannot easily be compared when Emin is different.

Although the paper [§§7'uy Hanna et al did not aim at evaluating resonance-
integral data, the values used in this paper and listed in the second line of
the table seem to represent fairly well the average and can therefore be re-

commended.



Resonance-Integrals

barns

for U~235 and Pu-239

Energy range U=235 fission AlU-235 capture | Pu~239 figasion | Pu=-239 capture Reference
Evaluations
0.55 eV up . . 279451 171433 DFN 654 1370
005 eV - 1, MeV 2100 - 10, 1409 - io 2000 - 10, M I)ianna 1969 28
0.5 eV = 15. MeV 281.4 140.7 3109.1 181.3 - -
3.0 oV = 15, MeV | 205.4 124.9 227.9 148.2 ) SNDF/B-1 1969 [3g/
0045 eV ~ 005 eV 9.2 1.1 )
0.45 eV - 10. KeV | 274. 139. ) Hennies 1967 /33/
10, KeV - 1, MeV 8.0 2.7 )
4.65 eV - 10, KeV 20241 147.6 )
0.45 oV up 217. £ 5. 144, L 5, 324, L9, 195, % 12, Cabell 1965 /387
Experimentes
+ + + *
005 eV up 2920 I 14. 150. - 6. 3120 ; 14. Eiland 1970
C8e 005 eV up 2740 - 11, 330. - 300 Bak 1969 3
0.5 eV up 263, to 291, 136, to 144. 301. to 385. previous experiments
yith errors of xith errors of Eith errors of quoted by Z?
- 8. to - 160 - 50 to - 8. - 90 to - 260

+ For U-235 experimental data were

quoted in 1347}

corrected by Eiland 1547 to Emin = 0,5 eV, For Pu~239 Emin varien between 0,45 and
* Experimental result is 231. ¥ 14. for Emin’ 3.0 eV, The energy-range from 0.5 to 3.0 eV was added using ENDF/B data

0055 GV¢
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ViI. U238(n,y)U239

Very little work has been done on the thermal cross sections for U-218

capture in the past ten years., The review by J.J. Schmidt (39)

gives
all meisurements of the U-238 thermal capture cross section occurring
before 1066, The weighted mean value is 2.7 + .02 barns. Data valaes
range from 2.53 to 3.05 barns, both extremes occurring before 1352.

There are three more measurements by Stavisskii(do), Bighan‘llB) and

Hunt(114) and an evaluation of all data by Leonard(117) who recommends
2.720 barns at thermal.

Approximately 88% of the thermal cross section is due to the known
positive energy resonances, the remainder being due to unknown bound
levels. The thermal cross section obeys a 1/v law up to about .1 ev
and then begins to deviate due to the first resonance at 6.67 eV,

The Schmidt (39) review also tabulates measured values of the U-238
capture resonance integral ( < 1966). When all corrections for 1/v
contribution (~71,2 barns) and common Cd-cutoff of 0.5 ev are made

the recommended value is very close to 280 barns, Except for one
measurement, all measurcd values fall between 277 and 286 barns. The
resonance parameters recommended by Schmidt yield 278.2 barns for the
resonance integral. Since the Schmidt evaluation, extensive resonance
measurements have been made at Columbia and Oak Ridge. If detailed
line shape representations are required the results of such work should
be used but there would be no important improvement in agreement bet-
ween measured and calculated resonance integrals. 1In summary, no

further work seers needed on thisg reaction.,
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VIII. A127(n.p)Mg37

This threshold reaction is important for short irradiations. In the
region threshold - 6 MeV data are availabtle from Henkel et al. / 41_/,
Calvi et al, 1712;7 and Grundl / 43 /. Al1l these are Van de Graaff

meacurements using the zactivation technique., They are displayed in

figure 9. Large discrepancies are seen between Henkeli's and Calvi's
data, particularly in the vicinity of the threshold. Only the overall

trend of the measurements shows some similarity.

In the range § — 10 MeV there is only one systematic measurement
available due to Bass et al. [T44;7 and three selected data points
obtained by Grundl 171347. The Bass data are fully displayed in
figure 10 and selectively in figure 11. Figure 11 shows that the Bass
data are up to 30% higher than Grundl's,

In the range 10 - 12 MeV there is a gap in experimental data.

In the range 12 - 15 MeV a number of experiments are availabdle,
particularly one-point-measurements around 14 MeV., Figure 12 shows
the large scatter in the data amounting to up to about + 30%, which

is partly due to different normalizations. (Note: only representative
data are plotted,) Considering all presently available one-point-
measurements between 14 and 15 MeV it is interesting to note that
values obtained by B-counting (84-97 mb, average 90 + 7 mb) seem to be
systematically higher than those obtained by y-ray counting (72-82 mb,
average T4 + T mb).

The following evaluations are of interest:

a, L. Forsberg [TSQ;7 from 19633 this evaluation was incorporated
into UKNDL as DFN 35 (see AEEW-M-445, January 1964) and later
into the KEDAK librarys;

b. H. Alter / 60_/ from 1965; bYased essentially on data contained
in BNL-325 and BNL-325, Suppl.2;
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c, Simons et al. [T?2;7 from 19653 this evaluation was incorporated
into UKNDL as DFN 226;

d. Foster and Young from LA in 19723 this evaluation is incorporated

in ENDF/B-III, the data are not yet available to the Agency.

Forsberg's evaluation below 5 MeV is based essentially on Calvi's

data th2;7. The later more accurate Grundl measurements [Th3_7'are
in better average agreement with Henkel's data‘[—4{J7. Simons et al, Z??_7
base their evaluation on Grundl., A new consistent measurement in fine

energy detail is needed to confirm Grundl's data.

There are data gaps between 5 and 6 MeV and between 9 and 12 MeV which

should be closed by new measurements.,

Between 6 and 9 MeV Simons et al, [T?2;7 follow Grundl; the 1965 data
of Alter [TGQ47 agree essentially with Simons., There is an urgent need
to resolve the large discrepancy between Bass 1744_7'and Grundl in this

energy range,

In the range 12 - 15 MeV Forsberg follows the lower pattern suggested

by experiments available before 1963, whereas Simons gives higher data
due to more recent experiments. A careful study of the different nor-
malizations and a thorough comparison of different measurement techniques
is recommended in this range in order to resolve the existing discrepan-
cies of the order of 10 - 30%,

At the present time we recommend the use of the Simons and McElroy
evaluation /22/, shown in Fig. 1l.

This recommended curve yields a fission spectrum averaged cross
section 3,73 mb in a Cranberg spectrum, which is apparently con-
sistent with Fabry /89/ and our recommended value of 3.88 mb in 2

Watt spectrum. |

The best value obtained from several integral measurements is given by

Fabry 1257 as 4.0 z 0.4 mb.
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IX. Fe’4(n.p)Mn’?

The production of Mn54 from neutrons incident on Fe54

has widespread
aprplication as a fluence monitor, A rather complete review of the

status of the cross sections for tkis reaction was given in 1971 ty

Paulisen and Widerz (62). Figure 13 gives tkeir least squares fit
to the existing data as well as evaluations by Fabry (63) and Kamp-

house (64). One later cata point by Qaim et al, (65)at 14.7 MeV has
also teen plotted., A second figure (Figgre 14 ) has been taken from

the Paulsen review t0 show two other recent evaluations.

The Fabry evaluation which we recommend at present favours the low
measured values at threshold ard higher values above 3,5 MeV. No data
exist between 6 and 13 MeV so the large discrepancies between the dif-
ferent evaluations are understandable and due to different inter-
polations in that region, The most serious discrepancies for fluence
measurements exist in the threshold region ranging up to 50%., In

general there is about a 20% uncertainty above tte tkreshold region.

The measurements of the fission averaged cross section have a large

(46)

spread. Fabry sy after extensive renormalization of available

+
measurements, recommends an average of 82.5 -~ 2 mb from measuremants

and 76.5 mb from his recommended differential data. The Paulsen(62)

(64)

least squares fit gives 74.1 mb and the Kamphouse data 73.8 mb.
It would appear that the Fabry value of 76.5 should be used with an

uncertainty of 10%.
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X. 11'158(111.1&(3058

The three most recent evaluations for the Niss(n,p) cross section are

(@)

shown in Figure 15. These evaluvations are due to Paulsen and Widera ’

(63) and Meyer (67). The available experimental data
upon which these evaluations are based show considerstle scatter, parti-
cularly from 2 to 4 MeV and 12.5 to 15. MeV. Unlike Fe54(n,p) there is
only a small gap in the experimental data in the region 9 to 12.5 MeV.
-, (74)

Fabry and Schepers

In Figure 15 are plotted also some daia points from DFI 905 UKAZ=A
nuclear data library. The data points of this file follow closely the

Heyer data and repeat the structure in the energy range between 3 and 4 MeV.

This file was received by the igency in September 1972, but the data was
evaluated in January 1972. The evaluation is still undocumented, but we
believe it is taken from the earlier Meyer evaluation. Figure 14 from the

(62)

work of Paulsen displays two other evaluations.

There is little difference between the evaluations for energies below
2.5 MeV. There is evidence for structure between 3 and 4 MeV which is
given in some detail by Meyer (67), and not at all by Paulsen's (62)
least squares fit, The Fabry evaluation gives some coarse structure

which is probably adequate for application purposes.

The fission spectrum average of the Nise(n,p) cross section has been
measured and values reported range from 90 to 120 mb, Kohler (66) gives
an average value of 98.4 mb but Fabry (63) after corrections recommends
113 mb. The Paulsen differential curve yields a fiasion spectrum
average cross section of 103.3 mb, Meyer 105 mb and Fabry 111 mb. The
differential N15 (n,p) cross section recommended is that of Fabry and

it seems to be known to about 20% above 2.5 MeV and 10-15% below that
energy. The fission integral recommended is 111 mb with a 10 to 15 %
accuracy, The Meyer evaluation gives more detailed structure and repre-
sents a besgt fit to the data in a least squares sense but gives too

low a fission averaged cross section,
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XI. Niss(n.a)Fe55

r
\582This

Only one measurement of the Niss(n,a) differential cross section exists
value is for 14.1 MeV incident neutrons. At this energy the measure-
ment includes Risa(n,n'a)Fe54 and Nise(n,an')Fe54 reactions (Q = -6.41 MeV)
as well as the reaction of interest for fluence measurements, The data
point was corrected for these two additional coniributions by the author

as is shown in Figure 16.

(69)

giving points at 5, 10 and 15 MeV. The?e ;wo pieces of information
70

In addition there is a statistical theory calculation by Eriksson
form the basis of the Meyer evaluation shown in Figure 16. The
Eriksson poirt as plotted and used by Meyer differs by a factor of 10
from that given apparently erronously in the original Eriksson paper.
And Eriksson's 15 MeV point is in complete disagreement with the one

measured value at 14,1 MeV.

A search of the literature gives only one integral measurement for this
118 R s s s

reacticn from 1957 by Schuman et al( 18) yielding 0.15 mb. This is in

complete variance with measurements of this fission average integral for

58

natural nickel which give a value about 4.8 mb (see Table XX). Ni is about
2/3 of natural nickel and the thresholds for the other components are larger,
therefore the contributions from the other isotopes will be smaller than

58

from Ni” . The Meyer curve when averaged over fission spectrum gives 6.2 mb.

If we assume that all other isotopes give no contributions, then the spectrum
averaged cross section for natural nickel would be about 4 mb. In fact, there
will be contributions from the other isotopes of nickel, so that one would
expect the fission average (n,a) cross section of natural nickel to be at
least 10-20% higher than this minium value, which is in very good agreement

with measured values for natural nickel.

In summary, the present data are apparently completely inadequate for
reliable use of the Nise(n,a)Fe55 reaction for fluence measurements.,
Considerable work is necessary to provide adequate experimental and/or

theoretical data to improve the situation,
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63, 6C
Su " {n.a)lo

63

The producticn of Co60 o7y neutron bombardment of Cu is the gquantity
of interest for dosimelry measurements. Only one set of experimental
data is available covering the energy region from 5.5 io 15 Mev(71).
The cross section from threshold (-~1.72 MeV) to 5.5 MeV is negligibly
small due to the lJoulomb barrier. PFPaulsen gives a Tission specirum

{211
-+ - -
averased Cress sectlon ror als aata of .34 - 04 mb’ .

(22)

with some increase in the threshold region tc obtain a fissior spectrum

The data serves as the basis for the Simons and NcZlroy evaluation

average cf .356 millibarns. This evaluation is shown in Figure 17.
There are several measurenents of the fission spectrum averaged cross

section rangzing from .45 to «62 mb. JSee Table ZXA. As a result of

(46)

his survey of these measurements Fabry recormends a value of

¢.50 £ 0.05 mb.

(63)

A further recommended curve is given by Fabry and Schepers o« They
(71)

have renormalized the Paulsen daia by 56.4)5> in order to give a

higher fission spectrum averaged cross section of .535 mb (see Figure 17).
DPossible support for this renormalization is a value of 5.65 mb/steradian
at 550 for 15 eV nsutrons by Irfan and Jacks(75). However, the angular
distribution is highly anisotropic in this energy region and in faci has

o(76)

a maximum neaxr 55 « Thus the multiplication of the 550 value by 49¢C

probably overestimates the irue value integrated over all exit angles.

. 2
At the recent Euratom WGRD mee1;1ng(7 )

measurement of the ratio CTn,anf}E;n

Liskien reported results of a
2 t th i

, Al T at e maximum of the
response function /8 MeV/. The results of this measurement are in good
agreement with the ratio of differential measurements, but contradict

the ratio of results of integral measurements. He concludes that serious

errors exist in integral measurements.

Because there is no data to support the Fabry renormalization and,
because the fission average cross section is most sensitive to the
threshold region cross section for reactions with such high threshold
energies, one cannot justify the Fabry renormalization and so the

Simons~McElroy evaluation is recomuended.
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XIII. b2 (n.n')Nb7 Y

The quantity required for flux measurement purposes is the cross

section for production of the Nh93 isomeric state at 28 keV by inelastic
scatterirg of neutrons. There are no direct measurements of this guan-
tity at any energy. The data presented in Figure 18 represent derived

data of two types which we shall discuss briefly.

The data points in Figure 18 are all based on the measurement of

gamna ray spectra from inelastic neutron scattering by Nb, In order

to interpret this kind of measurement, one must know the level structure
of Nb93 and the gamma ray decay scheme for Nb93. Until recently there
was considerabie doubt as to the location and spin of many important

low lying levels. MNuch of the disagreement has been resslved in level
structure implications of the y-spectrum measurements by Rogers et al.(77)
and Gobel et al. (78)

ever, the isaomeric state of W73 at 28 keV (1/2%) can be populated in

although some details are still in doudt, How-

only two ways, either by direct neutron excitation or by a gamma ray
cascade during deexcitation of higher levels., The last gamma ray in

this cascade can only be the 780 kev transition from a level at about

808 kev,

Measurements of the production cross section for 780 kev gamma rays
have been taken from several references (78-82).In all cases it was
necessary for us to add the cross section from the direct production
of the isomer state, This correction curve was taken from Hauser-

(79)

Feshbach calculations reported by Rogers and extrapolated as shown
in Figure 18, It is clear that there are large discrepancies in the
region of reported data mostly between .9 and 2.2 Mev, The Rogers and

Nath data lie low, the TNC (1971) and G&bel data are “igh and the older

Texas Nuclear Corp. (TNC) 1967 data fall in the middle. The TNC (1971) data
. o

were given at 55 cnly. Isotropy was assumed in order to get the integral

cross section thus neglecting any possible but unknown anisotropy.

The histogram curve covering the entire energy range to 15 Mev was taken
from work of Hegediis (83). The basis of his method is the measurement
of the activation of Nb in several different fast neutron spectra which

are known, The unknown cross section can then be "unfolded". This
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technique is the logical inverse of that normally used in neutrcn
fluence measurements, It is interesting to note that in the region
1 to 3 MeV, this methoé yields values for the Nt isomer generation
cross section which fall between those two conflicting groups, of
data derived f:rom gamma ray spectrum measurements. Hegedis aiso
sives a fission spectrum average value of 97 miliibarns for this

cross section,

One other difficulty with the use of this reaction as a fluence

monitor is the discrepancy in experimental determinations of the half-
life of tke isomeric state, Measurements before 1554 give atout 4 years
for the half life and later measurements about 12 years. Hegedus (83)

recommends 1l.4 + G,9 rears.

Improvements in the situation pictured in Figure 18 will require more
accurate determination of the 780 kev gamma ray production from inelastic
scattering over a larger energy range, Direct excitatiocn of the 28 kev
level is most important just above threshold and can probably be ob-
tained from Hauser-Feshbach theory with sufficient accuracy using the
present knowledge of level structure estimates. Alternatively, cal-
culations using Hauser-Feshbach theory and presently known level
structures, densities, and branching ratios could be used over the

entire e¢nergy region to provide additional information.,

At the present time, the multigroup cross sections of Hegediis should

be used as they are the only values which span the entire energy region
and they are not in disagreement with the other measurements below 3 MeV.
However, the group data need confirmation before the reliability of the

data can be assured,



XIV. Rh1°3@,n' )RthBM

The quantity of interest for reactor fluence measurements is the
cross section for excitation of the 40 kev isomeric level (7/27) vy
inelastic neutron scattering. In contrast to the N'b93(n,n')Nb93M reaction,
this reaction has a much larger cross section, because the majority of the
wevels of Rh103 2dccay through ihis level ratwor than 1o the ground staie.
The half-life of this isomeric state is 57 minutes with no large dis-
crepancies (about 1%) in reported values.

All the reported data have been cbtained by the activation tecknicue.

(84)

One set of data from Butler and Santry covers the entire energy range

from 0 to 15 Mev. Another set of data from Kimura et al(BS)coversthe
energy range to 4.6 Mev. There is also one point from Aten and Nagel(ss)
at 14.2 Mev. These results are given in Figure 19,

Below 600 kev there are no great discrepancies between the two sets
of avail- ‘le data. Above that energy, the data of Kirura are consistently
lower. 1e energy dependent shape of the Butler data between 600 kev and
4 Mev can be easily understood with the present knowledge of the level
structure and decay scheme of Rh103. However the "hump" in the Butler data
between 5.5 and 11 Mev has no explanation from level structure systematics.

In this context it is interesting to note that the neutron source reaction

used in the measurement changes at 5 MeV. On the other hand, the Kimura data do
not cover the range above 4 MeV well (only one point). The one point of Kimura
only suggests that the cross section is not increasing in that energy range. The
point of Nagel and Aten at 14.2 MeV is higher than Butler and would appear to be
in error, as the Butler data are particularly accurate in this range.

103

Because a large fraction of the excited levels of Rh decay to the

isomeric state one would expect that the isomeric production cross section

would be less than but close to the total inelastic cross section of Rhlo3o

A relative curve of the Rhlo3

inelastic cross section has been measured by
Trebilcock.(87)If we normalize that curve to 150 mb at 500 kev then we find
that it lies above the Butler and Santry data up to 5 lMev and below that data
above 5 Mev.

There are also wide discrepancies in measured fission spectrum averaged
103

activation cross secticus for Rh « Very old values are near 1100 mb which

cannot be supported by the differential measurements, Butler and Santxy(84)
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section is most ssnsiiive 3o the differential cross seciion balow 2.5 Mav.

Cne value of the fission avarage cross section from an integcral experiment
’ \
, ) o L L BR) , . + . .
nas been reported by Idhler(and fmepf) "'+ Yhis value is 403 - 30 nmb. Howewver,
s o

ne gives a vaiue o7 ou ~ mp Tor &1 {(n.7! averars, whica 1o almont a factor

ot

of two tco smzll, indicating a softer than fission stectrum. He ras verformed

O

some corrections, but this correcticn procedurs is extremely difficult and

unrzlianla.

It is apparsnt that a curve folleowing “he Builer shape ard lying a
little lover in magnitude should be used up to 4.5 MeV due to th-: large
unc:z:riainties (lower weight) of the Fimura data. Above 13.5 MeV Butler
uses a third neutrgn cource and this data may be adequate for practical
purposes. In the interveninz energy reglon a smocth connecting curve should
be used. Confirmation of such a recommended curve should be sought through
further activation measurements above 5.5 MeV and Hauser-Feshbach calcula-
tions. Additional data would be needed and/or statistical theory calculations
to confirm Butler's cross saction shape between about 700 keV and 5.5 MeV
The uncertainty of between 20-40)% in the differential data make this reaction

unsuitable for use at this time.
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)
XV, In" “(n,n")I

Tre neutron fluence rmeasurements utilizing Imdiun cake use of the
inelas*ic ercitation of the isomeric level at 335 keV ((2” ) whick has a
half 1ife o7 £.% hours. For this reaction there are presently three evalua-
v available to us usins essentizlly the same exverinental
« These evaluations are tvlotted in Fizure 2C,

(€9)

The evaluations of Fabry and Bresesti(go) are essentially identical.
The evaluation of 3imons is lower in the threshold region (< 2 MeV) and
hizher cver the plateau region (2 to 8 MeV), Once again, the Simons evalua-—
tion drors below the other evaluations ur to 13 MeV. It would appear that,
in contrast to Fabry or Bresesti, the Simons evaluation had not used data
renormalized to account for later evaluatiors of the gold capture and
uranrium-2135 fissior standard cross sections than those used by the original
authorse.

There is a measured value ¢ the fission spectrum averaged activation

+ mb(46)

cross section given by Tabry of 187 -« & { The recommended data of Fabry

yield a spectrum average cross section of 187.5 mb,and that of Bresesti yields
a value of around 178 mb. Additional studies of the activation of In with

az
(92) indicate that the cross sections

several neutron sources by Pauw and Aten
. ~ .

recommended by Fabry and Bresesti are 132 too low. However, there is no

indication from available microscopic data that the recommended cross sections

can be increased by that large a percentage.

Until such time as this discrepancy is resolved, the recommended

data of Fabry(89)

are preferred with a confidence of about 10%; Bresesti's
evaluation is close to Fabry's, but gives a somewhat smaller fission spectrum

average.
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XVI. Th>32(n.f)F.P.

A complete review of available experimental data on Thorium-232
fission has been made recently by Bak and Lorenz (93). All data were
normalized to the same standard cross section where necessary and
fitted with a least squares polynomial. The results are shown in
Figure 21 taken from their repori. The shaded area represents the
95% confidence level., One additional set of experimental data from
Muir and Veeser (94) became available after this review. The data
cover the energy range to 3} Mev and are in good agreement with the
evaluation in this region., Only one measured value of 82 z 3 mb
has been reported by Fabry (46)

cross section of Th232(n,f). The Bak and Lorenz evaluation gives

for the fission spectrum averaged

70.2 X 13.5 mb, which is close to results obtained from evaluations by
Davey(lo4), Bresesti(9o) and Wittkopf(73). (See Table XXA). These two
values are in strong disagreement and until this discrepancy is resolved
this reaction cannot be used with the desired accuracy for neutron

fluence measurements.
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XVil. 120 (n.f)

The data situation with regard to the fission reaciion or U238 has
recently beer thoroughly reviewed by Bak and Lorenz‘[—91;7. Their final
recommended curve is displayed in figure 23 together witk tre significant

experimental data available before 1970.

Many otker evaluations for this react‘ion are availatle, Tkhree were done
around 19706 and are due to Simons and McElroy ZT?2_7; Bresesti et al. / 90 /
and Fabry / 89 /. Three other evaluations were done after Bak and Lorenz

by Nikolzev ané Bazazjanz ZT9§;7 (USSR evaluated data library DFR 2001),
Sowerby et 21. / 96 _/ (UKNDL DFF 272) and Pitterle and Durston / 97 /
(ENDF/B-III, MAT-1158, still rot available to IAEA), The 1572 evaluations
except Pitterle's and Bresesti's evaiuation, are displayed in figure 22
together with Bak's curve and the Tecent experimental data

by Vorotnikov / 98_/ which became available after Bak's evaluation. The
Vorotnikov datz cover essentially the threshold region and support former

experimental work.

Except for small local deviations there is good agreement between Bak

and Sowerby and Nikolaev, whereas Bresesti's curve is consistently higher
by about 5 - 10% and Nikolaev's slightly lower in the second plateau region,
Bresesti's data are higher because he renormalized to get a higher (about
0.308 b) fission neutron spectrum average. Not plotted are Fabry's and
McElroy's evaluations., McElroy follows very closely the Bak curve with
exception of the range 8-12 MeV, where it is about halfway between Bak

and Bresesti, i.e. about 5% higher than Bak, Except for small local

deviations Fabry agrees with BRak,

At 2.5 MeV three very recent independent precision measureménts by
Petrzhak et al. [99_7, Poenitz / 100_/ and Meadows / 101_/ are seen to
be in excellent agreement with each other and with the mentioned evaluations

within a few % (see Figure 22.

The 95% statistical confidence level of Bak's and Lorenz's recommended
curve is about § - 10% and embraces practically all available measurements
and evaluations, In order to improve the data to the confidence levels
of 1 -5 i requested in RENDA 72 [T1J7, detailed very accurate remeasure-

ments (few points absolute and/or detailed ratios to 23 fission) covering
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preferably the whole interesting energy range between tkreshold and

15 eV (and higher} would be desirable. More specifically it is re-
conmended to have further accurate measurements in fine energy detail
ir the tkreshoid region below 2 MeV, to confirm the older Smith and
Henkel and the recent Vorotnikov data and to allow resolution of the
inconsistencies in the evaluated data sets, New measurements would
also be desirabtie adove 6 NeV where only old experimental data ( <19613)

exist and where there is some disagreement in the evaluated data sets.

Until these recommendations are fulfilled it is recommended to use

the Bak and Lorenz curve as reference data, The fission spectrum
average (Cranberg spectrum) of Bak's data gives 285 + 27 b which seems
to be about 10% too low compared to direct measurements of this
gquantity (see extensive listing and review of these datz in the Bak and
Lorenz review article ZT93;7). This well-known discrepancy needs
urgent resolution., The Experts Meeting on the Status of Fission Neutron
Spectira 17102;7 convened by the IAEA ir August 1671 discussed this
matter thoroughly and felt strongly that this discrepancy was not due

to inaccurate knowledge of thke fission neutron spectrum,
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- 237 =
XVIII. 3t°° (n,f)F.E.
= 2
rﬁha f .t 3 3 R £ 237 - 3 ~
‘he fast fission cross section of Ip has been recently reviewed by
Q1) . . .
3ak and lorenz.(")Taelr disrlay of the experimental da*a. the reccmmendd

curve and tke confidence lirmits are shown in Figure 25. 3ince this review
only one additional set of experimental data has beern made available from
the Fhysics-8 underground explosionSlOK)These data are plotted in Figure 24
along with the Bak and Lorenz evaluation and the Simons and Mcilroy (22)
evaluation. The Simons evaluation at.ove 750 kev is taken from an earlier
evaluation by Daveyglo4)There also exists a separate evaluation by Smith
and GrimeseygoS)which is used in :ZNDF/B-III, but only data curves are
generally available.

The confidence limits derived by Bak and Lorenz show that this cross
section is not adequately known for accurate fluence measurements. In fact,
the data from Physics-5 tend toward the extremes of the Bak and Lorenz curve
and so have not improved the reliability of the microscopic data.

Two separate measurements of the fission averaged cross section are
reported by Grund1u06ggngiving values of 1355 and 1365 M 295 mb., The Bak
and Lorenz curve yields 1289 % 87 mb and the Simons and HcZlroy curve, 1293 mb.
The use of the Physics—8 data would raise the evaluated cross sections near
the peak of the fission spectrum and so increase the fission averaged cross
section, suggesting that the Grundl values may be more accurate but the error

is still about T%.
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XIXA. Summary for Thermal and Intermediate Cross Sections ( < I00 keV )

Co : the 2200 m/sec cross section.
ECd: the cut-off energy, lower energy limit of Itot'

Itot: the total infinite dilution resonance integral (I/v contribution included); nieasured
and recommended values only.

Reaction G; Error Ref. I ECd I Ito Error Ref,
(in b ) ( inrd ) ( in%v ) ( 2% ) ( in#bd )
T
6Li\n,a)3ﬁ 938 6 Meadows 70 / I /"
940 6 Uttley 69 [ 2"
943.8 2.8 silk 11 3" l
942.4 2.4 Uttley 71 /4 /% X
940.25 Labauve 72 [’SJr
MAT.I1I5
940 5 Uttley 72 [6]°
DFN 914
5900(n,x)6000 37.34 0.09 |siik 70 /77T 175 Holden 172 /157
37.55 0.13 | Story 68 [°8 Jabd. 70 6 Kshler 171 [9 77
Trjo = 5212 £ 0.CH  3q,50 0.13 |story 68 /8 JEcd. 0.5 71.9 3.5 | Caggero 69 /16 "
years 37.3 0.2 | xshler 71 /9 JBed. 0.5 74.6 3.0 | Sohuman 69 [I7_J"
L1 37.24 0.I1 |silk 70 /7 784 75.3 0.76 | Kim 68 L11 "
37.14 0.27 | Merritt 68 (I0 J&c4. 0.5 67.4 4.0 Vidal 65 [18 J°
3646 0.5 Kim 68 ﬁlﬁc . 0.52 67. I2. Beauge 63 [19.71‘
37.75 0.40 Deworm 67 [12]'" 0.5 69.9 3.5 Eastwood 63 [20__7m
37.35 0.30 { Vaninbr.66 /I3_/m | 0.49 72.3 5.0 Dahlberg 61 [ 21 _J"




. Error Ref, E, Itot Error Ref
React . . .
eactron (inb ) (in + b) l(i,‘,’dev] (in b ) (in + b )
!
197 pu(n, ¥ )8Au 98.8 0.3 | colavers 66 2374 1560 Holden 72 [157%
Ty/o = 2:6946 & 98.7 0.2 Westoott 65 2471 o.5 1550 Drake 66 [ 307"
0.001I0 days 98.5 2.0 Friesenhahné8 ﬁ 0.52 I551 20 Beauge 63 /_'-19_7r
[227 98.6 0.2 Als-Nielsen64 /26 1592 80 Wall 68 31"
98.9 0.3 | Teutsoh 62 27 1558 60 Pastrp 62 (297
98.2 0.5 Meadows 61 [287% 0.5 1535 40 Jirlow 60 [ 327"
98.8 0.3 Gould 60 L’ég}'l 1534 40 Johnston 60 /[ 33 7"
l 1558 77.9 | Macklin 56 L34 /"
2380(n,x)239u 2.73 0.02 | Sohmidt 66 [32"! 280 12 Stehn 65 /36 .7°
T
0.0253 ev"g" factor 2.73 0.04 | Stehn 65 [367 282 11 Barrall 65 [43 _7r '
for capture is 2.721 0.0I6 | Bigham 69 [3 278.2 Sohmidt 66 [35 _Z , v
1.0021 [39] 2.69 0.03 | Bunt 69 [38/f 278.2 10 Beunann 64 [44 J"
2,720 Leonard 71 /3977 281.2 10 Isakoff 62 /35 7"
2.74 0.06 | Stavisskii 65 [4Q7} 283.2 8 Hardy 62 [26 T™
2.73 0.07 | Paleveky 55 [31/f 286.2 25 Tattersall 60 /37 ™
2.76 0.06 | Small 55 [szr
{
23%(n, )PP, 580,2 1.8 Hanna 69 [Zig/m 270 10 Hanna 69 [ 48"
r r
More detsile and 577.1 0.9 Stehn 65 /367 274 10 Stehn 65 [ 36_.]
Westcott"g" factors
see in Ch.V,p.I8-20.
23pu(n, 2)F.P. 741.6 3.1 Hanna 69487 R 300 10 Hanna 69 [48 "
More details and 940 . ¢
Hels‘:co:t'a";"sf:{:ltors 140.v 3.5 Stehn 65/ 36}1‘ 333 I5 3tehn 65[36.7r
see in Ch.V,p.I18-20.




Footnotes to the Table XIX A: T - recommended value, R - preferable
recommended value,

m - measurement,
»*
m - I.2% zdded to original data to obtain

[ 4
.
Itot from I. [35].
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XiXB. Summary for Thermal and Intermediate Cross Sections { < 100 KeV)

Reaction Accuracy (+%) Remarks
Requested Attained
(RENDA 72
L1])
Lié(n,a) 1 -10 0.5 at thermal No more work needed
(average:4)| 1-2 below 100 KeV
(none for
thermal)
0059(n,y) 1 -10 0.5 at thermal Low priority work
10 in RI needed to improve
resonance integral
Au197(n,y) 2 -5 0.33 at thermal Low priority work needed
2 in RI to remove discrepancy
between resonance para-
meters and resonance
integral
U235(n,f) 1 -5 v 0.5 at thermal No more work needed in
S in RI addition to planned
IAEA 1972/73 update
U238(n,y) NONE ~ 1l at thermal No more work needed
1-2 in RI
Pu239(n,f) 2 -5 ~5 at thermal More experimental and

~ 10 in RI

evaluation work needed



Cross Sections Averaged Over The Uranium -~ 235 Thermal Fission Neutron Spectrum ( mberns )

XX A. Summary for Fast Cross Sections ( > I00 keV )

intesrral

meAasm@®YTM

ent =
] renormalized*

ralrulatnt fram A4ffaren+ial datn

.

- “ - - o
- a G Error a Error
feaotion ik (mb) (mb) | (emd ) et (mb) | (emb)
6Li(n,a) B’ 1 Alter 516
27Al(n,p)27l£g Boldeman 64 [2 ] 2.9 3.4 0.6 Grundl 3.8
115 - 9.46 min Najzer 10 [37] 2.9 0.3 3.5 0.35 [ Fabry 3,88
/1) Fabry 170 [a7) 4.35 0.20 4,07 0.15 | Barrall 4,15
Richmond 57 [ 57| 3.4 4,01 ¥cElroy 3.73%
Fabry 12 [6 ] recomm. f[values 4.0 0.4
54Fo(n,p)54nn Boldeman 64 [’2 66 3.5 17 4 McElroy 76,3
1,/ = 312 £ 0.54 Bresesti 67,7C [ II 76.5 3.0 81.5 3.2 | Bresesti 6.5 I3.0
Fabry 170 [12]] 89 5 83.5 2.5 | Fabry 16.5__ ;Ig
/10/ Martin 64 [I3 ]l 16 3 83 3.3 1 paulsen 14
Nasyrov 68 [14 /] 67 9 84.7 10.5 | xemphouse 73.8
Fabry 72 [ 6] recomm. Jvalue: 82.5 2
”Ni(n,p)sBCo Boldeman 64 [ 2 105 5 122.5 6 Fabry 111 8.9
TI/Q = 7I.3 + 0.2 Bresssti 67,70 [II 104.5 4 III.3 4.3 Bresesti 109 3
day Fabry 10 [12 R 120 6 I12.5 3.5 [ Meyer 105
/ 10/ Sohuman 69 [ 18 /| 114 7 110.5 1 Paulsen 103
Martin 64 [ I3/} 107 113 Kamphouse 109
Nasyrov 68 [ 14 /96 b 13 113 15 MoElroy 102

-09~



integral

measurements

. caloulated from differential data
o Frror 2 Error K. J Trror
Reaction Ref ( mb ) (+4md )] ( md ) (+mb )
semiempiri
B51(n,a)%Fe Shuman 57 [20]] o.15 0.5 Roy & Hawton 60 /25 cal estim,
T1/2 « 2.60 y For natursl nickels Meyer 70 [26]] 6.2
[1] Weitman 68 [ 21 ]} 4.2 4.95 |renorm/23/
Freeman 69 [22 J 4.7 0.6
Weitman 70 [23]] 4.8 A
McElroy 71 [ 24 f 4.0 0
63cu(n,a)®%co Nilsson 63 [28 /| o0.54 0.07 0.594 0.07 | MoElroy 10 (15 / 0.356
T 272 Clare 64 (29 J| 0.45 0.05 0.475 0.05 | Paulsen 61 [ 30/ 0.34 0.04
1/2 = 212 & a
0.00I y Nasyrov. 68 [ 14 /| 0.382 | 0.036] 0.449 0.042 | McElroy 11 [24 7 0.47
[ 2] Fabry 70 [12]] o0.66 0.06 0.62 0.04 | a 1 this value was ob#ained withgartifi-
McElroy 11 [24/ 0.46 mass sgectrometry :i:;ly introduced) thermal orpse sec-
"om 11 [24) 0.53 radiochpmistry
Fabry T2 [6 j recommended valu 0.50 0.05
935n(n, u)° ¥ Hegedus 1mMLau] 97 35
'I‘I/2 = I1.4 + 0.94§
[31]
103 103m KBhler 61 3/ 403 40 Butler €8 /34 J| 711607 40
)
Rh(n,n') Rh Kimura 69 [35] 5580r 32
T1/2 = 56.116 + Hegedus 11 L1 ] 595 150
0.009 min [ 327




integral measurementas calculated from differential data
renormalized'
- - —
Reaction Ref a Error G Error Ref ( :\: ) Error
(mb) (gmb) )} (mb ) J(s+ mb) g mb)
151n(n,n')12®1n] Bresesti 67,70 /i) | 177.0 | 0.6 | 188.5 | 6.4 | Kimura 69 /357 177 10
0 Fajzer 70 [ 3] 156 5 188 6 Fatry 70 [ 4/ 187.5
1/2= 4.50 b Fabry 710 [4] 200 8 187.9 6 MoElroy70 as given by
[Ij Fabry 72 /'6_/ recomm. |values 188 4 Zijp 72 [36/ 184.6
McElroy72 [ 9/ 180°T
Breseati 70 /117 | 176
2321y (n,2)F.P. Fabry 1710 [ 4/ 87.5 3.5 82 3 Bresenti 63 [/37/ 1.9
Fabry 712 [6/, Bak 11 [38/ 70,27 | 13.5
from McElroy72 f3] | 85.2 7.7 zigp 12 [36]" 71.31 &
Fabry 72 [6] | reconm. |value: | 83 3.5 | zigp 72 36 69.81 i
238U(n,f)F.P. Bresesti 67,70 /117 | 1308.0 | 15.0 328 16 Bak 71 [38/ _2_§§_°_§ 27
Grundl 68 /397 328 14.6 ¥oElroy 70 /157 287.0
Fatry 10 [4] | 353 30 30.5 [15.7 | zigp 12 36/ | 30001
Fikolasv 58 /40 | 310 10 Fabry 70 [ 4f 300.4
Leachman 57 41/ | 310 440
237§p(n,1) F.P. Fabry 70 [4f | 1295 Fabry 12 [ €]
Gruncl 68 [397 | 1367 | m#m Orundl 68 /397 1359
McElroy 70 /15/ 1293
ZiJp 12 36/ | 1360
Bak 71 [38/ 128907 87




Remzrks to the Table XXA:z * - all renormalized data, if not specially
indicated, taken from Fabry 72 /6/.

Cr — (ranberg Spectrum, in all other cases
Watt snectrum used.

Cranberg svectrum:

- ; - . /
) = C.25274 =xp(-E/0.943) 51nh.V2.29£ 12

o

where = is neutron energy in MeV.

fa)
Iur(

/ 1/ B.Z. Watt, "Energy spectrum of neutrons from thermal fissions

of U235", Phys. Rev. 87, 1037, 1952.

/ 2 / L. Cranberg, G. Frye, N.Nereson and L. Rosen, "Fission neutron
spectrumn of U237", Phys. Rev. 103, 662, 1956.
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XXB. Summary for Fast Cross Seciions (> 100 KeV)

Accuracy (+%)

Reaction Requested Attained Remarks
Lis(n,a) 5 - 10 5-10: 150 - 500 KeV | More O and on measurements
(fast) discrepancy up to needed over 247 KeV resonance
factor 2: 0.,5-4 MeV | for confirmation. O©_ measure-
10-20: 4-12 MeV ments badly needed below 4 MeV
10 : 12 MeV to confirm derived o, data,
4-8 MeV to consolidate know-
ledge and 8-12 MeV to close
g3aP.
A127(n,p) 4 -8 10-20: thresh.-5 MeV{ Confirming measurements
30: 6-9 MeV needed threshold - 5 MeV. Yo
10-30: 12-15 MeV measurements 5 - 6 MeV and
_ to 10 9 -~ 12 MeV, 6 - 9 MeV dis-
6‘.-/\,-{) $0 /0 crepancy to be resolved by
measurement and/or evaluation,
careful reevaluation needed
12 - 15 MeV,
Fe54(n,P) 4 - 10 50 at threshold Another accurate measurement
20 above in threshold region plus
E(J(f) to 10 theoretical analysis needed.
Two measurements in the 6-13 MeV
region needed to define shape,
Nisa(n,p) 4 10-15 below 2.5 MeV | Theoretical analysis plus
20 above 25 MeV measurements from 4 to 15 MeV
a( If) to 10-1% required.
Nisa(n,a) NONE Unknown Several measurements over
entire energy range needed
as well as theoreticd analysis.
Cu63(n,a) 4 - 10 15 Big problem is the fission
E(I‘f) to 715 spectrum average discrepancy.
Nb93(n,n') 10 40 below 4 MeVl Careful measurements of the

annown Above
o():f) to 40

780 KeV y-ray production cross
section would be useful,
Hegedlis "unfolded" shape above
4 MeV requires confirmation,
Theory could help,
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Accuracy (+%)

Reaction Requested Attained Remarks
RhloB(n,n') 5 - 1C 20 below 1 MeV A set of measurements between
50 above 1 MeV 4 and 1g MeV needed as well as
a(?Cf) ts 50 2 more o(]ﬁf) values.
115 ' : P .
In""“(n,n') 3 10 It will be difficult to get
a(2£f) to 10 3% accuracy. Low priority
work needed on 6(9(f) dis-
crepancy,
. 232 -
Th® " (n,f) 5 15 Work on 6(X.), both theory
o ’Xf) to 25 and experiment required,
0238(n,f) 1-5 5-10
5(jxf)to 10 A few accurate absolute points
and/or detailed ratio te U-235
fission measurements needed
covering whole energy range
threshold to at least 15 MeV,
Discrepancies between micros-
copic and integral fission
spectrum averages need urgently
resolution,
N 237 3 a
p ' (n,f) 5 12 Careful evaluation necess:tTy
of ]f) to 7 to resolve discrepancies or

recommend action,
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