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ENDF/B-5 Standards Data Library

See also: IAEA Technical Report No. 227, Nuclear Data Standards for
Nuclear Data Measurements, the 1982 INDC/NEANDC Nuclear Standards File.
Specific reactions in specific energy ranges of the ENDF/B-5 Standards
Library are internationally recommended standards.

Contents of this document
Page

1 Contents of this library

2 Format

3 Table I: Symbols for quantities

4 Laboratory Codes

4 Table II: Summary for each material

9 Appendix: Summary of Format Differences between
Version IV and V of ENDF/B data tapes

11 Summary Documentation for 1-H-l

22 Summary Documentation for 2-He-3

27 Summary Documentation for 3-Li-6

36 Summary Documentation for 5-B-10

45 Summary Documentation for 6-C-12

53 Summary Documentation for 79-AU-197

63 Summary Documentation for 92-U-235

68 Detailed Documentation for 92-U-235

CONTENTS OF THIS LIBRARY

The ENDF/B-5 Standards Data Library was released in September 1979 by
the National Nuclear Data Centre (NNDC) at the Brookhaven National
Laboratory, USA. In 1986 some modifications were received. The Library
contains complete evaluations for all significant neutron reactions in the
energy range 10~5eV to 20 MeV for H-l, He-3, Li-6, B-10, C-12, Au-197
and U-235 isotopes, see Table 2. Summary documentations for each
evaluation are reproduced in the main part of this document.

For the convenience of users the IAEA version of the ENDF/B-5
Standards File also includes data for Al-27, Fe, U-238 as extracted from
the ENDF/B-5 Dosimetry File, version 2 of 1984.

In 1986 some modifications were made for C-12, Au-197, U-235. A
computer-produced listing of the differences between the previous version
and the modified version of the files is contained in document IAEA-NDS-65.

The entire library contains 22.925 records.
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FORMAT

The data format of ENDF/B-V is mainly the same as ENDF/B-IV. A
summary of the format differences between versions IV and V is given in
the Appendix.

A complete description of the ENDF/B-V format is given in the follow-
ing report:

R. Kinsey: Data formats and procedures for the evaluated nuclear data
file ENDF, BNL-NCS-50496 (ENDF-102), 2nd edition, dated October
1979, issued October 1980.

For quick reference of the ENDF/B format (File numbers and Reaction
Type Numbers of the most important data types) see the document
IAEA-NDS-10.
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TABLE I

SYMBOLS FOR QUANTITIES USED IN TABLE II

Angular distribution

Energy spectra

Parameter derived in the slowing-down theory of
Greuling-Goertzel

Integral cross section

Average logarithmic energy change per collision

Photon multiplicities (induced by neutrons)

Average cosine of the scattering angle of elastically
scattered neutrons in the Lab-system

Average number of neutrons per fission

(n.cc) cross section

(n,a ) cross section for ground state
o

(n,a ) cross section for 1st excited state

(n,n'3oc) cross section

(n,t2a) cross section

(n,ot /y) cross section

(n,d) cross section

(n,y) radiative capture cross section

(n,2n) cross section (isomeric state cross section)

(n,3n) cross section

(n.n'f) cross section (second chance fission)

(n,2nf) cross section (third chance fission)

(n,n')Y cross section

(n,n')p cross section

(n,2n)ot cross section

(n,p) cross section

(n,t) cross section

Photon angular distribution (neutron induced)

Photon energy distribution (neutron induced)

Photon production cross sections (neutron induced)

Radioactive decay and fission product yield

Radioactive nuclide production - multiplicities

Resolved resonance parameter

Unresolved (statistical) resonance parameter

Thermal neutron scattering law



BNL

LASL

ORNL

LABORATORY CODES

Brookhaven National Laboratory, Upton, N.Y., USA

Los Alamos Scientific Laboratory, New Mexico, USA

Oak Ridge National Laboratory, Tennessee, USA

TABLE II

Nuclide, Mat. No.

Energy Range (eV)

Evaluation Lab., Date

Main Reference

Cross Section Standard

Comments

Quantity (Data type)

Covariance

: 1-H-l (Free atom), 1301

: 1.0E-5 - 2.OE+7

: LASL, August 1970

: L. Stewart, R.J. Labauve, P.G. Young; LA-4574
(1971)

: Scattering cross section from 1 keV to 20 MeV

: Changes from version IV to version V;
1) Interpolation rules on total and elastic

cross sections
2) Covariance matrices added

: Total (I), Elastic (I,A), (N,G)(I,M,A), MU-BAR
KSI, GAMMA, Inelastic (T>

: Covariance matrices for total, elastic and
(N,G) cross section

Nuclide, Mat. No.

Energy Range (eV)

Evaluation Lab., Date

Main Reference

Cross Section Standard

Comments

Quantity (Data type)

: 2-He-3, 1146

: 1.0E-5 - 2.OE+7

: LASL, June 1968

: L. Stewart; unpublished

: (N,P) cross section from thermal to 50 keV

: Transferred from ENDF/B-III with no
modifications

: Total (I), Elastic (I,A), (N,P)(I), (N,D)(I),
MU-BAR, KSI, GAMMA
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Nuclide, Mat. No.

Energy Range (eV)

Evaluation Lab., Date

Main Reference

Cross Section Standard

Comments

Quantity (Data type)

Covariance

: 3-Li-6, 1303

: 1.0E-5 - 2.OE+7

: LASL, September 1977

: G. Hale, L. Stewart, P.G. Young, LA-6518-MS
(1976)

: (N,T) cross section from thermal to 100 keV

: Changes from version IV;
1) All cross sections revised except for the

(N.G)
2) Pseudo-level representation used for the

(N,N')D continuum
3) Covariance file added for cross sections

below 1 MeV
4) Angular distribution added for the (N,T)
5) Radioactive nuclide files added for the

production of He and tritium

: Total (I), Elastic (I,A), Inelastic (I), (N,2N
ALPHA (I,A,E),(N,N')D continuum (I,A), (N,N') D
Discrete levels (I,A), (N,G)(I,M,A), (,P)
(I.RDFPY.RNPM), (N,T)(I,A.RNPM), MU-BAR, KSI,
GAMMA

: Covariance matrices for total, elastic and
(N,T) cross section

Nuclide, Mat. No.

Energy Range (eV)

Evaluation Lab., Date

Main Reference

Cross Section Standard

Comments

Quantity (Data type)

: 5-B-10 (Free atom), 1305

: 1.0E-5 - 2.0E+7

: LASL, December 1976

: G. Hale, L. Stewart, P.G. Young, LA-6518-MS
(1976)

: (N,A) and (N,A1) cross sections from thermal to
100 keV

: Changes from version IV;
1) (N,G) cross section and spectra added
2) Covariance file added for cross sections

below 1 MeV
3) All cross sections except (N,P) and (N,T)

changed below 1.5 MeV

: Total (I), Elastic (I,A), Inelastic (I), (N,G)

(N,T2A)(I), (N.AOMI), (N,A1)(I,M),
(N.NGMI.A), (N,NP)(I,A), (N,A1G)(A)
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Covariance Relative covariances for total, elastic, (N,A),
(N,AO) and (N,A1) cross sections are given
below 1 MeV.

Nuclide, Mat. No.

Energy Range (eV)

Evaluation Lab., Date

Main Reference

Cross Section Standard

Comments

Quantity (Data type)

Covariance

Note

6-C-12, 1306 Mod. 2

1.0E-5 - 2.0E+7

ORNL, December 1973

C.Y. Fu, F.G. Perey; unpublished

Elastic scattering angular distribution upto
1.8 MeV

New evaluation for version V;
1> Total and elastic scattering from thermal to

4.81 MeV
2) Elastic angular distribution; thermal to 4.81

MeV
3) New representation for (N,N3A) to yield

correct energy-angular kinematics
4) Activation file for (N,P)
5) Gas production file
6) Uncertainty file

Total (I), Elastic (I,A), Inelastic (I),
Inelastic (I,A), (N,N3A)(I), (N,G)(I,A,M),
(N,P)(I), (N,D)(I), Alpha production (I),
MU-BAR, KSI, GAMMA, Evaporation Spectrum with
T=0.3 MeV, Activation data following <N,P)
reaction, (N,P) cross section leading to
activation, Production of 4.439 MeV gamma rays

Uncertainty files for main cross sections

Minor modofications were made in 1986

Nuclide, Mat. No. 13-A1-27, 6313

This was not included in the original ENDF/B-5
Standards Library but added by the IAEA Nuclear
Data Section as extracted from the ENDF/B-5
Dosimetry Library, version 2 of 1984
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Nuclide, Mat. No. 26-Fe-56, 6431

This was not included in the original ENDF/B-5
Standards Library but added by the IAEA Nuclear
Data Section as extracted from the ENDF/B-5
Dosimetry Library, version 2 of 1984

Nuclide, Mat. No.

Energy Range (eV)

Evaluation Lab., Date

Main Reference

Cross Section Standard

Comments

Quantity (Data type)

Notes

79-AU-197, 1379 Mod.3

1.0E-5 - 2.0E+7

BNL, February 1977

S.F. Mughabghab; unpublished

(N,G) cross section from 200 keV to 3.5 MeV

The total, elastic, and gamma production cross
sections in the resonance region are background
files which must be added to the cross section
calculated from the resonance parameters to
give the real cross section

RRP (from 1.0e-5eV to 2 keV), Thermal cross
sections (Capture = 98.71 B, scattering = 6.84
B, total = 105.55 B, absorption resonance
integral = 1559B), Total(I), Elastic(I,A),
Inelastic(I), (N.2N)(I,A,E), (N,3N)(I,A,E),
(N.GXI), (N,P)(I), (N,A)(I)

Minor modifications were made in 1986

Nuclide, Mat. No.

Energy Range (eV)

Evaluation Lab., Date

Main Reference

Cross Section Standard

Comments

: 92-U-235, 1395 Mod. 3

: 1.0E-5 - 2.0E+7

: BNL, April 1977

: M.R. Bhat; BNL-NCS-51184 (March 1980)

: (N,F) cross section at thermal, and from 100
keV to 20 MeV

: The total, elastic, fission, and gamma
production cross sections in the resonance
region are background files which must be added
to the cross section calculated from the
resonance parameters to give the real cross
section
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Quantity (Data type)

Covariance

Note

NU-BAR, Delayed neutron yields, Prompt nu-bar
RRP, URP, Total(I), Elastic(I.A), Nonelastic
(PP.PA.PE), Inelastic (I.M.PA), Direct (N,2N)
(I,A,E,RDFPY), (N,3N)(I,A,E,RDFPY), Fission
(I,A,E,M,PA,PE), (N,F)(I,A,E), (N,NF)<I,A,E),
(N,2NF)(I,A,E), (N,G) (I,RDFPY,M,PA,PE) MU-BAR,
KSI, GAMMA

Error files for nu-bar, fission and (N,G) cross
sections

Modifications in 1986 include revised data for
the energy release in fission and for the
covariance matrix

Nuclide, Mat. No. 92-U-238, 6398

This was not included in the original ENDF/B-5
Standards Library but added by the IAEA Nuclear
Data Section as extracted from the ENDF/B-5
Dosimetry Library, version 2 of 1984.
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APPENDIX

The following is a summary of the format differences between Versions
IV and V ENDF/B data tapes. ENDF/B Version V was released about June
1979.

File 1

1. The HEAD card of MT=451 has been changed. NXC, the number of
dictionary entries, has been moved to the sixth field of the
Hollerith LIST record of MT=451. Field 5 now contains NLIB, the
library identifier, and Field 6 now contains NMOD, the material
modification number.

2. Following the HEAD card of MT=451 is a new CuNT card which con-
tains information about the excitation energy, stability, state
number, and isomeric state number of the target nucleus.

3. In the LIST record of MT=451, the LDD and LFP flags have been
abolished. The number of dictionary entries, NXC, is now in the
sixth field of the first card in this LIST record.

4. The fourth field on each dictionary card in MT=451 is ow used to
indicate the modification status (MOD) for the section described
by the card.

5. Radioactive decay data (MT=453 and 457) has been removed from
File 1. Entirely new formats have been devised and the radio-
active decay data is given in MF=8, MT=457.

6. The fission product yields section (MT-454) has been removed
from File 1. Fission product yield information is now given in
File 8 using new formats.

7. A new section to describe energy release in fission (MF = 1, MT
= 458) has been implemented.

File 2

1. The Reich-Moore resonance parameter representation is no longer
permitted in ENDF/B, only in ENDF/A.

File 3

1. Total "gas production" MT's have been defined for H(203),
D(204), T(205), He-3(206), and He-4(207).

2. The non-elastic cross section (MT = 3) is now optional and no
longer required since total gamma ray production must be entered
in File 13 and never as multiplicities in File 12.
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File 4

A simplified format using a new flag, LI, has been introduced to
indicate that all angular distributions for an MT are all iso-
tropic.

File 5

Only the distribution laws given for LF=1, 5, 7, 9, and 11 are
now allowed. LF=11 is a new format for an energy dependent Watt
spectrum.

File 8

1. Information may be given for any MT specifying a reaction in
which the end product is radioactive. The MT section contains
information about the end product and how it decays. Files 9
and 10 may be used to give the cross section for the production
of the end product.

2. Fission product yield information is given under MT=454 and
459. The format has been modified to include the 1@ uncertainty
of the yields. MT=454 is for the independent yields and MT=459
is for the cumulative yields.

3. The spontaneous radioactive decay data is given in MT=457. This
is entirely new format.

Files 9 and 10

1. Isomer production is described in the new File 9 or File 10. In
File 9 the cross sections are obtained by the use of multipli-
cities. In File 10, the absolute cross section is given.

Files 17 and 18

1. Format for time dependent photon production data files have been
defined. They may be used in ENDF/A only.

Files 19, 20, 21. and 22

1. The electron production data files have been implemented.

Files 31. 32, and 33

1. The formats for data covariance files first introduced in Ver-
sion IV have been extensively modified and expanded. They are
now included in this document for the first time.
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1-H-l
MAT 1301

SUMMARY DOCUMENTATION FOR

by

L. Stewart, R. J. LaBauve, and P. G. Young
Los Alamos Scientific Laboratory

Los Alamos, New Mexico

I. . SUMMARY

The XH evaluation for ENDF/B-V (MAT 1301) is- basically the same as the Ver-
sion IV evaluation. Changes include the addition of correlated error data in
MF-33 and different interpolation rules for MT*1 and 2 in MF»3. The evaluation
covers the energy range 10~5 eV to 20 MeV, and documentation is provided in
LA-4574 (1971) and LA-6518-KS (1976).

II. STANDARDS DATA

The 1H(n,n)1H elastic scatteriug cross section and angular distribution
(MF-3, 4; MT-2) are standards in the energy region 1 keV - 20 MeV.

The extensive theoretical analysis of fast-neutron measurements by Hopkins
and Breit1. was used to.generate the scattering cross section and angular dis-
tributions of the neutrons for the ENDF/B-V file.* The rode and the Yale phase
shifts3 were obtained from Hopkins'* in order to obtain, the data on a fine-energy
grid. Pointwise angular distributions were produced to improve the precision -
-over_that obtained from the published Legendre coefficients.* The phase shifts •
were also used to extend the energy range dovr. balow 200 keV as represented ir.
the original paper.1

At 100 eV, the elastic cross section calculated from the phase shifts is
20.449 bares, in excellent agreement.with, the thermal value of 20.442 derived by
Davis and Barschall.5 Therefore, for -he present evaluation, the free-atom
scattering cross section is assumed to be constant belcv 100 eV and equal to the
value calculated from the Yale phase shifts at 100 eV giving a thermal cross
section of 20.449 b.

Total cross-section measurements are compared with the evaluation in Fig. 1
for the energy range from 10 eV to 0.5 MeV. Similarly, Figs. 2 and 3 compare
the evaluation with measured data from 0.5 to 20 MeV. The agreement vith the
earlier experiments shown in Fig. 2 is quite good over the entire energy range.
The 1969 data of Schwartz6 included in tig. 3, however, lie slightly below the
evaluation over most of the energy range even though agreement with the 1972
results of Clement7 is quite acceptable.

For En = 30 MeV, the difference in the ISO
0 cross section is - 1% 2s calculated

from the Legendre coefficients3 compared cc that calculated from the phase
shifts.
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Unfortunately, few absolute values of the angular dependence of the neutrons
(or recoil protons) exist and even the relative measurements are often restricted
to less than half of the angular range. The experiment of Oda8 at 3.1 KeV is
not atypical of the earlier distributions which, as shown in Fig. 4, does not
agree vith the phase-shift predictions. Near 14 MeV, the T(d,n) neutron source
has been employed in many experiments to determine the angular distributions. A
composite of these measurements is compared vith ENDF/B-V in Fig. 5A. Note that
most of the experiments are in reasonable agreement on a relative scale, but 10%
discrepancies frequently appear among the data sets. The measurements of Cam-
bou* average more than 52 lower than the predicted curve and differences of 5Z
or sore are occasionally apparent among the data of a single set. Figure 5B
shows the measurements of Galonsky10 at 17.9 MeV compared with the evaluation.
Again, the agreement on an absolute basis is quite poor.

Elastic scattering angular distributions at 0.1, 5, 10, 20, and 30 MeV are
provided in Ref. 11 as Legendre expansion coefficients. Using the Eopklns-Breit
phase-shift program and the Yale phase shifts, additional and intermediate en- -
ergy points were calculated for the present evaluation.2 As shown in Figs. 5-16
of Ref. 2, the angular distributions are neither Isotropic below 10 MeV nor sym-
metric about 90° above 10 MeV as assumed in earlier evaluations. In this eval-
uation, the angular distribution at 100 keV is assumed to be isotropic since the
calculated 180°/0° ratio is very nearly unity, that is, 1.0011. At 500 keVr"this
ratio approaches 1.005. Therefore, the pointwise normalized probabilities as a
function of the center-of-iaass scattering angle are provided at the following
energies: 10"5 eV (isotropic), 100 keV (isotropic), 500 keV, and at 1-MeV in-
tervals from 1 to 20 MeV.

Certainly the Hopkins-Breit phase shifts reproduce reasonably well the
measured angular distributions near 14 MeV. It is important, however, that—
experiments be made at two or three energies which would, hopefully, further
corroborate this analysis. Hear 14 MeV, the energy-dependent total cross sec-
•tion is presently assumed to be known to ~ 12 and the angular distribution to
- 2-32. At lower energies where the angular-distributions approach isotropy,
the error estimate on the angular distribution is less than 12.

It should be pointed out that errors involved in using hydrogen as a stan-
dard depend upon the experimental techniques employed and- therefore may be sig-
nificantly larger than the errors placed on the standard cross section. The
elastic angular distribution measurements of neutrons scattered by hydrogen,
which are available today, seem to indicate, that ff(0) is difficult to measure
with the precision ascribed to the reference standard. If this is the case,
then the magnitude of the errors in the (7(6) measurements might be indicative of
error assignments which should be made on hydrogen flux monitors. That is, it
is difficult to assume that hydrogen scattering can be implemented as a standard
with ouch higher precision than it can be measured. Even though better agree-
ment with many past measurements can be reached by renormalizing the absolute
scales, such action may not always be warranted.

At this time, no attempt has been made to estimate the effect of errors on
the energy scale in ENDF/B. It is clear, however, that a small energy shift
would produce a large change in the cross section, especially at low energies.
For example, a 50-keV shift in energy near 1 MeV would produce a change in the
standard cross section of approximately 2%2. Therefore, precise determination
of the incident neutron energy and the energy spread could be very important in
employing hydrogen as a cross-section standard, depending upon the experimental
technique.
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III. ENDF/B-V FILES

File 1. General Information

MT«451. Descriptive data.

File 2. Resonance Parameters

MT-151. Effective scattering radius - 1.27565 x 1 0 " u ca.

Resonance parameters not given.

File 3. Neutron Cross Sections

MT-1. Tocal Cross Sections

The total cross sections are obtained by adding the elastic scat-
tering and radiative capture cross sections at all energies ,
1.0E-05 eV to 20 MeV.

MT«2. Elastic Scattering

Standard - see discussion in Sec. II.

MT«102. Radiative Capture

These cross sections arc taken from the publication of A. Horsley
where a value of 332 mb was adopted for the thermal value. See

." . . Ref. 51.

MT-251. Average Value of Cosine of Scattering Angle In Lab System
. . . • from 1.0E-05 Ev to 20 MeV. (Provided by BNL).

*"""; MT-252. Average Logarithmic Energy Change, Per Collision, from
1.0E-05 eV to 20 MeV. TProvided by 3NL).

MT-253. Gamma, from 1.0E-05 eV to 20 MeV. (Provided by BNL') .

File &. Neutron Angular Distributions

MT»2. Neutron elastic scattering angular distributions in the center
of mass system, given as normalized pointwise probabilities.
See Sec. II above.

File 7. Thermal Neutron Scattering Law Data

MT«4. 0.00001 to 5 eV free gas sigma « 20.449 bams.

File 12. Gamma Ray Multiplicities

MT»102. Radiative Capture Multiplicities.

Multiplicity is unity at all neutron energies. LP=2 is nov
.implemented; therefore, all ganaa energies must be calculated.
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File 14. Gamma Ray Angular Distributions

MT»102.. Radiative capture angular distribution

Assumed isotropic at all neutron energies.

File 33. Correlated Errors

MT»1. Covariance matrix derived from MT»2, 102.

MT-2. Covariance data added for the elastic scattering by D. G.
Foster, Jr. (Jan. 77).

.. MT«102. Covariance data for radiative capture added by P. G. Young
(Nov. 7, 1978).
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I. SUMMARY

The 3He evaluation for ENDF/B-V (MAT«1146) was carried over intact from
Version IV. The evaluated data cover the energy range 10~s eV to 20 MeV, and
documentation for the standards portion of the data is given in LA-6518-MS
(1976). .

II. STANDARDS DATA

The 3He(n,p)T cross section (MF-3; MT«1Q3) is recognized as a standard in
the neutron energy range from thermal to 1 MeV. The^ present evaluation was
performed in 1968 and accepted by the CSEWG Standards Subcommittee for tite
ENDF/B-III file1 in 1971. No changes have been recommended for this file;
therefore, the present evaluation was carried over from both Versions III and
IV of ENDF/B.

The thermal cross section of 5327 b was derived from precise measurements
•by Als-Nielsen and Dietrich2" of the total cross section up to an energy of 11
eV. No experimental measurements on the 3He(n,p) reaction are available below
-•5 keV, and the cross section was assumed to follow 1/v up to 1.7 keV. The'
•evaluation is compared with the available data below 10 keV in Fig. 1. For con-
venience, the inset includes tabular values of the elastic, (n,p) and total cross
sections at a few energies up to 1 keV.

Up to 10 keV, the evaluation is a reasonable representation of the 1966
results of Gibbons and Macklin3 and an average of their cross sections measured
in 1963.k These experiments, which extend to 100 keV, are compared with ENDF/B-V
in Fig. 2.

From 100 keV to 1 MeV, additional experiments are available. The evalua-
tion is heavily weighted by the data of Refs. 3 and 4 and the cross sections of
Perry et al.5 as given in Fig. 3. Note that these three measurements are in
good agreement among themselves but «re higher than the measurements of Batchelor
et al. and of Sayres et al.7 On the other hand, Sayres et al. measure an
elastic cross section much higher than reported by Seagrave et al.,8 (noted on
the same figure).

In 1970, Costello et al.9 measured the (n,p) cross section from 300 keV
to 1 MeV and obtained essentially a constant value of 900 mb over this energy
range. Agreement of the Costello data with this evaluation above 500 keV is
excellent, although from 300 to 400 keV, their measurements are core than 102
lower than ENDF/B-V.
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Finally, Lopez et al.10 measured the relative ratio of the counting rates
between 3He and BF3 proportional counters from 218 eV to 521 keV. To provide a
comparison between these two standard cross sections, the Lopez ratios were
normalized at 218 eV to the Version TV ratios. Then, by using the present evai-̂
uation for the 3He(n,p) cross section to convert the Lopez ratio measurements to
10B cross sections, reasonable agreement with Version V 10B(n,o) is obtained.
It should be noted, however, that the energy points are too sparse above a few
keV to reproduce the structure observed in B.

Although the thermal (n,p) cross section is known to better than 12, the
energy at which this cross section deviates from 1/V is not well established.
It should also be emphasized that experiments have not been carried out from
11 eV to a few keV, chereby placing severe restrictions upon the accuracy ac-
companying the use of the He(n,p)T cross-section standard. The 102 error esti-
mates on the ORNL experimental data are directly related to the uncertainties in
the analysis of the target samples employed. Certainly, further absolute meas-
urements are needed on this cross-section standard, especially above - 100 eV.

III. ENDF/B-V FILES

File 1. General Information

MT»451. Descriptive data.

File 2, Resonance Parameters

HI-151. Scattering length « 0.2821E-12 cm.

- File 3. Neutron Cross Sections

MT«1. Total Cross Sections

From 0.00001 eV to 10.8 keV MT1 taken as sum MT2 + MT103. ; From
10.8.keV to 2C.0 KeV Mil evaluated using experimental data from
Ref. 11.

MT=2. Elastic Scattering Cross Sections

From 0.00001 eV to 10.8 keV MT2 taken as constant - 1.0 b. From
10.8 keV to 20.0 MeV MI2-i-ni-MT103-MT104 with experimental data
from Refs. 7 and 8 as checks. Note that two reactions are mis-

' sing from the evaluation, namely, (n.n'p) and (n,2n2p). Exper-
imental data at 15 MeV indicate non-zero cross sections for these
reactions. In the present evaluation, these reactions are simply
absorbed in MT-2.

MT-3. (n,p) Cross Section

Standards reaction - see Sec. II above.

MT*104. (n,d) Cross Sections

Threshold - 4.3614 MeV, Q = -3.2SS4 MeV. Evaluation frc=> a detailed
balance calculation (Ref. 2) and experimental data (Ref. 7).
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MT-251. Average Value of Cosine Of Elastic Scattering Angle, Labora-
tory System.

Obtained from data MF-4, MT-2.

MT-252. Values Of Average Logarithmic Energy Decrement

Obtained from data MF-4, MI*2.

MT-253. Values Of Gamma

Obtained from data MF-4, MT»2.

File 4. Neutron Angular Distributions

MT-2. Angular Distribution Of Secondary Neutrons. From Elastic Scat-
tering.

Evaluated froa experimental data from Refs. 7, 8, U-14 covering
incident energies as follows:

INCIDENT ENERGY REFERENCES

-

-

REFERENCES

1. This

0.5
1.0
2.0
2.6
3.5
5.0
6.0
8.0
14.5
17.5
20.0

evaluation was

•5 eV
MeV
MeV
MeV
MeV
MeV
MeV
MeV
MeV
MeV . .
MeV
MeV

translated b

(Isotropic)
(Isotropic)
8

U
8
U
8, 12 (from p+t
7, 12 (from p+t

12, 13 (from p+t
7

-

elastic scattering)
elastic scattering)
elastic scattering)

11 (from p+t elastic scattering)

y R. J. LaBauve into the ENDF/B format f
Version III.

2. J. Als-Nielsen and 0. Dietrich, "Slow Neutron Cross Sections for He3, B,
and Au," Fhys. Rev. 132^t B 925 (1964).

3. J. H. Gibbons and R. L. Macklin, "Total Neutron Yields from Light Elements
under Proton and Alpha Bombardment," Phys. Rev. 114, 571 (1959).

4. R. L. Macklin and J. H. Gibbons, Proceedings of the International Conference
on the Study of Nuclear Structure with Neutrons, Antwerp, 19-23 July 1965
(North-Holland Publishing Co., 1966), p. 498. • "

5. J. E. Perry, Jr., E. Haddad, 3.. L. Henkel, G. A. Jarvis, and R. K. Smith,
private communication 1960.
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G. M. Hale, L. Stewart, and P. G. Young
Los Alamos Scientific Laboratory

Los Alamos, New Mexico

I. SUMMARY • . '

The previous evaluation for 8Li was extensively revised for Version
V of ENDF/B (MAT 1303). All major cross-section files except' radiative
capture were updated. A new R-matrix analysis including recent experimental
results was performed up to a neutron energy of 1 MeV, which includes the
standards region for the 8Li(n,t)*He reaction. Extensive revisions were made
in the MeV region to include a more precise representation of the (n,n'd) re-
action. In the new representation, the (n,n'd) cross section is grouped into
6Li excitation energy bins, which preserves the kinematic energy-angle rela-
tionships in the emitted neutron spectra. Finally, correlated error data were
adSed jip. _to. a neutron energy Q £ 1 -MelT, tri ton-angular distributions from the
6Li(n,t)'*He reaction were included below 1 MeV, and radioactive decay data were
added to Files 8 and 9- Except for the covariance and (n,t) angular distribu-
tion files, the evaluation covers the neutron energy raage of 10~s eV to 20 MeV.

.II*— STANDARDS DATA

The 6Li(n,a) cross section is regarded as a standard below En=100 keV.
The Version V cross sections for sLi below 1 MeV were obtained from multi-
channel, multilevel R-matrix analyses of reactions in the 7Li system, similar
to those from which the Version IV evaluation were taken. New data have be-
come available since Version IV was released and most of this new experimental
information has been incorporated into the Version V analysis.

For Version TV, the sLi(n,a) cross section was determined mainly by fit-
ting the Harwell total cross section (reference 3 below), since this was pre-
sumably the most accurately known data included in the analysis. However, in
addition to the Harwell total, the data base for the analysis included the
shapes of the n-6Li elastic angular distributions and polarizations, 6Li(n,a)T
angular distributions and integrated cross sections (normalized), and t-a
elastic angular distributions.

• Since the time of the Version IV analysis,, new data have become avail-
able whose precision equais or betters that of the Harwell total cross section.
The present analysis includes the following new measurements while retaining
most of the data from the previous analysis:
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Approximate
Measurement References Precision

n-6Li <JT Harvey, ORNL** 0.5-1Z
6Li(n,a)'integrated cross section Lamaze, NBS21 1-22 (relative)

''HeCt.t^He differential cross section Jamie, LASL35 0.4-1%

*He(T,t)'*He analyzing power Hardekopf, LASL58 12

Fits to the (n,o) data included in the Version V analysis are shown in
Figs. 1 and 2. In Fig. 1, the data are plotted as cr*v€^; in both figures, the
Version IV evaluation is represented by the dashed curves. The good agreement
with Laaaze's new 6Li(n,ct) integrated cross sectic? measurement2 is particu-
larly encouraging, since these are close to the values most consistent with
the accurate new t + a measurements.S5»3S On the other hand, a shape differ-
ence persists between the fit and measurements of the total cross section in
the region of-the precursor dip and at the peak of the 245-keV resonance. How-
ever, we feel that including these precise new data in the analysis has reduced
the uncertainty of the new Li(n,a) cross section significantly (to the order
of 3Z) over that of previous evaluations in the region of the resonance.

III. ENDF/B-V-FILES

File 1. General Information

MT»451. Descriptive data.

, File 2. Resonance Parameters

MT«151. Effective scattering radius - 0.23778 x 10~12 cm.

Resonance parameters not given. • • .

File 3. Neutron Cross Sections

The 2200 m/s cross sections are as follows:

MT-1 Sigma - 936.64 b
MT-2 Sigma - 0.71046 b
MI-102 Sigma - 0.03850 b

• MX-105 Sigma - 935.89 b

MT"1. Total Cross Section

Below 1 MeV, the values are taken from an R-matrix analysis, by
Hale, Dodder, Witte (described in Ref. 2) which takes into
account data from all reactions possible in 7Li up to 3 MeV
neutron energy. Total cross section data considered in this
analysis were those of Refs. 3 arid 4. Between 1 and 5 MeV,
the total was taken to be the sum of MT=2, 4, 24, 102, 103,
and 105, which generally follows the measurements of Refs. 5
and 6. Between 5 and 20 MeV, the total was determined by an
average of the data of Refs. 6 and 7 which agrees with Ref. 8
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except at the lowest energy. In this region, the total exceeds
the sum of the measured partial cross sections by as much as
200-300 Eb. This difference was distributed between the elastic ' .
and total (n,n')d cross sections.

MT»2. Elastic Cross Section

Below 3 MeV, the values are taken from the R-matrix analysis cited
for MT-1, which includes the elastic measurements of Refs. 9 and
10. These calculations were matched smoothly in the 3-5 MeV
region to a curve which lies about SO mb above Batchelor (Ref. 26)
between 5 and 7.5 MeV, and about 132 above the data of Refs. 14,
27, 2$, and 29 at 10 to 14 MeV.

KT-r4. Inelastic Cross Section

Sum of MT»51 through MT-81-

MT-24. (n,2n)a Cross Section

.Passes through the point of Mather and Pain (Ref. 11) at 14 MeV,
taking into account the measurements of Ref. 12.

MT=51, 52, 54-56, 58-81. (n,n')d Continuum Cross Sections

Represented by continuum-level contributions in 8Li, binned in
0.5-MeV intervals. The energy-angle spectra are determined by
a 3-body phase-space calculation, assuming isotropic center-of-
mass distributions. At each energy, the sum of the continuum-
level contributions is normalized to an assumed energy-angle
integrated continuum cross section which approximates the dif-
ference of Hopkins measurement (Ref. 13) and the contribution
from the first and second levels in sLi. The steep rise of the
pseudo—level cross sections from their~thresholds and the use of
fixed bin widths over finite angles produces anomalous structure
in the individual cross sections which is especially apparent
near the thresholds. Some effort has been made to smooth out
these effects, but they remain to some extent.

MT-53. in.n^d Discrete Level Cross Sections

Cross section has p-wave penetrability energy dependence from
threshold to 3.2 MeV. Matched at higher energies to a curve
which lies 15-20% above Hcpkins (Ref. 13) and passes through
the 10-MeV point of Cookson (Ref. 14).

MT=57. (n,n2)f Cross Section

Rises rapidly from threshold, peaks at 5 mb -and falls off gradually
to 20 MeV. Ho data available except upper limits.
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MT-102. (n,Y) Cross Sections

Unchanged from Version IV, which was based on the thermal measure-
ment of Jurney (Ref. 15) and the Pendlebury evaluation (Ref. 16)
at higher energies.

MX-103. (n,p) Cross Sections

Threshold to 9 MeV, based on the data of Ref. 17. Extended to 20
MeV through the 14-MeV data of Refs. 18 and 19.

MT«105. (n,t) Cross Sections

Below 3 MeV, values are taken from the R-matrix analysis of Ref.
2-, which includes (n,t) measurements fron Refs. 20-24. Between
3 and 5 MeV, the values are based on Barties measurements (Ref.
24). At higher energies, the cross sections are taken from the
evaluation of Ref. 16, extended to 20 MeV considering the data
of Kern (Ref. 25).

File 4; Neutron Secondary Angular Distributions

MT-2.. Elastic Angular Distributions

* Legendre coefficients determined as follows:

Below 2 MeV, coefficients up to L-2 were taken from the H-Inatrix .
analysis of Ref. 2, which takes into account elastic angular
distribution measurements from Refs. 9 and 10 above 2 MeV. The
coefficients represent fits to the measurements of Refs. 13 and
26 in the 3.5-7.5 MeV range, that of Ref. 14 at 1 MeV, and those
of Refs. 27-29 at 14 MeV. Extrapolation of the coefficients to ,
20 MeV was aided by optical model calculations.

MT»24.. (n,2n) Angular Distributions

Laboratory distributions obtained by integrating over energy the
4-body phase-space spectra that result from transforming isotropic
center-of-mass distributions to the laboratory system.

MT-51 - 81. (n,n') Angular Distributions

Obtained by transforming distributions that are isotropic in the
3-body center-of-mass system to equivalent 2-body distributions
in the laboratory system. MT«53 and 57 are treated as .real levels
and assumed to be isotropic in the two-body reference system.
Data available indicate departure from isotropy for the first
real level (MT«53) and this anisotropy will be included in a
later update.
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MT-105. (n, t ) Angular Distributions

Legendre coeff icients obtained from the R-matrix analysis of Ref.
2 are supplied at energies below 1 MeV. The analysis takes into
account (n, t ) angular distribution measurements from Refs. 23
and 30.

Fi le 5. Neutron Secondary Energy Distributions

MT-24. (n,2n) Energy Distributions

Laboratory distributions obtained by integrating, over angle the 4-
body phase-space spectra that result from transforming isotropic
center-of-mass distributions to the laboratory system.

Fi le 8. Radioactive Nuclide Production

MT«103. (n,p) $He

6He beta decays, with"a h a l f - l i f e of 808 ms.back to 6Li with a
probability of unity.

MT-105. (n , t ) ''He

Tritium, which is the only radioactive product of this reaction,
beta decays" to '3He with a probability of unity and with a life-

. time of 12.33 years.

File 9. Radioactive. Nuclide Multiplicities

MT-103. (n.p) Multiplicity

A multiplicity "of one is given for the production of 6He. •

MT-105. (n,t) Multiplicity

A multiplicity of one is given for the production of tritium.

File 12. Gamma-Ray Multiplicities

MT-57.* <n,n2) Y Multiplicity

Multiplicity of one assumed for the 3.562-MeV gamma ray. Energy
taken from reference 31.

MT-102-. (n,Y) Multiplicity

Energies and transition arrays for radiative capture taken from
Ref. 15, as reported in Ref. 31. The LP. flag was used to de-
scribe the hrr=102 photons.
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File 14. Gamma-Ray Angular Distributions

MT-57. (n,n2> Y Angular Distributions.

The gamma is assumed isotropic.

MT-102. (n,Y) Angular Distributions

The two high-energy gammas are assumed isotropic. Data on the
477-keV gamma indicate isotropy.

File 33. Cross Section Covariances

The relative covariances for MT»1, 2, and 105 below 1 MeV"are given
in File 33. They are based on calculations using the covariances
of the R-matrix parameters in first-order error propogation.

MT»1. Total

Relative covariances are entered as NC-type sub-subsections',- im-
plying that they are to be constructed from those for MT-2 and
105. They are not intended for use at energies above 1.05 MeV.

MT»2, 105. Elastic and (n,t)

Relative covariances among these two cross sections are entered
explicitly as Nl-type suh-subsections in the LB»5.(direct) re-
presentation. Although values for the 0.95-1.05 MeV bin are re-
peated in a 1.05-20 MeV bin, the covariances art not intended
for use at energies above 1.05 MeV.
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SUMMARY DOCUMENTATION FOR 10B

by

G. M. Hale, L. Stewart, and P. G. Young
Los Alamos.Scientific Laboratory

Los Alamos, New Mexico

I. SUMMARY * '

All cross sections below a neutron energy of 1.5 MeV except the (n,p) and
(n,t) reactions were revised for the Version V evaluation of B (MAT 1305).
The data above 1.5 MeV were carried over from ENDF/B—IV. Other changes to the
file include the addition of evaluated cross sections and secondary gamma-ray
spectra from tha aoB(n,Y)ilB reaction, as well as covariance data for cross
sections below 1.5 MeV. Except for the covariance file, the evaluated data
cover the energy range from 10~s eV to 20 MeV. Partial documentation is pro-
vided in LA-6472-PR (1976) and LA-6518-MS (1976).

II.' STACTARDS -DATA • .

The l0B(n,a)7Li and 10B(n,ouY)7Li reactions are neutron standards at ener-
gies below 100 keV. The major reactions below 1 MeV were obtained for the Ver- .
slon V evaluation from multichannel, multilevel. R-matrix analyses of reactions
in-the llB system, similar to those from which the Version IV evaluation were
taken. New data have becoae available since Version IV was released and most
of this new experimental information has been incorporated into the present
analyses.

We have added Spencer's measurements of Oj (Sp73) and Sealock's 103(n,a^)
angular distributions (Se76) to the data set chat was analyzed for Version IV.
In addition, we have replaced Friesenhahn's integrated (n,a^) cross section with
the recent measurements of' Schrack et al. (both with GeLi and Nal detectors) at.
NBS (Sc76), and have deleted Friesenhahn's total (n,o) cross section from the
data set. The resulting fit to the (n,cQ and (n,a Y) data is shown in Figs. 1
and 2, respectively. The integrated 103(n,a) cross section has changed negli-
gibly from the Version IV results ac energies below 200 keV. At higher ener-
gies, however, the (n.oc) cross section has dropped significantly'in response
to the new NBS data. Unfortunately, the rest of the data in the analysis do
not seem particularly sensitive to such changes in the (n,o) cross section, with
the result that our calculated cross section must be considered quite uncertain
at energies above - 300 keV.
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III. ENDF/B-V FILES

File 1. General Information

MT-451. Descriptive data.

File 2. Resonance Parameters

MT*451. Effective scattering radius • 0.40238 x 10~:2 cm.

Resonance parameters not included.

File 3. Neutron Cross Sections

The 2200 m/s cross sections are as follows:

MT-1 Sigma - 3839.1 b

MX-2 Sigma - 2.0344 b
MT-102 Sigma - 0 . 5 b

- MT-10'3 Sigma - 0.000566 b
MT-107 Sigma - 3836.6 b
MT-113 Sigma - 0.000566 b

. MT=700 Sigma « 0.000566 b
MT-780 Sigma - -244.25 b
MT-781 Sigma - 3592.3 b

MT=1. Total Cross Section

0 to 1 MeV, calculated from R-matrix parameters obtained by fitting
simultaneously data from the reactions 10B(n,n), 10B(n,aQ), and
10B(n,cti). Total neutron cross-section, measurements included in
the fit are those of Bo52, Di67, and Sp73.

1 to 20 MeV, smooth curve through measurements of Di67, Bo52, Ts62,
Fo61, Co52, and Co54, constrained to match R-matrix fit at 1 MeV.

MT-2. Elastic Scattering Cross Section

0 to 1 MeV, calculated from the R-matrix parameters described for
MT»1. Experimental elastic scattering data included in the fit
are those of As70 and La71.

1 to 7 MeV, smooi.h curve through measurements of La71, Po70, and
Ho69, constrained to be consistent with total and reaction cross
section measurements.

7 to 14 MeV, smooth curve through measurements of Ho69, Co69, Te62,
. Va70, and Va65.

14 to 20 MeV, optical model extrapolation from 14-MeV data.

MTm4. Inelastic Cross Section

Threshold to 20 MeV, sum of MT-51-85.
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Wl>51-61. Inelastic Cross Sections To Discrete States

MT-51 Q—0.717 MeV MT-55 Q«-4.774 MeV MT-59 Q—5.923 MeV
52 -1.740 56 -5.114 60 -6.029
53 -2.154 57 -5.166 61 -6.133
54. -3.585 58 -5.183

Threshold to 20 MeV, based on (n,n') measurements of Fo70, Co69,
Ho69, and Va70, and the (n,xy) measurements of Da56, Da60, and
Ne70 using a gamma-ray decay scheme deduced from La66, A166,
Se66A, and Se66B. Hauser-Feshbach calculations were used to
estimate shapes and relative magnitudes where experimental data
were lacking.

MT-62-85. Inelastic Cross Sections to Groups of Levels

These-sections were used to group (n,n') cross sections into 0.5-
MeV wide excitation energy bins between Zx-6.5 and 18.0 MeV.
This representation was used in lieu of MF«5, MT«91 to more
accurately represent kinematic effects.

Threshold to 20 MeV, integrated cross section obtained by sub-
tracting the sum of MT-2, 51-61, 103, 104, 107, and 11? from
MT*1. Cross section distributed among the bands with an
evaporation model using a nuclear temperature given by

' T - 0.9728 /E£ (units MeV), taken from Ir67.

MT-102. (n,Y) Cross Section

0 to 1 MeV, assumed 1/V dependence with thermal value of 0.5 barn.

1 to 20 MeV, assumed negligible, sec equal to zero.

MT-103. .(n,p) Cross Section

Threshold to 20 MeV, sum of M3>700-703.

MT-104. (n,d) Cross Section

Threshold to 20 MeV, based on *Be(d,n)18B measurements of Si65 and
Ba60, and the (n,d) measurement of Va65.

MT-107. (ri,ct) Cross Section

0 to 20 MeV, sum of MT-780 and 781.

MT-113. "(n,t2a) Cross Section

0 to 2.3 MeV, based on a single-level fit to the resonance meas-
ured at 2 MeV by Da61, assuming L»0 incoming neutrons and L*2
outgoing cxitons.

2.3 to 20 MeV, smooth curve through measurements of Fr56 and Wy58,
following general shape of Da61 measurement from 4 to 9 MeV.
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MT-700-703. (n,p) Cross Section to Discrete Levels

0 to 20 MeV, crudely estimated from the calculations of Po70 and
the (n,xy) measurements of Ne70. Cross section for MT»700 as-
sumed identical to MX*113 below 1 MeV. Gamma-ray decay.scheme
for 10B from La66.

MT*78O. (n,Og) Cross Section

0 to 1 MeV, calculated from the R~matrix parameters described for
MT"1. Experimental (n,oiQ) data input to the fit were those of
Ma68 and Da61. In addition, the angular distributions of Va72
for the inverse reaction were included in the analysis.

1 to 20 MeV, based on Da61 measurements, with smooth extrapolation
from 8 to 20 MeV. Da61 measurement above approximately 2 MeV
was renormalized by factor of 1.4.

MT=781. (n,ai) Cross Section

0 to 1 MeV, calculated from the R-matrix parameters described for
MT*1. Experimental (n.a^) data included in the fit are those of
Sc76. In addition, the absolute differential cross-section meas-
urements of Se76 were included in the analysis.

1 to 20 MeV, smooth curve through measurements of Da61 and Ne70, '
. with smooth extrapolation from 15 to 20 MeV. The Da61 dara~above

approximately 2 MeV were renormalized by a factor of 1.4.

Fil-a 4. Neutron Angular Distributions

MT-2. Elastic Angular Distributions

0 to 1 MeV, calculated from che R-matrix parameters described for
MF=3, MT»1. Experimental angular distributions input to the fit
for both the elastic scattering cross section and polarization
were obtained from the measurements of La71. Assignments for
resonances above the neutron threshold are based on La71.

1 to 14 MeV, smoothed representation of Legendre coefficients de-
rived from the measurements of La71, Ha73, Po70, Ho69, Co69, Va69,
and Va65, constrained to match the R-matrix calculations at E^l
MeV.

14 to 20 MeV, optical model extrapolation of 14-MeV data.

MT-51-85. Inelastic Angular Distributions

Threshold to 20 MeV, assumed isotropic in center-of-mass.
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File 12. Gamma Ray Multiplicities

MT-102. Capture Gasaa Rays

0 to 20 MeV, capture spectra and transition probabilities derived
from the thermal data of Th67, after slight changes in the
probabilities and renormal*i2ation to the energy levels of Aj75.
The LP flag is used to conserve energy and to reduce significantly
the amount of data required in the file. Except for the modifi-
cation due to the LP flag, the thermal spectrum is used over
the «.ntire energy range.

MT-781. 0.4776-MeV Photon from the (n,a^) Reaction

0 to 20 MeV, multiplicity of 1.0 at all energies.

File 13. Gamma-Ray Production Cross Sections

MT-4. (n,ny) Cross Sections

Threshold to 20 MeV, obtained from MT-51-61 using 10B decay scheme
deduced from La66, A166, Se66A, and Se66B.

MT»103. (n,pY) Cross Sections

Threshold to 20 MeV, obtained from MT-701-703 using I0B decay
scheme deduced from Lao6.

File 14. Gamma Ray Angular Distributions

MT«4. (n,ny) Angular Distributions

Threshold to 20 MeV, assumed isctropic.

MT-102. (n,y) Angular Distributions

0 to 20 MeV, assumed isotropic.

MT-103. (n,pY) Angular Distributions

Threshold to 20 MeV, assumed isotropic.

MT-781. (n,a-LY) Angular Distribution

0 to 20 MeV, assumed isotropic.

File 33. Cross-Section Covariances

The relative covariances for the most importanc reactions open below
1 MeV are given in File 33. These are calculated directly frcn the
covariances of the R-matrix parameters, using first-order error
prorogation.



5-P-10
MAT 1305

MT-2, 780, 781. (n,n) (n,ag), and Covariances.

0 to 1 MeV, relative covariances among these three reactions are
entered explicitly using Nl-type sub-subsections in the LB-5
(direct) representation.

1 to 20 MeV, all covariances set equal to zero. Not intended for
use in this energy range.

MT-1, 107. Total and (n,a) Covariances. •

0 to 1 MeV, for compactness, these covariances are constructed
from those described above, using NC-type sub-subsections. The
constructed covariances for the total cross section therefore -
neglect contributions from the (n,y), (n,p), (n,t), and (n,ni)
reactions which are all presuned to be small in magnitude below
1 MeV. Note that although the total cross-section covariances
are entered in the NC-type (derived) format, total cross-section
data were included in the fit, and they influenced all the cal-
culated covariances.

1 to 20 MeV, set equal to zero,
energy range.

Not intended for use in this
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Carbon Evaluation

ENDF/B-V MAT 1306

C. Y. Fu and F. G. Perey
Oak Ridge National Laboratory

Oak Ridge, Tennessee

August 1978

New Evaluation for Version V:

1. Total arid elastic scattering from thermal to 4.81 MeV.

2. Elastic angular distribution: thermal to 4.81 MeV.

3. New representation for (n,n3a) to yield correct energy angle
kinematics.

4. Activation file for (n,p).

5. Gas production file.

6. Uncertainty file.

Adopted from ENDF/B-IV (by F. G. Perey and C. Y. Fu):

1. (n,cx) below 15 MeV and (n,y) below 1 MeV.

2. Angular distributions of secondary neutrons 4-51.

3. Multiplicity of capture garana-rays 12-102.

4. All other cross sections and distributions below 8.5 MeV
except (n,Y), (n,a), and (n,t).

Adopted from French evaluation* which is an extensive revision of ENDF/3-IV:

1. (n,Y) above 1 MeV, (n,cx), and (n,t).

2. Angular distribution of secondary neutrons 4-52 and 4-53 and
gamma rays 14-51.

3. All other cross sections above 8.5 MeV except (n,cO.

Data and evaluation techniques used in the new evaluation, the ENDF/B-IV

evaluation, and the French evaluation, as adopted here, are summarized

below:

File 3, MT=1. Total

l.E-5 eV to 4.SI MeV - sum of File 3 M?=Z and File 3 MT=102.

4.81 MeV to 20 MeV.2'4
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File 3, MT«2. Elastic Scattering

l.E-S eV to 4.81 MeV — R-matrix analysis with data.2"27

>Bayes theorem (or nonlinear least-squares) used for energies

less than 2 MeV. Resulting weights were then used in the

R-matrix analysis. A thermal total cross section of 4.746 + 0.25%

z 2 8 was a
26,27,29

28evaluated by Lubitz was also used in the R-matrix fit.

4.81 MeV to 8 MeV.

8 MeV to 14 MeV.29'31

14 MeV to 20 MeV.32

File 5, MT=3. Nonelastic

l.E-S eV to 4.81 MeV. Same as File 3 MT»102.

4.81 MeV to 20 MeV - File 3 MT*1 minus File 3 MT=2.

File 3, MTc51. Inelastic-Scattering to 4.439-MeV Leyel

4.81 MeV to 6.32 MeV - File 3 MT=3 minus File 3 MT=102.

6.32 MeV to 8.796 MeV - File 3 MT=3 minus File 3 MT=102 minus

File 3 MT=107.

8.796 MeV to 20 MeV — Same references as in File 3 MT*2.and

gamma-ray data of Morgan £t_ al.

File 5, MT=52-91. (n,n') and (n,n'3a) Lussped Together

MT=52 to 55: real levels with physical widths given in File 4.

MT»56 to 58: pseudo levels with 0.2S-MeV half width of rectangular

distribution given in File 4.

MT=91: a small evaporation component with T=0.5 to reproduce

• threshold effect and the decay of the 2.43-MeV level of 9Be.

Distribution of secondary neutrons agrees with Refs. 34 and 55.

The sum of File 3 MT=52 to File 3 MT»91 is derived from File 3 MT=5

and all other reaction cross sections, and agrees with Refs. 35-37.

File 3, MT=102. Capture

l.E-5 eV to 1 MeV - 1/V with 3.36 mb at thermal.

1 MeV to 20 MeV — derived from (y,n) cross section of Ref. 38.
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File 3, MT»103. (n,p)

See Ref. 39.

File 3, MT«104. (n.dj . .

Derived from (d,n) of Ref. 40.

File 3, MT-107. (n,a)

See Refs. 41-46.

File 3, MT«203. Proton Production

Same as File 3, KT-103.

File 3, MT=204. Deuteron Production

Same as File 3, MT=104.

File 3, tfT=207. Alpha. Product ion

Sum of File 3, MT=52 to File 3, MT=91, multiplied by 3,

and added to File 3, MT=107.

File 3, MT»2S1. Mu Bar .

Derived from File 4, MT=2 with code SAD.

File 3, MT=252. Chi

See File 3," MT=2S1.

File 3, NfT=255. Gamma

See File 3, iMT=2Sl.

File 4, MT=2. Angular Distribution of Elastically Scattered Neutrons

Same data and analysis as in File 3, MT=2. Legendre coefficients

in center-of-mass with transformation matrix given.

File 4, MT=51. Inelastic Scattering, to 4.439-MeV Level

Same data sources as in File 4, MT=2.
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File 4, MT*52. Inelastic Scattering to 7.653-MeV Level

See Ref. 47.

File 4, MT=53. Inelastic Scattering to 9.638-MeV Level

See Ref. 47.

File 4, MT«54 to 91. Isotropic in Center-of-Mass

File S, MT*91. Evaporation" Spectrum with 7*0.3 MeV.

This is a small component of (n,n'3a) and is used mainly for the

decay of the 2.43-MeV level of 9Be (Ref. 34) and for reproducing

the correct threshold effect.

File 8, MT=103. Activation Data Following (n,p) Reaction.48

File 10, MT=103. (n,p) Cross Section Leading to Activation

Same as File 3, MT=103.

File 12, MT»102. Multiplicity of (n,y) gamma rays.49

File 13, MT=51.' Production of 4.439-MeV gamma rays.

Same as File 3, MT=S1.

File 14, MT=S1. Angular Distribution of 4.439-MeV ganna rays."50'50"36

File 14, OT«102. Angular Distribution of Capture gamma rays.

Isotropic in center-of-mass.

File 33, M7a=l to 107. Uncertainty Files for File 3 Data.
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Covariance File for O.rbon MAT 306

Covariance data are given for MF=33, MT=1, 2, 3, 51-68, 91, 102, 103,

104, and 107. Derived sections (NC subsections) reflect exactly the way

the cross-section files were generated.

For MT»1, MT=2 above 2 HeV, MT*51, and MT«107, covariances were

determined fron ±Za error bands. The error bands were extended and

enlarged to cover energy regions lacking experimental data. In general,

long range covariances reflect systematic errors common to all data sets.

Medium range covarinaces reflect differences in energy coverage by different

data sets and differences in the experimental methods within the same data

set. Short range covariances reflect structures in the cross sections

and/or threshold effects. Statistical errors are, in principle, nonexistent

in the evaluated cross sections.

MT=2 below 2 MeV, covariances were evaluated individually for each

of six data sets. These six data sets and their covariances were averaged by

least squares (Bayes theorem). The resulting covariances were further modi-

fied by considering the effects of the R-matrix fit which included thermal

data, data above 2 HeV, and polarization data. Uncertainties (not covari-

ances) in the. angular distributions were also evaluated and are reported —

in Atomic Data and Nuclear Data Tab'es (in press).

MT=52-68 are either discrete levels or bands of continuum levels to

represent the secondary neutron distributions in (n,n3a) reactions with

correct energy-angle kinematics. A 202 fully correlated uncertainty is given

to each level or band of levels. This may require improvement in the next

round of evaluation.
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SUMMARY DOCUMENTATION

Of

S.F. Mughabghab

INTRODUCTION

Because of its monoisotopic nature, its chemical parity, its large

thermal, neutron capture cross section and absorption resonance integral [1}

and the simple decay scheme of the product nucleus formed by neutron cap-

ture, the capture cross section of gold has become one of the primary

basic standards. The evaluation of the capture cress section of gold in

the energy region 200 keV-3.5 MeV, subject to the requirement for a consis-

tent set of primary standards on (n,p), 6Li(n,oc), 10B(n,a) and

for ENDF/B-V, was carried out in conjunction with the Standards and Normali

zation Subcommittee of CSEWG and its Task Force. a

II THERMAL CROSS SECTIONS AND RESONANCE PARAMETERS

The recommended resonance parameters in the energy range 4.9 eV-2 keV,

which appeared in BNL-325, Third Edition [1] were adopted with minor changes

and additions. The spin assignments of Lottin and Jain [2] were incorporat-

ed, and the parameters of a bound level with spin J=2 were derived in order

to fit the experimental capture and total cross sections at low neutron

energies.. .••This spin value of the bound -level was deduced by Wasson et al

[3] frcn interference anlaysis of neutrcr. capture Y~rays.

Because of the presence of structure in the gold capture cross section

up to 100 keV [4] , it was decided by the Standards and Normalization Subcom-

mittee of CSEWG to extend the resolved energy region from 2.0 to 4.8 keV.

Unfortunately, individual resonance parameters (r .,r » J values) were not

(a) The Au Capture Task Force members are: B.R. Leonard, Jr. (BNL), Chair-
man, M.R. Bhat (BNL), A.D. Carlson OffiS), M.S. Moore (LASL), S.F.
Mughabghab (BNL), R.W. Peelle (ORNL), W.F. Poenitz'(ANL), L. Stewart (LASL)
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available as yet. The gT^T /T values of Macklin et al [4] were combined

with the renorrr.alized q?2/T values of Hoffman et al [5] to obtain 3. T ,T

n ' n' Y

values for the individual resonances. The renormalization factors were

estimated by a comparison of the gr2/T values of Hoffman et al [5J with

those derived from BNL-325 [i] in the overlap region. This procedure in-

dicated that the values of these authors are under-estimated by about a fac-

tor of 3.5 for the strong resonances.

The thermal csss sections at .0253 eV are:

capture * 98.71 b

scattering - 6.84 b

total - - 105.55 b

The absorption resonance integral with a 0.5 eV cutoff is 1559 b.

Ill FAST NEUTRON CAPTORS CROSS SECTIONS

A. Total Cross Section

As pointed out previously, the total cross section from 10 eV to

4.8 keV is represented by the resonance parameters. The total cross section

from 4.8-10 keV was derived frcm t.ts average resonance parameters; from

1.0 kev-2.3 MeV, it is based on data of Ref. [6-10], from 2.3-15.0 MeV on

data of Foster et al [113. In the high energy region, 15.0 to 20.0 MeV,

the evaluationis based on data of Peterson [12].

B. Elastic Cress Section

The elastic cross section from 4.8 keV to 20 MeV is obtained by
i

subtracting the sum of all the. nonelastic cress sections from the total

cross section.

C. Total Inelastic Cross Section

This is obtained by the sum of all the discrete level excitation

(77 keV-1.24 MeV) cross sections and the continuum cross section. The lat-

ter is derived by nuclear model calculations.

D. (n,particle) Cross Section

(n,2n) cross section is based on the experimental data contained

in References [13-16]. The (n,3n) evaluation is based on the experimental
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data of Veeser et al [16]. The (n,p) and (nrc) evaluation is based on data

of Prestvood and Bayhurst [14].

S. Inelastic Cross Sections

The inelastic scattering cross section data of Devilliers et al

[17], Barnard et al [18] and Nelson et al [19] were considered. In the

neutron energy region where experimental information is not available, i.e.

near threshold and above E -1.6 KaV, the evaluation is based on a proper-

ly normalized statistical model calculation following the formalism of

Hauser and Feshbach. Nuclear modal calculations were carried out with the

aid of the code CCMNUC-1 [20] using basically the level diagram scheme of
197Au as reported by the Nuclear Data Group (vintage 1973) r and Barnard

et al [18]. Inelastic scattering cross section to the continuum of levels,

specified by a low energy cut off of 1.25 KeV, is obtained by using CCvSTOC-l

The derived values ars normalized to the difference between non-elastic and

the sirs of discrete inelastic and (n,particle) reaction cress sections.

F. Capture Cross Section

The capture cross section of gold in the energy region from 10

eV to 4.8 keV is represented by the resolvad resonance parameters. In the

energy regions from 4.3 keV to 200 keV, the evaluation is based on Macklin

. et al's data [4].

In the energy region from 200-3500 keV, a great deal of effort

was placed on the evaluation. The following procedure was adhered to. At

first, the totality of the old and recent data were divided into two

croups- depending on whether the measurement is designated as absolute or

relative. Subsequently, the relative gold capture cross sections were

separated into four groups corresponding to one of the adopted standards

in,p) , 6Ii(n,a) , 103(n,o) or 235U(n,f). In those cases where the ratio

values were not reported by the authors, these were reconstructed whenever

enough information was provided by the authors. As an example, the
6Id(n,2) cress section adopted by Macklin, et al, [4] in his flux measure-

ments, was derived here from the reported prescription and the ratio

values of the gold capture cross section to the 5I^.(n,c0 cross section
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were obtained. Then various ratio values corresponding to each standard

were plotted separately and were initially ccapared with the ratio values

derived froa EXDF/B-V. such a procedure is helpful in discerning any sys-

teaatic trends in the data as nay be indicated by high or low values or

possible changes in the shape of the relative cross sections. Satio

values which deviated by store than two standard deviations from ENDF/B-V

or the- average of the experimental values were rejected.

The following observations could be made regarding these data:

1. Data of Macklin, et al-., [43, Lindner, et al, [21]

and Fort and Le Rigoleur [22] are generally in

very good agreement.

2. As shown by Fort and Le Rigoleur [22], the activa-

tion and nonactivatio:: measurements are in reason-

able agreement with each other particularly in the

energy region 400-500 keV where the deviation is

only about 2\.

3. Data of Paulsen, et al., [23] Fricke, et al, [24]

and Barry, et al, [25] measured relative to the

(n,p) cross, section are consistently high with re- -

spect to tlie 2UDF/B-IV evaluation and with the

data cf Kacklin, et al., [4j, Lindner, et al.,

[21], Poenitz [26] and Fort and Le Rigoleur [22].

4. In the energy range 10C0-3S00 keV, the data of

Paulsen, et al., [23] appear to converge, partic-

ularly at the high energy end, with that of

?oenits [25] and Lindner, et al., [2i].

5. The Robertson, et al., [27] cross section value at

S66 keV is about 12% high with respect to Poenitz

[26], Lindner, et al., [21] and SSDF/E-IV evalua-

tion, but somehow in agreement with the data

point of Faulsen, et' al., [23]. Since it is be-

lieved that there is no structur-s in the gold
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capture cross section at this energy, the result:

of Robertson, et al., [27] was dcwn-graded.

6. The data of Czixr and Stelts [28] is high when

compared' with other data,, and with the -ENDP/B-IV

evaluations. It is to be noted'that the data

points at 319, 412 and 532 JceV were withdrawn by

the authors.

On the basis of these observations, it was decided to base the

ENDF/B-V evaluation on the data sets of Macklin, et al., [4], • Fort and

La Rigoleur [22], Poenitz 126], and Lindner', et al., 121] in the'energy

range 100-1000 JceV. Above 100 keV, the ENDF/B-IV evaluation is based on

Poenitz [26]., Lindner's et al.'s [21] and Paulsen et al.'s [23] data.

The result of this .is essentially to decrease the capture cross section of

gold by not more than about 4%. This is about the magnitude of the uncer-

tainty of the gold capture cross section in this energy range.

In the energy region 3.5-2.0 MeV, experimental data is sparse.

These include the data of Johnsrud et al [29] and Miskel et al f30] , both

.of. which used the activation technique and measured the flux with a fis-

sion chamber. Between 4 MeV and 20 MeV, only 14 MeV data by Drake- et al

.[31] and Schwerer et al [32] are available, which indicate that the cap-

ture cross section of gold at 14 MeV is about 1 ab. As a result, the

SNDF/S-V evaluation between 3.5-20 MeV is based on COJGTOC calculations

which are normalized to a value of 14 mb at 4.4 MeV (renoraalized Johnsrud

et al [29] data point) and 1 mb at 14 MeV.

It is of interest to calculate the fission spectrum average of

the capture cross section snd compare it with experimental measurements.

Absolute capture cross section measurements for 197Au for 252Cf spontaneous

fission neutrons were carried out recently by Green [33] and Mannhart [34]

who reported values of 79.9 +2.9 and 76.2 +_ 1.8 mb respectively. In

addition, Fabry, et al., [35] reported an integral cross section ratio

measurement of 197Au(n,y) relative to 238U(n,f) for a thermal-induced 235U

fission neutron spectrum. Adopting a value of 295.4 ob for 238U(n,f)

fission spectrum average from the ENDF/B-iy dosixaetry file [36],. (ENDF/B-V
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file as vet unavailable), one obtains a value- of 85 + 4 mb for
198Au(N,T>199Au.

A maxwellian fission spectrum of characteristic tenperature T

and repsreented by: -

• (E) » C/E e (1)

was employed (C is a normalizing constant). Values for T of 1.32 MeV

(ENDF/B-IV) and 1.39 MeV were used in-the calculations for 2 3 5U and 232Cf

fission spectra respectively.

The 2 3 50 and 252Cf fission spectrum averages of the ENDF/B-V

gold capture cross section are calculated with the aid of Eq. 1, and are

shown in Table 1. The evaluated values are comapred with experimental

numbers [33-35, 37].

TftBLE I

Comparison with Integral Measurements

Fission
•Spectrum

Experimental
Values (mb)

Present
Evaluation (mb)

Reference

235O(T=1.32

2S2Cf(T=1.39

MeV)

MeV)

-84.8

79.9

76.2

95.5

+ 4.1

± 2.9

+_ 1.8

i 2-3

81.3

78.1

Fabry

Green

Mannhart

Pauw

[34]

[33]

[34]

[36]

IV AKGPIAR DIST3130TI0H OF S2CC^SA5Y XSUTSOHS

The elastic scattering angular distribution in the enerqv ranqe up to

8.05 MeV are based on experimental data. With the aid of the optical model

parameters derived bv Holmovist and Wiedlinq [38], optical model calcula-

tions were carried out bv usinq ABACUS-2. The calculations were cczipared

with measurements at the following neutrcn energies: 0.S, 1.0, 2.0, 2.5,

5.0, and 8.05 MeV. The agreement between calculations and measurements is
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reasonably good enough to warrant extrapolating them above 8.1 MeV where

experimental data are not available. In addition, the graphic display code

Tiger. [39] was used to fit the experimental data with a least-squares

spline procedure, check Wick's limit, and then extract Legendre coefficients

of various orders for the angular distribution of scattered neutrons.

Because of the absence of experimental data, the angular distributions

for the (n,particle) reactions have been specified as itotropic.

V. ENERGY DISTRIBUTION OF SECONDARY" NEUTRONS

The energy distribution of secondary neutrons for the (n,2n), (n,n')

reactions have been calculated as a nuclear temperature energy in MeV using

code THETA [40]. For more detail, see documentation on Gd isotopes by

B.A. Magurno.
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_. ^ a Summary Documentation for U.

- V ^ . (MAT-1395)

M. R. Bhat

1. Introduction

The present evaluation of U for ENDF/B-V is based on the ENDF/B-IV

evaluation by L. Stewart (LASL), E. Alter (A.I.) and &. Hunter (LASL) [1]

except for changes and updates in the following sections discussed below.

These changes represent the work of many pecpie either as individuals or

as a group such as The Normalization and -Standards Subcommittee of CSFAG.

Some of these contributions have been discussed in separate reports by the

authors. These will be referred to here and their contents will not be

discussed in detail.

2. File 1

(i) Nu-bar Total (MT-452)

These values were changed to reflect changes oade in the 7
* . • prompt

and v, , .
delayed.

• (ii> Nu-bar Delayed (MI°455)

The delayed neutron yields were evaluated by Kaiser and Carpenter (2]

where the details of the evaluation are discussed.

(iii) Ku-bar Procot (MT-456)
252

The data sets [3-19] were used. They were first normalized to Cf
_ 235
v -3.757*.015 and U v (0.0253 eV)»2.420±.012 as. reconsended by
prompt __ prompt

The Normalization and Standards Subcommittee [20]. Data were fitted with

straight lines in the energy re&ion 0-2 MeV, 2-5.5 MeV, 6-20 MeV with a join

from 5.5 to 6.0 MeV. A plot of the renorsalized data indicates Chat there

is a step in the v from 5.5 to 6 MeV, and this was included in the evaluation.
P

The details of the evaluation and data plots are in Ref. 21.

(iv) Energy Released in Fission (MT-458)

The energy released in fission and its partition into the different

modes of decay was evaluated by R. Sher et al., [22]. .
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3. File 2

(i) The Resolved Resonance Region (MT»151)(1.0-82.0 eV).

The resolved resonance parameters are the same as those evaluated

by Smith and Young [23] for ENDF/B-III.

(ii) The Unresolved Resonance Region (MI?151)(82.0-2.5E-+04 eV)

Evaluation of the bin averaged fission and capture cross-sections is

described in Ref. [21,23]. The fine structure in fission cross-section was

a consensus structure arrived at by energy shifting the data of Blcms [24],

ORKL-RPI [25], Gwin [26] with respect to the Lealey f27] data. Similarly,

the fine structure as veil as the bin average of the capture cross-section

were determined. Results of the anlaysis of Moore [28] were used and the

unresolved resonance region parameters were extracted using the code UR by

Pennington [29].

.4. File 3

(i) The Thermal Energy Region (1.0E-05 - 1.0 eV)

• The total scattering capture and fission cross-sections in this

energy region were obtained by Leonard [30]. This evaluation was modified

. between 0.85 and 1 eV to join smoothly with the resolved resonance region at

1 eV. The 0.0253 eV values for capture and fission are 98.38 ± 0.76b and . .

583.54 ± 1.70b respectively. " -

(ii) Fission Cross-Section (25 V.eV-100 keV).

The structure in the fission cross-section as given in ENDF/B-IV and

based-on- Gwin data was preserved by multiplying the ESDF/B-IV cross-section

by 0.9781 to give the average cross-section evaluated in Ref. 23.

(iii) Fission Cross-Section (100 ke7-20 MeV)

This evaluation is by Poenitz [31].

(iv) Capture Cross-Section (25 keV-20 HeV).

This was obtained by multiplying the evaluated ENDF/3-V fission cross-

section by the cspture-to-fission ratio of ENDF/3-IV.
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5. File 4

The angular distributions are the same as in ENDF/B-IV [ l j .

6. File 5 •

(i) Fission Neutron Spectra

The energy dependent Watt spectrum representation is used for fission

neutrons. The procedure used was to take the a and b parameters for an

energy dependent Watt spectrum as given by Kujavski and Stewart for their

Pu-239 evaluation (for the fission part of file 1399/5/19) calculate the

mean energy E and divide it by 1.04, the value obtained by Adams [32] for

the E _ _ 2 3 Q / E TT-235
 t o 8*ve "^ * o r u~235 as a function of energy. From

these values, and assuming a-0.988 MeV as given by Adams at low energies,

b Is calculated. These are assumed to be constant for E "1.0E eV to
6 n

1.5x10 eV and a small energy dependence is built into a and b to give the

correct E. The pre-fission part of sections 5/20 and 5/21 are given as .

an evaporation spectrum with a temperature obtained from section 5/91, i.e.,
ac a particular energy E one finds (E - E . . - ,) chance fission ore n n thresh.2nd
(E - E , I.-JJ\ chance fission and the corresponding temperature above
n thresh 3rd) r

the 5/91 threshold is given. Having fixed these parameters, the mean energy

corresponding to section 5/18 could be calculated lowing a, . a ,f
a - „ and.v , and the energy dependent parameters a and b calculated.
n, zni p *

(ii) Delayed Neutron Spectra

The evaluation is by Kaiser and Carpenter [2].

7. File 8

(i) Fission Product Yield Data (XI=454 and 459)

The fission product yield data were reviewed and recoiroended by the

Fission Products Yields Subcommittee and the data files prepared by T.R.

England [33].

(ii) Radioactive Decay Data

Radioactive decay data were evaluated by C.W. Reich. The Q (alpha)-

values are from [34] and the half-life data are from Jaffey et al., [35],
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File 8 (cont'd)

(11) Radioactive Decay Data (MT-457) (cont'd)

and also Vaninbroukx [36]. Alpha energies and intensities are from Ref.,

[37,38], and the gamma-ray and L x-ray data are from Ref. [37].

' 8. File 13 • .

(1) Ganma-ray Production Cross-Section from E - 1.09 - 20 MeV (MT-3)

This was re-evaluated to include the new data of Drake et al., [39,40].

These were compared with the earlier, data of Rellia and Morgan [41], and

Buchanan et al., [42] above E »0.5 MeV and are found to be in good agree-

ment. The Drake data in Ref.. [39] have a low-energy cut-off of E • 0.25

MeV and for their 14.2 data [40] it is E • 0.3 MeV. The low- energy part

of the spectrum was obtained by a simple extrapolation of the data.

9. File 15 .

(1) Energy Distribution of the Gamma-rays E - 1.09 - 20 MeV (MT-3)

These are based on the Drake data [39,40].

10. Files 31 &-33

(i) Data Variance - Covariance Files (MT-452,18,102)

The evaluation of these files for v _ „ . a, and or is by R.W. Peelle
Total, t ny

[43].
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This report describes the evaluation of neutron and ganaa

ray production cross sections of 2 3 5U froo 10~5 eV to 20 KeV and

discusses the parts contributed by the author. All available

new data have been included in this evaluation and the proce-

dures adopted to assess the experimental data and adopt a «et of

recoonended values are described.
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1. Blons, ORNL-RPl, Gwin and Lemley Data 80-300 eV with no
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235
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235
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235
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235
Evaluation of U Noutrun Cr»n» Scctimi iinil

Camma Ray Production Data for ENOF/B-V

1. Introduction

This report describes the evaluation of neutron cross scc-

235
tion and gonna ray production data of U for ENOF/B-V

235

(MAT-1395). The final evaluated data filea on U ore the re-

sult of collaboration by a large number of persons contributing

as individuals or as various specialized subcommittees of the

Cross Sections Evaluations Working Group (CSEWC). Contributions

from Battelle-Northwest, E.G.& C., Los Alamos, Argonno, Oak

Ridge and Drookhavcn were used in this evaluation. This report |

does not presume to discuss all these contributions in detail, .M

I

appropriate references are given to the relevant documentation

where they are available. Only those aspects of the evaluation

in which the author of this report was involved are discussed in

detail here. Within the tine that was available for this new

evaluation, it was also not possible to rcevaluatc all sections

of the data files. Hence, parta of the ENDF/B-1V evaluation1

were included in the present data files without any changes.

The purpose of this report is to document the new and signifi-

cant changes in the present evaluation, justify them as far as

poaaible and discuss their relationship to the previous

versions. Possible changes or improvements to be included in fu-,

ture evaluationa are also indicated.



11m nmitron »nid gumma-ray production crnnn snntlnna ft)von

in (he prevent evaluation of 2 3 5U (MAT-1395 of ENDF/B-V) over

the neutron energy range 1.0E-b5eV to 20 HeV nay be summarized

ns follousi

File I, i Connral inscription of the evaluation with references.

lit I M HIN<> htfl \3. r V, mid V evaluations conform I tig

with the lateit available data.. The V. evaluation it
a

by K«leer and Carpenter and the V data and the eval-

uation an: discussed in Section 4.0. The energy

released in fission and ita partition into the differ-

ent decay modes it by Sher et. al.

File 2i Renolved resonance region parameters extend from 1 eV .
4to 82.0 cV and were evaluated by Smith and Young for

ENDF/B-Ilt, used in veraion IV (MAT-1261) and taken

over unchanged from it. Unresolved resonance parame-

ters are from a new evaluation diacuaaed in 8ection

2.0.

File 3t Tills file.has smooth crose sections for total,

elastic, total inelastic, (r.,in), (n,3n), fission, cap-

ture and inelastic croaa aectiona to individual dis-

crete levels. In the current data file, the thermal

cross-sec lions (10 eV to 1 eV) ara baaed on an evalu-

ation by Leonard et. al . This fit was modified be-

tween 0.85 and 1.0 eV to join smoothly with the reao-

' nance region. From 25 keV to 100 keV, the fission

cross section has the same structure as in ENDF/B-IV

nnil wnn ohtitlnad by multiplying rim Volition IV nv« I na-

tion by 0«9781 to give wide bin averages corresponding

to the current evaluation (see Section 2.0). Fission

— croaa section froit 100 keV to 20 HeV waa evaluated by

' Poonltr. . Tlio capture cross section from 23 k«V to 20

MPV WAN obtained l>y multiplying llm c«|iliirc-tti"fI«sIOK

ratio fro* Version IV with ENDF/B-V fission cross sec-

tion. Total croas aection is the same as in ENDF/B-

IV except for the region below 1.0 eV where the

Leonard fit was used. The total inelastic, (n,2n),

(n,3n) and the inelastic scattering to discrete levels

and the continuum are' the same as in Version IV.

The scattering cross section waa modified to conform

to changes in capture and fission cross sections.

4» Angular distributions from Version IV were taken over

essentially unchanged and used in ENDF/D-V.

5> Prompt fission neutron spectrum evaluation is

described in Section 4.0. Delayed neutron specta were

evaluated by Kaiser and Carpenter2. Secondary neutron

energy distributions for (n,2n), (n,3n) reactions and

inelastic scattering into the continuum are the same

aa in ENDF/B-IV/

FHeJSt Fiaaion products yield data are from the Fission Prod-

ucts Yields(Subcommittee (with T.R. Englsnd,

Chairman). Radioactive decay data were prepared by

Reich8.



File 12l Photon multiplicities in File 12 for total inelastic

scattering, fission and capture were taken over

unchanged from ENDF/B-IV.

File 13i Gamma ray production Cross Sections flora E " 1.09-20

MeV were reevaluated to include some new data (see Sec-

tion 3.0).

File IS; Energy spectra of secondary ganana rays due to all

non-elastic processes froa E R - 1.09-20 NeV were

changed to conform to the new data used in the current

evaluation. Energy spectra of gam* rays below

E - 1.09MeV were taken over unchanged from ENDF/B-IV.
n

File 31 and 331 The; evaluation of the variance-covariance

matrices for \S , (n,f) and (n,f) cross sec-

q
tions is by R.W. Peelle .

2.0, Neutron Cross Sections

2.1 fission Cross Section

a. Fission Cross Section from 1.0E-05 to 1.0 eV

The evaluated cross section waa obtained by B.R.

Leonard et. al in their analysis snd fit of all available ther-

235
mnl data on U. A simultaneous fie of the total and partial

235

cross section data of U in the thermal region was obtained to

give the best-estimate cross sections as well as their

uncertainties. Details of this analysis are given in the above

reference and will not be discussed here. This fit, however,

was'modified between 0.85 eV to 1.0 eV so as to join smoothly

with the doppler unbroadened cross sections as given by the re-

solved resonance parameters at 1.0 eV. The 0.0253 eV value of

fission cross section obtained by Leonard et. al is equal to -J

583.5411.7 b. ' I

b. Fission Cross Section from 1.0 eV to 82.0 eV

This is the energy region of resolved resonance

parameters. These were evaluated by Smith et al for ENDF/B-

III; used in Version IV and have now been included in Version V.

The fit is in terms of single level parameters.

In assembling the ENDF/B-V data files, an attempt was

made to include the results of Reich-Moore analysis of the re-

solved resonance data by Reynolds10 from 1-60 eV and by Smith"

from 1J-82 eV. The proposal was to convert these Reich-Moore pa-

rameteVs to equivalent Adler-Adler parameters, merge them and ob-

tain a set of Adler-Adler parameters and a smooth background.

I



However, in carrying out this merger, it was found that the back-

ground had pronounced structure and the resulting data files

were not considered to be significantly better than the single

level resonnnce parnmcters fro* Version IV and it was decided to

retain them for Version V. A reanalysis of the reaolved reso-

nnnce region to include more recent data oh cross sections and

polnrization mensurements for spin assignments, is indicated for

future versions of ENDF/B.

c. Fission Cross Section! Unresolved Resonance Region

trow 82 eV to 23 keV-Flnc Structure

It is well know that the fission cross section of 0

in this energy region has pronounced structure which should be

included in sn analysis. The problem is to find whether the

structure as seen in different experiments can be matched

against one another in detail and if possible arrive at a consen-

sus structure which could then be used in a fit. In addition,

tin(i structure should be normalised such that broad-bin averages

over a few keV should agree with average cross sections deter-

mined after renormalizatlon to a suitable aet of primary

standards. The details of finding the consensus structure and

subsequent analysis is given in this section. Discussion about

finding the broad-bin average cross sections is given in

Section d.

The problem of correlating the energy scales of differ-

ent time-of-f1ight measurements has been discussed by a number

of authors ' ' and it is found that the uncertainties in the

energy scale 6t could be expressed in terms of on error fit in

the tiate-of-flight t and an error fit in the flight path L as'

follows. It Is well known that

M V (0

1/2
where E la measured in eV; \1 - 72.3 e V * \i see} L is measured

M

In meters and t in microseconds. In this case it con be shown

that the true energy scale E will be related to the apparent

energy acale

E* • E* «E by

E - E* (!• a • bE* 1/2,

I
-4

where a • 26t/h and b - 2 6t/|iL. Therefore, If two experiments

of comparable energy resolution are measuring the same structure

In the fission cross-section, after correcting for the energy

scale aa discussed above, it ahould be possible to establish a

one-to-one correspondence in this structure. However, a and b

in the above expreaaion are usually unknown. The procedure

adopted here was to take one data set (the one measured with the

longest flight path and the highest possible resolution) as the

standard and calculate the correlation coefficient defined aa



(3)

where x. are the fiasion croaa-aectiona in Che standard data set

at energies E^ and y^ are the fission croaa-aectiona in another

data act at the same cnergiea calculated as a function of a and.

b. Then the problem ie to vary a and b ao as to maximize the

correlation coefficient ,and for iraall reasonable values of a and

b it is hoped that different data sets could be correlated for

uncertainties 6t and 6L and represented on a common basis (i.e ,

with respect to the standard data aet) so that the structqre in

the different data seta could be averaged.to give a consensus

structure.

To carry out this procedure, a program CROC waa

written which could h.nndle up to 3000 data points in each tine-

of-flight cross section data set. The standard data aet chosen

for this analysis was that of Lealey et al. which waa obtained

with a flight path of 244m. and a nominal resolution of In

sec/m. The program reads in the standard data aet giving the

fission cross section x{ at energies E.. Another data aeta ia

eimilnrly read in and using input values of a and b and the

energies E.* of the data aet, "true" energies E. are calculated.

The cross sections y. corresponding to the energies E, are then

interpolated on to tlie same energy grid as the atandard data set

/minimirig llnfinr interpolation bntwunn successive ilnin points.

The correlation coefficient ia calculated as given in Equation

3 for different,values of a and b till a maximum ia reached.

Using these values of a and b a corrected optimum energy scale

ia obtained and the different data seta are averaged to give a

structure in the cross section common to them.

The fission cross section data aets used in this anal-

ysis were those of Lemley et al. , Blona , ORNL-RPI and Gwin

et al. and the final structure obtained represents an average

over these data sets. In Table I are shown the correlation coef-

ficients between the different data sets and the Lemley data for

different energy ranges without any energy shift (i.e.a"b«0.0)

and with a and b correaponding to a maximum in the correlation

coefficient. Prom the Table it ia noticed that the changes in

p can be quite appreciable aa in the low energy Gwin data.

These changes are shown in Figa. 1 & 2 where these four data

sets are shown binned in 10 eV wide bina with a - b - 0.0 and

correaponding to optimum a and b parameters which give a maxi-

mum. The consensus structure obtained by energy shifting and

averaging over these four data sets is shown in Figa. 3-9. In

these figures the fission croaa aection haa alao been normalired '

to give broad bin averagea given in Table VII.

In practice it is not possible to represent the

unresolved resonance region to show all the detailed structure

seen in Figs. 3-9. In addition, the unresolved resonance region

parameters should be given at energy points which are far apart



. .im |-.i ii'il to tin' nvcrARit level spacing in or tier that thn roncopt

of iivtti ngc cross acrtlona Is valid. With thl« in mind .some 137 •

prid points were chosen such'that when they are connected by

straight linen, the average cross-section under these over broad

bin regions was equal to those given in Table VII. Using'these

averages and the polariiationidata, the resonance parameter*

for the unresolved resonance region vere extracted. These are

given in Table II and the details of this analysis are given by

Moore et al. To obtain the.unresolved resonance parameters

from the input data of fission and capture cross sections, a

19

code MR written by E. Pennington was used. This progran calcu-

lntes capture, fission and scattering crosa sections from

unresolved resonance parameters after averaging over the appro-

priate, statistical distributions. There are options to vary

either the neutron or the fission widths or both until the

iterative process converges and the calculated capture and fis-

sion cross sections ngree with input cross sections and their

ratios within a specified small fractional deviation C. In

using this code for the present case, the reduced neutron and

fission widths for the J-3 and 4 s-wave resonances were varied

to achieve a fit and the reat of the parameters were kept con-

stant. Table III gives the input 0, and a cross-sections used

in the fit.

d. Finiiinn Oiô it SncliotU B2 oV_ to 200

k«8V-Brond,-bin-Avcfage»

... The.fission cross section of U has been measured in

miiny casea with respect to ll(n,n) II, Li(n,a) and 8(n,a)

cross sections, llence, the latest data on these were reviewed

and assessed in order to obtain a conaiatent net of standards

for theae reactions. It was decided to retain the ENDF/B-IV

evaluation of the hydrogen scattering cross section as a stan-

dard because of lack of any significant new data and the feeling

that this evaluation continues to be the best valid eotimate of

the croan section. This evaluation- la by L. Stewart et al.

7\ 6
and includca the analysis by Hopkins and Breit . The Li(n,a)

and B(n,a) crosa sections were evaluated by Hale and Dodder

23
and Hale and Arthur respectively using R-matrix analysis and

having *» input experimental data pertaining to all the. relevant

reaction channels. Further details of these analysea will be

235
published soon. In addition, this U(n,f) evaluation is based

on the results of the analysis in the thermal region by Leonard

5 24
et al. ' . They obtain a fiasion croaa section of 583.5411.7

b «t 0.0233 eV. In the following discussion, all experimental'

data have been renormalited to the thermal value of Leonard and

the lt(n,n) H, Li(n,a) and B(n,a) evaluations accepted aa

ENDF/B-V standards.

It waa suggested by Bowman,* and others that if the

shape o'f U fission'cross section is determined over a wide

energy range from thermal energies to a few hundred keV using

I



loi i-xniii|>1n n llnm , It could b« normal licttd to tlio accurately .

known thermal value. Therefor*) • it waa decided to atart from .

tlie low-energy region with a common thermal normalization ;and da-*

(ermine average f union croaa section in the eV region. Thla iv-

prnen In the oV region could ba used to renormalize higher

energy data to give an average in tU& keV region and ao on, ao

that different dutn aeta could be repreaented in teraia of a com-

mon "baala" for compariaon. Such data could Chen be combined

with absolute point-wiae meaauremente to arrive at what would be

a final evaluation of the data.

Pisaion croaa aection data which extend down to ther-

mal energiea were normalized to a common 2200 m/sec value of

583.54 b to obtain an average of the fiaaion integral between

7.8 eV-ll.OeV which haa been auggeated by Deruytter aa a posai-

ble region for crosa-normalization of varioua data aeta. The

26 27
datn eeta conaiderrd are by Deruytter and Wagenans, Czirr,

?A 14 29 30
Cwin, de Saumutc et al. Bowman and Shore and Sailor.

The fission integrala fro- 7.4-10.0 eV (l}^°) «nd fro* 7.8-

11.0 eV (lVo°) obtained from theae data aeta are given in Table
/ .o

IV. The second column of thia Table givea the thermal croaa aec-

tione of the different data aeta as obtained by a reanalyaia and

fit to these data t>y Leonard and were used to renormalize the

data. Hie third and fourth columns give the fiasion integrals

as obtained from the CSISRS (Croaa Section Information Storage

and Retrieval System maintained by the National Nuclear Data Cen-

ter at Brookltaven) data and column aix gives the fiasion inte-

from 7.8-11.0 oV nnrmnt lr.m| t" (tin KNDK/DV nl nn.lrtriln, Tho

next column givea the errora assigned to theao different dâ .i

aeta in obtaining a weighted average of 241.2± 1.6b-eV. Tlie

weighting waa inversely aa tlio variance of the different dutn

acta. The Shorn tint' 8ailor <lnta extend only up to tO cV|

hence, the fission integral I, ' waa calculated using the mean

value of the ratio I, 1 / I. ! . However, the value thua

obtained waa rejected M* being too low. It ahould be noted that

the quoted error in thia integral ia underestimated aince the

range of values uaed in thia average ia about 16 b-eV,

The Fission Integral from 0.1-1.0. keVd*'?)

The data used to obtain thia integral are those of Cwin,28

27 14 31 32
Czirr, de Sauaaure, Wasson, and Wagemana and Deruyttcr.

The low energy data of Waaaon were measured relative to a 0.5mm.

Li glaaa scintillator and extended from a few eV to 70 kev and

were normalited to II 1 - 238.4-eV. These data were
/ • o

renormalited to a value of 241.2 b-eV for use in the current

analyaia. Theae data do not cover the energy region from 300-

400 eV due to filtera in the beam. Hence, to obtain the fission

integral, mean of I/j1 (where I ia the integral from 0.1-1.0 keV

and I* is the. same integral leaving out the 300-400 eV band, aee

Table V) waa determined from the data of Gwin, Czirr, de

16
Sausaure, Blons and and Lealey et al. and multiplied by I1IS

32
as obtained by Wasson. The data of Wagemana wcr,e measured

10
with respect to D(n,a) assumed to be a 1/v cross aection and



l'1;0 - 240.0 b-eV. These data vere renormalized to I1.1'.0

- 241.2 b-eV and the ENDF/B-V B(n,a) /;ros* section,'. The re-

nult.i thus obtained ara shown in Table V. There if a spread of

about 9X in the fission integral froM 0.1-1.0 keV though the pre-

cision claimed by the individual experiments are much smaller.

An unweighted mean of the five data aeta Hated in Table V is

1.1924x10 b-eV. The average cross sections fro* 100 eV to 1

keV are shown in Fij>. 10. The Blons data were normalized to

this fission integral. Similarly, the data of Perec et al, 3 3' 3 4

at higher, energies were normalited to the same integral. The av-

erage cross sections thus obtained from 1 to 10 keV are shown in

Fig. II. An average of the fission integrala of Cwin, Ciirr,
50 4

Perez, Blons and Haccmana between 10 and 30 keV; t -. 8.339x10
10

.b-eV wns used to normalize the high energy data of Hasaon from

5-800 keV measured with respect to hydrogen. These data have

been used in the present evaluation above 5 keV aa suggested by

Wasson though there are some data by the same author measured

with repaect to Li(n,a) and extending up to 70 keV. The aver-

age fission integral between 10-50 keV was also uaed to

normalize the Gayther data. Lesley data were not uaed in

this evaluation as the raw data were not available to correct

for the (n,a) angular distribution in the (lux monitor using

ENDF/B-V evaluation. It is estimated that this correction

amounts to about *H at 100 keV, though it decreases at lower

energies. Thus, from 10-100 keV mean of the data of Cwin,

Czirr, Was son,1 Perez, Blons, Wagestan* and Deruytter and Caythor

were obtained aa the beat estimate of the fission croaa section.

A comparison of the crosa aectlona of the different data aeta in

the same energy bins indicates quite a wide variation by as much

as 121 in tho 80-90 keV region (see Table VI). In the energy

range from 100-200 kaV there are only the data of Cwin, Wasson

and Gayther; they also show a spread of aa amch as 10Z from

110-120 keV. These average valuea were compared with the Vnn de

Oraaff data of Szabo,37'38'39'40 Poenitz,41 White42 and

increaaed by IX between 10-200 keV to improve their agreement

with the measurements at isolated energies. The experimental

Idata for the fission cross aections from 10-100 keV are shown in

'Fig. 12. The rcnonaalized fission cross aections for individual

data aeta and the evaluated averages are given in Table VI and

the average croaa section* from 100 eV to 100 keV are listed in

Table VII. In the energy region between 30-100 keV the ENDF/B-

V averages are 2-4% lower than the correapond ing Version IV

value*.

Between 25 keV and 100 keV tha structure in Version IV waa

carried over to Veraion V subject to the condition that broad

bin averaged fiaaion cross section from 25 to 100 keV agree with

the corresponding value from Table VII) this implied multiplying

the ENDF/B-IV cross-sections by 0.9781.

00



FJBIIIOII Croas Section from 100 fceV-20 McV

This was evaluated by W.P. Poonltx in conJunetipri with .

the Normalization and Standards Subcommittee of CSEWG. The de-

tails of thia evaluation have been published recently.

2.2 Capture Croaa Section

a. Capture Cross Section l.OÊ -05 eV to 1.0 eV

The capture croaa auction in thia energy region ia

from the Leonard evaluation with modifications from 0.85 eV to

1.0 eV in order to join smoothly with the doppler unbroadened

capture cross aection obtained from the resolved reaonance param-

eters at 1.0 eV. The 0.0253 eV capture croaa aection ia

98.38t0.76 b.

b. Capture Croaa Section 1.0 eV to 82.0 eV

The resolved reaonance parametera and the background

cross section in Tile 3 together give the capture cross section

In this region. The reaolved reaonance parametera are from the

analysis by Smith and Young.

c. Capture Croaa Section 82.0 eV to 25 keV

The analysia uaed here parallcla that used for the fis-

sion cross aection and deacribed in Section 2.1. It consists of

first, energy shifting different data seta with respect to one

another and then averaging the fine structure to arrive at a con-

sensus structure corresponding to all the data seta and second,

renormalizing the different data aeta to ENDP/B-V standards to

determine broad-bin averages.

Tho three capture data aets used in this analysis nre

the data of de Souaaure et al., Gwin et al. and Perez ct

al. The point-wise capture data of de Sauaaure are available

to about 3.0 keV, Gwin to 200 keV and the Peret data to 200 eV.

Though binned dnta from these experiments are available at

higher energies they obviously could not be used in the analysis

for calculating correlation coefficients with an energy shift as

described in Section 2.1. For shifting the energy scale, the

same coefficients a and b which had been used for corresponding

fission data were used. (See Table I). Since the available

Peret point-wise data extend only up to 200 eV they were not

used in the correlation analyses and the fine structure in the

capture cross1 section shown in Figs. 13-19 are baaed on the

ORNL-RPI and the Gwin data. The three sets were used after

renormalitation to the ENDF/B-V B(n,a) standard. The bin aver-

age croas aections are given in Table VIII. From thia Table it

is apparent that the different the data aets give widely discrep-

ant bin averages. With such discrepant data it appeared to be

futile to attempt any other renormalitation or manipulation of

these data aeta and an average of theae was conaidercd to give

the best estimate of the capture croaa aection. These arc shown

in the laat column of Table VIII. In obtaining the unresolved

resonance region parameters, croaa sections at 137 grid points

wercj determined such that when theae pointa are connected by

straight linea, the' area under these is equal to broad bin

averaged croaa sections given in Table VIII. The atructure in

I
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Hi* ni|itiirn crnii* in-ctlnn ntirt the fir lit points iinmt for Clio

imimolved resonance region analysis are shown In Figs. 13—19.

The input used st grid points are given in Table III.

d. Cnpture Cross Section 25 keV to 20 McV

This was determined by using the capture to fission

ratio for the Version IV evaluation and multiplying it by the

fission cross section for Version V.

3.0 Flsslnn_HmitronjR|ipfl rum

Tho spectrum of prompt fission neutron* la described

either by a Maxiwellian for* (1)

til') E'e (l)

or by a Watt distribution (2)

-E7a(E)
f (E1) <** e 8inh («/b(E) (2)

where the parameters a(E) and b(E) are in general dependent on

the energy of the incident neutron E. For the Watt distribu-

tion, the average energy of the flsaion neutrons is given by

E1 1.3a • 0.25 ba (3)

I

•8
i

An analysis of the recent careful measurements of fission.

43spectra by Johansson et al. showed that the Wntt spectrum gave

a somewhat better description of the experimental data than a

Haxwellian. Hence, it was decided to use an energy dependent

Watt spectrum representation to describe the prompt neutron fis-

sion spectrum of U. However, it should be noted that experi-

mental dnta on the variation of the parameters of the Watt spec-

trum.a and b with changes in the incident neutron energy are

scant. A recent analysis of the fission spectrum data has been

44made by Adams who obtsins a - 0.987810.0108 (HeV) and b »



7.r89'ltO.I532 (MnV"1) and 8 *^35 - 2.0I6i.0'»7. Further the

r«tio E' 23</E'u-235 w a ( ^ o u n d' t o *>• equal to 1.04. Though'

239 235
this ratio between thn mean energies of Pu and ,, U had been

obtained from <lata menu red for low incident neutron energiea,

for want of any experimental information, it was decided to main-

tain the aatne ratio for all incident neutron energies.' The.eval-

239
uation of the prompt fiaaion neutron spectrum for Pu for

AC

ENDF/B-V has been deacribed by Kujawaki in terns of an energy

dependent Watt spectrum. These parameters art given in Table IX

along with E .JTQ 1 Frotl 'hit Table, one could calculate the
235 — —

mean energy of the U Watt spectrum auch that En „.,,,/£„ „,*
Fu'/jy u—4JJ

* 1.04 and knowing the mean energy, determine the parameters a

and b consistent with it. At low energies, a waa aet. equal to

0.988 a value obtained by Adams and b could be calculated conaia-

- 239
'tent with E'. As in the caae of Pu the Watt spectrum parame-*

ters are kept constant from 1.0E-05 eV to l.S MeV and a small

239
energy dependence, similar to the one in the Pu parameters,

is built into them at higher energies. Future experimental data

will have to decide whether this energy dependenc ia correct or

235
not. The parameters given in Table IX for U are uaed to de- •

scribe the fisaion spectrum due to first, second and third

chance fiaaion. The boil off neutrons for second and third

ch.ince fission are described by an evaporation type spectrum

f(E') -r E'e
-E7e(E)

whono pnrnnmtcr 0(B) was rnprennntnd to Imvo tho nnrae oii.irfiy

variation ns, that' for the continuum inelastic scattering f.ivcn

in File 5/91. The |mean energiea correaponding to the first, sec-

ond and third chnnce fiaaion were added to give the menn nncrf>y

of the total fiaaion process after weighting them properly with

ratios of first, second and third chance fiaaion cross sections

to the total fisaon croaa section. From this mean energy one

could determine the correaponding Watt spectrum parameters a and

b for tho total Htfsion.

00
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4.0 KvnInation of 0
. j,

23!)
(evaluation ol v prompt for U wna carried out by

assuming " Cf V - 3.757*0.015 and 3U V (thermal) -
P P

2,/i2OtO.O12 <iB recounended by the Standards and Normalisation

Subcommittee of CSFWG. Data uncertainties in the standard

values were folded into the errors in' different experimental

data sets while asking the least squares fit. The data

•eta ~ uacd in this evaluation are given in Table X. The

data of Colvin and Sowerby, Conde, Hopkins and Diven and

Mather el al. were corrected for delayed Y-raye and fission

neutron apecta differences aa suggested by Boldeman 63 Simi-

larly, the Boldeman and Soleilhac data were amlitlplied by

1.0021 aa aup.geated by Boldeman to allow for the current beat

representation of the fission spectrum aa a Watt apectrua. The

Soleilhac data were renoraallted to the 1.87 MeV value in the

Doldeman paper as suggested by Boldeaan.

The renornalized data plots are shown in Pigs. 20 and 21.

The data were fitted with a least-squares program using inverse

of the data variancea as weights. Straight line fits were ini-

tially made between 0-2.0 MeV, 2-6.0 MeV and 6.0-20.0 HeV as

there appears to be breaks in the data at 2 and 6 MeV. Fro* the

0-2.0 MeV fit, the zero energy intercept was obtained to be

2.418f.OO2 which is in quite good agreement with the assumed

thermal value of 2.420*.012. Hence, in the data files a con-

stant V " 2.420 is given from 1.0E-05 eV to 25 keV joined to

the straight line obtained from the fit up to 2.0 MeV. From 2

to 5.5 M«V thn ilnta are roprndnntod ««.nln l>y a ntrsiir.ht lino.

There <t|>|>cars to be a break in the data between 5.5 and 6.0 HoU

which is represented by a straight line joining the 5.5 MeV

point to the 6.0 MeV point and using the 6-20.0 HeV straight

line fit at higher energies.

OO
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*>.O I'.vflliint Inn of ilin C

1.09 HcV

prrtditet Ion Orn/iflfinct Ini1. ithnvn

There are some recent data ' on the gamma-ray produc-

235
tion cross iectlon in U for neutron energies from 1 to 14.2

McV. These data sets have a low energy cut-off of Ey - 0.25 MaV

for most of the measurements and a cut-off of B^ • 0.3 MeV for

the 14.2 MeV measurement*. It hi* been pointed out that the

agreement between the new measurements and Version IV evaluation

in good. There arc some older data of Nellia and Morgan and

Aft

Buchanan et al. which have a l<Jw-energy cut-off of E - 0.5

McV. In Fig. 22 are ahown these data as well aa the new data of ,

Drake ct al. integrated over gamma-ray energies from 0.5 MeV and

up. The agreement between these two data sets is good'.

One of the problems in the evaluation of the total Y-ray

production cross section is how to extrapolate the gamma-ray

spectrum beyond the measured low energy cut-off. To determine

the low energy part of the gamma spectrum, a simple linear ex-

trapolation joining (he last two measured data points in the

Drake gamma spectra was used and the resulting contributions

added to a smooth curve drawn through the data points in Fig.

22 to obtain the totnl x-ray production cross section. The

Drnkc data and its low energy extrapolation were also used to de-

termine the normalized energy distribution of the x-ray spectra

in File 15.

i. i • Ac-n.°i'.!£!'n'!1!l"\nJL
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• Table I

Correlation Coefficients between Lesley Data and other

Low Energy Fission Data

Data Seta Energy Range P P

(eV) (a-b-0.0)

Lemley-Blons 80.0-300.0

Lemley-RPI "

Lemley-Gwin " .

0.649 0.790 -1.7E-O3 0.0

0.708 0.905 -2.6E-03 0.0

0.626 0.902 -4.3E-O3 0.0

Lemley-nions 30O.0-17SO.O

Lemlcy-RPI ' "

Lemley-Gwin "

0.863 0.935 -1.0E-03 0.0

0.901 0.941 -9.OE-O4 0.0

0.921 O.92B -3.0E-04 0.0

oo

Lemley-Blons 1750.0-10,000.0 0.781 0.915 -2.6E-O3 -1.0E-05

l.einlcy-RPI M 0.888 0.896 0.0 2.0E-05

Lemley-Gwin " 0.834 0.868 1.7E-03 0.0

Lemely-Blons 10,000.0-30,000.0 0.699 0.790 -2.9E-O3 0.0

Lemlcy-Cwin " 0.654 0.727 -2.OE-O4 0.0



T a b l e I I ,

235Parameter! of the Unreaolved Reaonance Region for U

S-wave Paranetera P-wave Pa.rametera

Strength Function

J-3 0.92x10'

J-4 l.llxlO"4

J-2 1.449x10"*

J-3 1.251xl0~4

J«4 l^SlxlO"*

J"5 1.449xlO~*

<r,

Spacing

J-3

J-4

J-3 0.9526 eV

J-4 0.8093 eV

0.035 eV

9.5663fa

V-3 J-2 0.394 eV V-4

J-3 0.277 eV \>«3

V-2 J-4 0.258 eV V-4

J-5 0.179 eV V-3

J-2 ' 1.2383 eV

J-3 0.9526 eV

J-4 0.8093 eV

J-5 0.7477 eV

0.035 eV

Table III

Input pAta'for the Unreaolved Retonance Region Fit

Energy (eV) f(b)

82.0

86.5

91.0

95.0

' 1.10+2

1.20+2

1.25+2

1.30+2

1.35+2

1.40+2

.1.55+2

1.75+2

1.90+2

2.05+2

2.15+2

2.25+2

2.35+2

J.45+2

i.55+2

33.812

27.620

34.836

16.092

16.485

18.010

22.151

23.885

25.541

23.885

22.151

18.279

24.077

16.816

17.390

20.488

22.967

20.488

20.089

19.699

19.806

17.239

21.751

11.701

11.034

12.265

12.704

13.661

12.002

13.661

12.704

11.885

11.387

8.606

11.141

9.497

13.600

9.497

9.311

5.756

CO



Table H I (cont.) Table III (Cont'd)

Input Data for the Unresolved Reaonance Region Fit Input Data, for the Unresolved Rcaonance Region Fit

Energy (eV)

2.60+2

2.65+2

3.00+2

3.35+2

3.90+2

4.30+2

4.60+2

4.90+2

5.10+2

5.50+2

6.00+2

6.50+2

6.65+2

6.80+2

7.00+2

7.15^2

7.30+2

7.55+2

7.70+2

8.00+2

8.50+2

°f(b)

= 23.487

27.214

' > 11.015

15.520

10.419

14.514

12.665

13.790

18.325

13.732

13.142

8.492

13.131

12.728

10.171

14.693
t

10.965

9.408

10.798

8.998

7.557

°iTY(b)

10.893

9-332

5«220

8.181

5.235

4.598

4.784

4.858

4.841

5.218

4.637

4.814

5.558

3.970

3.482

6.207

6.118

4.630

4.046

3.784

3.831

Energy (eV) 'f(b)

9.00+2

9.25+2

9.80+2

1.000*3

1.030+3

1.055+3

1.080+3

1.115+3

1.135+3 .

1.155+3

1.165+3

1.180+3

1.210+3

1.250+3

1.300+3

1.340*3

1.370*3

1.400+3

1.450+3

1.500+3

1.560+3

7.886

8.042

6.S14

6.653

5.668

7.661

10.309

7.193

9.762

8.162

15.093

9.034

7.384

6.669

7.168

8.477

8.033

7.686

7.364

4.575

6.279

4.994

5.464

4.334

5.548

4.045

4.306

4.350

3.824

3.031

3.579

4.034

2.960

3.224

3.075

2.382

3.156

2.502

2.792

• 2.845

: 2.344

2.611

I

s



TabU III (Cont.) Table III (Cont'd)

Input Data for the Unretolved Resonance Region Fit Input Data for the Unreaolved Reaonance Region fit

Energy (eV)

1.670*3

1.700*3

1.750+3

1.900+3

2.000+3

2.150+3

2.300+3

2.500+3

2.650+3

2.900+3

3.000+3

3.150+3

3.250+3

3.500+3

3.700+3

3.800+3

3.900+3

4.000+3

4.150+3

4.250+3

4.350+3

f(b)

7.461

6.396

6.252

7.346

6.094

5.222

5.325

5.877

5.102

5.003

. 4.870

4.644

5.129

4.773

4.382

5.214

4.305

4.667

4.055

4.982

4.331

2.505

1.819

2.427

3.167

3.111

2.458

2.066

1.968

1.521

1.508

1.484

1.774

1.679

1.582

1.4B2

1.661

1.589

1.597

1.480

1.582

1.544

Energy (eV)

4.500+3'

4.800+3

5.000+3

5.150+3

5.350+3

5.600+3

5.650+3

5.800+3

6.000+3

6.150+3

6.400+3

6.600+3

6.750+3

7.000+3

7.250+3

7.350+3

7.700+3

8.000+3

a.200+3

8.400+3

8.700+3

°f(b)

4.292

3.761

3.879

3,757

4.027

4.137

3.678

4.082

3.531

3.161

3.360

3.174

3.143

3.624

3.106

3.283

3.047

2.895

2.659

2.991

3.206

°nY(b>

1.555

1.529

1.320

1.400

1.274

1.438

1.488

1.782

1.831

1.490

1.550

1.511

1.388

1.231

1.201

1.507

1.390

1.366

, 1.554

, 1.564

1.387

1
0

1



Table III (Cont'd) T<ibln III (Cont'd)

Input Data for the Unreaolved Reaonanci Region fit

Energy (eV)

9.0001.1

9.150*3

9.600+3

1.000+4

1.040*4

1.065*4

1.085+4

1.120+4

1.165+4

1.200+4

1.240+4

1.280+4

1.325+4

1.370+4

1.430+4

1.480+4

1.530+4

1.600+4

1.720+4

1.790+4

1.840+4

°f(b)

2.728

"' 3.269

3.064

2.661

2.730

2.859

2.724

2.871

2.582

2.607

2.380

2.518

2.860

2.566

2.520

2.654

2.294

2.359

' 2.187

2.365

2.411

Onv(b)

1.169

1.341

1.250

1.092

1.163

1.169

1.188

1.184

1.104

1.135

1.100

1.075

1.046

1.012

1.008

0.904

0.918

0.963

0.984

0.929

0.840

Input Data for the Unreaolved Reaonancc Region Fit

tnnrgy (eV)

1.940+4

1.980+4

2.000+4

2.050+4 .

2.100+4

2.210+4

2.320+4

2.370+4

2.420+4

2.460+4

2.500+4

f(b) nf(b)

2.441

2.231

2.302

2.249

2.041

2.034

2.415

1.994

2.126

2.199

2.164

2.099

0.781

0.831

0.786

0.896

1.036

0.906

0.847

0.922

0.915

0.867

0.780

0.772

1

o
r



Table IV

Low Energy Fi««ien Integrals for U

Author
&

Data Set
Thermal*

Fie

I10
7.4
(1)

I11

7.8
(2)

(2)
(1)

I11

7.8
Relative to
Version V
Standard* Error

Deruytter 569.3 220.47 237.35 1.07656 243.07 IX

6 t

Wageaana 2.3

AK/SN-20131/2

Czirr 585.0 225.86 242.27 1.07266 240.57 1Z

Private ±

Communication 2.6

April 30'76

Cvin 580.05 217.49 234.62 1.07876 235.92 1.5Z

AN/SH-10267/24 ±

2.0 "

OBHL-RPI 574.1 221.24 237.40" 1.07304 241.30 2Z

AN/SM-10270/6 t

2.3

Bowman 569.9 228.72 246.02 1.07564 251.91 3Z

AH/SH-52041/2 *

2.0

Shore 577.3 213.31 <(2) > 231.86 Reject

i i • -

Sailor 1.8 -1.07533 "

AW/SH-51291/20

Weighted Mean 241.2 b. eV

*B.R. Leonard, Jr., et al., Ref. 5



Table V

235
Finion Integral of P froc 0.1-1.0 keV

Author

Cwin

Czirr

ORHL-RPI

Haaaon

Wagemana

Mean

Unweighted.

1.1799E+04

1.1403E-K>4

1.2399E+04

1.1815E+04

1.220AE+04

1.1924E+04

V (b-«V)b

1.0515E+O4

1.0162E-MJ4

1.1063E+04

1.0534E+04

1

1

1

I/I '

.12211

.12212

.12076

Eloni

Lemley

1.2333E+O4

1.1782E+O4

1.O995E+OA 1.12169

1.0509E+04 1.12113

Mean 1.12156.

.1 keV

.3 keV 1 keV

l* - f offfi + / c

.1 keV .A keV
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Table VI

235.
Average U(n.f) Data Cwin 0.1 - 200 keV.*

•totrac*

0.1-0.2

0.1-0.3

0.1-0.4

•.4-0.3

0.4-0.7

0.7-0.*

«.*-*.»

20.21

i».to

12.4*

11.13

14.77

11.11

10. 74

7.3**

20.03

1«.14

11.41

l l . M

14.t»

10.41

20.41

20.04

(ll.K)

13.17

14.3*

l*.«0

!«.»*

7.37*

21.0*

20.M

11.1*

Il.f7

•3.40

ii.n

u. a

4.324

20.21

20.11

11. *4

11.21

14.M

11.2*

l*.*t

(.1M-

21.11

2*.»1

11.41

10.54

a. it

i.o-i.a

I.O-l.O

J.«-l.O

4.0-S.4

».0-4.»

i.0-1.0

7.0-4.0

(.0-t.O

t.O-IO.O

10.0*10.0

».»•]•.0

30.0-40.0

40.0-M.O

30.0- 4O.0

40.0- 70.0

J0.9- M.O

W.O- «0.0

M.O-IOO.O

100-110

110-110

t»-l»

130-140

I40-1M

U0-1M

110-170

17O-1M

100-lfO

IW-290 .

7.070

3.144

4.3M

4.101

i.nj

1.133

1.044

2.M3

3.014

Z.4U

1.130

l.«71

i.no

l.Ut

1.770

1.713

1.3)0

1.341

1.414

l.ii:

i.»i

1.402

1.40*

1.J4I

1.1*3

1.134

1.111

I .IM

—

—

—

—

2.M7

J.7J4

1.7OT

1.327

i.tu

1.4*1

1.441

l.44t

1.411

1.14J

4.M

4.040

3.111

3.3)2

l.»74

1.170

2. Ml

2.11*

l.»44

1.704

1.735

l.tt*

l.tIS

1.374

1.37*

1.301

1.441

1.44)

1.1(7

l.Mf

1.411

1.14*

1.J31

1.401

1.109

7.K3

3.212

4.733

•.III

3.003

1.271

2.«44

'3.030

2.424

2.102

1.104

l.UO

I.IM

1.7*4

I.4M

1.41}

1.334

7.24*

3.17»

4.734

4.310

].«44

3.414

3.172

1.M3

3.001

2.444

2.141

7.

3.

4 .

4 .

4 .

3.

1.

3.

3.

1.

2.

I t

44

13

33

02

a
i i

ot

12

U

13

7.371

S.tll

4.*M

4.173

l.tio

3.2«

1.1*1

3.000

3.040

2.444

2.10*

1.M4

].*42

1.(1*

1.744

1.4*3

1.344

1.34*

1.33*

1.441

1.473

1.444

1.403

1.411

1.144

1.134

1.104

1.103

7.147

3.144

4.743

4.1(7

l.«0»

3.2*7

l . r tJ -

l.«33

3.013

1.4(1

1.117

i.tn

1.127

1.101

1.732

1.4*3

l.S3(

1.372

1.34*

1.317

1.315

1.424

1.413

1.413

1.3*4

l . l t *

l . l l f

1.2*2



Tnble VII

235,Average U Finion Cro»a-Section 0.1-100 keV

Energy Bin Llwitt (keV) <fff> (b)

20.54

20.16

11.22

7.167

5.344

4.763

4.187

3.909

3.287

3.165

2.935

3.025

2.482

2.158

2.096

1.977

• 1.827

1.803
1

1.752
I

1.695

1.558

1.572

U Capture Cro»*-Section

0.1 -

0.2 -

0.3 -

1.0 -

2.0 -

3.0 -

4.0 -

5.0 -

6.0 -

7.0 -

8.0 -

9.0 -

10.0 -

20.0 -

25.0 -

30.0 -

40.0 -

50.0 -:

60.0 -

70.0 -

80.0 -

90.0 -

0.2

0.3

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

20.0

25.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

Bin Limit•
(keV)

.002 -

.1 -

.2 -

.3 -

.4 -

.5 -

.6 -

.7 -

.8 -

.9 -

1.0 -

2.0 -

3.0 -

4.0 -

5.0 -

6.0 -

7.0 -

8.0 -

9.0 -

10.0 -

20.0 -

0.1

.2

.3

.4

.5

.6

.7

.8

.9

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

20.0

25.0

ORHL-RPl(b)

13.621

11.362

8.934

6.480

4.963

4.969

4.736

4.989

4.257

•5.263

3.190

1.781

Peret(b)

16.406

11.428

9.375

6.400

4.756

5.599

4.476

4.740

3.963

4.805

2.656

1.937

1.459

1.465

1.405

1.382

1.216

Cwin(b)

17.09(1

12.099

8.824

6.771

4.664

4.298

4.579

4.741

4.104

4.889

3.025

2.136

1.768

1.570

1.492

1.477

1.310

1.469

1.259

0.994

0.888

Henn(b)

16.375

11.630

9.044

6.550

4.794

4.955

4.597

4.823

4.108

4.986

2.957

1.951

1.613

1.517

1.492

1.477

1.357

1.426

1.238

0.994

0.888



Table DC

239 235
Fi*aion Spectrum Paranete.-s for Pu and 0

E.(Mev)
2 3 5UPu

b(MeV-l) a(MeV)

10"11 0.966 2.842

1.5 0.966 2.842

6.0 1.028 2.509

14.0 1.138 2.048

± E(nf)(MeV)

2.112 0.988 2.249 2.031

2.112 0.988 2.249 2.031

2.205 1.047 2.005 2.120

2.370 1.153 1.653 2.279

20.0 1.218 1.788 2.490 1.231 1.446 2.394

Aackor («•<] last* (M«V) Ho. at Foist.- St4

M U * M U7J

H.W~. (4«)

Cal*ia MM1

*»«* Ut)
CM**1 (JO)

Biv«a (51}

M M . (33)

b l t a . (S3)

SalcilbK (54)

Mt«c«rov (55)

topkin. (54)

IUlk.r (57)

?r«UM>ro»« (5»)

«-« (Si)
Ul.il** (40)

b l t i l k K (4lJ

D«vel«i (42)

Col*i> •»«

3.»1

0.031

.101

- 4.34

- 1.0

- t.572

7.5 mmk 14.*

O.M

.03 -

2.53

1.74

l-Q* 4 0.11-1.*

2.0 (-04 - 7.457 1-05

0.01

2.53

2.53

0.37

0.075

1..7

0.223

2.53

2.53

- 1.J15

t-01 4 0.24-14.3

t-0« 4 0.04-7.N

- 3.2S

- 14.2

- 14.7»

- l.*T

7

14

»

2

1

4

15

52

12

7

1»

14

3

33

21

1

1

> 3.7(21.020

v - 3.7(7

M (tfc) • 2.442

v •
P

V ••
p

V "
p

V -
p

V •
p

V »
p

v (Ui)

V -

l.lJt'.W

3.7S2

3.7*2

3.771

3.7(2t.024

• 2.414

3.4«X>.07

I

A

A

l » Cf v^ • 3.745

> - 3.740

' 3.704

A. Corrections for fi*«ioo ««««tra m

»l aol4om«i (43).

I . Valuoo «.Ui»li»d by 1.0021 Co atlsv for a u.ct i p c t r a

(53).

C V.lu. r«nslaali««4 to th< 1.17 Hmi *«ti«i o( R«f 41.

i« Mil f
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REFERENCE GUIDELINES FOR ENDF/B

When quoting ENDF/B data in a publication, the US National Nuclear Data
Center has advised to do this in the following way:

Case I: Use of ENDF/B evaluations in a secondary manner, where many ele-
ments are used together, or other cases where NO CONCLUSIONS ARE
DRAWN CONCERNING QUALITY OF EVALUATIONS. In this case we propose
the following form for ENDF/B-V.

"ENDF/B Summary Documentation, BNL-NCS-17541 (ENDF-201), 3rd
Edition (ENDF/B-V), edited by R. Kinsey, available from the
National Nuclear Data Center, Brookhaven National Laboratory,
Upton, N.Y. (July 1979)."

Case II; Use of ENDF/B evaluations in a direct manner, for example comparing
measured results with evaluated results, or ANY CASE WHERE CON-
CLUSIONS ARE DRAWN ABOUT AN EVALUATION FOR A PARTICULAR MATERIAL.
We propose, for 1 2C from ENDF/B-V as an example:

"ENDF/B data file for 1 2C (MAT 1306, MOD 1 ) , evaluation by
C.Y. Fu and F.G. Perey (ORNL), BNL-NCS-17541 (ENDF-201-), 3rd
Edition (ENDF/B-V), edited by R. Kinsey, available from the
Brookhaven National Laboratory, Upton, N.Y. (July 1979)."

Case III: Use of ENDF/B evaluations to generate a multigroup library. In
this case we propose that the report describing the library contain
a table which includes the following information for each evalua-
tion:

Material MAT,MOD Authors Institution

This table may contain in addition other useful information con-
cerning the multigroup library. Finally, a general reference
should be given of the type described in Case I.

As shown in Cases II and III, a correct reference would contain the material,
MAT number, author list and institution(s), along with a reference to the Sum-
mary Documentation. In addition, for ENDF/B-Version V, updates will be
allowed to the evaluations prior to the release of ENDF/B-VI. Thus,
references to ENDF/B-V evaluations should also contain the appropriate MOD
number, which serves to define the current status of an evaluation. All of
this information is readily available in File 1 of each evaluation. The only
exception to the above cases would be where a published document, prepared by
the authors of the evaluation, is available. This document should then be
referenced directly.


