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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~%eV to 20 MeV for H-1, He-3, Li-6, B-10, C-12, Au-197
and U-235 1isotopes, see Table 2. Summary documentations for each
evaluation are reproduced in the main part of this document.

For the convenience of wusers 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-23S5. 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.



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
TAEA-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,d) cross section

(n,ao) cross section for ground state

(n,al) cross section for 1lst excited state
(n,n'3a) cross section

(n,t2a) cross section

(n,allY) 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)a 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)
Radiocactive decay and fission product yield
Radioactive nuclide production - multiplicities
Rescolved resonance parameter

Unresolved (statistical) resonance parameter

Thermal neutron scattering law
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LABORATORY CODES

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

LASL : Los Alamos Scientific Laboratory, New Mexico, USA

ORNL : Oak Ridge National Laboratory, Tennessee, USA
TABLE II

Nuclide, Mat. No.
Energy Range (eV)
Evaluation Lab., Date

Main Reference

Cross Section Standard

Comnents

Quantity (Data type)

Covariance

Nuclide, Mat. No.
Energy Range (eV)
Evaluation Lab., Date
Main Reference

Cross Section Standard

Comments

Quantity (Data type)

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

1.0E-5 — 2.0E+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

2-He-3, 1146

1.0E-5 — 2.0E+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




Nuclide, Mat. No.
Energy Range (eV)
Evaluation Lab., Date

Main Reference

Cross Section Standard

Comments

Quantity (Data type)

Covariance

Nuclide, Mat. No.
Energy Range (eV)
Evaluation Lab., Date

Main Reference

Cross Section Standard

Comments

Quantity (Data type)

..

X3

e

.

.

X3

3-Li-6, 1303
1.0E-5 - 2.0E+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

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,Al) 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)

(I,M), (N,P)(I), (N,D)(I), (N,A)(I),
(N,TZA)(I), (N,AO0)(I), (N,AL(I,M),
(N,NG)(I,A), (N,NP)(I,A), (N,AlG)(A)



Covariance

Nuclide, Mat. No.
Energy Range (eV)
Evaluation Lab., Date
Main Reference

Cross Section Standard

Comments

Quantity (Data type)

Covariance

Note

Nuclide, Mat. No.

X

.

X3

3

.

e

Relative covariances for total, elastic, (N,A),
(N,AO0) and (N,Al) cross sections are given
below 1 MeV.

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,N3AY(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

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




Nuclide, Mat. No.

Nuclide, Mat. No.
Energy Range (eV)
Evaluation Lab., Date
Main Reference

Cross Section Standard

Comments

Quantity (Data type)

Notes

Nuclide, Mat. No.
Energy Range (eV)
Evaluation Lab., Date
Main Reference

Cross Section Standard

Comments

-
.

'

26-Fe-56, 6431

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

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 gamms 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,G)(TI), (N,P)(I), (N,A)(D)

: Minor modifications were made in 1986

'’

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



Quantity (Data type)

Covariance

Note

Nuclide, Mat. No.

: 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

: 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.




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

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.

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.

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.

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.

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.

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

File 2
The Reich-Moore resonance parameter representation is no longer
permitted in ENDF/B, only in ENDF/A.

File 3

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

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

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.

Fission product yield information 1is 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.

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

Files 9 and 10

Isomer production is described in the new File 9 or File 10. 1In
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

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

The electron production data files have been implemented.

Files 31, 32, and 33

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-1
LA- 663 3San. 9% MAT 1301
equals Baul-AMCS- 1RGN
EaE~201 dct. ey,

SULMMARY DOCUMENTATION FOR lH

by

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

I. . SUMMARY

The !H 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 MI=]l and 2 in MF=3. The evaluation
covers the energy range 10-° eV to 20 MeV, and documentation is provided in
LA-4574 (1971) and LA-6518-MS (1976).

II. STANDAI'DS DATA

The 1H(n,n)lﬁ elastic scatterlug cross saction and angular distribution
(MF=3, 4; MI=2) are standards in the energy region 1 keV - 20 MeV.

The extengive theoretical anmalysis of fast-neutren measurements by Hopkins
and Breit! was used to. generate the scattering cross section and angular dis-

{tributions of the neutrons for the ENDF/B—V file.“ The code and the Yale phase
shifts® were obtained from Hopkins“ in order to obrain. the data on 2 fine-enerzyv:
grid. Pointwise angular distributions were produced to improve the pracisien .
.over_that obtained from the published Legendre coefficients.* The phzse shifts
were also used to extend the enmergy range dow >2low 200 keV as represanred in
the original paper. 1

At 100 eV, the elastic cross section calculated froz the phase saifts is
20.449 barns, in excellent agreement with the thermal value. cof 20.442 derived by
Davis and 2ezrschall.® Theraicre, Zor zhe present evaluation, the fres-ztom
scattering cross section is assumed to be constant belcw 100 eV and ecuzl to tha
value calculated from the Yale phase shifts at 100 eV giving a thermal cross
section of 20.449 b,

Total cross—section measurements are coupared with the evaluzatica in Fig. 1
for the energy range from 10 eV to 0.5 MeV. Simi la'lv Figs. 2 and 3 compare
the evaluation with measured data from 0.5 to 20 MeV. The agreement with the
eariier experiments shown ¢n Fig, 2 is quite good over the entire ensrgy range.
The 196¢ data of Schwartz® included in Fig. 3, however, lie slightly —elow che
evaluation over most of the energy range even though zgreement with the 1972
results of Clement’ is quite acceptable.

For E, = 30 MeV, the difference in the 1£0° creoss sectionm is ~ 1% 25 calculzted
=n
- Y- 2 - - . - N

from the Legendre coefficients’ compared zc¢ that zalculates from the phase

shifts.

&4
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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 0d2® at 3.1 MeV is
not atypical of the earlier distributions which, as shown in Fig. 4, does not
agree with the phase-shift predictions. Near 14 MeV, the T{(d,n) neutron source
has been empleoyed in many experiments to determine the angular distributions. A
composite of these measurements is compared with ENDF/B-V in Fig. SA. 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 5% lower than the predicted curve and differences of 5%
or more are occasionally apparent among the data of a single set. Figure SB
shows the measurements of Galonsky 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. 1l as Legendre expansion coefficients. Using the Hopkins-Breit
phase~-shift program and the Yale phase shifts, additiomal and intermediate en- -
ergy points were calculated for the present evalua;ion.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 assured in earlier evaluations. In this eval-
uetioz, 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 keV—this
ratio approaches 1.005. Therefore, the pointwise normalized probabilities as a
function of the center-of-mass scattering angle are provided at the following
energies: 10-° ev (isotropic), 100 keV (isotropic), 500 keV, and at 1-MeV in-
tervals from 1 to 20 MeV.

Certainly the Hopkins-Breit phasc shifts reproduce reasonably well the
measured angular distributions near 14 MeV. It is important, however, thar.
experiments be made at two or three energies which would, hopefully, further
corroborate this analysis. Near 14 MeV, the energy-dependent total cross sec~
tion is presently assumed to be known to ~ 1% and the angular distribution to
~ 2-3%Z. At lower energies where the angulatr'distributions approach isotropy,
the error estimate on the angular distribution is less than 1Z.

. . 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 neutroms scattered by hydrogen,
which are available today, seem to indicate that 0(O) is difficult to weasure. .
with the precision ascribed to the reference standard. If this is the case,
then the magnitude of the errors in the 0(8) 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 much 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 om
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 24%Z. Therefore, precise determination
of zhe incident neutron energy and the energy spread coyld be very important in
exploying hydrogen as a cross-section standard, depend*ng upon the experzmental
technique.
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III. ENDF/B~V FILES
File 1. General Information
MI=451. Descriptive data.
Fiie 2. Resonance Parametérs
MI=151. Effective scattering radius = 1.27565 ‘x 10-12 ca.
Resonance parameters not given.
File 3. Neutron Qtoss Section§
| MI=]1. Total Cross Sectioﬁs-

. The tctal 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.

MI=2, Elastic Scattering

Standard - see discussion in Sec. II.

MI=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-QS Ev to 20 MeV. (Provided by BNL). o

—~"— MTI=252. Average Logarithmic Energy Change Per Collision, from
1.0E-0S5 eV to 20 MeV. <{Providec by BNL). -

MI=253. Gamma, from 1.0E-05 eV to 20 MeV. (Provided by BNf).

File 4. VNeutron Angular Distributicas

—

MI=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 barns.
File 12. Gamma Ray Multiplicities

MI=102. Radiative Capture Mulriplicities,

Multiplicity is unity at 2ll czeutron energies. LP=2 is now
-implemented; therefore, zll gamma energies must be calcularted.
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File l14. Gamma Ray Angular Distributions
MI-lOé._ Radiative capture angular distribution
Assumed isotropic at all neutron energies.
File 33. Correlated Errors
MI*l; Covariance matrix derived from MT=2, 102.

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

MT=102. Covariance data for radiat.ve capture added by P. G. Young
(Nov. 7, 1978). ‘ o
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I. SUMMARY

ﬁge 34e évaluation for ENDF/B-V (MAT=1146) was carried over inﬁact from
Version IV. The evaluated data cover the energy range 10=° eV to 20 MeV, and
documentation for the standards portion of the data is given in LA-6518-MS
(1976).

I1. STANDARDS DATA

The 3He{n,p)T cross section (MF=3; MT=103) 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 tue
ENDF/B-III file! 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 Dietrich® of the total cross section up to an energy of 11

eV. No experimental measurements on the ‘He(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 Macklin® and an average of their cross sections measured
in 1963.“ 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 heav1ly weighted by the data of Refs. 3 and 4 and the cross sections of
Perry et al.® as given in Fig. 3. Note that these three measurements are in
good agreement among themselves but are higher than the measurements of Batchelor
et al.” and of Sayres et al.” oOn the other hand, Sayres et al. measure an
elastic cross section much higher than reported by Seagrave et al. (noted on
the same figure).

In 1970, Costello et al.? 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 mesasurements are core-than 107
lower than ENDF/B-V.
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Finally, Lopez et al.!? measured the relative ratio of the counting rates
between ‘He and BF: 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 Versicn IV ratios. Then, by using the sresent eval-
vation for the-’He(n.p) cross section to convert the Lopez ratio measurements to
198 cross sections, reasonable agreement with Version V l°B(n,u) is obtained.
It should be noted, however, that the enetg¥ 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 tham 1%, 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, cherebg placing severe restrictions upon the accuracy ac-
companying the use of the “He(n,p)T cross-section standard. The 10X 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 evV.

III. ENDF/B-V FILES
File 1. General Information
MT=45]1. Descriptive data.
File 2. Reéonance Parameters
MI=151. Scattering length = 0.2821E-12 cm.
fiie 3. Neutron Cross Sections
MT=1, To:#l Cross Sections

From 0.00001 eV to 10.8 keV MT1l taken as sum MT2 + MT103. ;From
10.8 keV to 2C.0 MeV Tl evaluated using experimental data from
Ref. 11. - ’

MI=2. Elastic Scattering Cross Sections

From 0.00001 eV to 10.8 keV MI2 taken as constant = 1.0 b. From
10.8 keV to 20.0 MeV MI2=[T1-MT103-MT104 with experimestal data
from Refs. 7 and 8 as checks. Note that two reactions are mis-

sing from the evaluation, namely, (n,an’'p) and (n,2n2p). Exper-
imental data at 15 MeV indicate non-zero cross sections for these

. reactions. 1In the present evaluation, these reactions are simply
absorbed in MT=2,

MT=3. (n,p) Cross Section
Standards reaction - see Sec. II abové.
MI=104. (n,d) Cross Secrions

Threshold = 4,3614 MeV, Q = -3,2684 MeV. Evalustion freoo a detailed
balance calculation (Ref. 2) and experimental data (Ref. 7).
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MI=251. Average Value of Cosine Of Elastic Scactering 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, MI=2,

File 4. Neutron Angular Distributions

MI=2, Angular Distribution Of Secondary Neutrons From Elastic Scat-
tering.

Evaluated frozm experimental data from Refs. 7, 8, 1ll-14 covering
incident energies as follows:

INCIDENT ENERGY REFERENCES
1 E-5 eV (Isotropic)
0.5 MeV (Isotropic)
- 1.0 MeV 8
2.0 MeV 8
2.6 MeV . il
3.5 MeV _ 8
5.0 MeV 11
6.0 MeV 8, 12 (from p+t elastic scattering)
8.0 MeV 7, 12 (from p+t elastic scattering)
14.5 MeV .. 12, 13 (from p+t elastic scattering)
17.5 MeV 7
20.0

MeV 11 (from p+t elastic scattering)
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I. SUMMARY -

The previous evaluation for §11 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 a2 neutron energy of 1 MeV, which includes the
standards region for the ®Li(n,t)*He reaction. Extensive revisions were made
in the MeV region to include a more precise representation of the (a,n'd) re-
action. In the new representation, the (n,n'd) cross section is grouped into
511 excitation energy bins, which preserves the kinematic energy-angle rela-
tionships in the emitted neutron spectra. Finally, correlated error data were
added ,up to a neutron energy of.l MeV, triton-aungular 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 10~3 eV to 2C MeV.

I1.— STANDARDS DATA

The ®Li(n,a) cross section is regarded as a standard below Ep=100 keV.
The Version V cross sections for °Li below 1 MeV were obtained from multi~-
channel, multilevel R-matrix amalvses of reactions in the 711 system, similar
to those from which the Version IV evaluation were taken. New data have be-
come available since Version IV was relesased and most of this new experimental
information has been incorporated into the Version V analysis.

For Version IV, the 6Li(n,a) cross section was determined mainly by fic-
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-®Li elastic angular disrtributions and polarizations, $Li(n,a)T
angular distributions and integrated cross sections (normalized), and t-c
elastic angular distributions. .

- Since the time of the Version IV analysis, new data have become avail-
able whese precision equals or betters that of the Harwell total cross section.
The present analysis includes the following new measurements while retzining
most of the data from the previous analvsis:



@

- 28 -

3-Li-6
“AT 1303
Approximata
Measurement ‘ References Precision
n-*L1 oy Harvey, ORNL' 0.5-12
®Li(n,a) integrated cross section Lamaze, NBs?!? 1-27% (relacivé)
“He(t,t)“He differential cross section Jarmie, LASL®® 0.4-1%7

“Be(?,:)"ﬂe analyzing power Hardekopf, LASL3® 12

Fits to the (n,a) data included in the Version V analysis are shown in
Figs. 1 and 2. In Fig. 1, the data are plotted as O-VE;} in both figures, the
Version IV evaluation is represented by the dashed curves. The §ood agreement
with Lamaze's new sLi(n,a) integrated cross sectic> measurement?’ ig particu-
larly encouraging, since these are -close to the values most consistent with
the accurate new t + G measurements.>>*3¢® On the other hand, a shane 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,®) cross section significantly (to the order
of 3X) over that of previous evaluations in the region of the resonance.

III. ENDF/B-~V FILES

File l: ngeral.Information

MI=451. Descriptive data.
. File 2. Resonance Parameters
MT=151. Effective scattering radius = 0.23778 x 1012 ca.
Resonance parameters not given. .

File 3.- Neutron Cross Sectiomns

The'ZZéO.Q/s cross sections are as folloﬁs:

MI=1  Sigma

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

- MI=105 Sigma = 935.89

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 'Li up to 3 MeV
neutron energy. Total cross section data considered in this
analysis were those of Refs. 3 and 4. Between 1 and 5 MeV,
the total was taken to be the sum of MI=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 agre<s 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 mb. This difference was discributed between the elastic’
and total (n,n')d cross sectioms.

‘MT=2, Elastic éross Section

Below 3 MeV, the values are taken from the R-matrix analysis cited -
for MI=1, which includes the elastic measurements of Refs. 9 and
10. These calculations were matched smoothly in the 3-5 MeV
regiorn to a curve which lies about 50 mb above Batchelor (Ref. 26)
between 5 and 7.5 MeV, and about 13%Z above the data of Refs. 14,
27, 28, and 29 at 10 toc 14 MeV.

MI=4. Inelastic Cross Seegion
" Sum of MT=51 through MT=81."
MT=24. (n,2n)a Cross Section

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

‘MT=51, 52,. 54-56, 58-8l. (n,n')d Continuum Cross Sectioms

Represented by continuum-level contributions in Li, 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 Hopkin's measurement (Ref. 13) and the contribution
from the first and second levels in °Li. The steep rise bf the
pseudo—level cross sections from thei¥ thresholds and the use of
fixed bin widths over finite angles produces anomalous structure. .
in the individual cross sections which is especiallv apparent
near the thresholds. Some effort has been made to smooth out
these effects, but they remain to some extent.

MI=53. (n,nl)d Discrete Level Cross Sections
Cross section has p-wave penetrability energy dependence from
threshold to 3.2 MeV. Matched at higher energies tsc a curve
which lies 15-20% above Hcpkins (Ref. 13) and passes through
the 10-MeV point of Cookson (Ref. 14).
MT=57. (n,n3)Y Cress Section

fRises rapidly from threshold, peaks at 5 mb.and falls off gradually
to 20 MeV. o data available except upper limits.
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MI=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.

MI=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 Sectious -

Below 3 MeV, values are taken from the R-matrix analyeis of Ref.
2., which includes (n,t) measurements frofa Refs. 2C-24. Between
3 and 5 MeV, the values are based on Bartle's measurements (Ref.
24). At higher energies, the cross gsections 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
MI=2. Elastic Angular Distributions
° Legendre coefficients determined as follows:

Below 2 MeV, coefficients up to L=2 were taken from thé R-matrix
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 calculatioms. :

MT=24, (n,2n) Angular Distributioms

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.

MI=51 - 81. (n,n') Angular Distributions

Obtained by transforming distributions that are isotropic in theé
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 isorropy for the first
real level (MI=53) and this anisotropy will be included in a
later update.
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MT=105. (n,t) Angular Distributions
Legendre coefficients cbtained frcm 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.
File S. Neutrom Secondary ﬁnergy Distributions
. MI=24. (n,2n) Energy Distributions
Laboratory distributions obtained by integrating over angl'e the 4-
body phase-space spectra that result from transforming isotropic
center-of-mass distributions to the laboratory system.
File 8. Radiocactive Nuclide Production
MI=103. (n,p) °He

®He beta decays, with a half-life of 808 ms,back co_‘Li with a
probability of unity.

MT=105. (n,t) “He
Tritium, which is the only radioactive product of this reaction,

beta decays to *He with a probability of wnity and with a life-
time of 12.33 years.

.File 9. Radiocactive Nuclide Multiplicities
MI=103. (m,p) Mulriplicity
A multiPIICiéy'of one is givén for thé production of %He.
MT=105. (n,t) Multiplicity
A multiplicity cf one is given for the production of tritium.
File 12. Gamma-Ray Multiplicities

MI-S?.: (n,nz) Y Multiplicity

Mulciplicity of one assumed for the 3.562-MeV gamma ray. Energy
taken from reference 31. 4

MT=102. (n,Y) Multiplicity
Energies and transitien arrays for radiative capture taken from

Ref. 15, as reported in Ref. 31. The LP. flag was used to de-
scribe the MI=102 photons.
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File 14, Gamma-Ray Angular Distributions
MI=57. (n,n2) Y Angular Distributioms.

The gamma is assumed isotropic.

MT=102. (n,Y) Angular Distributioms .
The two high-energy gzmmas are assumed isotropic. Data on the
477-keV gamma indicate isotropy.

File 33. Cross Section Covariances

The relative covariances for HT-l; 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 propogatiom.

MI=1. Total

Relative covariances are entered as NC-type sub-subsectioney: im-
plying that they are to be constructed from those for MI=2 and
105. They are not intended for use at energies above 1.(05 MeV.

MI=2, 105. Elastic and (n,t)

Relative covariances among these two cross sections are entered
~explicitly as Ni-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 are not intended
for use at energies above 1.05 MeV.
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I. SUMMARY -

All cross sections below a neutron energy of 1.5 MeV excegt 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 avaluated cross sections and secondary gamma-ray
spectra from tha 1°B( ,Y)‘ B reaction, as well as covariance data for cross
. sections below 1.5 MeV. Excepc for the covariance file, the evaluated data
cover the energy range from 10~% eV to 20 MeV. Partial documentation is pro-
vided in LAr6472-PR (1976) and LA-6518-MS (1976).

IX. " STANDARDS -DATA ' T

The !'°B(n,2)’Li and !*B(n,a 1Y) 7Li reactions are neutron standards at ener- .
- gles below 100 keV. The major reactlons below 1 MeV were obtained for the Ver- .
sion V ev31uation from multichannel, multilevel R-matrix analyses of reactions
in-the *!B system, similar to those from which the Version IV evaluation were
- taken. New datz have become 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 Op (Sp73) and Sealock's '°B(n,3;)
. angular distributions (Se76) to the data set that was analyzed for Version IV.
In additior, we have replaced Friesenhahn's integrated (n,a;) cross section with
the recent measurements of Schrack et al. (both with Geli and NaIl detectors) at.
NBS (Sc76), and have deleted Friesenhahn's total (n,a) cross section from the
data set. The resulting fit to the (n,a) and (n,a Y) data is shown in Figs. 1
and 2, respectively. The integrated 1°B(n @) cross section has changed negli-
gibly from the Version IV results at energies below 200 keV. Ar higher ener-
gies, however, the (n,a) 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,8) cross section, with
the result that our calculated cross section must be considered quite uncertain
atr energies above ~ 300 keV.
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III; EHDF/B;V FILES
File 1. General Information
MT=451. Descriptive data.
File 2. Resonance Parameters
HT-ﬁSl. Effective scattering radius = 0.40238 x 10-'? cm.
Rescnance parameters not included.
File 3. Neutron Cross Sections

The 2200 m/s cross sections are as follows:

MI=1  Sigma = 3839.1 b
: MT=2  Sigma = ~ 2.0344 b
MT=102 Sigma = 0.5 b
MT=103 Sigma =  0.000566 b
MT=107 Sigma = 3836.6 b
MI=113 Sigma =  0.000566 b
MI=700 Sigma =  0.000566 b
MT=780 Sigma = -244.25 b
MT=781 Sigma = 3592.3 b

MT=1. Toétal Cross Section

G to 1 MeV, calculated from R-matrix parameters obtalned by fitting
simultaneously data from the reactions !° B(n,n), B(n ag), and
198 (n, @1). 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,
Fob6l, Co52, and CoS4, 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=]. Experimental elastic scattering data included in the fit
" are those of As70 and La7l.

1l to. 7 MeV, smooih curve through measurements of La7l, Po70, and
Be69, constrained to be consistent with total and reaction cross_
section measurements. -

7 to 14 MeV, smooth curve through measurements of Ho69, Co69, Teb2,
Va70, and Vaé6S5.

14 to 20 MeV, optical model extrapoldtion from l4-MeV daca.
MT=4. 1Inelastic Cross Section

Threshold to 20 MeV, sum of MT=51-85.
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MT=51-6l. Inelastic Cross Sections To Discrete States

MT=51 Q=-0.717 MeV MT=55 Q=-4.774 MeV MI=59 Q=-5.923 MeV

52 -1.740 56 -5.114 60 -6.029
53 . =2.154 57 -5.166 61 -6.133

Threshold to 20 MeV, based on (n,n') measurements of Po70, Coé9,
Ho69, and Va70, and the (n,xy) measurements of Da56, Da60, and
Ne70 using a gamma-ray decay scheme deduced from La66, Al66,
Se66A, and Se66B. Hauser-Feshbach calculations were used to
estimate shapes and relative magnitudes where experimental data
were lacking. .

MT=62-85. Inelastit 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 Ey=6.5 and 18.0 MeV.
This representation was used in lieu of MF=5, MI=91 to more
accurately represent kinematic effects.
Threshold to 20 MeV, integrated cross section obtained by sub-
- tracting the sum of MI=2, 51-61, 103, 104, 107, and 112 from
MT=]1, Cross section distributed among the bands with an
evaporation model using a nuclear temperacture given by
T = 0.9728 /E; (units MeV), taken from Ir67.
- MI=102. (n,Y) Cross Section ‘
0 to 1 MeV, cssumed 1/V dependence with thermal value of 0.5 bam.
1 to 20 MeV, assumed negligible, set equal to zero.
Mr=103. (a,p) Cross Section
Threshold te 20 MeV, sum of MI=700-703.
MI=104. (n,d) Cross Section

Threshold to 20 MeV, based on ’Be(d,n)’°B measurements of $i65 and
Ba60, and the (n,d) measurement of Vaéb5.

MT=107. (n,a) Cross Section
0 to 20 MeV, sum of MI=78C and 78l.
MT=113. +(n,t2c) Cross Section

0 to 2.3 MeV, based on a single-level fit to the resonance meas-
ured at 2 MeV by Dabl, assuming L=0 incoming neutrons and L=2
outgoing tritons. .

2.3 to 20 MeV, smocth curve through measurements of Fr56 and Wy38,
following general shape of Dabl 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 MI=11l3 below 1 MeV. Gamma-ray decay.scheme
for !°B from La66é.

MT=780. (n,aq) Cross Section

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

1 to 20 ﬁev; based on Daél measurements, with smooth extrapolation
from 8 to 20 MeV. Daél measurement above approximately 2 MeV
was remormalized by factor of 1l.4. :

MT=781. (n,c]) Cross Section

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

1 to 20 MeV, smooth curve through measurements of Daél and Ne70,
with smooth extrapolation from 15 to 20 MeV. The Da6l dara—above
approximately 2 MeV were renormalized by a factor of 1l.4.

* Filas 4., Neutron Adgular Distributions

MT=2. Elastic Angular Distributions

0 to 1 MeV, calculated from :the R-matrix parameters described for
MF=3, MI=1. Experimental angular distributions input to the fit
for both the elastic scattering cross section and.polarization .
were obtained from the measurements of La7l. Assignments for
resonances above the neutron threshold are based on La7l,

1 to 14 MeV, smoothed representation of Legendre coefficients de-

rived from the measurements of La7l, Ba73, Po70, Ho69, Co69, Vab9,
and Vaé3, constrained to match the R-matrix calculations at Ep=l

MeV.

14 to 20 MeV, optical model extrapolation of 1l4-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 Gamna Rays

0 to 20 Mev, capture spectra and transition probabilities derived
from the thermal data of Th67, after slight changes in the
probabilities and renormalization to the energy levels of Aj75.
The LP flag is used to conserve energy and to reduce significantly
the amount of data required i{n the £file. Except for the modifi-
cation due to the LP flag, the thermal spectrum is used over
the antire emergy range.

MT=781. 0.4776-MeV Photon from the (m,a3) Reactién
-0 to-ZO MeV, multiplicity of 1.0 at all energies;
File 13. Gamma-Ray Production Cross Segtions‘
MT=4. (n,nY) Cross Sections

Threshold to 20 MeV, obtained from MT=51-61 using !°B decay scheme
deduced from La66, Al66, Seb66A, and Se66B.

MT=103. (n,pY) Cross Sections

Threshold to 20 MeV, obtained from MI=701-703 using log decay
scheme deduced from Lads.

Filé i&. Gamma Ra§ Angular Distributioqs
MI=4 ., (n,gY) Angular Distribuctions
Threshold'to 20 MeV, assumed isctropic.
MT=102. (n,Y) Angular Distributions
0 to 20 &év, assumed isotropic.
.HT-103. (n,pY) Angular Distributions
Threshold to 20 MeV, assumed isotropic.
MI=781. (n,a;Y) Angular Distriﬁﬁtiou
0 to 20 MeV, assumed isotropiec.
File 33. Cross-Section Covariances
The relative covariances for the most importanc reactions open below
1 MeV are given in Tile 33. These are calculazed diractly frem the

covariances of the R-matrix parameters, using first-order error
propogation.
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Mr=2, 780, 78l1. (n,n) (n,zg), and (m,03) Covariances.

0 to 1 MeV, relative covariances among these three reactions are

entered explicitly using NI-type sub-subsections in the LB=S
‘(direct) representation.

1 to 20 MeV, all covariances set equal to zero. Not intended for

use in this energy range.

‘MT=1, 107. Totzl 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,a3])

reactions which are 211 presumed to be sm=2ll in magnitude below

1 MeV. MNote that although the zotal cross-section covariances

are entered in the NC-type (derived) forma:z, total cross-section
cata were included in the fit, and they influenced zll the cal-

culated covariances.

1 to 20 MeV, set equal to zero. Not intended for use in this

energy range.
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The solid curve is ENDF/B-V and the dashed curve ip ENDF/B-IV. ' References for
experimental data are given in LA-6518-MS. !
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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,n3c) to yield correct energy angle
kinematics.

4. Activation file for (n,p).
Gas production file.

6. Uncertainty file.

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

1. (n,a) below i5 MeV and (n,Y) below 1 MeV.

2. Angular distributions of secondary neutrons 4-51.
3. Multiplicity of capture gamma-rays 12-102.
4

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

. ..
Adopted from French evaluation™ which is an extensive revision of ENDF/3-IV:
1. (n,Y) above 1 MeV, (n,x), and (n,t).

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

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

Data and evaluation techniques used in the new evaluation, the ENDF/B-IV
evaluation, and the French evaluation, as adoﬁted here, are summarized

below:

File 3, MT=1. Total
1.E-5 eV to 4.81 MeV — sum of File 3 MT=Z and File 3 MT=102.
4.81 MeV to 20 Mev. 24 '
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File 3, MTI=2. Elastic Scattering

1.E-5 eV to 4.81 MeV — R-matrix analysis with data.2'27

.Bayes theorem (or nonlinear lehst-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%
evaluated by Lubitz28 was also used in the R-matrix fit.

4.81 MeV to 8 MeV.26’27’29

8 MeV to 14 Mev.22-31

14 MeV to 20 MeV.>?

File 3, MT=3. Nonelastic
1.E-5 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, MTeSl. Inelastie-Scattering to 4.439-MeV Level
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=22 and
33

gamma-ray data of Morgan et al.

File 3, MT=52-91. (n,n') and (n,n'3x) Luapéd Together

MT=52 to 35: real levels with physical widths given in File 4.
MT=56 to 58: pseudo levels with 0.25-MeV half width of rectangular
distribution given in File 4.
MT=91: a small evaporation component with T=0.3 to reproduce

" threshold effect and the decay of the 2.43-MeV level of 9Be.
Bistribution of secondary neutrons agrees with Refs. 34 and 3S.
The sum of File 3 MT=52 to File 3 MT=91 is derived from File 3 MT=3

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

File 3, MT=102. Capture
1.E-S eV to 1 MeV — 1/V with 3.36 mb at thermal.

1 MeV to 20 MeV — derived from (y,n) cress section of Ref. 38.
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File 3, MT=103. (n,p)
See Ref. 39.

File 3, MT=104. (n,d} .
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, MT=103.

File 3, MT=204. Deuteron Production
Same as File 3, MT=104.

File 3, MT=207. Alpha Production )
Sum of File 3, MT=52 to File 3, MT=91, multiplied by 3,
and added to File 3, MT=107. '

File 3, MT=251. Mu Bar
Derived from File 4, MT=2 with code SAD.

File 3, MT=252. Chi
See File 3, MT=251.

File 3, MT=253. Gamma
See File 3, MTI=2S1.

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

File

See Ref. 47.

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

File

See Ref. 47.

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

File

S, MT=91. Evaporation‘Specﬁrum with T=0.3 MeV.

File

This is a small component of fn,n'Sa) and is used mainly for the
decay of the 2.43-MeV level of 9Be (Ref. 34) and for reproducing
the correct threshold effect.35

48

File

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

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

File

Same as File 3, MT=103.

12, MT=102. Multiplicity of (n,Y) gamma rays.49

File

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

File

Same‘as File 3, MT=31.

14, MT=S1. Angular Distribution of 4.439-MeV gamma rays.’a’so_SG

file

14, MT=102. Angular Distribution of Cagture gamma rays.

File

Isotropic in center-of-mass.

33, MT=1 to 107. Uncertainty Files for File 3 Data.
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Covariance File for Carbon 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 MeV, MT=51, and MT=107, covariances were.‘
determined fror: £20 error bands. The error bands were extended and
enlarged to cover energy'regions lacking experimental data. In general,
-Iong range covariances reflect systeﬁétic errors common to all data sets.
Medium range covarinaces ref]ec; differences in energy coverage by different
data sets and differences in the expefimenta] methods within the same data
set. Short range covariances reflect structures in the cross sections

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

in the evaluated cross sections.

For 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 Qquares (Ba;es theorem). The résu]ting covaripnces were further mbdi—
fied by considering the effects of the R-matrix fit which included thsrmaf
data, data above 2 MeV, and polarization data. Uncertainties (not\covari—
ances) in the angular distributions were also evaluated and are reported

in Atomic Data and Nuclear Data Tab'as (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 20% 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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I  INTRODUCTION ' ,
‘Because of its monoisotopic nature, its chemical purity, its large

fhe:mal_neutrcn capture cross section and absorptiocn rescnance integral [1}
and the simple decay scheme of the preduct nucleus formed by neutron cap~
ture, the capture cross section of gold has become cne of the primary

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

the energy region 200 keV-3.5 MeV, subject to the requirement for a consis-
tent set of priméry'standards on (n,p), SLitn,a), 198(n,a) ana 235u(n,f)

for ENDF/B-~V, was carried ocut in conjunccion with the Standards and Normali-

zation Subccocmmittee of CSEWG and its Task Force.(a)

II THERMAL CROSS SECTIONS AND RESONANCE PARAMETERS

The reqommended rescnance parameters %n the energy range 4.9 ev-2 keV,
which acreared in BNL-325, Third Editicn [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 exgerimental capture and tctal cress secticns at low neutron
energies;w~$hisuspin value of the bound level was deduced by Wasson et al
(3] frcz interference anlaysis of neutzen capture (-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.
Unfertunately, individual resonance parameters (I‘n_,rY ; J values) were not

(a) The Au Capture Task Force members are: B.R. Leonard, Jr. (BNL), Chair-
man, M.R. Shat (BNL), A.D. Carlson (¥BS), 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 grnry/r values of Macklin et al {4] were combined
with the renormalized qr2/T values of Hoffman et 2l (5] to obtain J, Tl
values for the individual resonances. The renormalization factors were
estimated by a comparison of the gr:/r values of Hoffman et al [S5] with
those derived from BNL~325 (1] 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 rescnances.
The thermal c.css sections at .0253 eV are:
capture = 98.71 b
scattering = 6.84 b
tctal - =105.55 Db )
The absorption resonance integral with a 0.5 eV cutoff is 1559 b.

_IIT FAST NEUTRON CAPTURE CROSS SECTIONS
a. Total Cross Section
As pointed out previously, the total cross section from 1of5ev to

4.8 keV is represented by the resonance parameters. The total cross secticn
from 4.8-10 keV was derived fram t:2 average rescnance parameters; f£rom
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 [1l]. In the high energy regicn, 15.0 to 20.0 eV,
the evaluationis based on data of Peterson {12].
B. Elastic Crcss Section
' The elastic cross section from 4.8 kéV to 20 MeV is cobtained éy
subtracting the sium of all the. norelastic crcss sections from the tetal
CXoss éection.'
c. Total Inelastic Cress Secticn
This is cbtained 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) Czoss 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 at al [l16]. The {(n,p) and (n,c) evaluation is based on data
of Prestwood and Bayhurst [l<].
E. Inelastic Cross Scctions
" The inelastic scattering cross section. data of Devilliers et al
[17], Barmard et ai {18] and Nelson et al [1S) were considerad. In the
neutron energy r=giocn whers experimental information is not available, i.e.
nea:‘thrashcld and above En = 1.6 MeV, the evaluaticn is based on a proper-
ly normalized statistical medel calculation following the formalism of
Hauser and Feshbach. ~Nuclear model calculations were carried out with the
aid of the code CCMNUC-1 {Zq] using basically the level diagram scheme of
137au as reported by the Nuclear Data Group (vintage 1973), and Barmaxd
et al [l18]. 1Inelastic scattsaring cross section to the continuum of levels,
specified by a low energy cut off of 1.25 MaV, is obtained by using CCIATUC-1.
The derived values are normalized to the difference between non-elastic and
.the sum of discrete inelastic and (n,particle) reaction cress sections.
F. Capture Cross Section
The capture cross section of gold in the energy region from 10-5
_eV to 4.8 keV is represented by the resclvad resonance parameters. In tha
energy recions from 4.2 keV to 200 keV, the evaluation is based on Macklin
et al's data [4]. ’
) In the enexsy region f£rom 200-3500 keV, a great Zzal of effort
was placed on the evaluation. The following procecdure was adherad to. At
Zirst, the totality of the old and recent data were divided into two
groups. epending .cn whether the measurement is designated as absolute or
ralative. Subsequently, the relative gold capture cross sections were
separated into four grouss corrasconding o one of the adogted standards
. {n.p), §Li(n,a), 103(n,a) or 23%U(n,£). In those cases whers the ratio
7alues were not reported bv the authoTs, these were reconstructed whenaver
enotch information was provided by the z2uthors. As an example, the
613 (n,2) crcss section adepted by Macklin, et al, (4] in his fiux measure-
nents, was éderived here from the reported prescription and the ratio

values of the golé capturs cross section to the 1i(n,q) cross section
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weﬁ; cbtained. Then various ratio values correspcnding to each standard
were pictzad saparately &nd weze initially ccmpared with the ratio values
derived from ENDE/B-V. Such a procadure is helpful in discern.ng any sys-
tematic trends in the data as may be indicated by high or low values or
possible changzs in the shape of the relative cross sections. Ratio
values which deviated by more than two standard deviations from ENDE/B-V
or tha average of the experimental values were rejected.
The following ctservations could be made regaxding these data:
1. Data of ¥acklin, et al., [4], Lindner, et al, f{21]
and Fort and Ia Rigoleur (22] are generally in
very good agreement:
2. As shown by Fort and Le Rigoleur [22], the activa-
tion and ronactivatic: measurements are in reason-
able agreement with each othex particularly in the
enexgy recion 4006-500 keV where the dewiaticn is
only about 2%,
3. Data of Paulsen, et al., (23] Fricke, et al, {24]
and Barry, et al, (25] measured ralative to the
{n,p) crcss section are censistently hich with re- .
spect to tle IMDF/B-IV evaluaticn anc with the
data cf acklin, et 2l., {4]j, Linéner, et al.,
[21), Poenitz (26] and Fert and Le.Rigoleur (223.
4. In the energy rance l0C0-3500 keV, the data of
Paculsen, et al.,, [23] arpear to scnverge, partic—
wlzrlv 2t the hich enerzy ead, with that of
Toenitz {25] and Linadner, et 2l., [2i].
‘8. The Robeztson, et al., [27] cross section value at
566 xeV is about 12% high wiih resspect to Poenitz
[2€], Lindnar, et al., (21] and ENDF/E~IV evalua-
tion, but samehow in agresemant with the dzta
point cf Paulsen, et al., (23]. Since it is be-

lieved that there is no structur2 in the gold
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capture cross secticn at this energy, the result
of Robertson, et 2l., [27] was down-graded.
6. The data of Czirr and Stelts (28] is high when
compared with other data,. and with the ENDF/B-IV
evaluations. ‘It is to be hotad that the data -
points at 319, 412 and 532 keV were withdrawn by -
the authors.: ’ |
tn the basis of these cbservations, it was decided to base the
. ENDF/B~V evaluation on the data sets of Macklin, et al,, (4], Port and
Le Rigoleur [22], Poenitz 126], and Lindner, et al., [21] in the energy
range lOOBIOdO'keV. ‘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 dsta of Johnsrud et al [29] and Miskel et al [30], both
.of.whi;h used the activation technique and measured the flux with a fis-
sion chamber. Between 4 MeV and 20 MeV, cnly 14 MeV data by Drake et al
.[31] and Schwerer at al [32] are available, which indicate that the cap-
ture cross section of gold at 14 MeV is about 1 mb. As a result, the
ENDF/B-V evaluation between 3.5-20 MeV is based on COMNUC calculations
which are normalized to a value of 14 mb at 4.4 MeV {(renormalized Johnsrud
et al [29] data point) and 1 mb at 14 MeV. ‘
It.;s“ofuinte:est.to‘calculate-theﬂfissicn spectruu average of"
the capture cross section znd ccapare it with experimental measurements.
Absclute capture cross section measurements for 19730 for 252t spor.taneous
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 zb respectively. In
additien, Fabry, et al., [35] reported an integral cross section ratio
measurement of !97au(n,y) relative to 238U(n,f) Zor a thermal-induced 235
fissicn neutron spectrum. Adopting a value of 295.4 mb for 238y(a, £)
fission spectrum average frocm the ENDF/B-IV dosimetry file [36],. (ENDF/B-V
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fiie as yet unavailable), cne obtains a value of 85 + 4 mb for
" 1980 (x, 1) 129, |
A maxwellian fission spectrum of characteristic temperature T
and repsreented b#:
' A . .E
(B =c/E e T 1)
was employed (C is a no:malizigg constant). Values for T of 1.32 MeV
(ENDF/B-IV) and 1.39 MeV were used in.the calculations for 235y and 232cs
fission spectra respectively. .

The 2350 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
nurbers [33-35, 37).

TABLE I
Comparison with Integral Measurements

Fissicon Experimental Present Ref :rence

‘Spectrim ~ Values (mb) Evaluation (mb)

235g(T=1.32 MeV) | B4.8 + 4.1 . 81.3 Fabry [34)

252cf£(T=1.39 MeV) | 79.9 + 2.9 78.1 Green {33)
76.2 + 1.8 ’ Mannnhar: (34]
95.5 + 2.3 | Paww [36)

v ANGULAR DISTRIBUTION OF SECCNDAXY NIUTROHS

The elastic scattering angular distribution in the energy range up teo
8.05 MeV are based on experimental data. With the aid of the ovtical model
parzmeters derived by Holmgvist and Wiedling [38], ootical model calcula-

tions were carried out by using ABACUS-2. The caléulations were ccopared
with measurements at the following neutrcn energies: 0.5, 1.0, 2.0, 2.5,

5.0, and §.05 MeV. The agreement between calculations and measurements is
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reasonably good encugh to warrant extrapolating them above 8.1 MeV where
exzerim:ntal data are not available. 1In additicn, the graghic &isplay coade
Tiger. [39] was used to fit the experimental data with a least-sguares
spline procedure, check Wick's limit, and then extract Legendre coefficients
of various orders for the a.ng'ula.r distributicn of scattered neutrons.

Because of the absence of experimental data, the angular distributions
for the (n,particle) reacticns have been specified as itotropic.

V. ENERGY DISTRIBUTION OF SECONDARY’ NEUTRO?IS

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. Magqurne.
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?:f:-l:$; 3re ed Summary Documentation for ZSSU.
i (MAT=1395)
M. R. Bhat
Introduction
235

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

" evaluation by L. Stewart (LASL), H. Alter (A.I.) and R. Bunter (LASL) [1]

except for changes and updates in the following sections discussed below.
These changes respresent the work of many pec:le either as individuals or
as a group such as The Normalization and -Standards Subcoummittee of CSEWG.
Soug of these contributions bave been discussed in separate reports by the
authors. These will be'tefei:gd.:o here and their contents will not be
discussed in detail.

File 1
(1) Nu-bar Total (MT=452)

These values were changed to reflect changes made in the ¥
. ‘ R “prompt

and Vi.1aved.

* (44) Nu-bar Delaved (MI=455)

The delayed neutron yields were eva;uated by Kaiser and Carpeater (2]

where the details of the evaluation ares discussed.

(111) Nu-bar Promot (MT=456)

252

The data sets ([3-19] were used. They vere first normalized to ct
v =3,757+.015 and 235U )  (0.0253 eV)=2.420£,012 as recomzenced by
prowpt. T prompt

The Normalization and Standards Subcommittee {20). Data were fitted with
straight lines in the energy regioan 0-2 MeV, 2-5.5 MeV, 6-20 MeV with 2 joia
from 5.5 to 6.0 MeV. A plot of the renormalized data indicates that therve

is a step in the GP from 5.5 to 6 MeV, and this was included in the evzluaticn.

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

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

The energy relzased in fission and its partition into the different

modes of decay was evaluated by R. Sher et al., [22]. .
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File 2 . .
(1) The Resolved Resonance Region (MT=151)(1.0-82.0 eV).
The resclved resonance parameters are the same as those evaluated

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

(11) The Unresolved Resonance Region (MT=151) (82.0-2.S5E+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 emergy shifting the data of Blomns {24],
ORNL-RPI {25], Gwin [26] with respect to the Lemley [27] data. Similarly,
the fine structure as well as thé 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].

File 3 .
1) The Thermzl Energy Region (1.0E-05 - 1.0 eV)
+« The total scattering cap-ure and fissioa 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 resclved 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. . )

(11i) Fission Cross-Section (25 keV-100 vaV),

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

base&*on“cwin'data'was preserved by multiplving the EWDF/B-IV cross-section

by 0.9781 to give the éverage cross-section evaluatad in Ref, 23.

(i1i) Fission Cross-Section (100 keV-20 MeV)
This evaluation is by Poenitz [31].

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

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

section by the czpture-to-fission rario of ENDF/3-~IV.
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File &4
The angular distributions are the same as in ENDF/B-IV [1].

File §
(1) Fission Neutron Spectra

The energy dependent Watt spectrum representation is used fof fission
neutrons. The procedure used was to take the a and b parameters for an
energy dependent Watt spectrum as given by Kujawski and Stewart for their
Pu-239 evaluation (for the fission part of file 1399/5/15) calculate the
mean emergy E and divide it by 1.6&, the value obtained by Adams [32] for

the E 1,11_239//151]_235 to give E for 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 bé constant for En-l.OE-S eV to

1.5x106 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 evgporation spectrum with a temperature obtained from section 5/91, i;e.,
£4 - .

at a particular energy En one finds (En Ethresh.an) chance fission or

(En - Ethresh 3rd)
the 5/91 threshold is given. Having fixed these parameters, the mean energy

chance fission and the corresponding temperature above

corresponding to section 5/18 could be calculated “nowing 9% Total. %mn'f

S, 2nf and,Gp, and the energy dependent parameters a and b calculated.
’

(1) Delaved MNeutron Spectra

~ The evaluation is by Kaiser and Carpenter [2].

File 8
(1) TFission Product Yield Data (¥T=454 and 459)
The fissioa product‘yield data were reviewed and recomzended by the

Fission Products Yields Subcommittee and the data files prepared by T.R.
England [33].

(4i) Radiocactive Decay Data (MT=437)
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)

(14) Radiocactive Decay Data (MT=457) (cont'd)

and also Vaninbroukx [36]. Alpha eaergi;s and intensities are from Ref.,
[37,38], and the gamma-ray and L x-ray daia are from Ref. [37];

" 8. File 13
(1) Garma-ray Production Cross-Section from E - 1.09 - 20 MeV (MT=3)

vac—

This was re-evaluated to include the new data of Drake et al., [39,40].
These were compared with the éarlier,data of Nellis and Mptgan [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;7[39] have a low-energy cut-off of BY = 0.25
MeV and for their 14.2 data {40] it is EY = 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 En = 1,09 - 20 MeV (MT=3)

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

10. Files 31 £-33

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

The evaluation of these files for v Total, °f and oy is by R.W. Peelle

[43}.
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Evaluation of 23)0 Neutvon Croas Scction and

Gamma Ray Production Data for EWDF/B-V

1. Introduction
This ceport describes the evaluation of ncutron cross scc-

235

tion and ganma ray production data of U for ENDF/D-V

(MAT=1395). The final evasluated data filea on 2350 are the re-
sult of collaboration by a large number of persons contributing
as individuale or as various specialized aubcdmnittees of the
Cross Scctiona Evaluations Working Group (CSEWG). Contributions’
from Battelle-Northwest, E.G.& G., Los Alamos, Argonnc¢, Oak

Ridge and Brookhaven were used in this evaluation. This report
does not presume to.dilcnno all these contributions in detail,
appropriate references are given to the relevant documentation
where they are a;nil.ble. Only those aspects of the evaluation
in which the author of this report was involved are discussed in
detail here. Within the time that was available For thia new
evaluation, it was aleo not possible to rcevaluate all sections
of the data files. lence, parts of the ENDF/B-1V evaluationl
were included in the present deta files without any changes.

The purpose of this report is to document the new and signifi-
cant changes in the present evaluation, juetify them as far as
possible and diecues their relationship to the previous

versiagns. Poasible changes or }mprovements to be included in fu-,

v . ' .
ture evaluations are aleo indicated.

'
-
B

|



o
The nautron snd gamma~¢ay production croas sactionn gliven
) .

in the prevent evaluation of By (MAT=1195 of ENDF/B-V) over

the neutron energy range 1.0E-D5eV to 20 MeV may be summarized
as follows: |

File 1+  Cenaral description of the aovaluation with referencos.
Min alon han Ot' Gd and Gp evaluatfions vonforming

vith the latest available data.. The ¥, evaluatfon i»

d
by Kaieer and c.rpenter2 and the Gp data and the eval-
ustion ar: discussed in Section 4.0. The energy

released in fission and its pactition into the differ-

'

ent decay modes {eo by Sher et. al.3

‘

File 2t  Renolved resonance region parameters extend from 1 eV
' to 82.0 ¢V and were evaluated by Smith and Younga for
ENDF/B-I11, used in version 1V (MAT=1261) and taken
over unchanged from it, Unrelolvcd.rel;nnan plrame;
ters are from a new evaluation discuased in Section

2.0.

This file.has smooth crose sections for total,

elastic, total inelastic, (r,n), {(n,3n), fission, cep-
ture snd inelastic cross sections to individual die-
crete levels. In the current data file, the thermal
croas-vections (IO‘-s eV to 1 eV) aég based on an evalu-
ation by leonard et. als. Thia fit was modified be-
tween 0.85 and 1.0 eV to join smoothly with the reso-

' _nance region. From 25 keV to 100 keV, the fﬁnnioh

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

.

File 41

File 5:

-

and wan obtained by miitiplying the YVoralon 1V svatoas
tion by 0.9781 to give wide bin averages corresponding
to the cutrent evalustion (eee Bection 2.0). Fission
cross section from 100 keV to 20 HeV vas evaluated by
Poonitns. Tho capture cross section from 25 kaV to 20
MeV wan ubtalned by multiplylng Lo capture<to-tleslon
vatio from Version IV with ENDF/B-V fission cross sec-
tion, Total cross section ie 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 coqtlnuun sre the same as in Version IV,

The acattering croes section was modified to conform
to changes in capture and fiasion cross sections.
hngular diatributions from Version IV were taken over
essentially unchanged and used in ENDF/B-v,

Prompt fiwaion neutron spectrum evaluation is
described in Section 4.0. Delayed ncutron specta were
evaluated by Kaiser and 0arpenter2. Secondary neutron
energy distcibutions for (n,2n), (n,3n) reactions and
inelastic acattering into the continuum are the same
aa in ENDF/B-1V:

Fiasion products yield‘dnta are from the Fission fréd-
ucte Yleldl:Subconnittee7 (with T.R. Englend,

Chairman), Radioactive decay data vere prepared by

Relcha.

-ZL—



File 121t

File 132

File 153

Photon multlplicltie; in File 12 for total inelastic
scattering, fission and cepture were tnken]ovgr
unchanged from ENDF/B-IV. .

Gamma ray production Cross Sections from En = 1.09-20
MeV were reevaluated to include some new data (see Sec~
tion 5.0).

Energy specctra of lecondnky gamma rays due to all
non-elastic processes from Bﬁ = 1.09-20 H;V‘were

changed to conform to the new data used in the current

. evaluation. Energy spectrs of gamma rays below

En = 1,09MeV were taken over unchanged from ENDF/B-IV.

File 31 and 33t The evaluation of the variance~covariasuce

matrices for Gt' (n,f) and (n,Y) cross sec-

tions is by R.W. Peelleg.

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 was obtained by B.R.

Leonard et., als in their analysis end fit of all available ther-

235

mal dsts on U. A simultaneous fit of the total and partial

croas section data of 235

give the best-estimate cross sections as well as their

uncertainties. Details of this anslysis are given in the above
reference and vill not be discussed here. This fit, however,
was modified between 0.85 eV to 1.0 eV 20 as to join amoothly

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

U in the thermal region was obtained to

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

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

583.5421.7 b,

b. Fission Crose Section from 1.0 eV to 82.0 eV
1

Thia is the energy region of resolved resonance
parameters. These were evaluated by Smith et nla for ENDF¥F/B-

I1I; uesed in Version IV and have now been jncluded in Version V.

The fit is in terma of aingle level parameters.

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

made to iuclude the results of Reich~Moore analyais of the ra-

solved resonance data by Reynoldalo from 1-60 eV and by Smith

from 1382 eV, The pr?poaal was to convert these Reich-Moore pa-
H

rameteYs to equivalent Adler-Adler parameters, merge them and ob~

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

11

L
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However, in carrying out thll'meréer, it voy‘found thpf thc back~
ground had pronounced structure send the resulting data files

were not considered to be ;lhnlflélntly better than the |}ngle
level resonance paramcters from Version IV and it was declded to
retain them for Version V. A reanslysis of the resolved reso-
nance region tokincluda more tecent‘d;ta ot crose sections and

polnrization measurements for spin assignments, is ipdlcnt?d for

future versions of ENDF/B.

c. Fission Cross Sectiont Unresolved Resonance Region

from 82 eV to 15 keV-Fine Structure

It is well know that the fission cross section of 235"

in this energy region has pronounced structure which should be
included in an analysis. The problem is to find whether the
;tructure as seen in different experimente can be matched
against dne another in detail and {f possible arrive at a consen-
sus structure which could then be used in a fit, In addi;lon,
thia atructure should be normalized such that broad~bin sverages
over a few keV should agree with average crose sections deter-
mined after renormalization to a suitable set of primary
standards. The details ;f finding the consensus structure and
subsequent analysis is glyen in thie section, Discuseion about '
finding the broad-bin average cross sections i; given in
Section d. .

The problem of correlating the energy scales of differ-
ent time-of-flight mecasurementa has been diacussed by a nunbfr

12,13,14

of authors and it i Ffound that the uncertainties in the

energy scale SE could be expressed in terms of an error 8t in
the time-6f4flfght t and an error 8L in the flight path L as

follows. It is well known that

~N
~

E=u ‘Lt | (1)

N

' vhere E is measured in eV} p = 72.) eVllz Y sect L is measured
™

in meters and t in microseconds. In this case it can be shown
thatlﬁ the true energy scale E will be related to the apparent

energy scale

E* = E+ SE by

CE = E* {1+ a2 + bE 12

) (2)
vhere a = 26L/L and b = 2 §t/puL. Therefore, if two experimentse
of comparsble energy resolution are measuring the same structure
in ‘the fission crose-section, after correcting for the energy l
scale as discussed above, it should be possible to establish a
one-to-ane correapondence in this structure. However, a and b
in the above expression are usually unknown. The pracedure
adopted here was to take one data set (the one measured with the
longett flight path and the hlgﬁeot possible resolution) as the

atandqrd and calculate the correlation coefficient defined sa

,

§
~3
™

i



I‘(xi-;)(yl-h | .
p = -~ 2 0
A 1 .,

where x; are the fission cross-sections in the standard data set

at energies Ei and y; are the fio.iqn'croas-oectiono in another
data sct at the same cnergies c;lculnted as & function of a and.
b, Then the problem is to vary a and b so a8 to maximize the
correlation coefficieant ,and for small reasonable value? of a and
b it is hoped that different data sets could be correlated for
uncertainties 8t and 81, and represented on a common basis (i.e .
with reapect tao the standard data aet) so that the structyre in
the different dsta sets could be averaged to give a consensus
structure.

To carry out this procedure, a program CROC vae

written which could-handle up to 3000 data points in each time-

of-Elight cross section data set, The standard data set chosen

for this analysis was that of Lemley et nl.ls which was obtained

with o flight path of 244m. and e nominal resolution of In

sec/m. The program rcads in the standard data set giving the

fiasion cross section x, at energies E;. Another datlloetollo

aimilarly rea& in and using input values of a and b nnq the

energies Ej* of the data set, “true” energies Ej are calculated.
'

The cross sections yj corresponding to the enérgieo Ej ate then

interpolated on to the same energy grid as the standard data set

assoming linpar intecpolation hotwean succosalve data pojnts.
The correlation cocfficlient ie calculated as given in Equation
3 for differgnt valups of a and b till & maximum is reached.
UVsing these valuea of & and b a corrccted optimum cnergy scale

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

structure in the crose section common to them.
The fiesion croee section data sets used in this anal-

15, Blonols, ORNL—RPIlb and Gwin

yeie were those of Lemley et al.
et al.l7 and the final etructure obtained represents an average
over these data sets. In Table [ are shown the correlation cocf-
ficients between the different data. sets and the Lemley data for
different euergy ranges without any energy shift (i.e.a=b=0.0)
and with a and b correaponding to a maximum in the correlation
cocfficient. From the Table it ie noticed that the changes in

p can be quite app;eciable aa in the low energy Gwin data.

These changes are shown in Figs. 1 & 2 where these four dsta

sets are shown binned in 10 eV wide bins with a = b = 0.0 nﬁd
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 eete is shown in Figs. 3-9, 1In

these figures the fission cross section has also been normalized

to give broad bin averages given in Table VII,
In practice it is not poesible to represent the

unresolived resonance region to show: all the detailed atructure

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

parameters ahould be given at energy points which are far apart
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tompared to the averagn level spacing {n order that tho conenpt
vl average cross sections is valld., With ¥bll in -l;d.oompAlJ7.
grid points were chosen o;ch'thnt ;hen they are connected by‘
astraight lines, the aversge cross-section under these ov;r broad
bin regions was equal to those given in Table VII. Using.these
averages snd the polnri:ntlonudltn,!a the resonsnce parameters
for the unresolved resonance region were exﬁrlcted.‘ These are
given in Table II and the details of this analysfa are given by
Moore et nl.ls To ohtain the.unre;blved re;oncnce parametera
from the input data of Fismfon and capture cross sections,.a
code UR written by E. Penningtonl9 vas used, This progrem calcu~
lntes capture, Flasion and scattering cross sections from
unresolved resonance paramsters after nverngiﬁg over the appro-
priate statistical distributions. There are options to vary
either the neutron or the fission widths or both until the
fterative process convergee and the calculated capture and fie-
sion cross sections agree with input cross sectiona and their
ratios within a specified small fractional devistion €. In
using this code for the present case, the reduced neutron and
fission widths for the J=) and 4 s-wave reaonancea vere varied
to achieve a fit and the rest of the parameters were kept con-
stant. Table II1 gives the input o and 0“7 cross-aections used

f
in the Fit,

‘shape of

d. . Finnfon Croan Snctions 82 oV to 200

. kaV-Drond-bin~-Averages

235

. The ,fisaion cross section of U hss been measured in
many cases with respect to lIl(n,n)lll, 6l.i(n.u) and lon(n,u)
cross sections, Illence, the latest data on these were reviewed

and ansesned in order to obtain a consistent et of standards

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

evaluation of the hydrogen scattering crosa section as a etan-
dard becaune of lack of any significant new data and the Eeeling

that thie evsluation continues to be the best valid estimate of

the cross section. This evaluation is by L. Stewart et al.20

u . The 6l.i(n.0)

22

and includca the analyais by Hopkins and Breit

and loB(n,a) cross sections were evalusted by Hale and Dodder

23

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

having as input experimental data pertaining to all the relevaut

reaction channels. Further details of these analyses will be

235

published esoon. 1In addition, this U(n,E) evaluation is based

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

et 11.5'24.

They obtain a fission crose section of 583,.54¢1.7
b at 0.025) eV. 1In the following discuasion, sll experimental
data have been renormalized to the thermal value of Leonard and
the lIl(n,n)lH, 6Li(n.ﬂ) and lon(n,a) evaluatfons accepted as

ENDF/B~V standsrds,

It was sugpested by Bownnn}?s end others that if the

2350 fisslon ‘croes aection is determined over a wide

energy rsnge from thermal energies to a Eew hundred keV using
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ter exoopla a Honc, ft conld bs normaltized to the accurately
known thermal value., Therefore,. it was doéided to a;nrt fr&n .
the low-energy region with a common thermal normalization mn& de-~
termine avecoge finalon crose section in the eV region. .Thln av-
erape in the oV repdon could bs used to renornulize higher

energy data to give an averege in thé keV reglon and so on, so
that different datn sete could be represented in terms of a com-
mon "basie” for comparison. Such data could then be combined
with absolute point-wise messurements to arrive at what would be
a final evaluation of the data.

Fission croes section data which extend down to thexr-~
mal energies were normalized to a common 2200 m/sec value of
583.54 b to obtain an average of the fisaion fntegral betyeen
7.8 eV-11.0eV which has been suggested by Deruytter26 as a posei-
ble region for cross-narmalization of various data sets. The
datn sets considercd are by Deruytter and H-gennl,z6 Czirr,27
Gwin,za de Saussurc et al.14 Bowman29 and Shore end SAilor.So
The fission integrals from 7.4-10.0 eV (llo 0) and frowm 7,8~

11.0 ev (x“ -0

) obtained from these data sets are given in Table
1V. The second coluwn of this Table gives the thermal crose sec-
tions of the different data sets as obtained by a reanalysis and
fit to these data by Leonardj and were used to renormalize the
data. The third and fourth columns give the fission integrals

ss obtained from the GSISRS (Cross Bection Information Storage

and Retrieval System maintained by the National -Nuclear Data Cen-

ter at Brookhaven) data and column six gives the fission inté-

value of the ratio I

aral feam 7.8-10,0 oV normatined to tha ENDE/B-V atandardn, The
next cotumn gives the errors assigned to these different data
sets in obtaining a weighted average of 241.2t1.6b-eV. The
weighting was iavarsely as the variance of the diffcrent datn
scta. The Ghore ond SnilorJo date extend only np-to 10 ev)
hence, the fission integral I;lso was calculated using the mean
1. 0 / l 0 However, the value thus
obtained was rejected ar being too low, It should be noted that
the quoted error in this integral is underestimated since the

range of valuse used in this average is about 16 b-eV,

The Fission Integral from O.I-l.O.ReV(!;'?)

The data used to obtain this integral are those of cwin,28

C:irr,27 de Saulnure,‘k Wlnon,:n and Wagemans and Deruyttcr.'32
The low energy data of Wasson were measured relative to a 0.S5mm.
6Li glaas scintillator and extended from a few eV to 70 kev and
vere normalized to l;lao = 2)8.4-eV. These data were
renormalized to a value of 241,2 b-eV for use in the current
unaiynia. These data do not cover the energy region from 300-
400 eV due to filters in the beam. MNence, to obtain the fission
integral, mean of I/l. (vhere 1 is the integral from 0.1~1.0 keV
and I' is the same integral leaving out the 300-400 eV band, see
Table V) was de;ern(ned from the data of Gwin, Czirr, de
Sauesure, Blons!® and and Lenley'et a1.13 and multiplied by I'

as ob{ained by Hassop. The data of Hagemann32 were measured

with kespect to loB(n,ﬂ) aasumed to be a 1/v cross section and
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1;‘60 = 240,0 b-eV. These data were renormalized to I;léo

« 241.2 b-eV and the ENDF/B-V !

oD(n,G) sross section, , The }e- 
sults thus obtained ara shown in Table V. Ther; ie ; ppreld:of
sbout 9% in the fission integral from 0.1-1,0 keV thougﬁ the pre-
cision claimed by the individual experiments sre much smaller.

An unweighted mesn of the five dats aets‘lilted in Table V is
l.l92&x104 b-eV. The average qrol; sections from 100 eV to 1

keV are shown in Fig. 10. The Blons datal® vere nérm;lizgq to
33,34

this £ission integral. S8imilarly, the data of Perez et al,
at higher, energies were normalized to the same integral. The av-~
erage croas sections thus obtained from 1 to 10 keV are ahown in
Fig. 11. An average of the fission integrals of Gwin,.Czirr,
Perez, Blons and Wagemans between 10 and 50 keV; 1 ;z B.J39x106
.b-eV was used to normalize the high energy data of Wasson from
5-800 keV messured with respect to hydrogen. These data have
been used in the present evaluation above 5 keV as suggested by
Wasson though there are aome data by the same author meaaured
with repsect tolﬁLi(n,ﬂ) and extending up to 70 keV, The aver-
age fission integr;l between 10-50 keV was algo used to

normalize the Gnyther35 data, Le-leyls

data were not used in
this evaluation as the raw data were not available to correct
for the (n,a) angular distribution in the flux monitor using
ENDF/B-V evaluation. 1t {s eltimateda6 that this correction
amounts to about +3% at 100 keV, though it decreaaea at lower

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

Ceirr, Waseon, Perex, Blone, Wagemans snd Decuytter and Cayther
were obtained as the bast estimate of tﬁe fisaion cross section,
A comparison of the cross aections of the different data sets in
the same energy bins indicates quite a wide variation by as much
a6 121 in the 80-90 keV region (sce Table VI). In the energy
renge from 100-200 keV-thera are only the data of Gwin, Wasson
and Gaytherj they also show a spread of as much as 10X from
110-120 keV. These average values were compared with the Van de

37,38,39,40 !’oenit:,l.l Hhiteaz and

Graaff data of Szabo,
increased by 1X between 10-200 keV to improve their agreement
with the weasurcments at isolated energies. The experimental

data for the fission crose aections from 10-100 keV are shown in

.Fig. 12, The renormalized fission cross sections for individual

data eets and the evaluated averages are given in Table VI and
the average cro;n sections from 100 eV to 100 keV are listed in
Table VII. In the energy region between 30-100 keV the ENDF/B-
V aversges are 2-4% lower than the corresponding Version iV
v;luel.

Between 25 keV and 100 keV the structure in Version IV was
carried over to Version V subject to the condition that broad
bin averaged fission cross section from 25 to 100 keV agree with
the corresponding value from Table VIIj this implied multiplying

the ENDF/B~IV crose-sections by 0.9781,
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Fianion Croas Section from 100 keV-20 MeV !

. ' : . '
This was evaluated by W.P: Pounitz6 in conjunction with
the Normalization and Standarde Subcommittee of CSEWG. The de-
tails of this evaluation have been published recently.

2.2 Copturc Croes Section

a. Capture Cross Bection 1.0E~05 eV to 1.0 eV

The capture cross section in thie energy region is
from the Leonard evnlultions with modificatione fro; 0.85 eV to
1.0 eV in order to join nmoothly with the doppler unbroadened
capture cross eection obtained from the resolved resonsnce param—
eters at 1.0 eV. The 0.0253 eV capture cross section is
98.38:0.76 b.

‘b. Capture Cross Section 1,0 eV to 82.0 eV

The resolved resonance parameters and the background
croas section in File 3 together give the capture ‘croas section
in this region. The resolved resonance parsmeters are fiom the

analysis by Bmith and Young.J

c. Capture Cross Section 82.0 eV to 25 keV
The lnnly;il used here parallels that used for the fis-
sion cross section and de;cribed in Section 2.1. It conaiets of
firat, energy shifting different data sete with respect to one
another and then averaging the fine structure to srrive at a con-
scnsus structure corresponding to all the data eets and second,
renormalizing the different data sets to ENDF/B-V atandards to

determine broad-bin averages.

The three capturc data asets vsed in this annlysie nre
the data of de Saussure et nl.,l‘ Gwin et nl.l7 and Perez ct

Kk ]

al.”” The point-wise capture data of de Saussure are available
to about 3.0 keV, Gwin to 200 keV and the Perez data to 200 eV.
Though binned dnta from these experimente arc available at
higher energies thay obviously could not be used in the analysis
for calculating correlation coefficients with an energy ehift as
described in Bection 2.1, For shifting the energy scale, the
same coefficients & and b which had been used for corresponding
fiesion data were used, (8ce Table I). Since the available
Perez point-wise data extend only up to 200 eV they were not
uscd in the correlation analyses and the fine structure in the
capture cross' section shown in Figs. 13-19 are based on the
ORNL-RPI and the Gwin data. The three sets were used after
renormalization to the ENDF/B-v ‘on(n,a) standard. The bin aver-
age cross sectione are given in Table VIII. From this Table it
is apparent that the different the data sets give widely discrep-
ant bin averages. With such diacrepant data it appeared to be
futile to attempt any other renormalization or manipulation of
these data aeta and an average of these wae considered to give
the best estimate of the capture croaa section. These arc shown
in the last column of Table VIII. In obtaining the unresolved
resonance region parameters, cross sectiona at 137 grid pointe
were| determined cucb that when these pointa are connected by
stralight linea, the area uﬁder these ia equal to broad bin
averaged cross eections given in Table VIII. The atructure.in

]
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the capturs crons nection and the grid polnta wand for the
unioaolved remonance reglon analysis are shown In Fige. 13-19.
The input used at grid polnts are given in Table III.

d. Cnpture Cross Section 25 keV to 20 McV

This was determined by using the capture to fisajon

ratio for the Version IV evaluation and multiplying it by the

]
fission cross section for Version V.

3.0 Fieaion Newtron Spectrim
The spectrum of prompt fleslon neutrons {s dcecribed

either by a Maxivellian form (1)

~E'/0(E)

: L E(BY) & R'e : (1)
or by a Hattvdiltributlon (2)
~8'/a(E)
£ (E') S e sinh (/b(E) EM) (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 fission neutrons is given by

E' = 1.5 ¢ 0.25 ba’ (3)

An analyaia of the recent careful measurements of fission.

spectra by Johanason et ll.l'3 showed that the Watt spectrum gave

s somewhat better deacription of the experimental data than a

Maxwellian. Hence, it waa decided to uase an energy dependent

Watt spectrum representation to deacribe the prompt neutron fis-
sion spectrum of 2350. However, it ahould be noted that experi-

menta] dnta on the variation of the parametera of the Watt spec-

trum s and b with changes in thé incident neutron encrgy are

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

made by Adamshh who obtains a = 0.987820,0108 (MeV) and b =
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2.169780.1552 (MaV™!) and B* = 2,0162.047, Further the

U-235
i pt ' .
ratio E Pu239/l.-‘. U-235 ¥ found .to be equal to 1.04. Though .
this ratio between the mean enargies of 239?\: and ??SU had been

obtained from Jata measured for low incideni;neutron energies,
for want of any experimentsl information, it was decided to main-
tain the same ratio for all incident neutron energies.’ The, eval-
uvation of the prompt fission neutron apectrum for 239Pu for
ENDF/B-V has been described by Kujnwnkihs in texms of an eﬁer;y
dependent Watt spectrum. These parsmeters are given in Table IX

along with E From this Tsble, one could calculate the

235

Pu-239°

mean cnergy of the U Watt spectrum such that E JE

Pu-239'"U-235

« 1.04 and knowing thec mean energy, determine the parameters a
and b consistent with it. At low energies, a was aet equal to

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

239

tent with E', As in the case of Pu the Watt spectrum parame+

ters are kept constant from 1.0E-05 eV to 1.5 MeV and a small

239

encrgy dependence, similar to the one in the Pu parasmeteras,

is built into them at higher enérgie-. Future experimental data

»

will have to decide whether this energy dependenc is correct or

2350 are used to de-

not. The parameters given.in Table IX for
acribe the fisaion spectrum due to first, second and third
chance fission. The boil off neutrons for second and third
chance fission are described by an evaporation type spectrun

~E'/B(E)
f(E') & E'e

whone parameter 0(E) was pepresontod to have the name enarpy

variation ag that- for the continuum inelastic scattering given

in File'5/91.. The mean energies corresponding to the first, sec-

ond and third chance fission were added to give the mean anerpy
of the total fission process after weighting them properly with

ratios of firet, second snd third chance fisaion cross sections

!
to the total fiason cross section. From thie mean encrgy one

could determine the corresponding Watt spectrum parameters s and

b for tho total fisaion,



5.0 Fynluation of 9
IJ,U was carrled out.by
235

Evaluantlion of ¥ prompt for
assuming 2520! Gp = 3,75720.013 and v Gp (thermal) =
2.420t0.012 ae recowmended by the Standards and Normaliz;tion

Subcommittee of CSEHG.66

Data uncertainties in the standard
values were folded into the errors in different expetimental
data sets while making the least squares fit, The data

seta®? 762 yged in this evaluation are given in Table X. The

data of Colvin and Sowerby,aq Conde,so Hopkins and Di\vens6 and
Mather el nl.57 werc corrected for delayed Y-rays and fission
neutron specta differences aa suggested by Boldernn.63 8imi-
larly, the Boldeman53 and SPIQLlhacs‘ data were nhlltlplled by
1.002] as supgeated by Boldemms3 to allow for the current best
tepresentation of the fission epectrum as a Watt spectrum. The
Soleilhac dataﬁo were renormalized to the 1.87 MeV value in the

Doldeman53

paper as suggested by lolde-an.ﬁk

The renormalized data plots are shown in Fige. 20 and 21.
The data were fitte9 with a leaat~aquares program using inverse
of the deta variancea as weights. Straight line fits were ini-
tially made between 0—2.0 MeV, 2-6.0 MeV and 6.0-20.0 MeV as
there appears to be breaks i{n the data at 2 and 6 HeV. From the
0-2.0 MeV fit, the zero energy intercept was obtained to be
2.418%,002 vhich is in quite good agreement with the assimed
thermal value of 2.4261.012.. Hence, in the data files a con-

stant Gp « 2.420 is given from 1.0E-03 eV to 25 keV joined to

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

to 5.5 MoV the data are roprononted apaln by a nteafpght Jina,

There appears to he & break in the dats between 5,5 nnd 6.0 MoV

vhich is represented by a straight 1line joining the 5.5 MeV
point to the 6.0 MeV point and using the 6-20,0 MeV straight

line fit at higher eaecgies.
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5.0 tvaluatlon of tha Gatma-Ray Praduction_Grans Aoctlon shove
1.09 McV
65,66

There are some recent data on the gnuml-rai produc~
tion croee section in‘zssu for neutron encrgies from 1 tollé.l
McV. Thewe data sets have a low energy cut-off of BY = 0.25 MeV
for moat of the measurements and a cut;off of EY © 0.3 MeV for
the 14.2 MeV measurements. It hds been point;d out that the
agrecment between the new measurements and Veraion IV evaluation
is good.66 There are some older data of Nellie and Horgnn67 and
Buchanan et a1.%® which have a ldw-energy cut-off of !Y'i 0.5
MeV. In Fig. 22 are shown these data as well as the new data of
Drake ct al. integrated over gamma-ray energies from 0.5 MeV and
up. The agreement bctween theae two data sete i gobg}'

One of the problems in the evaluation of the total Y—ray‘
production croes section ie how to extrapolate the‘gamid—ray
spectrum beyond the measured low energy cut-off. To datar;lne
the low energy part of the gamma spectrum, a simple linear ex-
trapolation joining the last two measured data pointe in the
Drake ganma spectrs wae used and the resulting contributione
added to a emooth curve drawn through the data pointe in Fig.

22 to obtain the total x-ray production cross section. The
Drakc data and ite low energy extrapolation were also used to de-

termine the normalized energy distribution of the x-ray spectra

in File 15,
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Tsble II,

Parameteres of the Unresolved Resonance Region for 2350

Table 111

Input DAtd 'for' the Unresolved Resonance Region Fit

8~wave Parameters

?-wave Parameters

Strength Function

<[ >

Spacing

J=3

J=4

J=3

J=4

J=3

J=4

0.92x10™%

1.11x10"%

u=)

V=2

0.9526 eV

0.8093 oV

0.035 ev

9.5663 fns

Jo2
J=3
J=4

J=5

J=2
J=3
=4

RLH]
J=2
J=3
J=4

J=5

1.449x10™%

1.251x107%

1.251x10™*

1.449x10™%

0.394 eV v=4
0.277 eV ve3
0,258 eV vy
0.179 oV v=3
1.2383 ev
0.9526 eV
0.8093 ev
0.7477 ev

0.035 av

Energy (eV) af(b) anT(b) .
82.0 33.812 19.806
86.5 27.620 ' 17.239
91.0 - 34,836 21,751
95.0 16.092 11.701
1.00¢2 16.485 11.034
"1.1042 18.010 12.265
1.20+2 22,151 12.704
1.2542 - . 23885 13.661
1.30+42 , 25.541 12,002
13502 : - 23.885 . 13.661
L40v2 22.151 12,704
1.55+2 18.279 11.885
1.75+2 : 24.077 11.387
1,90+2 16.816 8.606
2,05+2 17.390 11.141
21542 . 20,488 9,497
2.2542 : 22.967 13.600
2.3542 20.488 9.497
1.45+2 20.089 - 9,311

+55+2 19.699 - 5.756
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Table III (cont.) : Table 111 (Cont'd)

Input Dats For the Unresolved Resonsuce Region Fit Input Data for the Untesolved Resonance Region Fit
Enecgy (eV) ‘ %¢(b) ) uny(l;) . , Energy (eV) %) Pay(b)
2.6042 : . 23.487 10,893 . 1 : 9.0042 7.886 4.994
2.6542 27.214 . 9.332 9.25+2 8.042 5.464
3.00+2 111,015 . si220 9.80+2 6.514 4.334
3.3542  15.520 . 8.a8r | 1.00043 6.653 5.548
3.90+2 10.419 . 5.235 : 1.0304) 5.668 4,045
4.3042 . 14,514 4.598 - C O 1.05543 7.661 4.306
4.6042 12.665 . 4,784 ©1.08043 10.309 . 4.350
4.9042 13.790 4.858 - - 1.11543 7.193 3.824
5.10+2 18.325 4.841 1.135¢3 . 9.762 3.031
5.5042 13,732 W T : 115543 8.162 3.579
6.0042 13.142 4,637 , 1.165+43 15.093 4.034
6.5042 8.492 4.814 ' 1.18043 9.034 2.960
6.6542 - 13.131 5.558 1.210+3 7.384 3.224
6.8042 12.728 3.970 1.25043 6.669 3.075
7.0042 ' C10.1n 3.482 ; 1.30043 7.168 2.382
7.1512 14.693 6.207 1.340+3 8.477 3.156
7.3042 ’ 10.965 6.118 1.37043 : 8.03) 2.502
7.55+2 9.408 4.630 . 1.40043 7.686 2.792
7.7042 " 10.798 4.046 1.450+3 ' '7.364 - 2.845
8.00+2 8.998 3.784° 1.50043 4.575 T 2,344

8.50+2 1.557 3.8 1.560+3 6.279 ; 2,611



Table III (Cont.) : ‘ ’ Table III (Cont'd)

Input Data for the Unresolved Resonance Region Fit ' : Input Data for the Unresolved Resonance Region l‘{tA
Energy (eV) 9e(v) uny(b) Energy (eV) Teib) any(b)
1.670+3 . 7.461 - 2.505 : : 4.50043 4.292 1.555
1.70043 ' 6.396 1.819 ' 4.80043 3.761 ' 1.529
1.75043 | 6.252 2427 ' 5.0004+3 3.879 1.320
1.900+3 7.346 3.167 5.1504] 3,757 1.400
2.000+3 6.094 3.1l 5.35043 . 4,027 1.274
2.15043 ' 5.222 - 2.458 T 5.60043 4137 1.438
2.300+3 5.325 2.066 ‘ 5.65043 3.678 1.488
2,500+ 5.877 ' 1.968 ' 5.80043 4.082 1.782
2.650+3 5.102 1.521 6.00043 3.531 1.831
2.900+3 5.003 * 1.508 6.15043 ' 3.161 1.490
3.000¢3 . . 4.870 1.484 ' 6.400+3 3.360 1.550
3.15043 4.644 1.774 6.60043 3.0 1.511
3.25043 5.129 1.679 . 6.7504) 3.143 1.388
3.50043 4.773 1.582 7.0004+3 3.624 1.231
3.700+3 : 4.382 1.482 7.25043 3.106 ° 1.201
3.R00+3 5.214 1.661 : ' 7.35043 3,283 1.507
3.900+3 ’ . 4.305 1.589 7.700+3 . 3,047 1.390
4.000+3 4.667 1.597 8.000+3 2.895 1.366
4.1504+3 4.055 1.480 ' 4.20043 2.659 , 1.554
6.250+3 4.982 1.582 © 8.40043 2.991 i 1.564

4.350+) 4,331 1.544 7 8.70043 3.206 1.387

-69-



. ) .
Teble II1 (Cont'd) ) ' Tabla IT1 (Cont'd)

Input Data [or the Unresolved Resonance Region Fit : Input Data for the Unresolved Resonance Region Fit
Energy (eV) of(b) ) “,,Y(b) ‘ Enorgy (ev) %¢(b) ' ony(b)
9,0001) 2,728 1,169 . 119044 B SLLA 0.781
9.15043 0 3,269 1.341 1.940+4 2.3 _ 0.831
9.600+3 “ 3.064 \ 1.250 ' 1.980+4 2,302 0.786
1.000+4 2,661 1.092 ' 2.000+4 2.249 0.896
1.040¢4 2,730 1.163 . 2.050+4 . 2.04) 1.036
1.065+4 2.859 - 1.169 '. 2.100+4 2.034 0.906
1.085+4 © 2,12 1.188 : 2.210+4 . 2.415 0.847
1.120+4 2.871 1.184 2.320+4 ' 1.994 0.922
1.165+4 2.582 1.104 2.370+4 2.126 0.915
1.200+4 2.607 © 10138 : | 2.420+46 2.199 0.867
1.24044 2.380 1.100 2.460+4 2.164 0.780
1,25044 2.518 1.07% . 2.500+h 2,099 0.772
1.3254 2,960 1.046

1.37044 . 2,566 1.012

1.43044 2.520 1.008

1.480+4 2.654 0.904

1.530¢4 2.2% 0.918

1.600+4 T 2.359 0.963 ‘

1.72044 2187 0.984 '

1.790+4 2.165 " 0.929¢

1.840+4 2.411 O.GI;O
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Table 1V

235

Lov Energy Fission Integrals for U

‘B.R. Leonard, Jr., et al., Ref. §

I11
Author a 110 Iu RZiitive to
& Thermal 7.4 7.8 (2) Version V
Data Set Fit ) (2) (1) _ Staudards _ Error
Deruytter  569.8  220.47 237.35 1.07656 263.07 1%
& 4
Wagenahs 2.3
}N/SN-20131/2
Czirr 585-6 225.86 262.27 1.07266 240.57 1z
Private *
Communication 2.6
April 30'76
Cuin 580.05 217.49 234.62 1.07876 235.92 1.52
AN/SN-10267/24 *
2.0
ORNL-RPI S74.1  221.26 237.40° 1.07304  241.30 2
AN/SN-1077076
2.3
Bowman $69.9 228.72 246.02 1.07564 251.91 az
AN/SN-52041/2 %
2,0
Sﬁore 577.3 213.31 — <T%%> 231.86 BReject
& ¢ .
Sailor 1.8 =]1.07533 °
AN/SN~51291/20
Weighted Mean 241.2 b. eV
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Table V

Pission Integral of 2350 from 0.1-1.0 keV

Author I (b-eW)* I' (b-eW)® 1/1'

Gwin 1.1799E+04 1.0515E+04 1.12211
Czirr 1.1403E+04 1.0162E+04 1.12212
ORNL-RPT 1.2399E+04 110638404  1.12076
Wasson 1.1815E+04 1.0534E+04 —

Wagenans 1.2204E+04 -— . _—

Mean 1.1924E04

Unweighted.

Blons 1.2333E+04 1.0995E+04. 1.12169
Lenley  1.17828+04 1.0509E+04 1.12113

Mean 1.12156.
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Table VI

Average 235‘U(ﬂ.f.) Data Gwin 0.1 - 200 keV.*

~ Peres & Yegoman
dia Limite ORM,~ - Average
{kev) Svis Caire ____ Vesvem 2y Seme Seruytter Coyeher __ €(a (D)
0.1-0.2 0.2 10.03% 0.48 1.0 W22 .2 20,54
" 8.2-0.3 19.9%0 19.16 0,04 20.9¢ .11 ».8 0.16
0. 3=0.4 12,04 12.41 (11.80) 13.5¢ 1.9
044,35 13.38 12.88 3.7 138 ¢4 3.1
0.5-4.6 w.n .00 %4 13.00 14.93
. ~0.7 .1 10.90 11.72 1.1 1.8 11.22
18,62
0.7-0,.8 10.76 10.9 12.29 10.89
0.0-40.9 7.96% .31 .3% 8.254
1.363 -
2.%-1.0 7,301 nm ran .41
le0=2.8 1.070 6814 .00 7.193 7.280 1.5 .3 7.147
1.8-2.0 .16 —— — .12 3.27% S.64 3.603 5.364
doo=4.0 4.3 -— — 4,233 4754 LYS ;| 4. 909 k.75!.
4.0-%.0 4o 107 3. 3.9 4214 4.226¢ 4.8 4.372 4.187
.0-4.0 M - 4,008 1.003 J. %4 4.0 3.rn0 ’ 3.8
$.0-7.0 3.43% — 3. 3.2 .46 L.n .19 .38
7.0-8.0 3.0 2.2 an 3.9 an . 3180 3.5
$.0-%.0 2.89% .14 1.9% 1.946 2.96) 3.0 3. 000 1.93%
2.0-10.0 3.024 1.78%¢ .17 "3.000 3.0 J.12 3.000 3.02%
16.0~20.0 1.481 .57 2,498 1.424 1.68b .38 2. b 1.402
10.0~-38.0 .18 1.9 2.118 2.102 2.141 2.13 2.10¢8 .unn
M0.0~40.0 1.7 1.984 1. 996 1.924 1.7
46.0~30.0 1.8% 1.69¢ 1.70 1.300 1.847 1.427
30.0- 4.0 L. 808 1.663 1.733 1.08 .81 1.403
42,0~ 2.0 t.778 T.6he 1.69% 1.786 1;7“ 1.792
7.0~ 90.0 s 1613 L.8%¢ 1.683 1.493
20.0- 9.0 13530 e 1.3% 1.613 [ 1.550
929.0-108.8 1.543 ’ 1.578 1.3% 1,349 1.372
100~110 1.414 1.302 1.3y 1.548
110~120 1.012 1.462 1.663 1.327
120-130 1.59 1.448 1.478 1.52%
130~160 1.402 1.387 1.446 1.426
160~150 1.408 1.3 1,408 1.413
150~160 1.362 1.41) .41 l.a13
1%0-12 1.388 1.208 1.364 1.388
170~180 l.334 1.332 1.!3.5 1.268
1.16%
190~19%0 .91 1.483 1.0 1.33¢
19920 |, l.i% 1.30% 1.308 L.

"Beoed on °, (0.0253e¥) = 383.34 b,

xll.ﬂ-'
1.8e0

1.0ke

" W12t 1.6 bea?

Iy ey * 11738« 10° by

SoheV
11“.-'

. 8339 1 10° by
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" Table VII

éyerngg_h”,y Fllnionicrpga-Section 0.1-100 keV
Energy Bin Limite (keVv) <0 > (b)
0.1 - 0.2 20,54
0.2 ~ 0.3 20.16
0. -~ 1.0 11.22
1.0 - 2.0 7.167
2.0 - 3.0 5.344
3.0 ~ 4.0 4.763
4.0 - 5.0 4,187
5.0 - 6.0 3.909
6.0~— 7.0 3.287
7.0- 8.0 3.165
8.0 - 9.0 2,935
9.0 ~ 10.0 3.025
10.0 - 20.0 1.48f
20.0 - 25.0 2.158
25,0 - 30.0 2.096
30.0 -~ 40.0 1.977
40.0 - $50.0 e+ 1.827
50.0 ~: 60.0 li.BOJ
60.0 - 70.0 11752
70.0 - 80.0 1{695
80.0 - 90,0 1.558
90.0 - 100.0 1.572

Bin Limite

235

Fabia VIET

U Capture Cross-Section

(keV) ORNL-RPI(b)  Perex(b) Gwin(b) Mean(b)
082 - 0.1 13.621 16.406 17.090 16.375
d - a2 11,362 11.428 12.099 11.630
2 - 3 8.934 9.375 8.824 9,004
% I ) 6.480 6.400 6.771 6.550
NN 4,963 4.756 4.664 4,794
S5 - .6 4.969 5.599 4.298 4,955
6 - ;7 4,736 4.476 4.579 4.597
7o~ .8 4.989 h.740 4.741 4.82)
8 - 9 4.257 3.963 4,104 4.108
9 - 1.0 *$.263 4.805 4.889 4.986
1.0 - 2.0 3.190 2.656 3.025 2,957
2.0 - 3.0 1.781 1.937 2.136 1.951
3.0 - 4.0 1.459 1.768 1.613
4.0 - 5.0 1.465 1.570 1.517
5.0 - 6.0 1.492 1.492
6.0 - 7.0 1.477 1.477
7.0 - 8.0 1.405 1.310 1.357
8.0 - 9.0 1.382 1.469 1.426
9.0 - 10,0 1.216 1.259 1.238
10.0 - 20.0 0.994 0.994
20,0 - 25.0 0:888 0.888

- P6 -



- 95 =

Table IX
Fission Spectrum Parameters for 239Pu and 235U
239 235
E,(Mev) Pu g
i a(meV) b(MeV=1) E(nf)(MeV) a(MeV) biMev~!) E(af)(MeV)
1071 0,966 2.842 2.112  0.988  2.249 2.031
1.5 0.966 2.842 2.112 0.988 2.249 . 2.031
6.0 1.028 2.509 . 2.205 1.047 2.005 2.120
14.0 1.138 2.048 2.370 1.153 1.653 - 2-‘279
20.0 1.218 1.788 2.490 1.231. 1.446 2.39%
Iable X
235 GP Data Seta

Aschor (fet) taergy lsmge (Ma¥) Mo, of Poiacs Standard Comments
Hasdowe (47) .91 - 6.3 7 Bler 3 - 2.7022.020

Hesdove (48} 0.039 - 1.0 . 224 T, = 3.m22.020

Colvia end W01 ~ 2572 1] G’ ratios .

Sovavty (49)

Comda® {50} L 7.5 end 16,8 1 B2, AEERT a
Diven (51) 0.08 1 B3y 3, (en) = 2,462

Besdows (32) L0 - 1. ‘ 2.4 S, = 37342048

Soléaman (33) 2.9 £-08 & 0.11-1.9 15 B2 IR 3
Soleilhec (34) 2.0 =06 ~ 1.457 203 52 Bl T, - 3082

nescarov (53] 0.08 - 1.515 12 15264 v, - 3w

Ropkine (56} 2.93 £-08 & 0.28-16.3 7 152¢4 3, -3m A
nother {57) 2.53 508 & 0.06-7.96 19 2320 3 = 3.7e22.02 .
Prouherove {58) 0.37 - .25 i% 33 3 (eh) = 2414

noac (59) 0.075 - 14.2 3 32, PRERIL N

saleilhec {60]) 1.87 - Ja.79 b1} P
Seteitnac (61 ) 0.223 - 1.47 T B2 3 o 3,208 : 2
bevolsi (62) 2,53 t-08 1 B2eg Yy« 3,700

Colvin end .53 z-08 1 By 3, -0

. Sovarby (49)

A. Corrections for fissioe spactra end deleayed gowma raye appliod os suggested in Table ¢
of Boldemen (63). . .

3. Values sultiplied by 1.002]1 te allow for a Wett spsctrum ehape 4o suggested by Moldeman
(s3).

C. Value renclmatised to the 1.37 WeV datum of Ref 61.
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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 12¢ from ENDF/B-V as an example:

“"ENDF/B data file for 12C (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 1library. 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 1library. 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.



