IAEA-NDS- 74

k/ \ INTERNATIONAL ATOMIC ENERGY AGENCY Rev. 0
\/‘I@%@é} ‘\// NUCLEAR DATA SERVICES

|\ 4

N £

DOCUMENTATION SERIES OF THE IAEA NUCLEAR DATA SECTION

A

XA9950019

_D_a.t:_g__Format:s and Procedures

for the Evaluated Nuclear Data Format

ENDF-IV

Reprint of the report

BNL-NCS-50496 (ENDF-102), revised by
D. Garber, C. Dunford, S. Pearlstein, Oct. 1975

Reprint May 1984

Jo-21

IAEANUCLEARDATA SECT!ION, P.O.BOX 100, A-1400 VIENNA



BNL-NCS-50496
(ENDF 102)
(General Reactor Technology - TID-4500)

ENDF-102
DATA FORMATS AND PROCEDURES
FOR THE
EVALUATED NUCLEAR DATA FILE, ENDF

Revised by D. GARBER, (. DUNFORD, AND S. PEARLSTEIN

October 1975

This publication brings under one cover
what was formerly Vol. | (neutron formats) and Vol. !l (photon formats)

INFORMATION ANALYSIS CENTER REPORT

NATIONAL NEUTRON CROSS SECTION CENTER

BROOKHAVEN NATIONAL LABORATORY

ASSOCIATED UNIVERSITIES, INC
UPTON, NEW YORK 11973

UNDER CONTRACT NO. E{30-1}-16 WITH THE

UNITED STATES ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION



This publication is based on previous reparts:

BNL 8381, ENDF - Evaluated Nudaear Data File Description and Specifications, June 1964, H.C. Honeck.
BNL 50066, ENDF 102, Voi. | - ENDF/B - Specifications for an Evaluated Nuclear Data File for Reactor Applications,
May 1966, H.C Honeck; Rev. July 1967, S. Pearistein; Rev. Oct. 1970, M.K. Orake, Editor.

LA 4549, ENDF 102, Yoi I} - ENDF Formats ond Procedures for Photon Production and Interaction Data,
Oct. 1970, 0. Dudziok.

It brings under one cover both the neutron and photon formats.

NOTICE

This report was prepared as an account of work sponsored by the United States
Government. Neither the United States nor the United States Energy Research and
Development Administration, nor any of their empioyees. nor any of their contractors,
subconractors, or their emplovees, makes any warranty, expres or implied, or assumnes
any legal liability or responsibility for the accuracy, completenesns or usefulness of any
information, apparatus, product or procens disclosed, or represents thar ity use would
not infringe privacely owned righas.

Printed in the United States of America
Available from
Nadonal Technical Information Service
U.S. Departmnent of Commerce
5285 Port Roval Road
Springfieid, VA 22161
Price: Domestic $12.7%; Foreign $15.25;
Microfiche $2.25

March 1976 500 copies



0.5.

- 14ii -

DATA FORMATS AND PROCEDURES

FOR THE ENDF NEUTRON CROSS SECTION LIBRARY

ENDF/B-IV VERSION PREFACE

INTRODUCTION

GENERAL FFATURES OF THE EVALUATED NUCLEAR DATA FILE

FELA TIONSHIP OF THE ENDF TO OTHER DATA SYSTEMS

0.3.1 Experimental Data Likrarjes
0.3.2 Processing Codes and Neutronics Calculations

GENERAL DESCRIPTION OF THE ENDF LIBRARY

0.4.1 Definitions and Conventions
0.4.2 sStructure of an ENDF Data Tape
0.4.3 Representation of Data

GENERAL DESCRIPTION CF THE DATA FORMATS

0.5.1 Nomenclature
0.5.2 Types of Binary Records

0.5.3 Card Image (BCD) Format

FILE 1, GENERAL INFORMATION

1.1 Descriprtive Data and Dictionary (MT = 451)
1.1.1 TFormats
1.1.2 Procedures

1.2 Number of Neutrons per Fission, v (MT = 452)
1.2.1 Formats
1.2.2 Procecdures

1.3 Radicactive Nuclide Production (MT = 453)
1.3.1 Formats

1.3.2 Procedures



DATA FCRMATS AND PROCEDURES

1.4 Fission Product Yield Data (MT = 454)
1.4.1 Formats
1.4.2 Procedures

1.5 Delayed Neutron Data, v, (MT = 453)

-3

1.5.1 Formats
1.5.2 Procedures

1.6 Number of Prompt Neutrons fer Fission, v (MT = 456)
1.6.1 Formats
1.6.2 Procedures

1.7 Radiocactive Decay Data (MT = 457)
1.7.1 Formats
1.7.2 Procedures

2. FILE 2, RESONANCE PARAMETERS

2.1 General Description

2.2 Resolved Resonance Parametars
2.2.1 Formats
2.2.2 Procedures

2.3 Unresolved Resonance Parameters

2.3.1 Tormats
2.3.2 Procedureas

3. FILE 3, NEUTRON CROSS SECTICNS

3.1 General Description
3.2 Formats

3.3 Procedures



DATA FORMATS AND PROCEDURES

4. FILE 4, ANGULAR DISTRIBUTIONS OF SECONDARY NEUTRONS

4.1 General Description
4.2 Formats
4.3 Procedures

5. FILE 5, ENERGY DISTRIBUTICNS OF SECONDARY NEUTRONS

5.1 General Description

5.2 Representation of Energy Distributions
5.3 Formats

5.4 Procecdures

6. FILT €, ENERGY-ANGULAR DISTRIBUTIONS FOR SECONDARY NEUTRONS

6.1 General Description
6.2 Formats
6.3 Precedures

7. FILE 7, THERMAL NEUTRCON SCATTERING LAW DATA

7.1 General Description
7.2 rormats
7.3 Precedures

1l. GENERAL COMMENTS ON PHOTON PRODUCTION

12. FILE 12, PHOTON PRODUCTION MULTIPLICITIES AND. TRANSITION
PROBAEILITY ARRAYS

12.1 Formats
12.1.1 Option 1 (L@g=l): Multiplicities
12.1.2 Option 2 (ILg=2): Transition Probability Arrays

12.2 Procedures



-yl -

CATA FORMATS AND PRCCEDURES

13.

14.

15,

ls.

22.

23.

24.

25.

26.

27.

FILE 13, PHOTON PRCDUCTION CROSS STCTIONS

13.1 Formats
13.2 Procedures
13.3 . Preferred Representations

FILZ 14, PHOTON ANGULAR DISTRIBUTIONS

14.1 Formats

14.2 Procedureas

FILE 15, CONTINUOUS PHOTCN ENEXGY SPECTRA

15.1 Formats

15.2 Procedures

FILE 16, PHOTON ENERGY-ANGLE DISTRIBUTIONS

6.1 Formats

16.2 Procedursas

GEZNERAL CCMMENTS ON PHOTON INTERACTION

FILE 23, "SMOOTH" PHOTON INTERACTION CRCSS SECTIONS

23.1 Formats
23.2 Procedures

FILE 24, SECCNDARY ANGULAR DISTRIBUTIONS FOR PHOTON INTERACTICN

24.1 Formats

FILE 25, SECONCARY ENERGY DISTRIBUTIONS

FILE 26, SECCNDARY ENERGY-ANGLE DISTRIBUTIONS

FILE 27, ATOMIC FORM FACTORS OR SCATTERING FUNCTIONS

27.1 Formats

27.2 Procedurss



- vii -

APPENDIX A: Glossary
B: Definition of Reaction Types
C: ZA Designation of Materials
D: Resonance Region Formulae
E: Interpclation Schemes
F: Temperature Dependence
G: Alternative Structure for ENDF Data Tapes
H: Data Formats for the ENDF/A Library
I: Summary of Processing Codes Used With the ENDF Library
J: Materials in the ENDF/B Library
K: Sample Data Set
L: Sample of Interpreted Data Set
M: Sample Graphical Display
N: Examples of Card Image Formats

O: Format Differences Between Versions
cf the ENDF Library

P: Summary of Important ENDF Rules
Q: Dimensions ¢f Important ENDF Parameters

R: Trial Format for Non-Neutron Data



- viii -

0. SNCF/3 = IV PRETACE

These revisions to Data Formats and Procedures for =he ENDF Neutron Cross
Section Likraxry, ENDF-102, sertain to the latast version of INDF/3-17. The
descriptions of the formats have been brought up to date and important proce-
dural matiers have heen explained. Other explanations of formats will be made
at a later time. Users of this manual who note deficiencies or have suggestions
are encouraged %o contact the National Neutron Cross Section Center at Brook-
haven Naticnal Laboratory.

Three new aprendices have been added. Appendix P contains a checklist of
the most imarortant rules for or misunderstandings about ENDF formats and proce-
dures. Appendix Q summarizes the dimensions of important ENDF variables. Ap-
cendix R describes a new trial formar apgroved for Files 62-76 that is now he-
ing tested for non-neutron reaction data.

Scme of the data in the 1974 version of ENDF/B will contain files of data
variances, sometimas called error files. TFormats and procedures for the error
files will ke supplied at a later dats.

The authors have been helped in these revisions by saveral people. Much
material is based on an April 1973 drafs memo entitled “"Clarificastion of Exisec-
ing Formats and Procedures” by M. X. Drake. The formats for radicactive decay
data were largely constructad, clarified, and implemented by C. Ozer, <. W.
Reich, and R. E. Schenter. Numerous people, in the U.S. ané abroad, sukmitted

suggestions and ideas, many of which were included in this edition.
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1. INTRODUCTION
0.1.1. ZENDF System

This report describes the philosopny, of the Evaluated Nuclear Data File
(EWDF)* and the data formats and procedures that have been developed for it.
‘The ENDF system was designed for the storage and retrieval of the evaluated
nuclear data that are required for neutronics, photonics and decay heat calcu-
lations. This system is composed of several parts that include a series of
data processing codes and neutron and photon cross section nuclear structure
libraries.

The ENDF system was developed to provide a unified format that could be
used to store and retrieve evaluated sets of neutron cross sections. It was
designed to allow easy excnange of cross section information between various
laboratories. The initial system contained format specifications for neutron
cross sections and other related nuclear constants. During the later stages
of development the formats were expanded to include photon interaction cross
sections, photon production data (photons produced by neutron interactions) and
nuclear structure data.

The basic data formats developed for the library are versatile enough to
allow accurate description of the cross sections considered for a wide range
of incident neutron energies (J.O"5 eV to 20 MeV). The ENDF formats are flexi-
ble in the sense that almost any type of neutron interaction mechanism can be
accurately described. They are restrictive in that only a limited number of

different representations are allowed for any given neutron reaction mechanism.

*This report supersedes the descriptions of the ENDF/B library given in BNL
§381 and in BNL 50066 (ENDF 102).
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0.1.2. ENDF Documentation

The purpose o this report 1s to describe the data formats and the pro-
cedures %o be used for entering data into the ZNDF library. In addition, tais
report describes the relationship between the ENDF evaluated data libraries
and the experimental data library CSISRS (Cross Section Information Storage
and Retrieval System). The relationship between the ENDF libraries and the
processing codes that are usad to generate secondary‘data libraries (for exam-~
ple, fine group-averaged cross secticn libraries) is also described. The pro-~
cessing codes connected with the ENDF libraries are summarized here, but the
codes themselves are described in separate deccuments.

This report is organized in the following manner. The first section de-
scribes the general features of the ENDF libraries, the relationship between
ZINCF and CSISRS, and the relationship between INDF and its secondary libraries.
‘Seczion 0.5 describes the standard formats used in all record types. Aan under-

standing of Section 0.5 will facilitata understanding the data formats given

in Sections 1-15. BCD card-image formats are given in Appendix N,

The INDF experience has prompted evaluation guidance to the evaluator in
some instances to cope with familiar situations but cannot always be Zollowed
absclutely. Comments %o the evaluators were primarily to improve data for

shielding.

Dele3. A and B Libraries

Two different evaluated data libraries are maintained at the Natiocnal
Neutron Cross Secticn Center (NNCSC). The ENDF/A library contains either com-
plete or partial data sets (partial in the sense that the data set may be, for
example, an evaluation of the fission cross section for 2350 in the energy

range 100 keV to 15 MeV only). This library may also contain several different

evaluations of the cross secticns for a particular nuclice. The ENDF/B library,
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on the other hand, contains only one evaluation of the cross sections for each
material in the library, but each material contains cross sections for all sig-
nificant reactions. The data set selected for the ENDF/B library is the set
reccmmended by the Cross Section Evaluation Working Group (CSEWG). The ENDE/B
library contains reference data sets with which other information may be com
pared, as opposed to data séts that are revised often on the basis of new in-
] “
formation so as to constitute current standard data sets. After an extensive
review period of 1 or more years, CSEWG may from time to time replace an older

set with a new data set. The ENDF/A and ENDF/B libraries are described in more

detail in Section 0.2.

C.2. GENERAL FEATURES OF THE EVALUATED NUCLEAR DATA FILE

0.2.1. Evaluated Data

The process of analyzing experimentally measured cross section data,
combining it with the predictions from nuclear model calculations, and attempt-
ing to extract the true value of a cross section is referred to as evaluation.
Parametrization and reduction of the data to tabular form produces an evaluated
data set. If the written description of the preparation of a unigue data set
from the data sources is available, it is referred to as a documented evalua-
tion. The ENDF format was developed to store the results of this process in a

form suitable for automated retrieval for further processing.

0.2.2. A and B Libraries

The demands on an evaluated data file vary according to the user's appli-

cations. Whether the user is interested in performing a reactor physics calcu-
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lation or in doing a shielding analysis, he wants evaluated cdata for all neutron-
induced reactions, covering the full range of incident neutron energies, for each
macerial in the system that he is analyzing. Also, the user exgects that the
data file will contain information such as the angular and energy distributions
£or secondary neutrons. The ENDF/B library will contain only c¢ne representa-
tion (or interpretation) of the cross sections for a particular material at any
given time. ENDF/A may cont;in several altermative sets of evaluatscd data for
che materials on the ENDF/3 library. The data sets that are contained on the
INDE/A library may or may not be complete (for the purtoses of zesactor physics
or shielding calculations). The ENDF/A library is, in effect, a system for com
piling a2valuatad data sets.

The formarts used for these two libraries are basically icdentical; i.e.,
the codes tha:t are used to read and process data from the ENDF/B library may
be used for the INDF/A library. The data formacs for these likbraries are given
in the following sections. The differences in the formats for che EINDF/A and

ENDF/B libraries are given in Appendix dH.

0.2.3. Choices of Data

The data sets contained on the ENDF/3 library are those chocsen by the
CSZWG. The data sat that represents the cross sections for a particular ma-
terial may change £rcm time to time upon the recommendation of CSEWG. Such
a recommendation generally is made when (1) new and significant e:cerimental
results become available, (2) integral data testing shows that the data set
gives errcneous results, or (3) users' requirements indicate a need for more
accurate and/or a better representation of the cross sections for a particular

material.
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0.2.4. Librarv lloces

The neutron cross section likraries comprise the central part of the tNDF
system. The libraries are contained on magnetic tapes or disks. Two different
modes of the data tapes are maintained: a binary form and a BCD card-image form.
The formats for these two mocdes are very similar. The data formats for a binary
tape are defined in Sections 1-15. Basically there are only four different
types of binary records (see Section 0.5.2), each with a specific format. Con-
trol numbers and flags always appear in the same position within a record of

particular type. Understanding the definitions of all reccrd types will fa-

cilitate understanding the particular fcrmats described later on.

Since binary tapes generateu with use of a particular computer may not be
easily read on another tyre of computer, a BCD card-image format was developed.
The card—image formats are described in Section 0.5.3 and are similar to thcse
used for binary recorcds. Certain key data words (for example, material and cross
section type icentifiers), wnich are given only at the beginning of each binary
record, are given at the end of each BCD carcd-image reccrc. BCD card-image for-

mats are descriked in Appendix !N along with exarples of data sets.

0.2.5. Systematization cf Data

The ordering of nuclear data for a particular material is described in
Section 0.4.2. Integral cross secticn data (for example, the total cross section)
may be represeﬂted by giving tabulated values of UT vS. neutron energy. An
interpolation scheme is alsc specified to define the cross section at intermedi-
ate energy values. Also, resolved and/or unresclved resonance parameters mnay

be given. Ulote that if resconance parameters are given, then contrikbutions to a

particular cross section from the rescnance parameters must be addecd toc the
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integral cross sections to obtain the complete ¢ross section. iIn other words,

the integral cross secticns and the resonance parameters ars not redundant.

Note that the angular and energy distribution differsntial data are ex-
pressed as probabilities. Therafcre these data must be combined with integral

(integrated) data to obtain absolute difZferential cross seczions.

0.3 RELATIONSHI® OF THE ENDF TO QTHEER DATA SYSTEMS

0.3.1. Experimental Data Libraries

NNCSC maintains a library for experimentally measursd aeutron c:o;s sec-
ticn data, known as CSISRS.

The CSISRS library is quite flexible, with many types of data stored.
Biblicgrapnic information (a succinct abstract to a reference) is stored with
many details about each experiment {(standard, renormalizations, corrections,
etc.).

At the zeginning of the evaluation process the evaluator generally requests
the available experimental cross sections that are stored in the CSISRS data li-
bSrary for a particular material. The retrieved information may ze in the fol-
lowing forms:

(a) Listings of all or selected data sets.

(b) Magnetic tapes containing the requested data.

(c) Graphical displays containing selected data.

The experimental cross section data are supplemented by other nuclear data, such
as spins, enexgies, and parities of excited states. The experimental data are
then analyzed, and in some cases the results are combined with predictions from
model calculations to cobtain racommended cross sections. The recommended cross
sections are then convérted to the ENDF formats for subsequent incorporation

into either the INDF/A or the ENDF/B library.
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A number of systems have been developedl’2 for automating much of the time-
consuming parts of the evaluation process. These systems, by permitting man/
computer interaction through computer graphics, shorten the time required for
the evaluation process. Since the evaluator can make more detailed analyses

of the cross sections, the quality of the evaluation process should be improved.

0.3.2. Proéessinc Codes and Neutronics Calculations

The purpose of the ENDF library is to provide evaluated cross section
data sets in a form that can be used in various neutronics and photonics cal-
culations. The existing codes that perform these calculations reguire data
libraries that are gquite &ifferent from one another and from the ENDF library.
Therefore a series of processing codes have been written which read the ENDF
library as input and generate a secondary cross section library. The secondary
libraries, in turn, are read as input to a spectrum—generating code, and gen-
erally broad group—average cross sections are obtained for use in the neutronics
calculations., The available processing codes are summarized in Appendix I.
Figure 0.3.2.1. shows the flow of data for a particular set of codes.

The basic data formats for the ENDF librarxy have been developed in such
a manner that few constraints are placed on using the data as input to the codes

that generate any of the secondary libraries.

0.4. GENERAL DESCRIPTION OF THE ENDF LIBRARY

The ENDF library is a collection of documented data evaluations stored

in a defined computer readable format that can be used as the main input into

(1) C. L. Dunford et al., "SCORE II, An Interactive Neutron Evaluation System,”
USAEC Report AI-AEC-12757 (ENDF=-126), March 1, 1969.

(2) R. R. Kinsey, C. Rindfleish, D. Garber, "TIGER," The Interactive Graphics
Evaluation Routine, NNCSC, 1973.
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Fig. 0.3.2=1: Schematic of the flow of nuclear data frcm compilaticn to
reactor calculation.
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cross section processing programs. As such it has been designed with the pro-
cessing programs in mind and requires some familiarity with the FORTRAN pro-
gramming language. The ordering of data on the tape allows the use of segmented
as well as ordinary programs.

Punched cards are a nuisance, particularly when reguired in vast numbers,
as is the case here. Unfortunately, it is not always possible to exchange data
on magnetic tapes, particularly binary tapes. Therefore, two formats are pro=-
vided, one for binary data and the other for BCD card images. Magnetic tapes
containing BCD card-image data generally can be exchanged between laboratories.
Also, it is much easier to use the BCD card-image formats when translating

evaluated cross sections intc the ENDF library.

O.4.1. Definitions andéd Conventions

A material is defined as either an isotope or a collection of isotopes.
It may be a single nuclide, a natural element containing several isotopes, a
molecule containing several elements, or a standard mixture of elements (such
as 304 type stainless steel). Zach evaluated set of cross sections for a ma-
terial in the ENDF library is assigned a unique identification number. These
numbers are designated by the symbel MAT and they range from 1 to 9999. Two
different evaluated sets of cross sections for 23SU would have different MAT
numbers even though they describe the cross sections for the same nuclide. A
program that processes data from the ENDF library generally refers to the ma-
terials by their MAT number, but a (Z2,A) designation is also given for each
material and this value may be used.

When an evaluated set of cross sections for a material (in the ENDF format)

is sent to the NNCSC, the Center assigns a MAT number to this material. This
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aumber will never be assigned to another set of evaluated cross sectiosns. If
significant modifications are made to the data in this particular set, a new
MAT number will be assigned. Material numbers from 1 to 999 are to be assigned
by the user to data sets that he generates. As an example, consider the follow-
ing sequence of events. User X evaluates a set of data for 235U and assigns the
material number 278 to this set. Within his installation the data set is always
referred to as material 278. After checking and testing, the user feels that
the data set is satisfactory and transmits it to the NNCSC. The Center adds the
data set to its files and assigns it a MAT number of 1261. The Center then issues
a newsletter describing data recaived and available for distribution. Usexr Y
reads the newsletter and requests material 1261 f£rom the Center's Ziles. Upon
receipt of the data he adds it to his ENDF tape as material 1261 and refers to
it in later processing programs by this aumber. Should user Y subsecuently alter
the data, he would assign a new material number between 1 and 999. The entirse
process might then start anew.

The evaluated data set for each material is divided into Files. These
£iles are not physical files in the ragnetic tare sense (i.e., there 1is no
End=-of-File mark at the end of each file). £Each file contains data of a certain

class.



File Number

(MF)

1

2

12

14

1S

16

23

24

25

26

27

33
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Class of Data

General information

Resonance parameter data

Neutron cross sections

Angular distributions of secondary neutrons

Energy distributions of secondary neutrons
Energy-angular distributions of secondary neutrons
Thermal neutron scattering law data

Multiplicities for photons (from neutron reactions)

Angular distributions of photons (from neutron
reactions)

Energy distributions of photons (from neutron
reactions)

Energy-angular distributions of photons (from
neutron reactions)

Photon interaction cross sections

Angular distributions of photons (from photon
reactions)

Enerqgy distributions of photons (from photon
reactions)

Energy-angular distributions of photons (from
photon reactions)

Atomic form factors (for photon interactions)

Variance information (error £iles) Formats and
procedures to come

Each file is divided into sections, each containing the data for a par-

ticular reaction tvpoe.

The various reaction types are identified by the symbol

MI. The definitions for allowed reaction types (MT numbers) are given in Ap-

pendix B.
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The first record of each seczion containsg a ZA number that identifies
the specific material. 2A is the (Z,a) designaticn (charge, mass). 2ZA for
a specific macerial is constructed by

ZA = (1000.0* Z) + A,
where Z is the atomic number and A is the mass number for the material. For

example, ZA = 92238.0 for *-ou

« If the material is an element containing two
or more naturally occurring isotopes, A, in the above eguation, is taken to be
0.0. The 2A designators for matsri;ls that are moleculas or common mixtures
have been assigned certain values. These designators are given ia Appendix C.
The Zirst record of each section also contains a cguantity that is pre-
portional to the nuclear mass of the material. This quantity symool AWR, i$

defined as the ratio of the nuclear mass of the material (isotope, element,

molecule, or mixture) to that of the neutreon. The mass of a neutron is taken

to be 1.008€63 (in the carbon-12 system).

The data given in all sections alwavs use the same se% of units. These
—————

are summarized below.

Parameters Units
energies electron volts
angles _ dimensionless cosines of the angle
cross sections barns
temperatures °Kelvin
mass in units of the neutron mass
angular distributions probability per wnit cosine
enezrgy distributions probability per electron volt
energy-angle distributions probability per unit cosine per a2lectron

volt
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0.4.2. Structure of an ENDF Data Tace

The structure of an ENDF tape is shown schematically in Figure 0.4.2-1.
The structure of & card deck a BCD card image, tape or binary tape is exactly
the same.

The tape contains a single record at the beginning that identifies the
tape, and a single record at the end that signals the end of the tape. The
major subdivision between these records is by material. The data for a material
is divided into files, and each file (MF number) contains the data for a certain
class of information. A file is subdivided into sections, each containing data
for a particular reaction type (MT number). Finally a section is dividecd into
records. The content of each record is different and depends on whether a binary
tape format or a BCC card-image format is used. Every recoré on a tape contains
three identification numbers: MAT, MF, and MT. For a binary record, these
numbers are given at the beginning of each record. For BCD card-image records,
they are given in the last three fields of each record. These numbers are
always in increasing numerical order, and the hierarchy is MAT, MF, MT. The

end of a section, file, or material is signaled by special records.

0.4.3. Representation of Data

The data in the ENDF library are given by providing parameters to Xnown
analytic functions (such as resonance formulae or secondary energy distribution
laws), or are presented by tabulating the data in one [y(x)] or two [y (x,2)]
dimensional arrays.

Consider how a simple function, y(x), which might be a cross section, ¢ (E),
is represented. vy (x) is represented by a series of tabulated values, pairs of

X and y(x), plus a method for interpolating between input values. The pairs are
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ordered by increasing values of x. There will be NP values of x and y({x) given.
The complete region over which x is defined is broken into NR interpolation
ranges. An interpolation range is defined as a seguential series of x in which
a specified interpolation scheme can be used; i.e., the same scheme can be used
to cobtain interpolated values of y(x) for any value of x that is within this
range. To ;llustrate this, see Fig. 0.4.3-1 and the definitions below:

X(n) is the nth value of x.

Y{(n) is the nth value of vy.

NP is the number of pairs (X and Y) given.

INT(m) is the interpolation scheme identification number used in the m
range.

NBT (n) is the value of N separating the mth and (m+l)th interpolation
ranges.

The allowed interpolation schemes are

INT Description
1 Y is constant in x {constant)
2 y is linear in x (linear-linear)
3 Yy is linear in &n x (linear-log)
4 in y is linear in x {(log-linear)
) 2n y is linear in &n x {(log=-log)

Interpolation code, INT = 1 (constant), implies that the
function is constant and egual to the value given at the lower

limit of the interval.

Note that where a function is discontinuous {(for example, when resonance para-

meters are used to specify the cross section in one range), the value of X is
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Figure 0.4.3-1. Tabulated one dimensional function {llustrated for the

case NP-10, NR-3
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repeated and a pair (X,Y) given for each of the two values at the discontinuity
(see Fig., 0.4.3-1).

Next consider a two-dimensional function of x and z. Again, the function
is represented by a series of tabulated values of y(x) plus rules for interpo-
lating between values of z. The function is thus considered to be a seguence
of one-dimensional functions, y(x), each evaluated at a particular value of z.
The individual y (x) can be represented as illustrated above. The only addi-
tional information that need be given is a breakpoint and interpolation table

for interpolation between values of z.
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C.5. GEZNERAL DESCRIPTICN CF THZ DATA FORMATS

0.53.1. JNomenclature

An attempt has been made %o use an internally cocnsistent notation. We
list here some of the rules used.

a) Symbols starting with letters I, J, X, L, M, or N are integers.

All other symbols refer to floating roint numbers.

b) The letter I or a symbol starting with I refers to an interpolaticn
code (see Appendix EI).

c) Letters J, K, L, M, or N, when used alone, ar=s indices.

3d) A symbol star+ing with M is a ccntrol number. Examples are MAT, MT,

is a test number. Examples are LFI, LCT,

it

e) A symbol starting with

£) A symbol starting with N is a count of items. ZIxamples are N1, NR,
NP, NFP.

g) Brackets [] denote one record on a binary tage.

h) 3Brackets < D denote a group of recocrds.

Several freguently used symbols are defined helcw.

MAT

Material number

ME - File number

MT <~ Reaction type number

ZA - The (2Z,A) designation for a material (see Appendix C)

AWR - The ratio of the mass cf an atom (or molecule) tc that of the
neutron

NP - The number of points in a tabulation of y(x) that are contained

in the same record
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NR = The number of different interpolation intervals in a tabulation
of y(x) that are contained in the same record

T - Temperature

E - Energy

U - Cosine of an angle

LT - Temperature dependence (see Appendix F).

0.5.2. Tvoes of Binary Records

All records on an ENDF binary tape are one of four possible types, denoted

by CZNT, LIST, TARl, and TAB2. A record always consists of nine numbers followed

(depending on the record type) by one or two arrays of numbers. A general de-
scription of these nine numbers is given below, but the actual definition of
each number will depené on its usage.

MAT is the material number (integer).

MF is the file number (integer).

MT is the reaction type number (integer).

Cl 1is a constant (floating point).

C2 1is a constant (floating point).

L1 1is an integer generally used as a test.

L2 is an integer generally used as a test.

Nl 4is a count of items in a list to follow.

N2 is generzlly a count of items in a second list to follow.
0.5.2.1. C@NT Records

The smallest possible record is a control (CPNT) record consisting of
the nine numbers given above. For convenience, a CPNT record is denoted by

(MAT, MF, MT/Cl, C2; L1, L2; N1, N2]CONT



The numbers withina the brackets are svmbolic of the numbers in a CONT
record. The semicolcn Ls used to mark the separation between Zlgating pcint
numbers, test numbers, and counts. The slash is a reminder that the nunmkers
MAT, MF, and MT appear in a different position in BCD card-image records. The
BCD card-image format is described in Section 0.3.3.

There are five special cases of a CONT record, denoted by HEAD, SEZND,
FEND, MEND, and TEND. The HEAD record is the first in a section and has the
same form as a CONT record. The numbers Cl and C2 are interpreted as 2A and
AWR, resgectively, on a HEAD record.

The SEND, FEND, MEND, and TEND records use only the first three numbers
in the CPNT record, and they are used %o signal the end of a sec=icn, f£ile,
material, and tape, raspectively:

(MAT, MF, 0/0.0, 0.0; O, 0; O, Q]SEND

{MAT, O, 0/0.0Q, 0.0; Q, 0; 0O, Q]FEND

{0, 0, 0/0.0, 0.C; 0, Q; 0, CIMEND

(-1 , 0, 0/0.0, 0.0; O, Q0; 0O, QlT=ND

A TORTET IV statament to read any CONT racord f£rom Tape LI3 would ke:

READ (LI3) MAT, MF, MT, Cl, C2, L1, L2, NI, N2

0.5.2.2. LIST Records

The second type of record is the LIST record, used to list a string of

floating point numbers, B B_, B,, etc. These numbers are given in an array,

1’ T2 3
B(N), and there are N1 of them. A FORTRAN IV statement to read a LIST record
from Tape LIB would be

READ (LIB) MAT, MF, MT, Cl1, C2, L1, L2, N1, N2, (B(N), N=l1, N1)
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For convenience, this record is denoted by

(MAT, MF, MT/Cl, C2; L1, L2; N1, N2/ Bn]ms'r

Fcr example, tCc enumerate the particular items in a list (4, 3, C, D, E),
the record would be

(MAT, MF, MT/C1, C2; L1, L2;: 5, N2/ A, B, C, D, EJLIST

where the 5 indicates that there are five items in the list.

0.5.2.3. TABl Records

The third type of record is the TABl record used for one-dimensional
tabulated functions such as y(x). The data needed to specify a one-dimensional
tabulated function are the interpolation tables NBT(N) and INT(N) for each of
the NR ranges, and the NP tabulated pairs of X(N) and Y(N). The FORTRAN IV
statement to read a TABl record is

READ (LIB) MaT, MF, MT, Cl, C2, L1, L2, NR, NP,

(NBT(N), INT(N), N=1, NR), (X(N), Y(N), N=1, NP)

For convenience, the TABl record is denoted by

[MAT, MF, MT/ Cl, C2; L1, L2; NR, NP/xint/y(X)]TABl
The term xint means the interpolation table for interpolating between successive
values of the variable x. y{(x) means pairs of x and y(x). x is generally used
as the incident neutron energy E, and y(x) is generally a parameter such as the

cross section o (E).

0.5.2.4. TaAB2 Records

The last record type is the TAB 2 record, which is used to control the
tabulation of a two-dimensional function, y(x,z). It specifies how many values

of z are to be given and how to interpolate between successive value of 2. Tabu-



lated values ¢f y(x) at each value of z are given in TABl or LIST reccords follow-
ing the TABR2 record, with the appropriata value of z in the Zield designated as
C2. The FCRTRAN IV statement to read a TAR2 record is

READ (LI3) MAT, MF, MT, Cl, C2, L1, L2, NR, NZ, (NBT(N),

INT(N), N=1, NR)

whnere NZ in the number of values of z. For convenience, a TAB2 record is denotad
by

{MAT, MF, MT/Cl, C2; Lil, LZ; NR, NZ/Zint]TABZ
FTor exampla, a TAB2 record is used in srecifying angular distribution data. N2
in the TAB2 raecord specifies the number of incident neutron energies at which
angular distributions are given., Zach distribution is given in TABl record,

and there will ze NZ such records.

0.5.3. Card-Imace (BCD) Formats

An altermative format is used when data are contained on zunched cards cr
3CD card-image tapes. 3asically the data are stcred in the same order for this
format as in the binary tape format. The major difference is the position of the
three numbers MAT, MF, and MT. Alsc a card secuence number has been added o
the card-image formAt. In general, meore than one 3CD card-image racord will he
racuirad to contain the data in a ktinary reccrd.

A standard 80-column card is divided into the folleowing ten fields:

rield Columns Descrintion

1-11 Datum

12-22 "

23-33 "

34-44 "

45~55 "

56-66 "

67-70 MAT

71=-72 MF

73-75 MT

76-80 Secuence numker, starting
with 1 for the first
card of a macerial

OW oW~ 2O Wb WwWbh P

—
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Consider a TAEl binarv record that was denoted by

[MAT, MF, MT/Cl, C2; Ll, 1L2; NR, NP/xint/y(x)]TABl

This reccrd would be punched on cards in the fellowing way:

Field

1 2 3 4 5 6 7 8 9

cl c2 L1 L2 NR NP MAT MF  MT
NBT (1) INT(1)  NBT(2)  INT(2)  NBT(3) INT(3) MAT  MF  MT
NBT (4) INT(4)  NBT(5)  INT(5)  =m==om  ===—e- MAT  MF  MT
——————e e NBT(NR)  INT(NR) MAT MF  MT
X (1) Y (1) X(2) Y(2) X(3) Y(3) MAT  MF  MT
X(4) Y(4) X(5) Y (5) mmmmmem meemeee MAT  MF  MT
------------------- X (NP) Y (NP) MAT ME MT

The FORTRAN IV statements to read a TABl record from input tape INP would be

READ (INP, 10)Cl, C2, L1, L2, NR, NP, MAT, MF, MT, (NBT(N), INT(N),

N = 1, NR)

10 PQRMAT (2E11.4, 4Il11, I4, I2, I3/(6Ill))

READ (INP, 20) (X(N), ¥(N), N=1l, NP)
20 FPRMAT (6E1l.4)

A TAB2 record is the same as the TABl record, except that the list of x and
vy values is cmitted. The HEAD recoré consists of cne card punched in Fields 1-3.
The SEND, FEND, MEND, TEND, and TPID records each consist of one card punched in
Fields 7-9% only. ©Note that a completely blank card (MEND reccrd) signals the
end of a material.

The LIST recordé denoted by

(MAT, MF, MT/ Cl, C2; 11, L2; N1, N2/ Bn]LIST

is punched in the following way:
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ield

E
1 2 3 4 5 8 7 8 2
c c2 1 L2 Nl N2 MAT MF MT
B (1) 3(2) B(3) 3(4) 3(3) 3(6) MAT MF MT

3(7) B(8) 8(9) —=—= === ———- MAT MF MT

el S MAT MF MT

The FORTRAN IV stataments to read a LIST record frem input tape INP would ke

READ (INP, 30) €1, €2, 11, L2, N1, N2, MAT, MF, 47, (B(N),

N=1, N1)

30 TERMAT (28ll.4, 4$I1l, I4, I2, I3/6E1l.4))

An exception ocgurs wien the LIST record contains Hollerith information
(see Tile 1):

(MAT, MF, MT/ C1, C2; Li, L2; NWD, N2/ Hn]LIS".‘
In this case the TCRTRAN IV READ statements depend on the tyre of ccmputar te-
ing used, but the cards shculd be machine independent. Define NWD as the number
cf cards containing Hollerith information punched :in Cols. l-66. The RXTAD
statements would be

READ (INP, 40), Cl, C2, 11, L2, NWD, N2, MAT, MF, MT
30 FORMAT (2E11.4, 4Iil1, I4, I2, I3)

NH = 17*NWD

READ (INP, 50) (H(N), N=1, NH)
SO FPORMAT (16A4, A2)

BCD card-image formats are given in Agppendix N. Figure 0.5.3-1 illus-
trates how the four basic record tyres are punched. Fields 1-6 refer to the
card Cols. 1-66 with 1l columns per field., Fields 7-10 (MAT, MF, MT, andé se-

Suence numbers) must also be sunched but are cmitted for convenience.
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When arrays of numbers are punched, the first element of the arrav is in
Field 1 [for example, X(1l)]. The last element may fall in any fieléd, depending
cn how many values are in the array. Thus, the fact that X(NP) is shown in

Field € should not be taken literally.
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Il1lustration of standard record types

I'ield 1

Ccl

2A

cl

NBT (1)
NBT (4)
X{1)
X(4)
cl

NBT (1)
NBT (4)
cl
B(1)

B(7)

Field 2 Field 3

c2
AWR
c?
INT(1)
INT(4)
Y(1)

Y (4)
c2
INT(1)
INT (4)
c2
B(2)

B(8)

Ll

Ll

Ll

NBT(2)

Field 4

L2
L2
L2

INT(2)

L2

INT (2)

Field 5

N1

N1

NR
NBT(3)
NBT (NR)
X(3)

X (NP)
NR

NBT (3)
NBT (NR)
N1

B(5)

Field 6
N2

N2

np
INT(3)
INT(NR)
Y(3)

Y (NP)
NP

INT (3)
INT (NR)
N2

R(6)

B(N1)

Line

11

12

13

Type
C@NY
HEAD

TAB1

‘'AB2

LIST

Comments
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1. FILE 1, GENERAL INFORMATION

File 1 is the first part of any set of evaluated cross section data for
a material. Each material must have a File 1, which consists of one or more
sections that contain neutron cross section information and other related nu-
clear data. File 1 provides a brief documentation of how the data were evalu-
ated and a di;tionary that summarizes the data files and cross section types
given in Files 2, 3, 4, 5, etc. File 1 may also contain such basic nuclear
data as the number of neutrons per fission (for fissile materials), the radic-
active decay chains for the material and the decay chains for the residual
nuclei produced by neutron reactions with the material, fission product yield
data (for fissile materials), and delaved neutron data (for fissile materials).

File 1 consists of at least one section and may contain as many as seven
sections for fissile materials. Each section has been assigned an MT number
(see below), and the sections are arranged in increasing MT numbers. Each
section alwavs starts with a HEAD record and ends with a SEND record. The end
of File 1 (and all other files) is indicated by a FEND record. These record
types are defined in detail in Section 0.5.2. The structure of a typical HEAD
record is

[MAT, MF, MT/ ZA, AWR, L1, L2, N1, N2]EEAD
where ZA is the (Z,A) designation for a material (see Appendix C),

AWE is the ratic of the mass of the atom (or molecule) to

that of the neutron,

Ll is an integer to be used as a flag or a test,

L2 1is an integer to be used as a flag or a test,

Nl is an integer to be used as a count of items in a list to follow ex-

cept for MT 451, and

N2 is an integer to be used as a count of items in a second list to fcllew.
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The symbclism used above to represent the HEAD record andé %o be used in
the £cllcwing format descripticns should ke understocd ¢2 mean that cnly datza
centents of each record are sgpecified in the binary Zormat. BCD card-image

formats for Tiles 1 to 7 are given in Appendix N.

1.1 Descriptive-Data and Dictionary (MT = 451)

This section is always the first section of any material, and has two
main zarts: (1) a brief documentation of the cross section data, arnd (2) a
dicticnary.

In the first part, a brief description of the evaluated data sets Iis
given. This information should include the significant experimental results
used to okbtain the avaluated data as well as cother imrortant features about
the evaluated data set. The descriptive information is given as a series of
Hcllerith characters. The informaticn is contained in an array H(N), N = 1,
2, ... WWD. Each element of the array, 2Z(N), contains 56 Hollerith charac=zers.
Orn cards the information is funched in Cels. 1-56, and NWD such cards ars pra-
sared.

The first 7wo cards of the Hollerith information should contain titling
information for the material. This information is used to rrovide titles fcor
listings and pleots and, while part of the Hollerith, has been organized and
formatzed. The following cuantities are defined within the Hollerith ard or-
ganized as shown in section 1.1.1.

(First BCD Card Image Record)
ZSYMA is a Hollerith representation of the material Z-chemical symcol
A with
z right justified in col. 1 to 3

= hyphen in col. 4



chemical symbel left justified in col. 5 and 6
- hyphen in col. 7
A right justified in 8 - 10 or blank

m, etc. indication of metastable state in col. 11

ALAB Mnemonic of originating laboratory(s) (left adjusted)
EDATE date of evaluation EVAL - in cols. 23-27, three character month

in 28-30, followed by two character year 31-32 (i.e. EVAL-DEC74)

AUTH author(s) of evaluation (left adjusted) cols. 34-66

(Second BCD~Card Image Record)
REF reference 2-22
DDATE original distribution date (left adjusted DIST- followed by
month-year as in EDATE
RDATE date and number of last revision REV1- followed by month-vear
as in EDATE
The following gquantities are defined.
LRP 1is a flag that indicates that resolved and/or unresolved resonance
parameters are given in File. 2.
LRP = 0, no resonance parameter data given;
LRP = 1, resolved and/or unresolved resonance parameter data given
in File 2.
LFTI is a flag that indicates whether this material is fissionable:
LFI = 0, this is not a fissionable material;
LFI = 1, this material is fissionable.
NXC is an integer count of all the sections to be found in the diction-
ary. Each section of this material is represented by a single card

image that contains MF, MT, (reaction number), and NC (a count of
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the numkber of cards in the sect=ion). NXC is the total number of sec-
tions for the ccmplete material; i.e., it is equal to the sum of all
the sac=ions in the different fileas.

IDD is a flag to indicate whether incduced reaction decay data ars given
for this material:
1LDD = 0, radiocactive decay data not given for this material;
LD = 1, radicactive decay data giwven.

IFP is a flag that indicates whether fission product vield data are given
for ¢his material:
IL=P = 0, fission product yields not given;
IP = 1, fission product yiaelds ars given.

is the count of the number of elements in the Hollerith section.

5

For BCD card imace tapes, NWD is the number of card imaces used =2

describe the data set for this material (NWD < 294). For binarv

tapas, NWD is the number of words containing the Hollerith infor-

mation, and it is undersctocod that 17 words are required Z£or each

card imace (66 characters) and the format is (l6A4, A2). (NWD < 5C00.)
H(QM) is the array containing the Hollerith information that descrikes

the particular evaluated data set. For a BCD card-image tare,

each element of the array is contained on one card image.

MF , MTﬂ, and Ncn are included in each of the NXC items in the dicticnary.

is the MF of the nth section.

=
MF
-2
. th .
MTn is the MT of the n section.
NC_ is the number of BCD card images in a given section (the nth section).

This card ccunt dces not include the SEMND card. (Note that Ncl = NXC + NWD + 2.)
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1.1.1. Formats

This secticn always begins with a EEAD record and ends with a SEND record.

I+«s structure is
[MAT, 1, 451/2A , AWR, LPP, IFI, O, NAC]JHEAD
{MAT, 1, 451/0.0, 0.0, LDD, LFP, NWD, O/ 2ZSYMA, ALAB, EDATE, AUTH (33
characters), REF (22 characters), DDATE, RDATE, b, b,H(N)]LIST*
[MAT, 1, 451/0.0, 0.0, MF,, MT,, NC,, O]CPNT

[MpT, 1, 451/0.0, 0.0, Mr2' MTZ' NC2, OlcgnT

[(MAT, 1, 451/0.0, 0.0, MF » MT olcegNT

NXC e’ Yonxc!
[MAT, 1, © /0.0, 0.0, 0 , © , 0 , O)SEND

*Note: ZSYMA to AUTH are part of H(N)

1.1.2. Proccedures

The flag LRP indicates whether resolved and/or unresolved resonance parameter
data are to be founé in File 2 (Resonance Parameters). Every material will have
will have a File 2 unless only file 1 is present, but not every File 2 will con-
tain resonance parameter data. File 2 for certain materials will contain a
scattering length (see sections 2.1. and 3.2.2.). For cases in which File 2 con-
tains informaticn on the scattering length only, LRP will be set at zero.

The flag LFI = ] indicates that this material is fissionable. 1In this
case, a section specifying the total number of neutrons per fission, V(E),
must be given, i.e., MT = 452. Sections mav also be given that specify fission
product yvields (MT = 454), the number of delayed neutrons per fission (MT = 455),

and the number of prompt neutrons per fission (MT = 456).
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The flag LDD indicates wnether induced reaczion is given in MT = 453.
Certain materials rerrssent natural elements that contain more than one isotoce
cr they represent molecules. For these cases radicactive nuclide preduczion
data may be ambiguous and are not allowed.

The descriptive data in the Hollerith section must be given for every
material. The first card image should be a self-contained title for the material.
(This title should contain a material identification, name of the person and
laborateory creparing the evaluaticn, and a date). The remaining card images
should give a verkal descripticn of the evaluatad data éets for the material.
This should include menticn of the important experimental rassul<s upon which the
recommended cross sectiocns were based, the evaluation procesdures, priaf history
and origin of evaluation, resonance integrals and thermal values, andé rafer-
ences. Also, any limitations on the use of the particular data set should be
clearly rocinted out, along with other remarks that will assist the user in un-
derstanding <he data. The 22C0-m/sec cross sections contained in the data set
should e given. This information is not always easy to find, since there may
be contributions from resolved resonance parameters. The infini-e dilution resc-
nance integrals should be given for the radiative capture cross sections and the
fission cross section (if applicable).

IZf <he material is an element containing more than cne naturally occur-
ring isctore, the basis for estaklishing the reaction Q-values (given in File 1)

should be explained.

1.2. Number of Neutrons oer Fission, (MT = 452)

If the material is fissionable (LFI = 1), then a section specifying the

avearage total number of neutrons per fission, v (MT = 452) must be given. v
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is given as a function of incident neutron energy. The energy dependence of
;-may be found by tabulating v as a function of incident neutron energy or by

provicding the coefficients for a polyncmial expansion cf ;}E),

NC

V(E) = E c gl
n

n=1

where ;YE) is the average total (prompt plus delayed) number of neutrons per
fission produced by neutrons of incident energy E(eV), Cn is the nth coefficient,

and NC is the number of terms in the pclynomial.

1.2.1. Formats
The structure of this section depends on whether values of ;YE) are tabu-
lated as a function of incident neutron energy or whether ;-is represented by a
polynomial. The following guantities are defined:
INU is a test that indicates what representation of CXE) has been used:
ILNU = 1, polynomial representation nas been used;
ILNU = 2, takulated representation.

NC is a count of the number of terms used in the polynomial expansion.

{NC < 4)
Cn are the coefficients of the polynomial. There are NC coefficients
given.

NR is the number of interrolation ranges used to tabulate values of

V(E). (See Appendix E.)
NP is the total number of energy points used to tabulate V(E) .
E is the interpolation scheme (see Appendix E for details.)

int



I£ 1NU = 1, the stractura of the section is

[MAT, 1, 452/ 2A, AWR, 0, LNU, 0, OQlHZAD WU = L
(MAT, 1, 452/ 0.0, C.Q, 0, 0O , NG, O/Cl, CZ' -e+ e
[MAT, 1, 0/ 0.0, 0.0, 0, O , 0, OQlseznND

If LNU = 2, the structure of the section is
EMAT' l; 452/ Za, AWR, 0, LNU, 0O, O}HEAD ILNU = 2
(MAT, 1, 432/ 0.0, 0.C, 0, 0O, NR, Np/smt/Uu:)]mal

(MAT, 1. 0O / 0.0, 0.0, O, Q. 0, QJ]szND

1.2.2. Procedures

If a polyncmial representation (LNU = 1) has teen used to speciiy ;YE),
this representaticn is valid over any range in which the fission cross seczicn
is specified (as given in Files 2 and 3). When using a zolynomial %o Zit w(E),
<he fit shall ke limited ¢ a third-degree polynmcmial (NC = 4). If such a Zit
dces not reprcduce the reccmmend values of ;YE), a tabulated form (LNU = 2) shou
be used.

If rabulated values of v are specified (LNU = 2), then pairs of esnergy-
v values are given. Values of‘U(E) should be given that cover any energy range
in wnich the fission cross section is given in File 2 and/or File 3.

The values of U(E) given in this section are for the average total numper
of neutrons produced per fissicn event. Even though another section (MT = {53)

that specifies the delayed neutron from fission may be given, Vg

number of delayed neutrons per fission must be included in the values of ;YE)

the average

given in this sec%ion (MT = 452).
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1.3. Radicactive Nuclide Production (MT = 453)

When an evaluation represents the nuclear data for a single nuclide, then
a section (MT = 453) may be given which specifies various radiocactive product
nuclides produced by neutron interactions. This section is given if LDD =1
in MT = 451 (see section l.l.1. of this report).

Data for the spontaneous decay of the ground state (and/or any excited
state) of the original nuclide are given in MT = 457 (see section 1.7.1l.).

Data are given in MT = 453 to specify the radiocactive products resulting
frcm various neutron reaction mechanisms. These data are given for neutron
reactions on the ground state and/or any excited state of the original nuclides.
One or more excited states of the reaction product nuclide may be given. The
following cuantities are defined:

2A is the designation of the original nuclide (2A = (1000.0*Z) + A)

NS is the integer number of states of the original nuclide for

which reaction product data are given. (NS < 5.)*

LIS designates the state of the original nuclide, 2A. (LIS = 0 means

the ground state, LIS = ] means the first excited state, etc.)*

LFS designates the state of the product nuclide. (LFS = 0 means the

ground state, LFS = 1 means the first excited state.)

NPR is the number of product nuclides and/or product nuclide states for

which data are given for one state of the original nuclide (the sum

cf all product nuclide states formed by neutron interactions).

*Although NS is limited to 5, the specific state number can be larger than §
as long as the total number of states rerresented is no larger than 5.
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is the designation c the reaction tyre leading to the described

[

croduct nuclide state and is a flcating-goint equivalent of MT numbers

(see Apvendix 3).

is the (Z,A) designation of <he product nuclicde (ZAP = (1lCC0Q.C*Z) + A).

R |

is the decay constant (sec-l) for the decay of a particular state of
the product nuclide (ZaP).
Q is the reaction @Q-value (eV). @ = (rest mass of initial state - rest

mass of final state.)

i
2

is the energy of the Nth incicdent energy (eV) at which branching ratiocs

are given,

BR(N) is the branching ratioc at the Nth energy point giving the fraction of
the original nuclide in a specified state that rassults in a specified
product nuclide state for a specified reacticn. At any parzicular
energy point the sum of all branching ratios for a specified RTY?
must be 1.0C.

is the number of energy peoints at which branching ratios ara given

E

for a specified initial state.

1.3.1, Formats

The structure for this section always staris with a HEAD record and ends
with a SEND record. The section is divided into subsections, each <cntaining
the data for a particular reaction (MT anumber). The subsecticns are crdered
according to LIS; i.e., the data for the ground state (LIS = Q) of the original
nuclide is given first.

Each subsection contains two or more LIST records; i.a., there will ke

(NPR + 1) LIST records. After the first LIST record (which specified NPR) the
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LIST records are first ordered by increasing values of RTYP. If there are more
than two LIST records for the same RTYP, then the LIST records are first ordered
by increasing values of ZAP (ZA designation of the product nuclide) and then by
increasing values of LFS (product nuclide state designaticn).
The structure of a section is
(MAT, 1, 453/2A, AaWR; O, O; NS, O]HEAD
< subsection for LIS = 0 (ground state) >

< subsection for LIS = 1 (first excited state) >

- e - -—— - - - - -

< subsection for LIS = NS -~ 1 >

[MAT, 1, 0/0.0, 0.0; O, O; O, O )SEND

There will be NS subsections.

The structure of a subsection is

(MAT, 1, 453/2A, AWR; LIS, 0; NE, NPR/
ES(1)., ES(Z),;-~—-- ----- -
——meem—e—mreece—-—-=~, ES(NE)]LIST

[MAT, 1, 453/0.0, Q; LFS, O, NE + 3, 0O/
RTYP, ZAP; DC, BR(l), BR(2), BR(3)/

BR(4) j=====m=mm—mmmmmme BR(NE) ) LIST

NPR such LIST records (of the second type).

Note that the first LIST record contains the set of energy points to
describe the branching ratiocs of all final states from the particular initial
state. Although this may lead tc scme superfluous zeros in the branching ratio
lists, it will ensure proper normalization. Linear-linear interpolation is

implicit for branching ratios between the given energy points.



1.3.2. Pzrcceiures

1. Data should be given in MT = 453 for all isotopes for which radic-
active products are produced in neutron interactions. Data should not te given
for mixtures of elements, molecules, or alements that have more than one naturally
occurring isotope.

2. All spontaneous decay modes of the ground state aﬁd important iscmer:ic
states should be described in section MT = 457. When branching ratios for the
formation of particular final states are given as a function of incident neutrc
enexgy the information should te consistent with that in File 3. Ffor example,
the (n,2) reaction on lca that are given as energy-derendent branching ratios

< -

-
-
-— -

ile 1 should be consistent with the cross section infcrmation in Fils 3

rh

or MT = 107, 780, and 781.

3. When data are given tc specify the radicactive nuclides formed by
neutron reactions (RTYP must te > 0.0), they should nct be given for reacticns
like the tctal cross sections (RTYP = 1.0) or the fission czross secticns (RTY? =
18.0). Branching ratio data refer to a particular reaction type (RTYP). Thera-
fore the sum of +the branching ratiocs (at a particular energy »oint) is unicy
cnly for a specified RTYD.

4. There will be a natural overlap of the same data (decay of a zar-
ticular nuclide) being given in two or more differsnt materials. It is i=m-~

portant that the data given in various materials be ccnsistent.

1.4. Tission Prcduct Yield Data (MT = 454)

This section (MT = 454) specifies the incident neutron energy-decendent
fission product yield data and may be given if LFP = 1 in the first secticn

(MT = 451). A ccmplete set of fission product yield data is given for a par-
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ticular incident neutron energy. Data sets should be given at sufficient in-
cident enercies to completely specify vield data for the energy range given for
the fissicn cross secticn (as determined from Files 2 and/or 3). The data are
given by specifying fission product identifiers and fission product yields.
Fractional yields are given, and the sum of all fractional yields for any par-
ticular incident neutron energy will be n 2.0.
The fission products are specified by giving an excited state designation
{FPS) and a (charge, mass) identifier (ZAFP). Thus, fission product nuclides
are givern, not mass chains. More than one (Z,A) may be used toc represent the
yvields for a particular mass chain.
The following quantities are defined
NFP is the number of fission product nuclide states to be specified at
each incident energy point (this is actually the number of sets of
fission product identifiers - fission product yields). (NFP < 1666.)
ZAFP is the (Z,A) identifier for a particular fission product. (ZAFP =

(1000.0*2) + A).

ny
o
n

is the state designator (floating-point number) for the fission prod-

uct nuclide (FPS = 0.0 means the ground state, FPS = 1.0 means the

first excited state, etc.).

YLD is the fracticnal yield for a particular fission product.
Cn(E;) is the array of yield data for the ith energy point. This array
contains NFP sets of three parameters in the order ZAFP, FPS, YLD.
Nl is equal to 3*NFP, the number of items in the Cn(Ei) array.
Ei is the incident neutron energy of the ith point (eV).
LE is a test to determine whether energy-dependent fission product

Yields are given:
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-
o

L = 0 implies no energy-derendence (only one se: of fission zroduct
yield data given);

I= > C means that (LZ + 1) sets of fission zroduct yield data ara
given at (LZ + 1) incident neutron energies.

is the interpolaticn scheme (see Appendix E) to be used ketween the

-
[N

Ei-l and Ei energy points.
1.4.1. Formats

The structure of a section always starts with a HZAD record and ends with
a SEND recoxd. Sets of fission product yield data are given for one or mors
incident neutzon energies. The sets are orderad by increasing neutron energy.
Fcr a particular neutzon energy the data are presented by giving thrse param-
eters (F¥PS, ZAFP, YID) for each fission product state. The data are first
ordered by increaasing values cof ZAPY. If more than one vield is given for the
same {(Z2.,A), the data are ordered by increasing value of the state designator
(FPS).

The structura for a section is

[MAT, 1, 454/2ZA, AWR, LE + 1, O, 0, QJHEAD

(MAT, 1, 454/51, 0.0, LE, 0, N1, NFP/Cn(El)]LIST

(MAT, 1, 454/52, 0.0, I

(MAT, 1, 454/23, 0.0, I

27 0, N1, NF?/Cn(Ez)]LIST

0, N1, NF?/Cn(EB)]LIST

[mAT, 1, 0/0.0, 0.0, O, O, O, OQ]SEND

There are (LE + 1) LIST recorxds.
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l1.4.2. Procedures

The data sets for fission product yields should be given over the same
energy range as that in Files 2 and/or File 3 for the fission cross section.
The yields are given as fractional values at each energy, and normally they
will sum to ~ 2.0.

This format provides for the yields (YLD) to each excited state (FPS)
of the nuclidé designated by ZAFP, and hence accommodates the many metastable
fission products having direct fission yields. Data may be given for one or
more fission product nuclide states to represent the yield for a particular
mass chain. If yield data are given for more than one nuclide, the yield for
the lowest Z (charge) nuclide state for a particular mass chain should be a
cumulative fractional yield, and all other yields for this same chain should
be direct fractional yields.

Yields for the same fission product nuclides should be given at each
energy point. This will faciliate interpclaticn of yield data between inci-

dent energy points. Also, a linear-linear interpolation scheme should be used.

1.8. Delaved Neutron Data (MT = 485)

This section describes the delayed neutrons resulting from fission events.
The average total number of delayed neutron precursors emitted per fission, ;é
is given, along with the decay constants, Ai' for each precursor family. The
fraction cf ;; generatgd for each family is given in File 5 (section 5. of this
report). The energy distributions of the secondary neutrons associated with
each precursor family are also given in File 5.

The total number of delayed neutron precursors is given as a function of

incident neutron energy. Two representations are provided to specify the energy
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dependence. They are the same as thcse used in this file, (MT = 452), to de-
scribe the average total number of neutrons produced ger fission event (see
section 1.2.). The incident energy cdepencence may ke specified by tabulating
;;(E) at a series of incident nautron energies or Ly previding the csefficients
cf a polynomial expansion in energy.

The total number of delayed neutron precursors emitted per fission event,
at incident energy £, is given in this file and is defined as the sum cf the

nunber of precursors emitted for each of the precursor families,

NNEF
vd(E) = E vi(E) ’
i=]

where NNF is the number of precurscr families. 7The fraction of the total, Pi(E

emitted for each family is given in File 5 (see secticn 5) and is defined as

v, (E)

?.(E) =

-

Ud(s)

1.5.1. Formats
The structure of a section depends con whether ud(E) is takulated as
a function of incident energy or given as ccefficients of a polynomial ex-

Pansion in energy. If a polynomial is used, ;;(E) is defined as

NCD
V.(E) = E o £®
d m

me=]l

The following quantities are defined:

)y



-1.17-

LND is a test that indicates which representation is used:

IND = 1 means that a polynomial expansion is used;

LND = 2 means that a tabulated representation is used.

NCD is the number of terms in the polynomial expansion.

are the coefficients for the polynomial.

CcD

-

NR is the number of interpolation ranges used. (NR < 200)
3

(NCD < 4)

is the total number of incident energy points used to represent

;é(E) when a tabulation is used.

per fission event.

is the interpolaticn scheme (see Appendix E).

NNF is the number of precursor families considered.

. . - .th
Al is the decay constant (sec l) for the Lt‘ precursor. The structure

of a section when a polynomial representation has been used (LND = 1)

[MAT, 1, 455/
(MAT, 1, 455/
[MAT, 1, 455/
[MAT, 1, O /
The structure
(MAT, 1, 455/
[MAT, 1, 455/
[MAT, 1, 455/

{MAT, 1, 0/

1.5.2. Procedures

When the polyncmial representation is used, the calculated values of ;;(E)

may be used over any range in which the fission cross section has been given in

22, AWR,
0.0, 0.0,
0.0, 0.0,
0.0, C.0,
values of
ZA, AWR,
0.0, 0.0,
0.0, 0.0,
0.0, 0.0,

LND,

o,

0,

0,

0, OJHEAD

2,-..XNNF]LIST

NCD, O/CDl, CDZ,...CDNCD]LIST

NNF', O/kl, A

0, OJ]SEND

are tabulated (LND = 2) is

LND,

0,

o,

0,

o, 0]HEAD

NR, NP/E. _/v.(E)]TABl
int” @&

,...RNN?]LIST

0 0] SEND

V.(E) is the total average number of delayed neutron precursors formed

IND = 1

LND

is
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-

iles 2 and/or 3. When tabulated values of ;;(E) are specified, thev should e

L]

¢iven for the same energy range as that used to specify the fissicn cross section.

The probability of praducing the precursors for each family and the anergy
distributions of neutrons prcduced by each precursor family are given in File 3
(section 5 of this report). It is extremely important that the same precursor
families be éiven in File 5 as are given in File 1 (MT = 455), and the crdering
of the families should te the same in both files. It is recommended that the

families be ordersd bv decreasing half-lives (ll < kz < ... < XNNF)'

1.6. Number of Procmpt Neutrons per Fission, Vo (MT = 456)

If the material is fissionable (LFI = 1}, a secticn specifying the average
number of prempt neutzons per fission, ;;, (MT = 45€) can be given using formats
identical to MT = 452, ;; is given as a function of incident neutron enercy. The
energy dependence of G; may be given by tabulating ;; as a function of incident

neutron energy or by providing the coefficients for a rolynomial expansion of

V().
ko]

N
vV (E) = E o (73
D n

n=]

where v_(E) is the average number of prompt neutrons per fissicn produced by
P
.. . th . . .
neutrons of incident energy Ef{eV), C?n is the n coefficient, anéd NCP? is the

number of terms in the folynomial.

l1.6.1. Formats
The structure of this section depends on whether values of v (E) are tabu-
lated as a function of incident neutron energy or whether v is represented hv

a polynomial. The follecwing guantities are defined:
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INP is a test that indicates what representatiocn ¢f v(E) has been used;
ILNP = 1, polynomial representation has been used;
INP = 2, tabulated representation.

NCP is a count of the number of terms used in the polynomial expansion.

(NCP < 4)

e~ are the coefficients of the polyncmial. There are NC coefficients
given.

NR is the number of interpoclation ranges used to tabulate values of

;;(E). (See Appendix E.)
hrd is the total number of energy points used to tabulate ;kE).

E, is the interpolation scheme (see Appendix E.)

£ INP = 1 (polynomial representation used), the structure of the section
is

[MAT, 1, 456/ZA, AWR, 0, LNP, 0, OJ)HEAD INP = 1

[MAT, 1, 456/0.0, ©.0, O, O, NCP, O/CPl, CP2. .o CPNCP]LIST

(MAT, 1, 0/ 0.0, 0.0, 0, 0, O, 0] SEND

If = 2 (tabulated values of C), the structure of the section is

(MAT, 1, 456/2A, AWR, O, LNP, O, OJ]HEAD ILNP = 2

(MAT, 1, 456,/0.0, 0.0, O, O, NR, NP/E, ./v_(E)]TABl
int" p

[MaT, 1, 0/0.0, 0.0, 0, O, 0, OJ]SEND

1.6.2. Procedures
If a polynomial representation (LNP = 1) has been used to specify p(E),
this representation is valid over any range in which the fission cross secticn

is specified (as given in Files 2 and 3). When using a polynemial to fit vp(E),

the fit shall be limited to a third-degree polynomial (NCP = 4). If such a fit
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dces nct reproduce the recomended values of ;;(E), a tabulated form (LIP = 2)
should be used.

If taculated values of G;(E) are specified (LNP = 2), then pairs of energy-
V values are given. Values of G;(E) should be given that cover any energy range
in which the fission cross section is given in File 2 and/cr File 3.

The values of ;;(E) given in this section are for the average number of
prempt neutrons produced per fissicn event. Even though another section (MT =
453) that specifies the delayed neutron from fission may be given ;;, the numtcer
of delaved neutrons per fission, and 3;, the number of prompt neutrons ger Zissicn,

must te included in the values cof U}E) given in the sec%kion (MT = 452); i.e.,

V(MT = 352) = Udmr = 453) + Uom'r = 453).

1.7. Radiocactive Decav Data (MT = 457)

The spontanecus radiocactive decay data are given in sec<ion 457.* This
secticn is civen for materials that are single nuclides in their ground state or
an isomeric state (an isomeric state is defined as one having a nalf-lifa >C.1
sec.) The main purpose of MT = 457 is to describe absolutely the energy
scectra resulting frcm radicactive decay and give average parameters useful
for applications such as decay heat studies. The information in this sec-
tion can be divided into three par<s:

I. General infsrmation abcut =he matarial

8A = Daesignation of the original (radiocactive) nuclide (=100078 + A)
LIS = Isomeric state flag for original nuclide (LIS = Q, ground

state; LIS = 1, first isomeric state; etc.).

*The section MT = 453 is renamed Induced Reaction Branching Racios.
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Tl/2 = Half-life of the original nuclide (seconds).

ATl/2 = Uncertainty in the half-life (should be considered as one stand-
ard deviation).

Nav = Total number of decay modes for which average energies are

given.

E ,AEx = Average decay energy (eV) of radiation of type x and its uncer-

tainty (eV) for decay heat applications. The £,y and a energies
are given in that order, with space reserved for zero B or ¥y en-
tries. All non~-y and non-a energies are presently‘included as

B energy. The ¢ energy includes the recoil nucleus energy.

II. Decay mcde information for each mode of decay:

NDK = total number of decay modes given.

RTY? = Indicates the mode of decay.

Decay modes defined

vVariable Mode of decav

0.0 Y Gamma decay (not used for mode of decay)
1.0 8~ Beta decay

2.0 B+ Pcsitreon and/cr electron capture decay
3.0 IT Isomeric transition (in general, pre-

sent only when the state being consid-
ered is an isomeric state)

4.0 a Alpha decay

5.0 B ,n Neutron emission (generally given forx
delayed neutrons)

6.0 SF Spontanecus fission
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5{3 = Iscmeric state flag for daughter nuclide. (Fixed poin:i aumber.)
g = Total dacay energy (aV) available in the corresponding decay
process. (This is not necessarily the same as the maximum energy
of the emitted radiaticn. In the case of an isomeric transition
Q will be the difference in energy between the initial state and
+he isomeric state. For both S+ and 8, Q equals the energy
correspending to the mass difference between the initial and
£inal atoms
Tl
& I
v X
aQ = Uncertainty in Q value (aV).
B3R = Fraction of the decay which proceeds by the corresponding decay

mecde. (e.5., if only 8" occurs and no isomeric statas in the
daughtar nucleus are excited, then BR = 1.0 for 8~ decay.)
4ABR = Uncer+ainty in B3R (should be given as one standaré deviaticn)

Resultinc radiation spectra

STYP = Lecay type (Use mode of decay variable lis%).
NSP a Total anunber of spectra. (NSP may be zero.)

E and AZ = Energy (eV) or radiation produced (Es-, ES*' EY, etc.) .

I and AI Intensity of radiation produced (relative units).

ICC and Internal conversicn cocefficient.

AICC

F and AF = Normalization factor (absolute intensity/relative intensity).

NE = Tctal number of tabulated energies.
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1.7.1. Forma<s
The structure of this section always starts with a HEAD record and ends

with a SEND record. The section is divided into subsections as follows:

[MAT,1/457/ ZA AWR LIS b b NSP ] HEAD
’ 7 T *
[MAT,1/457/ Tl/z A 1/2 b b 2*NAV NAV
E AE E AE E AE ] LIST
8 8 Y Y Q a
[MAT,1/457/ ZAa AWR b b 6*NDK NDK /
RTYP, RFS, 0, 40, BR, ABRl
TY LIST
RMVPNDK RFSNDK QNDK AQNDK BRNDK ABRNDK ]
[MAT,1,457/ STYP b b b 6* (NE+1) NE/ Repeat NSP times
F AF b b b b [omit if NSP=0)
E AE I AT Ice AIcc ) LIST
{MAT,1,0/ b b b b b b ] SEND

1.7.2. Procedures

l. The initial state of the parent nucleus is designated by LIS, which
equals 0 for the ground state and n for the nth iscmeric state. Only isomeric
states are included in the count of LIS. (In other files isomeric and non-
isomeric states may be included in the count of levels.) Radioactive decay

data need be given only for initial isomeric states with half-lives > 0.1 sec.



2. The average egrnergy T and it uncar<ainty LEZ is zresently given for
three tvpes of radiation although the formart does not limit tie numker. Th
average ecay energy and its uncertainty for 3, v, and z radiatzion must Ze
spcecified in that order, with space reserved for zero or unkncwn information.
The average a energy also includes the recoil energy, but the a energy alcne
can be separated out by multiplying by the usual MR/(MR + MA) factor, where MR
and MA are the nmasses of the recoil nucleus and a particle, respectively. The
] radiation includes the contributicen f£rom 38, positron, and conversicn elec<tron
decay, and cresently includes the average delaved neutron energy as well.

3. The symbol RTYP indicates the mcde of decay as detarmined sy %he in-
icial event. A nucleus undergoing 3 decay to an excited state cf the daughzerx
nucleus, which. subsequently decays by vy emission, is in the 3 decay mode. 1In
general, an RTY? = J, indicating vy mede of cdecay, will not ke used, since decay
initiated by v emission is classified as an iscmeric transiticn recuiring
RTYP = 3. An isomeric state of the daughter nuclide resulting frcm the decay
of parent nuclides is designated 2y RFS (flcating zoint integer) following the
orocedures used for LIS. Q represents the total energy available in cthe decay
orocess and is egual to the energy difference available between the initial
and final states (koth may be isomeric). The branching ratio 3R for each de-
cay mode is civen as a £raction, and the sum over all decay mcdes must equal
unity.

4. The energy spectra should be specified, if known. The decay type
STYP should be specified using the RTYP variable list. vy spectra are described
using STYP = 0. Relative intensities can be srecified and normalized apso-
lutely by multiplying by F. If absolute spectra are given, F must equal unity.

The intensity I should be the total of the csntributions frem all decays lead-
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ing to radiaticn within a particular decay type STYP having an energy E = AE.
The internal conversion coefficient should be the sum of all the partial con-
version coefficients.

5. The specification of data uncertainties, an important quantity, is
difficult to represent in a simple way. Although one standard deviation is
desired, a number should be entered that at least indicates cualitatively how
well the parameter is known.

6. One report detailing methods for specifying data in this section is

ANCR-1137(1974), Radiocactive-Nuclide Decav Data for ENDF/B, by C.W. Reich,

R.G. Helmer, and M.H. Putnam.
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2. FILE 2, RESONANCET FARAMETERS

2.1. General Descriotion

File 2 contains data for both resolved andé unresclved resonance param-
eters. It has only one section, which has been assigned the reaction type

number MT = 151. The total (MT = 1), elastic scattering (MT = 2}, fissicn

(MT = 18), and radiative capture (MT = 102) cross sections given in File 3

must be added to corresvonding contributions calculated from the resolved

and/or unresolved parameters given in File 2 in order to obtain the correct

reaction cross sections.

Every material will contain a File 2 even though no resolved and/or un-
resolved parameters are given. The purpose of a File 2 in such cases is to
specifyv the effective scattering radius for the material., This scattering
radius (to be used 4o obtain the potential scattering cross section) is re-
quired when resonance calculations are made for other materials and the pres-
ence of this material, i.e., the potential scattering cross sections, must be
taken into consideration during analyses of the other materials.

The resonance parameter data for a material are obtained by specifying
the parameters for each isotope in the material. The data for the various
isotopes are ordered by increasing ZAI values (charge-isotopic mass number).
The data for each isotope may be divided into several incident neutron energy
ranges, and the data for the energy ranges are ordered by increasing energy.
The energy ranges should not overlap; each will contain a different repre-
sentation of the resonance parameters. Normallyv two energy ranges will be
specified for each isotope. The first will contain resolved parameters, ané

the second, unresolved resonance parameters.



Several representaticns are allowed for specifying the resclved raso-
nance parametars. The particular representation used for a particular energy
range is indicated hv a flag, LRF.

The allcwed respresentations for the resclved rescnance carameters are

LRF = 1, single-level Breit-Wigner carameters given;

LRF = 2, multilevel Breit-Wigner parameters are given (level-level inter-
ference effects are considered for the elastic scattering cross
section and the total cross section):

LR® = 3, R-matrix (Reich-Mcoore) multilevel rescnance zarameters are given;

LRAF = 4, Adler-Adler multilevel rasonance parameters are given.

The data formats £or each of the abcove representations ars basically the
same, except for LRF = 4.

Zach energy range contains a flag, LRU, that indicates whether the param-
eters in this energy range are resolved or unresolved resonance parameters.

LRU = ] means that the data are for rasolved resonance parameters. LRU = 2
means that the data are for unresclved resonance paramaeters.

Cnly one representation is allowed for the unresolved rescnance param-
aters, e.g., average single-level Breit-Wigner resonance parameters. However,
several optiocns exist for specifying the unresolved paramecers. With the first
cption, LRF = 1, only the average fission width is allowed tc be specified as

function of incident neutron energy. The secsnd cpticn, LRT = 2, allcows the
fcllowing average parameters %o be given as a function of incident neutron en-
ergy: level spacing, fission width, reduced neutron width, radiation width,
and a width for an unspecifiad competitive reacticn.

The data formats for the various resonance parameter representations are

given in Sec<tions 2.2.1 (resolved) and 2.3.1 (unresolved). The formulae fcr

-
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calculating cross sections fcr the various resocnance region theories are given
in Aprendix D.

Several cuantities used in File 2 have definitions that are the same for
all resonance parameter representations:

NIS is the number of isotopes in this material (NIS < 10).

22T is the (Z,A) designation for an isotope.

ABN is the abundance (weight fraction) of an isotope in this material.

IFW is a flag indicating whether average fission widths are given in the

unresolved resonance region for this isotope:
LFW = 0, average fission widths are not given;
LFWw = 1, average fission widths are given.
is the number of energy ranges given for this isotope (NER < 2).
is the lower limit for an energy range.*
EH is the upper limit for an energy range.*
LRU is a flag indicating whether this energy range contains data for
resolved or unresolved resonance parameters:
LRU = 0, means only effective scattering radius is given (LRF = C,
NLS = 0, LFW = 0 required)
LRU = 1, means resolved resonance parameters are given;

LRU = 2, means unresolved resonance parameters are given.

%

is a flag indicating which representation has been used for this energy
range. The definition of LRF depends on the value of LRU for this
energy range:
If IRU = 1 (resolved parameters), then

LRF = 1, single-level B-W parameters

LRF = 2, multilevel B-W parameters

LRF = 3, Reich-Moore parameters

LRF 4, Adler-Adler parameters

*These energies are the limits to be used in calculating cross sections from the
parameters. PResolved rescnance levels e.g., bound levels will of necessity be
outside the limits.
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I£ LRU = 2 (unresolved paramecexs), then
LR = 1, only average fissicn widtihs 2re ernergy derendent;
LRF = 2, average level spacing, comretitive reaction widtihs,
reduced neutron widths, radiation widths, and fis-
sion widths are energy dependent.
The general structure of a section is as follcws:
{MAT, 2, 151/ ZA, AWR, O, 0, NIs, OlHEAD
[MAT, 2, 151/ ZAI, aBN, O, LFW, NER, O]CINT (isotope)
[MAT, 2, 151/ =L, EH, LRO, LRF, O, 0]C2ZNT (range)
<Subsecticn for the first energy range for the first isotope (depends
on LRU and LRF)>
(MAT, 2, 151/ EL, £EH, LRU, LRF, O, Q]JCZNT (range)
<Subsection Zor the second anergy range for the f£irst isotore

depends on LRU and LRF)>

{MAT, 2, 151/ EL, EH, LRU, L®F, O, Q]CZNT (range)
<Subsec+tion for the last energy range for the last isotoze for =zhis
material>

[MAT, 2, 0/ 0.0, 0.0, O, Q, 0, O0]szNp

The data for each range start with a CZNT (range)
with a CONT (isotope) racord. The specifications

in Secticns 2.2.1 and 2.3.1, below.

data are given for all ranges for a given isotcre, and then for all isotcpes.

record; those for each isctope,

for the subsections are given

The structure of File 2 for the special case, in which just the effective

scattering radius is specified, is given below (no resolved cr unresoclved pa-

rameters are given for this material):
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(MAT, 2, 151/ 2a, AWR, O, o, NIS, O]HEAD NIs =1

[MAT, 2, 151/ ZAI, ABN, O, LFW, NER, 0]CgNT | LEW 0, NER =1
(MAT, 2, 151/ EL, EH, LRU, LRF, O, Q] C@NT LRU = 0, LRF = 0
(MAT, 2, 151/ sPl, &P, O, o, NLS, O]C@NT NLS = O

{MpT, 2, 0 / 0.0, 0.0, O, o, o, 0]SEND

[MAT, O, © / 0.0, 0.0, O, o, o, O)FEND

2.2. Resolved Resonance Parameters (LRU = 1)

2.2.1. Formats

Four different resonance formulations are allowed to represent the resolved
resonance parameters. The pertinent formulae associated with these represen-
tations are given in detail in Appendix D. The flag LRU = 1, given in the CZNT
(range) record, indicates that resolved resonance parameters are given for a
particular energy range. Another flag, LRF, in the same record specifies which
resonance formulaticn has been used.

The structure of a subsection is the same for LRF = 1 (single-level Breit-
Wigner parameters) as it is for LRF = 2 (multi-level Breit-Wigner parameters).
The following quantities are defined for use when LRF = 1 and 2 (see Appendix D
for formulae):

Resolved Resonance Parameters if LRF = 1 (SILBW) and LRF = 2 (MLBW)

SPI 1is the nuclear spin of the target nucleus, I (positive number).
AP is the spin-dependent effective scattering radius A, (for spin-up)
12

in units of 10 cm. AP is also given for the case of spin inde-

pendence. AP is defined in the relation opot = 411 (AP)z.

[

is the spin-dependent effective scattering radius, A_ (for spin-

down). (AM = 0.0 for spin independence is presently required).




NLS is =he number of 1 states in this energy regicn. A set of param-
aters is given Zor each L-state (neutron angular ocmentum quantum
numker). (NLS < 3.)

py is the value of the l-state (neutron angular momentum cuantum numoer).

AWRI is the ratio of the mass of a particular isotope tc that of a neutron.

NRS is the number of resolved resonances for a given l-state. (NRS < £C0.)

ER  is the resonance energy (in the laboratory system).

AJ  is the floating point value of J (the spin of the resonance).

GT is the rescnance total width [ evaluated at the rsscnance energy ER.

fexi is the neutron width Fn evaluated at the resonance energy ZIR.

GG is the radiacion width PY evaluated at the resonance energy ER.

GE  is the fissicn width Tf evaluated at the resonance enersgy ER.

The structure of a subsacticn containing data fcr (LRU = 1 and LRE = 1)
cr (LRU = 1 and LRF = 2) is
{MAT, 2, 151/ sPI, AP, O, a, NLS, Q] CINT

[MAT, 2, 151/ AWRI, aM, L, o, 6*NRS, NRS/

Ele A&Jl' GTlI GNl, UGl' G:l’
ERz' AJZJ GTZ; GNZI G‘Gzl GFZI

- o -~ - r om
ERyzs’ Myrs’ “Tyrs’ yms’ Curs’ Fyrs! ST

The LIST reccrd is repeated until each NLS l-state has been specified (in
crder of increasing value of ). The values of ER for each l-state shall be
ordered by increasing neutron energy.

The structure for a subsection, when R-Matrix (Reich-Moore) mul<silevel

paramaters are given (LRF = 3), is similar tc that given above., The major
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difference is that the total resonance widths are not given and two fission
widths are allowed for each resolved resonance. The quantities for use when
LRF = 3 are defined below.

Resolved Resonance Parameters

If LRF = 3 (Reich-Moore multilevel varameters)

SPI is the spin of the target nucleus I.

. . , . . . . -12
is the spin-up effective scattering radius in units of 10 cm.

; . . . . : =12
is the spin-down effective scattering radius in units of 10 cm.

AM = 0.0 for spin independence. (AM = Q.0 required.)

NLS is the number of f-states considered. A set of resolved resonance

parameters is given for each f-state. (NIS < 3.)

L is the value of the f-state (neutron angular momentum gquantum number).
AWRI is the ratio of the mass of a particular isotope to that of a neutron.
NRS is the number of resolved resonances for a given f-state. (NRS < 500.)
ER is the resonance energy (in the laboratory system).

AJ is the compound nucleus sgin, J (the spin of the resonance).

GN is the neutron width Tn evaluated at the resonance energy.

GG is the radiation width I'y evaluated at the resonance energy.

GFA is the first partial fission width for Reich-Moore parameters.

GFB is the second partial fission width for Reich-Moore parameters. GFA

and GFB are signed quantities, their signs being determined by the
relative phases of the width amplitudes in the two fission channels.
The structure of a subsection when LRU = 1 (resolved parameters) and LFF = 3

(Reich-Moore multilevel parameters) is
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[MAT, 2, l51/S?I, AP, Q, o NLS, Q] CONT

(MAT, 2, l51/AWRZI, M, L, Q. 6*NRS, NRS/
Eﬁl. Anl' GNl, Gt.:l, \JI.‘ll; G?Bl'
ERZ, Auz, GNZ, GGZ; G?Rz, GFBz,

- -~ -~
ERNRs’ A“an’ GNNRS' G“Nas’ G?ANRS' GFBNRSJLIS‘

The LIST record is repeated until each of the NLS 2-states has been scec:i-

fied in order of increasing value of 1. The values of ER for each l-stats are

orcdered by increasing value of ZR.

Pesolved

Resonance rarametsrs

£ LXF =

H

(Adler-2Acdlaer multilevel varametsars)

LI

If

*Reserved

is a flag to indicate the kind of carametsrs given:

LI = 1, total widths conly*

= 2, Zission widths only»*

= 3, total and figsion widths*

= 4, radiative capture widths only*

= 5, total and capture widths

= 6, fission and capture widths*

= 7, total, fission, and capture widths.
is the count of the number of sets of hackground constants %o ke given.
There are six constants per set. £Each set refers to a gar<icular cross
section type. The background correction for the total cross section is
calculated by using the six constants in the following manner:

(background) :J%%(ATI + ATZ/E + AT3/52 + AT4/E3

2
» *
+3T1£+BT2E)

for use in ENDF/A only.
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WRI + 1.0

The background terms for the fission and radiative capture cross

2 2 -3 AWRI "
where C = 7% = 7/k" and k = 2.19677 x 10 (Z'—"'__—> E(eV)

sections are calculated in a similar manner.
If NX = 2, background constants are given for the total and capture
cross sections.
= 3, background constants are given for the total, capture, and

fission cross sections.

|&

is the floating-point value of J {the spin of the resonance).

It

is the value of the &-state (neutron angular momentum Quantum

number) .

NLS is the count of the number of i-states for which parameters will
be given (NLS < 3).

NIs is the number of sets of resolved resonance parameters (each having

the same J state) for a specified 2-state.

3

is the count of the number of levels for which parameters will be
given (each level having a specified AJ and 1).
SPI is the spin of the target nucleus.

AWRI is the ratio of the mass of a particular isotope tc that of the

neutron.

AP is the spin-dependent effective scattering radius, A+ (for spin-
up) in units of 10-12 cm. AP is also given for the case of spin
independence.

AM is the spin-dependent effective scattering radius, A_ (for spin-

down). AM = 0.0 for spin independence.

ATl. AT2, AT3, AT4, BTl. BT2 are the background constants for the total

cross section.
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AT,, AF,, AF,, AF,, 3F,, BF, are the background constants Zor the fission
cross section.
ac,, AC,, aC_, AC,, 3C,, BC are tne background constants Ior <he radia-
1 2 3 4 1 2
tive capture cross section.
DI-:’I."_1 is the resonance energy for the total cross section. Here and
, th
below, the subscript n denctes the n level.
DEZ‘:"_1 is the resonance energy for the fission cross section.
DEC_1 is the resonance energy for the radiative capture cross section.
DWTn is the value of [/2, (v), used for the total cross sec=ion.
Dwrn is the value of /2, (v), used for the fission cross section.
DWC:_1 is the value of ['/2, (v), used for the radiative capture cross
secticn.
Note: PET == CEF = DEC and CWT = CWF_ = DWC .
o bo! a n T n
GR':‘_1 is related to the symmetrical total cross section parameter.
GI’L‘_1 is relatad to the asymmetsical total cross section parameter.
GRF_1 is the symmetrical fission caramerasr.
GI:-‘_1 is the asymmetrical fission parametesr.
GI-LC:_1 is the symmetrical capture parameter.
GIC is the asymmetrical capture parameter.

The structure of a subsection containing data for (LRU = 1 and LRF = 4, Adler-

Adler multilevel parameters) depends on the value of NX (the number of sets of

background
{MAT,

(MAT,

constants)., For the most general case
2, 1s1/s?z, AP, Q o, NLS,
2, 151/aWRI, 0.0, LI, e, 6*NX,
ATl, ATZ, AT3, AT4, BTl'
AFl, ------ B it )

(NX = 3)

the structure is

C1CaNT)

NX/
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(MAT, 2, 151/0.0, 0.0, L, 0. NJS, 0)CBNT (£)
[MAT, 2, 151/AJ, AM, 0, 0, 12*NLJ,  NL3/
DET,, DWI, GRT,, GIT, DEF, DWE
GRF,, GIF,, DEC,, DWC,, GRC, GIC,
DET,,  DWT,, ==~---=c-------- e -—-
------------- el GIC,,
DET,, -===--- -——=- -~ -
- - -, GIC__ _)LIST

The last LIST record is repeated for each J-state (there will be NJS such LIST
records). A new CONT (L) record will be given which will be followeé by NJS

l'--—-' BF2 will not

LIST recocrds. Note that if NX = 2 then the guantities AF
be given in the first LIST reccrd. Also, if LI ¥ 7 then certain of the param-
eters for each level may be set at zero, i.e., the fields for parameters not
given (depending on LI) will be set to zero.

Since the format has no provision for giving the Adler-Adler parameters

for the scattering cross-section, this is obtained by subtracting the sum of

capture and fissicn cross sections from the total cross section.

2.2.2, Procedures

For certain resonances the value of £ is known but the resonance spin J
is not. In such a case, the resonance spins J may be assigned to follow the
level density law o4 = %; = A (2J+1) where pJ is the density of compound nu-
cleus levels of spin J and DJ their spacing. The statistical weight factors
95 corresponding to resonances of spin J are such that :Z: S; = (22+1) where

J,Ss
the summation is over the different spin states J and the channel spins S.
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The rescnance spins if not measured should not be set egual T2 the target nu-
cleus spin.

The upper (ZH) and lcwer (EL) energy limits of an ernergy Tange incdicacts
she energy range cf validity for the given parameters fcr calculating cross
sections. Cutside this energy range the cross sections must be obtained from
the parameters given in another energy range and/or from data in File 3.

T™erefore, it is scmetimes necessary to give parameters whose energies lie

outside a specified energy range in order to accurately give the cross sec-
sion for neu<tron energies that are within the energy rance. (Tor example, <he
inclusion of tound levels may be regquired to gredict <he correct cross section
at low energies, ané resonances will usually be needed above EH to ccmpensate
zhe opposite, positive, bias at the high erergy end.

Tor materials that contain more than one isotope, it is reccmmended fthact

che lcwer energy limit of the resclved resonance region be the same for all

[

isotsres. t is also recommended that the uprer energy limit for the unre-
solved resonance range be the same for all isotoges. If rasolved and/or unre-
solved rescnance paramezers are act given for all the naturally occurring isc-
“cpes, some cata shculd be given for the cther isotspes. In zar<icular, AP
should be given for each of these isctopes.

If more than one anergy range is used to describe the resonance param-
eters for any Given isotope, the energy ranges must be contiguous and must not
cverlap. It is further required that the data for each isotcpe be divided into
nCc more than two energy ranges, one for resolved and the cther for unresolved
resonance parameters.

With single-level Breit-Wigner parameters it is sometimes possible for

Negative cross secticons to be calculated. Negative cross sections ares not
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phnysically sossible and can be avoided by one of the following changes in rep-
resentation:
1. Constraint of single-level parameters and scattering radius to pro-
duce non-negative cross sections.
2. Insertion of File 3 "background" to produce a File 2 + File 3 sum-
mation cross section everywhere positive.

3. Use of multilevel formalisms.

'2.3. Unresolved Resonance Parameters (LRU = 2)

2.3.1. Formats

Only one representation of the unresolved resonance parameters is allowed
(see Appencix D for pertinent formulae). However, several options are avail-
able for specifying the average properties of the resonances.

The parameters given are for the single-level Breit-Wigner formula with
interference, and they depend on both £ (neutron angular momentum) and J
(compound nucleus spin) states. The widths are distributed according to a
chi-scquared distribution with a specified number of degrees of freedom. This
number may be different for neutron and fission widths and for different (2,J)
states.

The following quantities are defined for use in specifying unresolved
resonance parameters (LRU = 2):

SPX is the nuclear spin I of the target nucleus.

. . . . . . -12
is the effective scattering radius in units of 10 cm.

I

I

is the number of energy pecints at which energy-dependent widths are

tabulated. (NE < 250.)

i

is the number of 2-states given (NLS < 3.)



e
wn
P4

|2

o

AMUX

AMUN

AMUT

MUT

GNO

=2.14-

th . .
is the 2nergy of «he N = soint used to tabulate

is the value of 1 (neutron angular ncmentuim cuan
is the ratio of the mass cf the zarticular isote
neutron.

is the numker of J-states Zcr a particular L-sta

is the flcating-point value of the J-state.

energy-<erendent

tum number) .

pe to that of the

ta. (WIS < 86.)

is the mean level spacing for a zarticular J-state.

(This value is energy degzendent if LFR = 2.)

is the number of degreas of freedcm used in the
distribution. (I£ an actual value is not known
large, set AMUX = 0.0.)

is =he number of degrees of freedcm used in the
tribution. (AMUN < 2.0.)

is the number of dagrees of freeccn used in the
distribution. ' (If this wvalue is not kncwn or is
set AMUG = 0.0.)

is the numter of degrees of freedom used in the
tribution. (AMUF < 4.0.)

is the integer value of the numbter of degraes of

sion widths. (MUF < 4.)

ccmretitive wideh

-

or is extremely

neutrcn widsh dis-

radiation widsh

axzremely large,

£ission width dis-

£reedom for fis-

is the intsrpolation scheme to be used £for interpclating between

the cross-sections cbtained from average resonan
(normally, INT = 1.)

is the average reduced neutron width. It is ene

LRU = 2.

ce carameters

rgy derendent if
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GS is the average radiation width. + 1s energy dependent if LRU = 2,
GF is the average fissicn width. This value may be energy dependent.
GX is the average competitive reaction width.

The structure of a subsection depends on whether LRF = 1 or LRF = 2. If

LRF = 1, only the fission widths can be given as a function of neutron energy.
If LRF = 1 and the average fission widths are not given (indicated by LFW = 0),
then 2 simple form of the unresolved resonance parameters is given. If LRF = 2,
the energy-dependent average values may be given for the level density, a com-
petitive reaction width, reduced neutron width, radiation width, and fission

widths. Therefore, three different formats are considered:

I£ ITW = 0 (fission widths not given),
LRU = 2 (unresolved parameters),
LRF = 1 (all parameters are energy-~independent),

the structure cf a subsection is

[MAT, 2, 151/S?I, A, 0, 0, NLS, 0] CENT
[MAT, 2, 151/AWRI, 0.0, L, 0, 6*NJS, NJS/
D, AJl, AMUN, Gnol, G"l’ 0.0
D, AJz, RMUN,, , GNOZ, GG2, 0.0
T
DNJS' AJNJS' AMUNNJS' GNONJS' GGNJS' 0.01LIST

The LIST reccrd is repeated until data for all 2-states have been specified.

If LFW = 1 (fission widths given),

LRU = 2 (unresclved parameters),

LRF = 1 (only fission widths are energy-dependent; the rest are

energy-independent).



rhe stzicture of a suksec<ticn is

(MAT, 2, 1S1/S?I,
ES,

(MAT, 2, 151/AWRI,

(MAT, 2, 151/0.C,
D,
GFy

L 4

Q.qQ,

0.q,

AJ,

2[

.’
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Q. 0,

v

—53’ .7
L, 0,
L, MUF,
AMUN, GNO,
GF4» .
. GFNE

E,

ES

A

NJS ,

NE+6’

-~
’

.’

NLS/
JLIST
Q]CaNT (1)

Q/

In the above seczion, intergpolaticn is assumed %o be log-lcg.

IZ I5W = 0 or 1 (dces not depend cn LFW).

LRUC = 2 (unresclved parameters).

LRF = 2 (all energy-dependent parameters).

The structure of a subsaction is:

[MA’:I 2! ISI/SP:; Al 0! OI NIS! O]CZNT
[VAT, 2, 151/aWwRI, 0.0, L 0, NSS, 0]CaNT
[MAT, 2, 151/AJ, c.0, INT, O, (6"NE) 5, NE /
0.0, 0.0, AaMUX, AMUN, AMUG, AMUT,
w
v By, GXy,  GNO;, GGys GFy .
£y Dys  GXyy  GNO,, GG, GFye
A S, T
ENE’ DNE' GXNE’ GVONE, GUNE GFNE]LIS

The LIST record is repeated until all the NJS J-states have been specified for

a given i-state,

J-state for that l-state are given.

states have been specified.

A new CONT (L) record is then given, and all data for each

The structure is repeated until all 1-
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2.3.2. Procedures

The number of degrees of freedom for the distribution of the competitive
reaction width (aMUX) and radiation widths (AMUG) may be extremely large. If
AMUX and/or AMUG are zero, this is a flag that indicates the number of degrees
of freedom is extremely large. The average competitive reaction width is given
(LRF = 2) to account for all unspecified competitive reactions other than scat-
tering, capture, and fission.

Up to 250 energy points are allowed for giving energy-dependent average
parameters. These data should allow average cross sections that show any gress
structure in the reaction cross sections to be computed. The unresolved reso-
nance parameters should be provided for neutron energy regions where tempera-
ture or resonance self-shielding effects are important. Therefore, it is rec-
ommended that the unresolved resonance region extend up to at least 20 keV.

When preparing data for the unresolved resonance region, it is important
to use a2 consistent set of definitions in obtaining unresolved resonance param-
eters. These cefinitions are given in the Glossary (Arpendix A) and the reso-
nance region formulae (Appendix D). 1In particular, note that the neutzron

penetrability, Vl(o). is defined as

VO(D) = 1 for £ = 0 neutrons (s-wave)

Vl(o) = 02/(1 + 02) for £ = 1 neutrons (p-wave)
4 2 4 -

Vz(o) = p /(9 + 30" +0) for & = 2 neutrons (d-wave)

p = ka,.

The wave number of the neutron in the center-of-mass system is

AWRI -3
= S ——————————————
k 2.196771 (AWRT 1.0 “.“(eV) x 10

and "a" is the radius used in calculating the penetration, shift, and hard-

sphere phase factors,

2= (1.23 a2 + 0.8] x 107¢

in units of 10-12 cm. Note: A is usually approximated by AWRI (AWRI =

H |

).
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The Greebler-zucchins® scheme fcr evaluating the width-fluctuvaticn fac-

“or should be used in order £o have uniformity between evaluators and users.

*P. Greebler and 3. Hutchins, Physics of Fast and Intermediata Reactcors. II
121 (1962) International Atomic EZnercy Agency, Vienna, 1962.
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3. FILE 3, NEUTRON CROSS SECTIONS

3.1. General Description

Neutron cross sections, such as the total cross section, elastic scat-
tering cross section, and radiative capture cross section, are given in File 3.
Certain derived quantities are also given. These data are given as a function
of energy, E, where E is the incident neutron energy (in eV) in the laboratory
system. They are given as energy-cross section (or derived quantity) pairs.

An interpolation scheme is given that specifies the energy variation of the
data for reutron energies between a given energy point and the next higher en-
ergy point.

File 3 is divided into sections, each containing the data for a particular
reaction type (MT number). The sections are ordered by increasing MT number.

A complete list of MT's and their definitions can be found in Appendix B.

3.2. Formats

File 3 is made up of sections where each section gives the neutron cross
sections (or derived quantities) for a particular reaction type (MT number).
Each section always starts with a EKEAD recoré and ends with a SEND record.

The common variables used in this other file are defined in Section 0.5.21
and in the Glossary (Appendix A). For File 3 the following quantities are de-
fined:

LIS is an indicator that specifies the initial state of the target nu-

cleus (for materials that represent nuclides).
LIS = 0, the initial state is the ground state.
= 1, the initial state is the first excited state (generally

the first metastable state).

2, the initial state is the second excited state.

etc.
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int

is an indicactor tha% scecifies the final excit=2d statzs of the rasid-

ual nucleus rreduced by a zarticular reaction.

LS = 0, the final state is the grcund state.
= ], the final state is the first excited state.
= 2, the final state is the excited state.

= 98, an unspecified range of final states.

= 39, all final states.
is the reaction Q-value (eV).
is the temperature (°K). NCTE: If the LR flag is used, S becomes
Ql for the reaction corresconding to LR.
is a flag to specify whether tamperature-dependent data are given.
S and LT are normally zero. Details on temperature-~decendent data
are given in Apvendix F.
is a £lag to be used in the reactions MT = S1, S2, $3,...., 90,
and 91, to define x in (n,n'x). (See Secticn 3.24.4.)
is the number of energy ranges that have been given. A different

interpolation scheme may be given for each range. (NR < 200, but

normally < 20).
is the total number of enersy roints used to specify the data.

(NP < 5000).

is the interpolation scheme for each energy range. (For details,

see Section 0.4.3.).
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O(E) is the cross section (barns) for a particular reaction type at
incident energy point, E, in (eV). Data are given in energy=-cross
section pairs.

The structure of a section is

[MAT, 3, MT/2A , AWR, LIS, LFS, O , O)JHEAD

{MAT, 3, M/S , @ , 1T, LR , NR, NP/Eint/c(E)]TABl

[MAT, 3, 0 /0.0, 0.0, 0, 0, 0O , O]SEND

3.3 Procedurss

3.2.1. Reaction Tvoes to be Included

A comrlete list of possible reaction types and their definitions can be
found in Appendix B. Cross sections for all reaction types that are not zerco
or negligibly small should be given in File 3. As a minimum, data for the re-
actions listed below should be given, if applicable.

MT Reaction

1  Total cross section
2 Elastic sgcattering cross section
4 Inelastic scattering cross section (total)
16 (n,2n) cross section
17 (n,3n) cross section
18 Fission cross section
51 Inelastic excitation cross section for the 1lst level

52 L, ” L L " ” 2nd level

(continued on the next page)
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MT Reac=icn

°Q Inelastic excitation cross section for the 40th level
2N " " " " " " gontinuum
102 (n,y) radiative capture cross section

103 (n,p) cross saction

104 (n,&) " "

103 {(n, %) " "

1086 (n,Hea) " "

107 (n,a) " "
108 {n,22) " "
251 ”Lab

252 §

253 Y

3.2.2. Ganeral Proceduyres

1. All significant cross sections must be given in this £ile using the
reaction tyrzes (MT numbers) that have been defined. Arpendix 3 summarizes all
currently defined reaction types. If new MT numbers ars needed, the Natiocnal
Neutron Cxcss Section Center at 3Brookhaven National Laboratsry should te con-
tacted.

Select the most appropriate ﬁT aumber to represent the reactions. In
many cases diffarent MT numbers may be used to represent the same reaction mecha-
nism, e.g., LI-6(n,t) and li-6(n,a). This situation arises when the reaction
produces multiple secondary particles or when the secondary particle and the
residual nucleus are interchangeable. Many reactions of neut=sns on light tar-

gets fall into this category. It is not possible to establish rigid ground
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rules, but in general, the MT chosen includes the lightest nucleus in the exit
channel.

2. Reaction Q~values are important, and attempts should be made to obtain
a value for each section in File 3. Even when the material represents a natural
element containing two or more isotopes, reaction Q-values should be given. 1In
these cases for which there is no unique Q-value, the value given should be the

Q-value that produces the lowest threshold energy.

3.2.3. Initial and Final States

The formats have been ceneralized to specify data for excited states of
the target (initial) and residual (final) nucleus using the LIS and LFS flags.
I£ the initial state is isomeric and has a half-life > 1 sec, current ENDF
procedures reguire data to be given as a separate ENDF Material. Reaction data
producing known final states are given within the Material associated with the
initial nucleus.

Where several final states are produced by a reaction, the summation,
discrete level, and continuum cross sections can be specified. Specification
of summation reaction cross sections to all states, discrete and continuum, is
Given within an MT number by LFS = 99. Data for an unspecified rance of final
states is given by using the same MT number with LFS = 98,

For the (n,p), (n,d), (n.,t), (n,3He), anéd (n,o) reactions, the summation
cross sections must be given in the MT = 103, 104, 105, 106, and 107 sections,
respectively. Use of LFS = 92 in these cases is redundant. The crcss sections
to the ground and the first 17 discrete excited levels of the final nucleus

must be given in the MT = 700 series. Use of LFS is redundant for a number of

levels <17. For the (n,2n) reaction the summation cross section must be given



in the MT = 1§ section. Use of LTS = 99 is redundant. The (n,2n) cross sec-
tion %o iscmeric states shculd be given in the MT = 26 secticn, using the LTS

£lag to indicate the iscmeric states (counting all states) designated.

3.2.4. Procedures for Scecific Reactions

3.2.4.1. Index for Section 3.2.4.

3.2.4. Subseczion Relevant MT Nos. (See Aprendix 3)
1l 1l
2 2
3 3
4 4
) 6~-9, 18, 17, 26, 46-49
6 18, 19, 20, 21, 38
7 27
8 £1-91
9 101
10 120
1l 102-114
12 700-799

3.2.4.1 Total Cross Sections

1. 1If resolved or unresolved rescnance rcarametars are given in File 2,
the contribution to the total cross section in the resonance region is the sum
calculated from File 2 and MT = 1 in File 3. (see Sec%ion 3.3.)

2. The total cross section is generally <he most important cross seczicn
in a shielding material. Considerable care should be exercised in evaluating

this cross secticn and in deciding hcw to represent it.
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3. Cross section minima (potential windows) and cross section structure
should be carefully examined. Sufficient energy points must be used in describ-
ing the structure and minima to reproduce the experimental data to the measured
degree of accuracy.

4. The total cross section as well as any partial cross section must
be represented by 5000 incident energy points or less. The set of points or

energy mesh used for the total cross section must be a union of all enercy

meshes used for the vartial cross sections. Within the above constraints,

every attempt should be made to minimize the number of points used. The total
cross section must be the sum of MT = 2 (elastic) and MT = 3 (nonelastic). If
MT = 3 is not given, then the elastic cross secticn plus all nonelastic com-

ponents must sum to the total cross section.

3.2.4.2. Elastic Scatterinag Cross Section

1. If resolved or unresolved resonance parameters are given in File 2,
the contribution to the elastic scattering cross section in the resonance region
is the sum calculated from File 2 and MT = 2 in File 3 (see Section 3.3).

2. The elastic scattering cross section is generally not known tc the
same accuracy as the total cross section. Frecuentlv the elastic scattering
cross section is obtained by subtracting the non-elastic cross section from the
total cross section. This procedure can cause problems. The result is an
elastic scattering cross section that contains unreal structure. There may be
several causes. First, the nonelastic cross section, or any part thereof, is

not generallv measured with the same enerav resolution that the total cross

section has been measured. When the somewhat poorer resolution nonelastic cross

section is subtracted from the total cross secticn, much of the structure (at



-3.8=-

times very unrealistic) is placed in the elastic scat:aring cross secticn.
Secand, if the cbserved structure in the nconelastic cross sect=icn is improp-
erlyv correlated wi=h +%he structure in the total cyoss secticn, an unresalisci
structure is generated in the elastic scattering cross section.

3. Frecuently the experimentally measured elastic scattaring cross section
is obtained by integrating angular distribution data. These data may contain
contributions‘frcm neutrsns prcducing nonelastic reactions. This contamination
is generally due to contributions from inelastic scattering to low lying levels
~hat are not resolved in the experiment. Care must be taken in using such re-

sults t2 obtain intsgrated cross sections. Such angular distributicn data car

also cause similar prcblems when they are used to prepare File 4 data.

3.3.4.3. VNonelastic Cross Section (MT = 3)

The ncnelastic cross section is not required unless any par% of the shoton
sroduction cross secticn data given in Files 12 and/or 13 usas MT = I £o repre-
sent these data. In this case MT = 3 is required in File 3. If£ MT = 3 is given,
then the set of points used to specify this cross section should be a unicn of

the sets used for all its partials.

3.3.4.4. Inelastic Scattering Cross Sections

1. A total inelastic scattering cross section must be given if any cf the
partials are given, i.e., discrete level excitation cross sec%ion, MT = 31, 52,
33,....., 90, or continuum inelastic scattering, MT = 21,

2. The set of incident energf points used for the total inelastic cross

section (MT = 4) must be a union of all the sets used for the par=ials.
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3. Values should be assigned to the level excitation cross sections for
the first few levels for the entire energy range (up to 20 MeV). Frequently
the inelastic level cross section for the first few levels can be abtained from
experimental measurements. At other times, deformed nucleus model calculations
must be made. Direct interaction contributions are important in neutron inel-
astic scattering particularly for deformed nuclei with 0+ ground states. The
secondary energy distribution for these neutrons resembles elastic scattering
more than an evaporation spectrum.

4. The recommended procedure for specifying inelastic scattering cross
sections is to give level excitation cross sections for as many levels as possi-
ble ard up to an incident energy for which level energies, spins, and parities
are known. Above this point and up to 20 MeV, estimates should be made for those
levels that have significant direct interaction contributions. Any remaining
inelastic scattering should be treated as continuum.

5. Level excitation cross sections must start with zero cross section at
the threshold energv. If the cross section for a particular level does not ex-

tend to 20 MeV, it must be double-valued at the highest energy point, for which

the cross section is now zero. The second cross section value at that point
should be zero and it should be followed by another zeroc value at 20 MeV. This
will positively show that the cross section has been truncated.

6. An LR flag specifies inelastic scattering to levels that de-excite by
particle emission or pair production rather than by y emission. Use the LR flag
to completely define a reaction like {n,n'x). The LR flag is to be used in the

reactions MT = 51,52,53,..., 90, and 91 to define x in {(n,n'x). If x = vy then
LR = 0. If x is a particle then LR becomes the MT number that defines the re-
action; e.g., if the reaction is (n,n'p), then LR = 28. When LR > O then S is

the Q-value for the combined reaction specified by the LR value.
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When the LR flags ara used, the following rsactions take ¢n slichtly &
ferant meanings. MT = ¢ means the reacticn is (n,n' esverything). MT = 51-31

ne R

rt

eans the raacticn is (n,n' scmething), wnere "scmetihing” is defined zv

2}

£lag. When MT = 31 is a ccmposite of several de-excitation modes, then LR = 4.

This svstem has been established to facilitate accurate descriptions of
the energy and angular distribution of these neutrons (the angular distrizutions
are given in File 4).

Tf a sarticular level, which has been left in an excited state, decays by
amission of particles of more than cne type, then several sections must be given
in Tile 3. <Consider the case in which an excited state decavs by emissicn of a
proton ané an a particle. That part of the reaction that represents (n,n'a)
would use LR = 22, and the other part would ke given in the next secticn (next
nigher MT number) and would use LR = 28 (n,n'n). The angular distributicn for
the neutrcen would have to be given in <two different MT numbers in Tile 4, even
chough thev represent tiie same neutron. cmpetition for the de-excitation of a
level should be considered onlvy if it is at least 10% of the total de-excitation
crcss section for that level. The section must be ordered by increasing ¢-values,

i.e., increasing values of S in the TABl records.

3.2.4.5. (n,21), (n,3n), (n,4n) Cross Sections

1. If any of the these reactions takes place, it must ke Given in File 3.

2. If the (n,2n) cross section reaction produces an isomeric state, then
in addition ts the tctal (n,2n) cross section (given in MT = 156), the iscmeric
state production cross secticn can be given in MT = 26. Processing codes con-

cerned only with the neutron cross sections can ignore the data given in MT = 26,
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3. It is possible to represent the (n,2n) cross section either totally as
direct (n,2n) (MT = 16) or as a combination of this and a time seguential re-
action.

In the time-secuential (n,2n) reaction A(n,nl)A*(nz)(A-l)*. the "first"
neutron (nl) is essentially an inelastic scattering event that may leave the
nucleus A* in one of several excited states. the "second" neutron (nz) is sub-
sequently emitted by the decay of the recoiling nucleus A*. Conservation of
energy and momentum ensure a correlation between first and second neutrons for
this time-secuential (n,2n) reaction for each level. The second neutron lab
system ancular and energy distributions can be drastically different for each
level and must be described separately. In addition to the time-secuential
(n,2n) reaction there may be a direct (n,2n) reaction, which proceeds without
going througnh any intermediate states. The total (n,2n) reaction must there-
fore be considered as a composite of time-sequential (n,2n) plus a direct (n,2n).

The (n,2n) level events are described by treating the f£first neutron as
coming from an inelastic level (energy ordered in MT = 51-90) and the second
neutrons from levels represented by MT = 46~49, but there is no correlation
between enercy spectra of the first and second neutrons. Reaction types
MT = 6-9, are used to represent the first neutron from the first few individual
levels, and reaction types MT = 46-49 would be used to represent the second
neutron from individual levels. Reaction type MT = 1l6é is to be used for the
representation of both neutrons when time-sequential (n,2n) reactions dec not

apply or when detailed data are not available. The total (n,2n) cross section

———— ) i 9
*This format is not restricted to " Be.
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is the sum of reacticn types MT = §-9 and 15 and dces nct include reaction

tvTes MT = 46-49. This procedure removes tihe necessity for representing the

- -

first neutron Ircm an (n,2n) reaction bV an inelastic level (MT = 51-30).

3.3.4.86. Pission Cross Sec+ions

1. The total fission cross saction must be given in MT = 18 for fission-
able materials. Every attempt must be made to break this cross section into its
varicus parcts: first chance fission (n,£f), MT = 19; second chance fission (n,n'Z),
MT = 2Q; third chance fission (n,2nf), MT = 21, and fourth chance fission (n,3nd),
MT = 38,

2. The data in MT = 18 is to ke the sum of data in MT = 19, 21 and 38.

The set of energy points used for MT = 18 should be the union of all sets fcr the
gartials.

3. £ resolved or unresolved resonance parameters are given in Tile 2, the
centributions to the total fission cross section in the resonance ragicn are the
sum calculated frem File 2 and MT = 18 from File 3 (see Section 3.3). If data
are given in File 3 for MT = 19-21 or 38, they must sum to data in File 3 for MT =
18. Since only the total fission czross section can be calculated from the resc-

nance parameters to be added to Pile 3 values for MT = 18, the resonance recicn

should not extend above the &threshold for second chance fission data (MT = 20)

civen in File 3, to prevent inconsistency between the total fission cross sec+ion

and its partials. If MT = 20 data are present, MT = 12 must exist and cover =he

£ull range of MT = 18 data.

3.3.4.7. Absorption Cross Sections (MT = 27)

The absorption <ross secticn is not regquired. It is defined as the sum

of MT = 18 (tctal fission) plus MT = 101 (total neutron disapoearance).
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3.3.4.8. (n,n'x) Reaction Cross Sections

The cross secticns for those reactions in which the secondary neutron
leaves the target nucleus in an excited state should be given in File 3 as
sections using the MT's in the series MT = 51, 52,..., 90, 91. 1In cases in which
there are several reactions like {(n,n'x), it is better to enter the reactions

separately in File 3 under their regqular MT numbers.

3.3.4.9. Neutrcn Disappearance Cross Section {MT - 101)

The neutron disappearance cross section is the sum of all cross sections
in which a neutron is not in the exit channel. It is the sum of MT = 102 - 109

and 111 - 114.

3.3.4.10. Target Destruction Cross Section (MT = 120)

The target destruction cross section will depend on the various reaction
mechanisms present. In general, it is the nonelastic cross section minus the

total (n,n'y) cross sections.

3.3.4.,11. (n,x) Reac+tion Cross Sections (MT = 102, ..., 11l4)

1. 1If resolved or unresolved resonance parameters are given in File 2,
the contribution to the radiative capture cross section in the resonance region
is the sum calculated from File 2 and MT = 102 in File 3 (see Section 3.3.).

2. 1If both (n,p) and (n,2p) are given, they are not redundant. Both
should be given, if present.

3. Partial cross sections such as nyPgi n,pl; ..., €tc., should be given
using the MT = 700 series for materials in which particle heating is impor%ant.

The (n,p) cross secticn MT = 103 is equal to the sum of MT = 700 through MT = 718.
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3.3.4.12. Reac=isn Cronss fec+tions =2 Ciscreta and Zontinuum lLevels

(MT = 700 series)

y

cr studies of radiaticn Zamage and/cr lcng-lived aczivaticon in fissicn
and fusion reactors, adéditional information about exit particles is natural.
Exit protons will be used for illustration, althcugh the same arguments hold

. .3 4 . .
for deutsrons, tritons, and He and He particles. The MT = 700 series allows
the cross sections and the 2nergy and angular distributions for protons leaving
the final nucleus in the ground through the 18th axcited state to he descrized
by using MT = 700 %o MT = 718.

Data in sections MT = 700 to MT = 718 for (n,po) througn (n,p,.) =ust add

13
up to MT = 103. In scme cases cross section information abocut the axit zro=on
is needed that has already been included in the ENCF/3 filas. TFor exampla, =he
(n,1'p) cross secticn is usually found under MT = 51-31. It may be, hcwever,
that this proton energy distribution is more impertant for radiation damage
studies than the energy of the neutzen. In this case, a so-called rasdundanc
¢cross gec:ion that is already part of Gtot is included in Section MT = 71¢ so
that this section would refer %o protons from beth the (n,g) continua.

Similar procedures ares used to describe the exit deuteron, %ritcn, and

3He and 4He particles in Sections MT = 720 through MT = 7399,

3.4. Relationship 3etween File 3 and Other Files

If File 2 (Resonance Data) contains resolved and/or unrasolved resonance
carameters, then in order to c¢btain the total cross section (MT=l) the radiazive
capture cross section (MT=102), fission cross section (MT=18), and elastic
scattering cross section (MT=2), the cross sections calculated from these pa-

rameters must be added to the approrriate data given in File 3. Any contrikution
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from File 2 to radiative capture or fission must alsc be included in the File 3
nonelastic cross section (MT=3). The contributions from Files 2 and 3 must be
summed to obtain the correct cross sections for neutron energies within the
energy ranges specified for the resolved and/or unresclved resonance parameters.
For this case, the cross sections given in File 3 may contain, for example,
corrections (background cross sections) to take into account multilevel inter-
ference effects that were apparent in the experimental data where it was not
possible to construct a set of resonance parameters that adeguately fitted the
measured data. Cross sections in File 3 to be added to File 2 are specified at
0° Kelvin and are intended to be combined with File 2 data calculated at 0°
Kelvin.

Scme materials will not have resonance parameters. However, they will
have a scattering length, given in File 2, that can be used to calculate the
potential elastic scattering cross section, which is then used to calculate
resonance self-shielding effects in other materials. For these materials the
elastic scattering cross section in File 3 must not be added to this potential
scattering cross section, since the File 3 data for these materials comprise the
entire scattering cross section.

Double-valued points (discontinuities in the cross sections) are allowed
anywhere in File 3. They must always be given at the upper and lower energy
limits of the resoclved and unresolved resonance regions.

To obtain absolute values for differential (in angle) scattering cross
secticns, the data in File 4 have to be combined with the cross sections fer
the corresponding MT number given in File 3. The File 4 data (see Section 4)
may be given as either tabulated normalized probability distributions, p(u,E),

or Legendre polynomial expansion coefficients, fl(E)'
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Note that the derived quantities :Lab' §, and vy are entirely Zrom File 4
angular distribution data for elastic scattering. These data are included in
Tile for convenience and must be cocnsistent with Fila 4 data.

Secondary energy distributions are expressed as normalized probability
distributions and are given in File 5. The differential (in secondary enexgy)
cross sections for a reaction of a particular type are obtained by multiplying
the normalized probabilityvdist:ibution by the corresponding (same MT number)
cross section, 9(E), given in File 3. An exception is the data for inelastic
scattering to various levels and the continuum; only the secondary enexgy dis-
tribution for <he continuum is to be found in File 5. The excitation cross
sections for discrete levels are given in File 3, and the angular distributicns
for these secondary neytzons are given in File 4; therefore, the seccndary rneu-

ron energies are uniquely dafined.

Absolute values for the double differential (in secondary enercy and angle)
scattaring ¢ross secticns may be obtained by combining the data in Fila 6 anéd the

czoss sections in File 3.

3.5. General Succestions fcr Precarinc Data for File 3

The limit cn the number of energy points (NP) to be used to represent a
darticular cross section is 5000. The evaluator should not use mere coints than
are necessary to represent the cross section accurately. Also, while the format
limit of NR is 200, a limit of 20 is suggested for the number of interpolaticn
regions (NR).

ross section data for nonthreshold reaction types should cover the energy

range from 10-5 eV to 20 MeV for all materials. For other reactions the cross

section data should start at the reacticn threshold energy (with a value of 9.0)
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and continue up to 20 MeV. For nonthreshold reactions a cross section value
must be given at 0.0253 eV.

The reaction Q-value is defined as the kinetic energy (eV) released by a
reaction (positive) or required for a reaction (negative). For a reaction hav-
ing a threshold, the threshold energy Eth is given by

E = M ’Ql ’

th AWR
where AWR is the atomic mass ratio given on the HEAD card of each section.

For a material that is a mixture of several isotopes, the Q-value is not
uniquely defined. The threshold energy generally should pertain to the par-
ticular isotope that contributes to the cross section at the lowest energy, but
see discussion in Section 3.2.2.2.

The total creoss section should, as a minimum, be given at every energy point
at which at least one partial cross section is given. This will allow the partial
cross sections to be added together and checked against the total cross section
for any possible errors. In certain cases more points may be necessary in the
total cross section over a given energy range than are regquired to specify the
corresponding partial cross sections. For example, a constant elastic scattering
cross section and a 1/v (n,y) cross section could be exactly specified over a
given energy range by linear interpolation on a log-log scale (INT = 5), but the
sum of the two cross sections would not be exactly linear on a log-log scale.

The inelastic scattering cross section (MT = 4) should be given and should
be exactly equal to the sum of the cross sections for inelastic scattering to the

various discrete levels (MT = 51, 52, 53,..., 90) and the continuum (MT = 91).
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The total inelastic scattering cross section and the contributing zartial
cross sections should be specified on the same anergy mesn atove the respective
thresholds. Linear-iinear interpolation (INT=2) or linear-lcg (INT=2) should
be used for these cross sections.

In general, care must be used in srecifying cross secticns and %the inter-
folaticn scheme to be used to determine the cross sections between input energy
soints. For example, if a cross section has a value of zero at the threshold
energy and a non-zero value at the next higher energy point, a Droblem will

Ze created if a log-linear or a lcg-log interpolaticn scheme is used.
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4. FILE 4, ANGULAR DISTRIBUTIONS CF SECONDARY NEUTRONS

4.1. General Description

File 4 contains representations of angular distributions of secondary
neutrons. Normally, these distributions will be given for elastically scattered
neutrons and for the neutrons resulting from discrete level excitation due to
inelastic scattering. However, angular distributions must also be given for
neutrons resulting from (n,n' continuum) and (n,2n) reactions. In these cases
the angular distributions will be integrated over all final neutron energies.

Angular distributions for a specific reaction type (MT number) are given
for a series of incident neutron energies, in order of increasing energy. The
energy range covered should be the same as that for the same reaction type in
File 3. Angular distributions for several different reaction types (MT's) may
be given in File 4 for each material, in ascending order of MT number.

The angular distributions are expressed as normalized probability dis-

tributions, i.e.,

1

/ p(u,Eldu = 1 , o

-1

where p(u,E)du is the probahility that a neutron of incident energy E will be
scattered into the interval &u about an angle whose cosine is u. The units of
p(u,E} are (unit cosine)‘l. Since the angular distribution of scattered neutrons
is generally assumed tc have azimuthal symmetry, the distribution may be repre-
sented as a Legendre polyncomial series,

NL

2T do 28 + 1
p(u,E) US(E) an (Q.E) E > fl(E)Pl(u) ’

=0
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where 1 = cosine of the scattered angle in either the latoratory or the
center-of-mass system;

£ = enerzy of the incident neutreon in the laboratory system;

c (E) = the scattering cross section, e.g., elastic scattering at energy

E as given in File 3 for the particular reaction type (MT);

2 = order of the Legendre polyncmial;

%%(Q.E) = differential scattering cross section in units of barns perx
steradian;

:l = the lth Legendre polynomial ccefficient and it is understced that
fc = 1.0.

The angular distzibutions may be given in one of two representaticns,
and in either the CM or LAR systems. In the first method the distributicns are
given by tabulating the normalized probability distribution, p(u,E), as a function
of incident neutron energy. Using the second method, the Legendre polyncmial
expansion coefficients, fZ(E), are tabulated as a function of incident neutrcn
energy.

Absolute diffential cross sections are obtained by combining data from
Tiles 3 and 4. 1If tabulated distributions are given, the absolute diffarential
cross section {in barns per steradian) is obtained by

¢ (E)
2

dg
aq (Q2,E) p(u.E)

where cs(E) is given in File 3 (for the same MT number) and p(u,E) is given in
File 4. If the angular distributions are represented as lLegendre polynomial

coeflicients, the absolute differential cross sections are obtained by

NL
g_(E)
d—c" = &%—+—£
an (Q,E) 3 fi(E)Pz(”) '

L=
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where os(E) is given in File 3 (for the same MT number) and the cocefficients
fl(E) are given in File 4.

Also, a transformation matrix may be given in File 4 that can bg used to
transform a set of Legendre expansion coefficients, which are given to describe
elastic scattering angular distributions, from one frame of reference to the

other. The Legendre expansion coefficients fltz) in the two systems are related

-l.

, and its inverse, U
&m

through an energy-independent transformation matrix, Ulm

NM
M
fi“"‘b(z)- E v, £
m=0

and

o™ -1 Lab
fz (E) UP.m fm
m=0

(E)

Expressions for the matrix elements cf U and U-l may be found in papers

S and Amster(z).

by Zweifel and Hurwitz Transformation matrices for nonelastic
reactions are not incident energy independent and are not given in File 4.

The transformation matrices should be sguare, with the number of rows ecual
to NM + 1 where NM is the maximum order of the lLegendre polynamial series used to
describe any elastic angular distributiocn in this file. The transformation matrix
is given as an array of numbers, VK' where K =1, .,.,., NK, and NK = (NM + 1)2,
and where K = 1 + £ + m (NM + 1). The values of K indicates how the (Q,m)th ele-
ment of the matrix may be found in array V This means that the elements of the

matrix U or U-l are given column-wise in the array V_:
2,m L,m —_—— K

X

1. P.F. Zweifel and H. Hurwitz, Jr., J. Appl. Phys. 25, 1241 (1954).
2. H. Amster, J. Appl. Phys. 29, 623 (l958). -
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0,0 0.1 o,
Ul,O Ul,l . . . .o e Ul,NM
UNM,O UNM,l o« . « e e e e UNM,UNM

4.2. Formats
File 4 is divided into sections, each containing data for a particular
reaction type (MT number} and ordered by increasing MT number. EZach section al-
ways starts with a HEAD record and ends with a SEND recoréd. If the section
contains a description of the anqular distributions for elastic scattering,
the transformation matrix is given first (if present) and this is follcwed by
the raprasentation of the anqular distrikutions.
The following quantities are defined.
LTT is a flag to specify the representation used and it may have the’
following values:
LTT = 1, the data are given as Legendre expansion ccefficients,
fl(E);
LTT = 2, the data are given as normalized probability distributions,

PpW,E).

i

is a flag to spacify the frame of reference used:

ICT = 1, the data are given in the LAB system;

ICT = 2, the data are given in the CM system.

LVT is a flag to specify whether a transformation matrix is given for

-elastic scat*aring:
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VT = 0, a transformation matrix is not given (always use this value
for all non-elastic scattering reactions};

VT = 1, a transformation matrix is given.

is the number of incident energy points at which angular distribu-~

tions are given (NE < 500).

is the highest order legendre polynomial that is given at each

energy (NL < 20).

is the number of elements in the transformation matrix (NK < 441).
2

NK = (NM + 1) .

is the maximum order Legendre polyncmial that will be required

(NM < 20) to describe the angular distributions of elastic scatter-

ing in either the center-of-mass or the laboratory system. NM should
be an even number.

are the matrix elements of the transformation matrices:

VK = U;lm if LCT = 1 (data given in LAB system); and

VK = U2 o if LCT = 2 (data given in CM system).

is the number of angular points (cosines) used to give the tabulated

probability distributions for each energy (NP < 101).

Other commonly used variables are given in the Glossary (Appendix A).

The structure of a section depends on the values of LTT (representation

used, fl(E) or p(u,E)), and LVT (transformation matrix given?), but it always

starts with a HEAD record of the form

{2a, AWR, LVT, LTT, O, OJHEAD.
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4.2.1. lLegendre Polvncmial Ccefficients and Transformation Matrix Given:

LTT = 1 and LVT = 1

When LTT = 1 (angular distributions given in terms of legendre gelynomial
coefficients) and LVT = 1, the structure of a section is

[MAT, 4, MT/ZA, AWR, LVT, LTT, 0,0]HEAD LTT = 1, LVT = 1

[MAT, 4, MT/0Q.0, AWR, O, LCT, NK, NM/VK]LIST

(MAT, 4, MT/0.0, 0.0, O, O, NR, NE/EintITABZ

(MAT, 4, MT/T , E, , LT, O , NL, O/fl(El)ILIST

(MAT, 4, MT/T , E, , LT, O , NL, O/fl(EZ)ILIST

2ol

{MAT, 4, MT/T , ENE' LT, 0 , NL, O/fl(ENE)LIST
{MAT, 4, 0 /0.0, 0.0, 0 , O, O , O]SEND

Note tha= T and LT refer to temperature (in °X) and a test for temperature de-

cendernce, resgectively. These values are normally zero; however, see Aprendix F

for an explanation of cases in which temperature dependence is specified.

4.2.2. Lecgendre Polvnomial Coefficients Given and the Transformaticon Matrix

Not Given: LTT = 1 and LVT = 0

IZ LTT = 1 and LVT = O, the structure of a section is the sarme as above,
except that the secand record (a LIST record) is replaced by

[0.0, AWR, O, LCT, 0O, O] CZNT.
This form is always usad for angular distributions of nonelastically scattered

neutrons when lLegendre polynomial expansion coefficients are used.
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4.2.3. Tabulated Probability Distributions and Transformaticn Matrix Given:

LTT = 2 and VT = 1

If the angular distributions are given as tabulated propability distri-
butions, LTT = 2, and a transformation matrix is given for elastic scattering,
the structure of a section is

{MAT, 4, MT/ZA, AWR, LVT, LTT, 0, O)HEAD IVD = 1, LTT = 2

[MAT, 4, MT/0.0, BAWR, 0, LCT, NK, NM/VK]LIST

[MAT, 4, MT/0.0, b.O, 0, 0, NR, NE/Eint]TABZ

[MAT, 4, MT/T , E. , LT, O, NR, NP/uint/P(u.El)]TABl

1

Tl . F r ? IN ’ 3 ’
[MAT, 4, MT/T 52 LT, O R NP/umt/p(u Ez)]TABl

[MAT, 4, MT/T , E LT, O , NR, NP/uint/p(u.ENE)ITABl

N-EI
[MAT, 4, O /0.0, 0.0, 0O , O, O , O]SEND
T and LT are normally zero. See Appendix F for details on temperature depend-

ence.

4.2.4. Tadulated Probability Distributions Given ané Transformation Matrix

Not Given: LTT = 2 and LVT = 0

The structure of a section is the same as above, except that the second
record (a LIST record) is replaced by

[0.0, AWR, 0O, LCT, O, O)C@NT.
This form is always used for angular distribution of nonelastically scattered

neutrons when tabulated angular distributions are given.
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4.3. Pzccedurss

The angular distributions for elastic scattering should be given as
Legendre polynomial coefficients, fl(E)'s {(LTT = 1}, and they should be given
in the CMY system (LCT = 2). It is reccmmended that the angular distributions
of neutrons frcm nonelastic reactions (such as continuum inelastic, fission,
etc.) be given as tabulated distributions, p(u,E)'s, and that they be in the
Lab system. All angular distxribution data should be given at the minimm
number of incident energy points that will accurately describe the energy vari-
ation of the distributions.

When the angular distributions are representad as Legendre oolvncmial

coefficients, certain procedures should be follcwed. Enocugh Legendre coeffi-

cients should be used to accurately represent the recommended angular distri-
bution at a particular enexrgy point and ensure that the interpolated distribu-
tion is everywhere positive. The number of coefficients (NL) may vary from
energy point to energy point; in general, NL will increase with increasing
incident energy. A linear-linear interpolation scheme (INT = 2) must be usad
to cbtain ccefficients at intermediate energies. This is required to ensure
that the interpolated distribution is positive over the cosine intarval from
-1.0 to + 1.0; it is also required because some coefficients may be negative.
In no case should NIL exceed a value of 20. If more than 20 ccefficients ap-
Fear to ke required to ebtain a non-negative distribution, a constrained
Legendre polynomial fit to the data should be given. NL = 1 is allowed at low
energies to specify an isotropic angular distribution.

When angqular distributions are reprasented as tabulated data, certain

procedures should be followed. Sufficient angqular points (ccsine values)

should ke given to accurately represent the reccmmended distributicon. The
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number of angular points may vary from distribution to distribution. The
cosine interval must be from =1.0 to +1.0. The interpoclation scheme for p(u.,E)
vs. u should be log-linear (INT = 4), and that for p(u,E) vs. E should be
linear-linear (INT = 2).

Representation of angular distributions of neutrons for the thermal
energy range presents a prcblem. Either free-atam or bound-atam scattering
data may be given in File 4 for a material, but not both. For example, free-
atom data for carbon appear in MAT = 1274 and bound-atom data appear in
MAT = 1065.

The formats given above do not allow an energy-dependent transformation
matrix to be given, so transformation matrices may not be given for nonelastic
scattering reaction types. When a processing code wishes to transfer inelastic
level angular distributions expressed as Legendre polynomial coefficients from
the Lab to the CM system, or CM to LAB, a distribution should be generated and
transformed point-wise to the desired frame of reference. The pointwise angular
distributions can then be converted to Legendre polynomial coefficients in the
new frame of reference.

The formats given above do not allow both lLegendre polynomial coefficients

ané tabulated data to represent angular distributions for a given reaction type

(MT number). If tabulated data are required to describe highly structured elas-
tic scattering angular distributions at high energies, tabulated data must also

be used to describe elastic scattering angular distributions at low energies.

4.4. Procedures for Svecific Reactiocns

4.4.1. Elastic Scattering (MT = 2)

l. A transformation matrix should be given in File 4 for elastic scatter-

ing. If the angular distributions are given for the CM system, the matrix should
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e for CM t5 LAB conversion. The parameter N1 should ke even, and it must be
equal “c or greater than 1max used in any of the angular distrikuticns (if
Legendre coefficients ars given). The parameter NK is equal to (MM + 1)2.

2. lLegendre polyncmial representations shculd be used for elastic scat-
tering angular distributions and discrete channel scattering and must be given
in the O system. When this representation is given, the maximm order of the
polynomial for each incidenﬁ energy shculd be even and 1max mist be < 20.

3. Care must be exercised in selecting an incident energy mesh for cer~
tain light-to-medium mass materials. Here it is important to relate any knocwn
structure in the elastic scattering cross section to the energy dependent vari-
ations in the angqular distributions. These two faatures of the cross sections
cannot be analyzed independent of one another. Remember, prccessing cocdes cop-
erata on MT = 2 data given in Files 3 and 4. (Structure in the total cross
section is not considered when generating energy transfer arrays.) It is Let-
ter to maintain consistency in any structure effects between ile 3 and File 4
data than to introduce structure in one file and ignore it in the other.

4. Consistency must be maintained hetween angular distribution data
given for elastic and inelastic scattering. This applies not only to stzuc-
tural effects but also to how the distributions were obtained. Frequently, the
evaluated elastic scattering anqular distributions are based ¢n exgperimental
results that at times contain contributions from inelastic scattering to low-
lying levels (which in turn may contain direct interaction effects). If in-
elastic contributicns have been subtracted from the experimental angular dis-
tributions, this process must te done in a consistent manner. The same con-
tributions must be subtracted from both the integrated elastic scattering and

the angular distribution. Be sure that these contributicons are included in
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the inelastic scattering cross section (both integrated data and angular dis-
tributions). This is particularly important when the inelastic contributions
are due to direct interaction, since the ancular distributions are not iso-
tropic or symmetric about 90° but they are generally forward peaked.

£. Dec not use an excessive number of incident energy points for the
angular distributions. The number used should be determined by the amount of
variation in the angular distributions.

6. An incident eﬂergy point must be given at 10-5 eV, It is helpful,
but not required, to include a point at 0.0253 eV. A point must be given at
the highest energy point for which the angular distribution is isotropic. The
highest incident energy point must be 20 MeV.

7. A relaticnship exists between the total cross section and the dif-
ferential cross section at forward angles (Wick's limit oxr optical theorem).

do AWRZ 2 barns

-8
ag (O 20, = (3.0560 x 10 " E) T umT 99) Steradian

where Eo is in eV and UT in barns. Care should be taken to observe this in-

ecuality, especially at high energies.

4.4.2. Inelastic Scattering Cross Sections

l. Do not give angular distribution data for MT = 4.

2. Always give angular distribution data for any of the following if
they are given in File 3: MT = 51, 52, 53, ..., 91l.

3. Discrete level data should be given in the CM system, if possible.
Same reactions, like MT = 91, must be given in the LAB system.

4. Discrete channel angular distributions (e.g., MT = 2, 51 - 90,

701 ... ) should be given as Legendre coefficients in the CM system. Con-
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tinuum angular distributions should be tabular in the LAB systam.

S. Isotropic angular distributions should ke given (at two energy roints)
unless the degree of anisotropy exceeds Sa. If any level excitation cross sec-
tions contain significant direct interaction contributions, angular distriku-
tions are very important.

6. Use the precautions ocutlined above when dealing with lavel excita-
tion cross sections that cdntain a large amcunt of structure.

7. Do not overcomplicate the data filegs. Rastrict the numbter of dis-
tribytions to the minimum required to accurately represent the cata.

8. Angular distributions for exit protons, etc., are given in the

MT = 700 series, and for photons in File l4.

4.4.3. All Other Neutwron Producing Reactions

Angular distribution data must ke given £or all neutron producing re-
actions. Make sure, giving these data, that they are realistic. Tabulated

angular distributions are prefarred.
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5. FILE S, ENERGY DISTRIBUTION OF SECONDARY NEUTRONS

5.1. General Description

File 5 contains data for the energy distributions of secondary neutrons,
expressed as normalized probability distributions. Each section of the file
gives the data for a particular reaction type (MT number). The sections are
then ordered by increasing MT number.

Data will be given in File 5 for all reaction types that produce second-
ary neutrons, unless the secondary neutron energy distributions can be implicitly
determined from data given in Files 3 and/or 4. No data will be given in File 5
for elastic scattering (MT = 2), since the secondary energy distributions can
be obtained from the angular distributions in File 4. No data will be given for
neutrons that result from excitation of discrete inelastic levels when data for
these reactions are given in both File 3 and File 4 (MT = 51, 52, ..., 9C). Data
should be given in File 5 for MT = 91 (inelastic scattering to a continuum of
levels), MT = 18 (fission), MT = 16 (n,2n), MT = 17 (n,3n), MT = 455 (delayed
neutrons from fission), and certain other nonelastic reactions that produce
secondary neutrons.

The energy distributions, p(E = E'}), are normalized so that

'
max

p(E~>E') de' = 1 ,
o
where E'max is the maximum possible secondary neutron energy and its value depends
on the incoming neutron energy E and the analytic representation of p(E - E'). The

seccndary neutron energy E' is always expressed in the laboratory svstem.
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The differantial cross section is cobtained from

dog (E~E')

3L =mg(E) p (E~+E"),

where g(E) is %he cross section as given in File 3 for the same reaction type

number (MT) and m is the neutzron multiplicity for this reaction type (m is
implicit; e.g., m = 2 for n,2n reactions).

The energy distributions p(E - E') can be broken down into partial energy
distributions, fk(E - '), where each of the partial distributicns can be de-

scribed by different analytic representations:

NK

P(E+E') = E Pk(EJ fk(E - E'),
k=1

and at a particular incident neutron energy E,

NK

E Pk(E) = 1,

k=1

where pk(E) is the fracticnal prcbability that the distributiocon fk(E -~ E') can
be used at E.

The partial energy distributions fk(E -~ E') are representad by various
analytical formulations. Each Zformulation is called an energy distribution law
and has an identification number associated with it (LFf numcer). The allowed
anergy distributicn laws are given below.

Secondarv Energv Distribution Laws
LF = 1, Arbitrary tabulated function:
£(E - E') mg(E~+E'").
A set of incident energy points is given, Ei andé q(Ei - E') is

takhulated as a functicn of E'.
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IF = 3, Excitation of discrete levels:

2
F(E+E') = 6 | - 2 *’125+A:‘
(A + 1)

1 °f -
A = AWR (the ratio of the mass of the target nucleus to that
of the neutron):;
6 = excitation energy of the energy level in the residual nucleus.

ILF = 5, General evavoration spectrum:

f(E+E') = g[E'/B8(E)].
86(E) is tabulated as a function of incident neutron energy, E:
g(x) is tabulated as a function of x, x = E'/6(E).

IF = 7, Simple fission spectrum (Maxwellian):

£(£ + £') = Yo B0

I is the normalization constant,

1= e2 NI g (\((z-u)/e'> - Vizu e e (EUIVEL

2

8 is tabulated as a function of energy, E:
U is a constant introduced to define the proper upper limit for
the final neutron energy that 0 < E' < E -~ U.

LF = ¢, Evaporation spectrum:

E' -E'/8

f(E-E') = I

I is the normalization constant,

pae? 1o EVE (L )

8 is tabulated as a function of incident neutron energy. E;
U is a constant introduced to define the proper upper limit for

the final neutron energy that 0 < E' < E - U.
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T = 10, Watt scectrum:

sab/4 o "RV Cion (VoY)

€(E ~ £') =Va/mad e
a and b are constants.

NOTE: Distribution laws are not presented for L¥ = 2, 4, &, or 8.
These laws are no longer used.

The data are given in each saction by specifying the number of partial
energy distributions that will be used. The same energy mesn should be used
for each one. The partial energy distributions may all use the same anergy

distribution law (LF number) or they may use different laws.

3.2. Formats

zach section of File 5 contains the data for a particular reaction type
(MT number, , starts with a HEAD record, and ends with a SEND record. Each
subsection contains the data for cone partial energy distribution. The structure
of a subsection depends on the value of LF (the energy distribution law).

The fcllowing guantities are defined

NK is the number of partial energy distributions. There will ze one

subsection for each partial distribution.

o is a constant that defines the upper energy limit for the secondary
neutron so that 0 < £' < E - U (giver in the Lab system).
kA is a parameter used to describe the secondary energy distribution.

The definiticn of § depends on the energy distribution law (LF)

given; however, the units are always eV,

If LF = 3, § is the excitation energy, |Q| , of a level in the
residual nucleus.

IfLF =5, 7, or 9, 9 is an effective nuclear temperature.
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Lr is a flag that specifies the energy distribution law that is
used for a particular subsection (partial energy distribution).
(The definitions for LF are given in Section 5.1.).

pk(EN) is the fractional part of the particular cross section that

can be described by the kth partial energy distribution at

the Nth incident energy point.

NK

NOTE: E pk(EN) = 1.0

k=1

fk(E -+ E') is the kth partial energy distribution. The definition depends

on the value of LF.

NR is the number of interpolation ranges.
NP is the number of incident energy points at which pk(E) is given,
a,b are constants used in the Watt spectrum. (LF = 10.)
NE is the number of incident energy points at which tabulated dis-
tributions are given. Also the number of points at which 6(E)
is given. (NE < 200.)
D —————
NF is the number of secondary energy points in a tabulation. (NF < 1000.)

The structure of a section has the following form:
[MAT, 5, MT/2A, AWR, 0, 0O, NK, O)JHEAD
<subsection for kx = 1>
<subsection for k = 2>
<subsection for k = NK>

{MAT, 5, 0 /0.0, 0.0, O, O, O, O]SEND



The structure of a subsection depends on the value of LF. Subsections
should be ordered by increasing values of LF. For cases in which more than
cne subsecticn contains data‘usinq the same LI, these subsections should Ze
ordarad by increasing values of 8. The formats for the various values cf LF
ars given below.

LF = 1, Arbitrarv tabulated function

{MAT, 5, MT/T , Q.0 ’ LT ’ L=l ’ NR ’ NP/Eint/p(E)]TABl
{MAT, 5, MT/0.0 , 0.0 ’ o] ' o] ’ NR ’ NE/Eint 1TAB2
[MAT, 5, MT/T ’ El ' LT ’ o] ' NR ’ NF/Eidt/
! jod t ¢ = A\l 1 1
= 9(-1"51) ’ Ez ’ g(-l"‘Ez) ‘ 23 ¢ Q(El"’EB) ’
' J:.N_F ' g(El"ENF) ]TABL
[m, 5: MT/T ’ Ezl I} LT ’ 0' ’ NR ’ NF/Ei'_nt/
] - o ' ’ =! b4 M
z q(:-z"-l) By q(Ez*Ez) ' E, ' g(-2*53),
-—— - : -1 - [
' Er 9(-2*EN:) ]TABL
[MAT, S5, MT/T p ENE ’ LT ’ o] ’ NR ’ NF/E;nt /
[ ' ' -t ' '
-anan [} pr_ |

Note that the incident energy mesh for pk(E) does not have to be the same
as the £ mesh used tc specify the energy distributions. The interpolation scheme
used betwWween incident energy points, E, and between secondary energy points, E',
should be linear-linear. T and LT refer to possible temperature (physical)

dependence.
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LF = 3, Discrete level excitation

[MAT, 5, MT/ T . € » LT,LF=3, NR, NP/Eint/p(E)]TABl
Only one record is given for each subsection.

ILF = 5, General evavoration spectrum

[MAT, 5, MT/ U ’ 6.0 , 0, LF=5, NR, NP/Eint/P(E)]TABl

[MAT, 5, MT/0.0 , .0 , 0, 0O , NR, NE/Eint/

B(El), B(Ez),

’ e(ENE) 1TABl

{MAT, 5, MT/0.0 , c.0 ,0, O , NR, Ne/x, ./
int
E'
xl ’ g(xl) ’ x2l g(xz)r x3 ’ g(x3) X 8 (E)
v Xypo g(xNF) JTAB1

LF = 7, Simple fission spectrum (Maxwellian)

[MAT, S, MT/ O , 0.0 , 0 , LF=7 , NR, NP/Eint/p(E)lTABl
[MAT, 5, MT/0.0 , 0.0 , 0, O , NR , w::/r:int /8 (E) 1 TABl

IF = 9, Evaporation srvectrum

[MRT, 5, MT/ U ' 0.0, 0, LF=3,NR, NP/Eint/p(E)]TABl
{MAT, 5, MT/0.0 , ¢.0 , 0, 0, NR, NE/Eint/S(E)]TABl

ILF = 10, Watt scectrum

[MAT, 5§, MT/0.0 , 0.0, O, LF=10 NR, NP/Eint/p(E)]TABI
[MAT' 5’ M'I‘/0.0 ’ 0-0 ’ Or 0 ’ 2 !’ 0 /
a ’ b ) == ]LIST

Note that no formats have been described for LF = 2, 4, 6, or 8.

laws are no longer defined,

These
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5.3. Procedures

As many as three diffarent energy meshes may be required to describe the
data in a subsection (cne partial distribution). These are the incident energy
mesh for pk(E), the incident energy mesh at which secondary distributions are
given, fk(E*E'), and the secondary energy mesnh for fk(E+E'). t is reccmmended
that a linear-linear or a linear-log interpolation scheme be used for the first
two energy meshes, and a linear-linear interpolation for the last energy mesn.

Double energy points must be given in the incident energy mesh whenever
there is a discontinuity in any of the pk(E>'s (chis situation occurs fairly
frecuently). This energy mesh must also include threshold energy values for all
reactions being described by the pk(E)‘s. Zero values for P, must te given for
energies telcw the threshold (if applicable).

TWo nuclear temperatures may be given for the (n,2n) reaction. Each
temcerature, 8, may te given as a function of inci@ent neutron energy. In this
case pl(E) = 92(5} a 0.5. A similar procedure may be follcwed for the (n,3n)
and other reacticns.

A constant, U, is given for certain distribution laws (L = 5, 7, or 9).
Constant, U, is prcvided tc define the proper upper limit for the secondary enersg:
cdistributicn so that 0 < E' < E - U. The value of U depends on how the data are
represented for a particular reaction tyre. Consider U for inelastic scattering:

Case A The total inelastic scattering cross section is described as a

continuum. U is the threshold energy for exciting the lowest level
in the residual nucleus.

Case B TFor the energy range consicdered, the first three levels are described

explicitly (either in File 3, MT = 51, S2, and 53, or in File 5,
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IF¥ = 3), and the rest of the inelastic cross section is treatea
as a continuuwm. U is the threshold energy (known or estimated)
for the fourth level in the residual nucleus.

If the reaction being described is fission, then U should be a large
negative value (U ~ =-20.0 x 106 eV to -30. x 106 eV). In this case neutrons
can be born with energies much larger than the incident neutron energy. It is
common practice to describe the inelastic cross section as the sum of excitation
cross sections (for discrete levels) for neutron energies up to the point where
level positions are no longer known. At this energy point, the total inelastic
cross section is treated as a continuum. This practice can lead to erroneous
secondary energy distributions for incident neutron energies just above the
cutoff energy. It is recommended that the level excitation cross sections for
the first several levels (e.g., 4 or 5 levels) be estimated for several MeV above
the cutoff energy. The continuum portion of the inelastic cross section will be
zero at the cutocff energy, and it will not become the total inelastic cross
section until several MeV above the cutoff energy.

It is reccmmended that the cross sections for excitation of discrete
inelastic levels be described in File 3 (MT = 51, 52, ..., etc.). The angular
distributions for the neutrons resulting from these levels should be given in
File 4 (same MT numbers). The secondary energy distributions for these neutrcens
can be obtained analytically from the data in Files 3 and 4. This procedure is
the only way in which the energy distributions can be given for these neutrons.
For inelastic scatter, the only data required in File 5 are for MT = 91

(continuum part).
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5.4. Additional Procedures

5.4.1. General Ccmments

l. Do not give File 5 data for the discrete level excitation data given
in File 3 as MT = 51, 52, ...,90. If MT = 91 is given in File 3, a section
for MT = 9] must be given in File 5. A section must alsc be given in File 5
for all other neutron producing reactions. Energy distributions for exit pro-
tons, etc., are given in th? MT = 700 series, and for photons, in File 15.

2. Care must be used in selacting the distribution law number (LF) ¢o
be used to represent the data. As a rule, use the simplest law thaé will ac-
curately represent the data. Use only tabulated distributions (LF = 1) when
the data cannot be represented by an evaporation spectzum (LT = 9) or a Max-
wellian (LF = 7).

3. A section in File 5 must cover the same incident energy range as was
used for the same MT number in File 3. The sum of the prcbabilities for all
laws used must he equal to unity for all incident energy peints.

4. If the incident neutron energy axceeds several MeV, pre-sequilibrium
particle emission can be important, as illustrated from high resolution neutren
and proton spectra measurements and analysis of pulsed sphere experiments. In
these cases either tabulated spectra or "mocked-up” levels can be constructed

to supplement or replace simple evaporation spectra.

5.4.2. IF = 1 (Tabulated Distributions)

Use only tabulated distributions to represent complicated energy dis-
tributions. 0Use the minimum number of incident energy points and secondary
neutron energy points to accurately represent the data. The integral over

secondary neutron energies for each incident energy point must be unity to
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within four significant figures. All interpclation schemes must be with
linear-linear or log-linear (INT = 1, 2, or 3) to preserve probabilities upon
interpolation. All secondary energy distributions must start and end with

zero values for the distribution function g(E + E').

5.4.3. IF = 3 (Aporoximate Discrete Level Excitation)

The use of this law is discouraged. The use of the LR flag in File 3

eliminates most of the need to use this law.

5.4.4. IF = 5 (General Evaporation Spectrim)

This law is reccommended for File 5 (MT = 455). Otherwise, LF =1, 7, or

9 shoulé be used.

5.4.5. I1F = 7 {Maxwellian Spectrum)

This is the preferred law to use for the fission spectrum. A linear-
linear interpolation scheme is preferred for specifying the nuclear tempera-

ture as a function of energy.

5.4.6. IF = 9 (Evaporation Scectrum)

An evaporation spectrum is preferred for most reactions. Care must be
taken in describing the nuclear temperature near the threshold of a reaction.

Nuclear temperatures that are too large can violate conservation of energy.

5.4.7. Selection of the Integration Constant, U

l. When LF = 5, 7, or 9 is used, an integration constant, U is required.

This constant is used in defining the upper energy limit of secondary neutrons;
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i.e., E.max - En - U, where En is the inciden% neutron enrergy. U is a constant
for the complete energy range covered by a subsection in File 5 and is given in
the LA3 system.

2. U is negative for fission reactions. The preferred value is -20 MeV.

3. In practice, U can be taken to be the threshold energy for the lowest
level (known or estimated) that can be excited by the particular reaction within
the incident energy range covered by the subsection.

4. The following three cases commonly occur in data files; prccedures

are given for obtaining U wvalues.

Case A: The ccmplete reacticn is treated as a continuum.

1 + AWR
AWR !

T =-Q
where Q is the reaction Q=values, AWR is the ratio of the target mass to the
neutzon mass.

Case 3: The reaction is described by excitation of three levels (in File 3
as MT = 51, S2, 53) and a continuum part where Qa is the known or estimated
g-value for the fourth level.

Case C: The reaction is described by excitation of the first three lavels
(in File 3 as MT = S1, 52, 53) for neutron energies frcm the level thresholds
up tc 20 MeV, excitation of the next five levels (in File 3 as MT = 54, ..., 58)
frcm their thresholds up to 8 MeV, and by a continuum part that starts at 5 MeV.

In this case two subsections should be usedl one to describe the energy

range frcem 5 to 8 MeV and another to describe the energy region frcm 8 to 20 MeV.

In the first subsection (5 = 8 MeV),
. 1+ awWr
e
and the second (8 = 20 MeV),

1l + AWR
- - ’ A ——————
v Q4 A ‘
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5.4.8. Multiple Nuclear Temperatures

Certain reactions, such as (n,2n), may require specification of more than
one nuclear temperature. 6(E) should be given for each neutron in the exit
channels; this is done by using more than cne subsection for a reaction. The U
value is the same for all subsections. The upper energy limit is determined

by the threshcld energy and not by level densities in the residual nuclei.

5.4.9. Average Energv for a Distribution

The average energy of a secondary neutron distribution must be less than
the available energy for the reaction:

1l + AWR
+ —— .
1':avail =E AWR Q
The mean energy should be calculated from the distribution at zach value of

E. This mean is analytic in the three cases given below.

LF E

(awR) % + 1 g - _AWR
(AWR + 1)< AWR + 1

6

65/2 (E - U) 3/2 -(E - U)/8
5 e

3 2
o 26-2-<E;U) (B - W)/8

E'
I= WX £ (E +E') QE

= the normalizing dencminator (see 5.3). Thus Eavail

(E) > multiplicity * E.
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6. FILE 6, ENERGY-ANGULAR DISTRIBUTIONS FOR SECONDARY NEUTRONS

€.1l. General Description

The use of File & is discouraged but the formats and procedures are p»re-
sented here in case the File should be activated.

This file is provided to represent energy=-angular distributions of sec-
ondary neutrons. Data are given here when it is not possible to provide ac-
curate representation by using Files 4 and/or 5. This situation frequently
arises when trying to provide a description of the secondary neutrons result-
ing from certain neutron reactions with fairly light nuclei.

Each section of the file contains the data for a particular reaction
type (MT number) and the sections are ordered by increasing MT number. If
data are given in File 6 for a particular reaction, no data will be given in
Files 4 or 5 for the same reaction. The secondary neutron energy-angle dis-

ribution are expressed as normalized probability distributions, p(E = E', u).

1

El
max
dE’ P(E-+E', u) du=1.

-1

The differential cross section (in barns per steradian per eV) is obtained from

2
d o \ - S (E) .
a0 a8’ (E=+E', u) > m p(E =+ E', u) ,

where g (E) is the cross section for a particular reaction as given in File 3
and/or File 2 for the same reaction type and m is the implied neutron multi-
plicity.

The angular part of the distribution may be specified in one of two ways:
(1), secondary energy distributions may be tabulated at a set of secondary
angles; (2), the probability distributions may be expressed as a Legendre poly-

nomial expansion.
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NL

P(" - L) = 2 + 1 o (E +E) ) (w) .
=T = S 2
1=Q

In this case, the zeroth coefficient, oO(E -« E'), is not unity (as in File 4),

but for a particular incident neutron energy, E,

/p° (E~E') dE’ = 1 .

The incident neutron energies and secondary angles and energies must be
given in the laboratory system.

If distrxibutions p(E - E', u) are tabulated at a series of angles, a set
of secondarvy angles (cosines of the scattered angles) is selected. This set is
the same for all incident energy points and the data are ordered by increasing
values of the cosine (-1.0 to +1.0). At each angular point, the prcbability
distributions p(Z + E', u) are given for a gset of incident neutron energies;
i.e., a subsection of data is given for each angle and the fcrmat of a subsec~
tion resembles the format of a section in File 5. The secondary energy dis-
tribution laws (ILF numbers) defined in Section 5.2 are used in this file.

When the distributions are represented by Legendre polyncmial expansicn

coefficients, then a subsection is given for each coefficient, PQ(E - E'). ZIts
format is similar to that for a secticn in File S5 (Section S5.2). The f£irst
subsection contains data for the zeroth coefficient, po(E - E'). The subsec-

tions are then ordered by increasing L-value of the coefficients.
The following quantities are defined.
ICT is a flag indicating which reference frame is used for both secondary
angles and energies.
ILCT = 1: The data are given in the LAB system.

LCT = 2: (M) Do not use.
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LTT is a flag indicating which representation is used.
LTT = 1: The data are given as Legendre expansion coefficients.

LTT = 2: The data are given as a tabulation.

NL is the order of the expansion (when Legendre polynomial coefficients
are given, LTT = 1).

LA is the value of 2 (for the zth coefficient).

NA 1is the number of angles (cosines) at which the secondary distributions
are given. (NA < 101.)

4 is the cosine of the scattered angle.

NK is the number of partial probability distributions used for this re-
action type (used as in File S, Section 5.2.)

LF is a flag that indicates which secondary energy distribution law is
used for a particular partial probability distribution. (See Sec-
tien 5.2).

Formats

Each section of the file gives the data for a particular reaction type.

The structure of a section for LTT = 1 (Legendre polynomial expansion)
[MAT, 6, MT/2ZA , AWR, 0, LTT, 0, O]HEAD LTT = 1

[MAT, 6, MT/0.0, 0.0, O, LCT, NL, 0] C@NT

<Subsection for po(E ~ E'")>

<Subsection for pNL(E + E')>

[MATl 6) 0/0.0, 0.0, 0, 0, OI O]sEND

is



The stzacture of a subsection is identical to that ¢f a section feor sec-

ondary energy distributicns in File 5 (Secticn 3.2) except that the SENT record

-

is5 deleted (since the section in File 5 is used hers as a supsection), and, cthe

HEAD record is changed to read

[MAT,

6,

MT/O-O; 0.0. LAI o: & s OICQNT

The follcwing is the structure for a typical section, where LIT = 1

{Legendre

expansion coefficients given), NK = 1 (one partial probability distribution,

and ¥ = 1 {an arbitrary tabulated distribution).

[MAT, 6, MT/2ZA, AWR, 0, LTT, 0, OlHEAD LT = 1
(MAT, 6, MT/0.0, 0.0, O, LCT, NL, QJCZNT
(MAT, 6, MT/0.0, 0.0, LA, O, NX, Q]C2ZNT IA =0, K =1
{MAT, 6, MT/7, 0.0, LT, L7, NR, NP/Eint/po(E)]TABl LF = 1
[(MAT, &, MT/0.0, 0.0, O, 0, NR, NE/E. _]1TAB2
ant
Lad = |} - - ™~
[MAT, 6, MT/T, Ll' LT, O, NR, NF/E int/po(“l - Z')]Tanl
T T NF/E! E ol
[MAT’ 6, MT/.; Ezl Lav O' NR, W/vmt/Po(Lz - B )TABl
{MAT, &, MT/T, ENE, LT, Q, NR, W/Emt/potsﬂ -+ Z')]TABl
-
[MAT; e, MT/O-O: 0.0l IA, 0, NK, OJCQNT LA = l, NK = 1
(MAT, 6, MT/T, 0.0, LT, L¥, NR, NP/E,_ _/o, (E)]TABl 7 =1
ine’ <1
(MAT, 6, MT/0.0, 0.0, 0, 0, NR, NE/E., _]TaB2
int
- - - [) -~
[MAT: 6, MT/T, El’ L7, 0, ’ N?/ﬂ-mt/pl(al - E )]-Aal
~ ’ = m
[MAT, 6, MT/T, E:NE. LT, 0, NR, NF/Emt/pl(ENE - E')]TaAB2 )
<Subsection for pz(E - E')>
<Subsection for p_(E - E')>
NL
(MAT, 6, Q@ /0.0, 0.0, C, ¢, O, Q]SEND

T and LT refer

Subsection
r po(E - E')

\ Subsection
pl(E - E')

tc possible temperature dependence (see Appendix ¢ for forma:).

th
o)
A
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The structure of a section for LTT = 2 (tabulated distributions at a series
of scattering angles) is
{MAT, 6, MT/ZA, AWR, O, LTT, O, O]HEAD LTT=2
(MAT, 6, MT/0.0, 0.0, O, LCT, NR, NA/uint]TABZ
<Subsection for p(E -+ E', ul)>

<Subsection for p(E - E°', u2)>

<Subsection for p(E + E', uNA)>

[MAT, 6, MT/0.0, 0.0, O. 0. O. QO]SEND
Again the structure of a subsection is identical to that of a section for secondary
energy distributions in File 5 except that the SEND record is deleted (since the
section in File 5 is used here as a subsection), and the HEAD record is changed to
read

(MAT, 6, MT/ 0.0, u, 0, 0, NK, O]JC@NT

The structure of a typical section with LTT = 2 (tabulated distributions at
a series of u's), NK = } (one partial probability distribution) and LF = 1 (an
arbitrary tabulated distributions) is

(MAT, 6, MT/2A, AWR, O, LTT, O, O]HEAD LTT = 2

[MAT, 6, MT/0.0, 0.0, 0, LCT, NR, NA/uint]TAB2

[MATI 6, MT/0.0, u 0, 0, NK, OJCQ'NT NK = ]

l 7
[MAT, 6, MT/T, 0.0, LT, LF, NR, NP/Eint/P(E, ul)]TABl IF = 1

[MTI 6[ MT/0.0, 0.0' 0] O; NR' NE/Emt]TABZ

t t
(MAT, 6, MT/T, E, ,LT, O, NR, NF/Eint/p(El - E', ul)]TABl

1l

1 1]
[MAT, 6, MT/T, E. ,LT, O, NR, NF/Eint/p(E2 -+ E*, ul)]TABl

2

- - - — ——— -~ - - -




(MAT, 6, MT/T, SNEI LT, 0, NR, NF/E;.nt/p(BNE - Zz', ul)]TAEl

{(MAT, 6, MT/0.0, u

[

21 or 0, NK, O]CQNT NK =

[MATI 6! MT/Tp O-Ol LTI LFI $ ’ NP/Eint/P(El JZ)ITAB.L I = :.
[MAT, 6, MT/0.0, 0.0, O, Q, NR, NE/Eint]TABZ

, LT, O, NR, NF/Eint/p(El - E', uz)]TABl

[MAT, 6, MT/T, El

{MAT, 6, MT/T, E_., LT, O, NR, NF/Eint/P(ENE -E', uz)]TABl

NE
<Subsection for p(E -~ E', u3)>

- -

<Subsection for p(Z - E', u“A)>
(MAT, 6, MT/0.0, 0.0, Q, Q, O, Q]SEND

Again T and LT refer to possible temperature dependence.

6.3. Procedures

All interpolaticn schemes used in this section should be linear-linear <o
ensure that the probability distributions will have the proper normalization
everywhere. It is strongly recommended that an arbitrary tabulated distribution

law (LF = 1) ke used for secondary energy distribution fSor both LTT = 1 and 2.
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7. FILE 7, THERMAL NEUTRON SCATTERING LAW DATA

7.1. General Description

File 7 contains inelastic neutron scattering (MT = 4) data for the thermal
neutron energy range for moderating materials (E < 5 eV)., The data in this file
must be combined with that in Files 2 and 4 (MT = 2) to obtain the total scattering
cross sections for certain materials.

Inelastic scattering is represented bv the thermal neutron scattering

law, S(c,8,T), and is defined (for a moderating mclecule) by

2
d” ¢ . - § ; n_bn “bn ’ E' -8/2
a0 ao (E~+~E',u,T) n T s (a,8,T) ,

where there are (NS + 1) types of atoms in the molecule (i.e., for Hzo, NS = 1)

and
Mn is the number of atoms of the nth type in the molecule,
T is the moderator temperature (°X),
E 1is the incident neutron energy [(eV),
E' 1is the secondary neutron energy (eV),
8 is the energy transfer, 8 = (E' -~ E)/kT,
@ is the momentum transfer, a = (E' + E - ZU\JE;?)/AOkT,
An is the mass of the nth type atom, Ao is the mass of the principal

scattering atom in the molecule,

o/ is the bound atom scattering cross section of the nth type atom,

_bn A +1\2
n
cbn cfn A
n

. . . th
cfn is the free atom scattering cross section of the n type atom,
k is Boltzmann's contant, and
u is the cosine of the scattering angle (in the lab system).
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The data in File 7 for any particular material contain only the scattaering
L . th ;
law for the principal scatterer, SO(G.B.T) y 1.e., the O atem in the mclecule.
™ese data are given as an arbitrary tabulatad functicn. The scattaring rrorertias

for the other atom tvtes (n =1, 2, ..., NS) are representad by analytic functions.

Note that the scattering properties of all atcms in the molecule may be
represented by analytic functions. In this case there is no principal scatter-
ing atcm.

The constants required for the scattering law data and the analytic
representations for the nonprincipal scattering atcms are given in an array,
B(N), N= 1, 2..., NI, where NI = 6*(NS + 1). Six constants are required
for each atom tvoe (one 3CD card-image record). The first six elements pexr=ain
to the principal scattering atcm, n = 0, The elements of the array 3(N) are
defined as

B(l) = Mocfo’ the total free atcm cross section for the principal
scattering atcm. If B(l) = 0.0, there is no principal scattering
atom and the scattering properties for this material are complet-~
ly described by analytic functions for each atcm type in <%his
material.

B(2) = g, the value of E/kT above which the static model of elastic
scattering is adequate (total scattering properties may be
obtained from MT =_ 2 as given in Files 2 and 4 of the appropriate
materials).

B(3) = Ao' the ratio of the mass of the atom to that of the neutron that
was used to compute ¢ (¢ = (E' + E -Zu‘fggj)/hokT).

B{(4) = E , the upper energy limit for the constant ¢ {upper energy

£0
limit in which SO(Q,S,T) may be used).
B(5), not used.

B(6), not used.
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The next six constants specify the analytic functions to be used in
describing the scattering properties of the first non-principal scattering ataom,

(n=1); i.e., for H 0, this atom would be oxygen if the principal atom was

2
hydrogen.

B(7) = al, a test indicating the type of analytic function used for this
atom type.
al = 1.0, use a free gas scattering law.
a, = 2.0, use a diffusive motion scattering:law.

B(8) = Mlcfl' the total free atom cross section for this atam type.

B(9) = Al, effective mass for this atom type.

B(l0)= 0.0, B(l0) is not used.
B(11l)= 0.0, B(1l) is not used.
B(l2)= 0.0, B(l2) is not used.
The next six constants, B(l3) through B(1l8), are used to describe the second
nonprincipal scattering atom (n = 2), if required. The constants are defined
in the same way as for . n = 1; e.g., B(1l3) is the same tyve of constant as B(7).
The scattering law is given by tabulating S(a,B) at a specific temperature
(°K) or at a series of temperatures. Since scattering law data are generally

given at more than one temperature, it is extremely important to understand the

data formats for specifying temperature-dependent data (see Appendix F Zfor
details). The data are presented at given values of B. The B's are ordered by
increasing values. For each value of B, pairs of S(a,8) are given. (The data are
given in this form only for the first temperature; see Appendix F for the formats
for temperature dependent data.) Three interpolation schemes are given to

interpolate between values of B,a, and T.
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In certain cases a more accurate temperature interpolation may ke cbtained
by replacing the value of the actual temperature, T, that is used in the defi-
nition of o and 8 with a constant, To (T° = Q.0253 eV or %the ecuivalent depernding
cn the units of Boltzmann's constant). A flag (LAT) is given for each material

to indicate which temperature has been used in generating the S(z,8) data.

7.2. Formats

There is only one section in File 7, but the format varies slightly, de-
pending on whether temperature-derendent data are given. The following quanti-
ties are defined:

LAT is a flag indicating which temperature has been used %o ccmpute o

and 3.
LAT = Q, the actual temperature was used.
IAT = 1, the ccnstant To = 0.0253 eV has besn used.

NS is the number of non-principal scattering atcm tyces. For most mod-
erating materials there will be (NS + 1) types of atoms in the mole-
cule (NS < 3).
is the total number of items in the 3(N) list. NL = 6*(NS + 1).

is the list of constants. Definitions are given above (Section 7.1).

15 E &

is the number cf interpolation ranges for a particular parameter,

either 8 or a.

NB is the total number of 8 values given.

NP is the number of a values given for each value of B for the firse
temperature described, NP is the number of pairs, a and S(a,8), given.

sint and e are the interpolation schemes used (see Appendix E for

interpolation formats).
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The structure of a section is

[MAT, 7, MT/ZA, RAWR, O, LAT, 0, O]HEAD

(MAT, 7, MT/0.0, 0.0, 0, O, NI, NS/B(1), B(2), ...B(NI)]JLIST
[MAT, 7, MT/0.0, 0.0, 0O, O, NR, NB/Bint]TAaz

{MAT, 7, MT/T, B,, LT, O, NR, Np/uint/S(a,Bl)]TABl

1
[MAT, 7, MT/T, BZ' LT, O, NR, NP/aint/s(a'BZ)]TABI

[MAT: 71 MT/T: B ’ T, 0, NR, NP/Gmt/S(Q:BNB)]TABl

NB
({MAT, 7, O /0.0, 0.0, 0, O, O, OISEND

T and LT refer to possible temperature dependence. If the scattering law data

are completely specified by analytic functions [no principal scattering atom

type, as indicated by B(l) = 0}, tabulated values of so(a,B) are cmitted and

the TAB2 and TABl records are not given.

7.3. Procedures

Any material may contain a File 7 to describe inelastic scattering cross
sections for the thermal neutron energy range. Except for moderating materials,
a free gas scattering law is generally adequate.

File 7 is the most important part of the cross section data for modera-
tor type materials. Moderator materials should also contain a File 3, and, as
a minimum, the radiative capture cross section (MT = 102) should be given (as
well as any other type of absorptive cross sections). If there are elastic
scattering (i.e., coherent scattering) contributions to the total scattering
cross section, then MT = 2 must be given in File 3. The data in File 3 shall

at least cover the same energy range [constant, B(4)) as the scattering law
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data, So(a,S). The scattering law data should cover the energy rance in which
thermal inelastic effects are important. The reccmmended energy range is
10-5 eV to 3.0 eV; however, it may not be possible to cbtain scattering law
data for every moderating material for this energy range. The 8 mesh for
S(a,8) should be selacted in such a manner as to accurataly repraesent the
scattering prorerties of the material with a minimum of B8 points. The a
mesh at which S(a,8) is given should be the same for each value of 3 and for
each temperature.

Note that the differential scattering crocss section, as given in +the
equation in Section 7.1, represents the cross section for the complete mole-
cule. The differential scattering cross section for a single atcm of any

o) i a 4
ccmponent can be obtained by replacing Nnubn by cbn'
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11. PHOTON PRODUCTICN

Photon production data are divided into five distinct files.

File Description
12 Multiplicities and transition probability arrays
13 Photon production cross sections
14 Photon angular distributions
15 Continuous photon energy spectra
b Photon energy-angle distributions

With the exception of File 12, all the files are closely analcgous to

the corresponding neutron data files with the same number (modulo 10). The

purpose of File 12 is to provide additional methods for representing the en-

ergy dependence of photon production cross secticns. The allowed reaction

type (MT) numbers are the same as those assigned for neutron reactions, Files

1l through 7. However, they may have somewhat different meanings for photon

production that regquire additional explanation in some cases:

(1)

{2)

(3)

MT = 3 should be used in Files 12 through 16 to represent composite
cross sections, that is, photon production cross sections from more
than one reaction type that have been lumped together.

There is no apparent reason to have redundant or derived data for
the photon production files, as is the case for the neutron files,
i.e., MT = 3, 4, etc. Therefore, to avoid confusion, the join of
all sections of Files 12 and 13 should represent the photon pro-
duction, with each section being disjoint from all otherg.

Let us consider how one might represent the inelastic y-ray produc-
tion data. The differential cross section for producing a y-ray

of energy EY resulting from the excitation of the moth level of the
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residual nucleus and the subsecuent transition between two definite
o’

levels (j = 1), including the effacts of cascading from the m= 3

levels higher than j, is

m=- m -1
I B
;i—g— (B 1Zm,103) = §(E = &g + € A, o (B) l l z : . . (@
y 7 Y 't T 2-1""2
L=y ml-j

where
g_ (E) = neutron cross sections for exciting the moth level with neu-
tron energy E,
§(Z =€, + e€,) = delta function with ¢, Ei baing energy levels of the resid-
ual nucleus,
™ = probability of the residual nucleus having a transition to
the lth level given that it was initially in the excited
state corresponding to the kth level, and
Ak,l = probability of emission of a y ray of energy EY = Ek - €, as
a result of the residual nucleus having a transition from Zzhe
kth to the zth level.
We are at once teset by the problem that no clear choice of ENDF representa-
tion in terms of section number is possible. The data may naturally be identi-

fied with both the moth level and the jth level. To avoid this problem, we can

sum Eg. (l) over m,:

N

dcl Z do
'aE— (Eylzlll]) = E (EYIElmofll]) ’ (2)
Y Y
mo-j

where N is the highest level that can be excited by a neutron of incident energv

AWR ,
E (i.e., £y < AR + 1 E). This gives a de-excitation cross section that can
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single out a definite y-ray transition and has the advantage when experimental
data are to be represented. The de-excitation cross section is identified with

the jth level. Alternatively, we can sum Eq. (1} over i and j:

m j=1
f’_f_z_(E Em ) = 2 (2 ,Em ,i,9) (3)
3E _Yr 'z ae Y' 'morlr] 0
Y Y
jml im0

This gives an excitation cross section that can single out a definite excited
state and has the advantage when calculated data are to be represented. The
excitation crcss section is identified with the moth level. If Eg. (2) is

summed over i and j, or if Eg. (3) is summed over m then

N N j-1
do do
do 2 1 .
ao_ - Z — = E E S . 4
ar (EY'E) T (EY,E,mo) S 3iE (EY,E,an) (4)
Y Y Y
m =1 j=1 i=Q
o

This gives a cross section for all possible excitations and transitions and

thus corresponds to the total inelastic neutron cross secticn for discrete

levels.
It is recommended that MT = 4 be used for the data represented by
Eqg. (4), as well as for the continuum. If, however, it is expedient
or useful to use MT = 5] through 91, then one must use eithef the
de-excitation cross sections of Eq? (2) or the excitation c¢ross
sections of Eg. (3), but not both. A restriction is imposed if
the transition probability array option is used and if the entire
neutron energy range is not covered by the known transition proﬁa-
bilities. Then, for MT = S1 through 90 in File 12 to be used for
the remaining neutron energy range, a representation by excitation

multiplicities must be used.



The integratad cross sectinns of File 13 are cbtaineé ay integrating
Egs. (1) through (4) over Ey.

(4) The remarks in Item (3) apply for discrete rays frcm (n,py)., (n.dy),
(n,ty), (n, 3He7), and (n,cy) reactions, and the use of MT = 103,

104, 10S, 106, and 107 is recommended for these cases.
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12, FILE 12: MULTIPLICITIES AND TRANSITION PROBABILITY ARRAYS

File 12 can be used to represent the neutron energy dependence of photon
rroduction cross sections by means of either multiplicities or transition proba-
bility arrays. Both methods rely upon processing codes that use neutron cross
sections from File 2 and/or File 3 to generate absolute photon production cross
sections.

Multiplicities can be used to represent the cross sections of discrete
photons and/or the integrated cross sections of continuous photon spectra. The
MT numbers in Pile 12 designate the particular neutron cross sections (File 2
and/or File 3) to which the multiplicities are referred. The use of multi-
Flicites is the recommended method of presenting (n,y) capture ray cross sections,
provided, of course, that the (n,y) cross section is adequately represented in
File 2 and/or File 3.

For well-established level decay schemes, the use of transition probability
arrays offers a concise method for presenting (n,xy) information. With this
method, the actual decay scheme of the residual nucleus for a particular reac-
tion (defined by MT number) is entered in File 12. This information can then
be used by a processing code together with discrete level excitation cross sec-
tions from File 3 to calculate discrete ray production cross sections. This

option cannot be used to represent the integrals of continuous photon spectra.

12.1. File 12 Format

Each section of File 12 gives information for a particular reaction type
(MT number), either as multiplicities (L@ = 1) or as transition probability
arrays (L@ = 2). Each section always starts with a EEAD record and ends with

a SEND record.
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12.1.1., Cetion 1 (L@ = 1l): Multiplicities

The neutrcon energy dependence of photon preduction cress secticns is
represented by tabulating a set of neutron energy and multiplicity pairs
(E,YK(E)] for each discrete photon and for the rhoton energy continuum.*

The subscript k designates a particulér discrete photon or a photon continuum,
and the total number of such sets is represented by NK.

The multiplicity or vield yk(B) is defined by

e  (E)
o (E)

yk(E) = {photons) ,

where E designates neutron energy and o(E) is the neutron cross section in Tile
2 and/or Tile 3 to which the multiplicity is referred (by the MT nunber). Tor
discrete rhotons, G;(E) is the photon production cross section for the discrete
shoton designated by k. For ghoton continua, GZ(E) is the cross section for the

photen continuum integrated over photon energy. In the continuum case,

dc;
-=—(E < E)dE
Y Y

v
> aE

y, (E) i S

x g (&) o (E)
Ef':‘”‘

__/::(z) ¥, (E, « B) &E_ i = - mas
G (E) = vy’

Q

*There should be no more than one energy continuum for each MT number used., If
the decomposition of a continuum into several parts is desired, this can be
accomplished in File 15.
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c'icv.Y

where EY designates photon energy (eV), EE—%EY + E) is the absolute photon
Y

energy distribution in barns/eV, and yk(EY + E) is the relative energy distri-

bution in photons/eV. The guantity yk(EY <« E) can be broken down further as

yk(EY « E) = yk(E) fk(EY +« E) ,

which results in the requirement that

Emax

¥
£ (E <+ EJQE =1.
v/f koY '9Ey

(=}

Any time a continuum representation is used for a given MT number in either
File 12 or 13, then the ncormalized energy distxribution fk(EY <« E) must be given
in File 15 under the same MT number.

As a check quantity, the total yield

NK

Y(E) = E yk(E) {photons)
k=1

is also tabulated for each MT number if NK > 1.
The structure of a section for L@ = 1 is
(MAT, 12, MT/ZA, AWR; Lg=1, b: NK, bIHEAD
[MAT, 12, MI/ b, b; b, b; NR, NP/Eint/Y(E)]TABl‘

<subsection for k = 1>

<subsection for k = 2>

*If the total number of discrete photons and photon continua is one (NK = 1},
this TABl record is omitted.
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<subsection for k = NX>

[A“-AT, 12' O/ bl b7 bl b bl b]SEND 14

~

and the structure of each subsection is
- ol -
{MAT, 12, MT/EGk, Esk, L?, LF; NR, NP/Eint/yk(~)]TABl P
where

ES the energy of the level from which the photon originates. If the

w

level is unknown or if a continuous photon spectrum is produced,

then ESk Z 0.0 should be used.

EG the photon energy for L2 = Q or 1 or Binding Energy for LP = 2.

For a continucus photon energy distribution, Eck £ 0.0 should be used.

indicator of whether or not the particular photon is a primary:

(¥

LP = 0, origin of photons is not designated or not known, and

the photen energy is EGk;

LP = 1, for nonprimary photons where the photon energy is again
simply EGk: and

1? = 2, for primary vhotons where the photon energy EG' is given by

k
+ AWR s .
k AWR+1l "n

EG, = EG
x

I

the thoton energy distribution law number, which presently has only
two values defined:
IF7 = 1, a normalized tabulated functican (in File 15), and

= 2, a discrete photon energy.

12.1.2. Opvtion 2 (L3 = 2): Transition Probability Arravs

With this option, the only data required are the level energies, de-
excitation transition prcbabilities, and (where necessary) conditional photon
emission probabilities. Given this information, the photon energies anéd their

multiplicities can readily be calculated. Photon production cross sections can
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then be ccamputed for any given level from the excitation cross sectiocn in File
3, along with the transition probability array. Similarly, multiplicities and
photon production cross sections can be constructed for the total cascade. For
any given level, the transition and photon emission probability data given in
the section are for photcons originating at that level only; any further cas-
cading is determined from the data for the lower levels.
Now define the following variables.
IG = 1, simple case (all transitions are y emission).
= 2, complex case (internal conversion or other cocmpeting processes
eccur) .
NS number of levels below the present one, including the ground state.
(The present level is alsc uniquely defined by the MT number and by
its energy level.)

number of transitions for which data are given in a list to follow

|5

(i.e., number of nonzero transition prcbabilities), NT < NS.
ES energy of the ith level, i = 0,1,2... NS. <Eso s 0.0, the ground
state.)

TPi 'I'PNs i’ the probability of a direct transition from level NS to
’

level i, i = 0,1,2... (NS-1).

GPi GPNS i the probability that, given a transition from level NS

to level i, the transition is a photon transition (i.e., the condi-

tional preobability of photon emission).

A (TP.) (GP,).
i i i

Note that each level can be identified by its NS number. Then the energy of a

rhoton from a transition to level i is given by EY = ES - ESi, and its multi-

NS
plicity is given by y(EY +« E) = (TPi) (GPi). It is implicitly assumed that the

transition probability array is independent of incident neutron energy.
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The structure of a gsecticn for L@ = 2 is

(MAT, 12, MT/ESV b: IP, b; (LG+l)*NT, NT/Bi]LIST-
&

sl
[MAT' 12 0/ bl b’ bl bi b' b]SEND.
If IG = 1, the array Bi consists of NT dcublets (Esi.TPi)r if LG = 2, it con-

sists of NT triplets (Esi,TP ,GPi). Eere the gubscript i is a running index

i
over the levels baelcw the level for which the transition probability array is
being given (i.e., below level NS). The doublets or triplets are given in de-

creasing magnitude of energy Esi.

12.2. PFile 12 Proceduress

1. Under Opticn 1, the subsections are given in decreasing magnitude

of EGk.

2. Under Cption 1, the convention is that the subsection for the con-

tinuum chotons, if present, is last. In this case, the last value of EGk (ZGVK)

is set equal to 0.0, and logical consistency with Procedure 1 is maintained.

3. Under Cpticn 1, the values cf EGk should ke consistent &tz within fcur

significant figqures with the corresponding EGk values for the File 14 zhoton
angular distributions. This allows processing and "physics" checking ccdes o
match photon yields with the corresronding angular distributions.

4. Under Cpticn 1, ES, is the energy of the level f£frem which the photon

k

criginates. If ESk is unknown or not neaningful (as for the continuous photon
spectrum), the value 0.0 should be entered.
S. 1If capture and fission rescnance parameters are given in File 2,

photon producticn for these reactions should be given by using Option 1 of
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File 12, instead of using vhoton production cross sections in File 13. This
is due to the voluminous data required to represent the resonance structure in
File 13 and the difficulty of calculating multigroup photon production matrices
from such data.

6. Under Option 1, the total yield table, Y(E), should exactly span the
same energy range as the combined energy range of all the yk(E). Within that

range,

NK
Y(E) = E yk(E)

k=1

should hold within four significant figures.

7. The excitation cross sections for all the levels appearing in the
transition probability arrays must, of course, be given in File 3.

8. The join of all sections, regardless of the option used, should repre-
sent the photon production data, with no redundancy. For example, MT = 4 cannot
include any photons given elsewhere under MT = 51 through 91. Likewise, there
can be no redundancy between Piles 12 and 13.

9. 1If only one energy distribution is given under Option 1 (NK = 1), the
TABl record for the Y(E) table is deleted to avoid repetitive entries.

10. Data should not be given in Pile 12 for reaction types that do not
appear in Files 2 and/or 3.

1l. Under Cption 2, the level energies, Esi, in the transition probability
arrays are given in decreasing magnitude.

12. The MT numbers for which transition probability data are given should
be for consecutive levels, beginning at the first level, with no embedded levels

cmitted.



~-12.8-

13. The energies of photons arising from level transitionsg should be
consistent within four significant figqures with the corresponding EGk values
in File l4. Therefore, care must be taken to specify level energies to tRhe
appropriate number of significant figures.

14. Under Option 2, the sum of the transition probabilities (TPi) over
i should equal 1.0000 (that is, should be unity to within five significant
figures).

15. The limit on the number of energy points in any tabulations of
Y(E) or yk(S) is 1000. This is an upper limit that will rarely be agproached
in practice because yields are normally smoothly varying functions of incidenz
neutron energy.

16. The limit on the number of interpolation regions is 10.

17. Takbulations of nonthreshold data should normally cover at least the
energy range 10-5 eV < E <2 x 107 eV, where practical. Threshold data should
be given frcm threshold energy up to 2 x lO7 eV, where practical.

18. Transition Prokability Arrays for (n,n'y) photons.

a. The use of transition prcbability arrays (File 12, L@ = 2)

is a convenient way to represent a portion of the rays produced

by de-excitation of discrete levels populated by (n,n') and other
reactions.

b. Several conditions must he met before this representation can
be used. Level excitation cross sections (given in File 3 as MT =
51,...) must be given frcam threshold energies up to the same maximum
energy (no exceptions). Decay properties of all n levels must ke
known. The information given in File 12 must be consistent with

data given in File 3.
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¢c. Usually, not all the conditions can be met. Part of the prob-
lem is the recommendation that level excitation cross sections for
the first few levels be given for neutron energies up to 20 MeV.

It is seldom that all level data can be given for neutron energies

up to 15 MeVv.
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13, FILE 13: PHOTON PRODUCTION CROSS SECTIONS

The purpose of File 13 is the same as that of File 12; namely, it can be
used to represent the neutron and photon energy dependence of photon produc-
tion cross sections. In File 13, however, absolute cross sections in barns

are tabulated, and there is no need to refer to the neutron files.

13.1. File 13 Format

As in File 12, eaéh section in File 13 gives information for a partic-
ular reaction type (MT number). Each section always starts with a HEAD record
and ends with a SEND record.

The representation of the energy dependence of the cross sections is ac-
complished by tabulating a set of neutron energy-cross section pairs [E,U;(E)]
for each discrete photon and for the photon energy continuum. The subscript k
designates a particular discrete photon or the photon continuum, and the total
number of such sets is NK. For discrete photons, GI(E) is the photon produc-
tion cross section (b) for the photon designated by k. For the photon con-
tinuum, UI(E) is the integrated (over photon energy) cross section for the

photon continuum* designated by k. In the continuum case,

E
Y Y ao)
ck(E) = IE (EY + E) dEY () ,
o) Y
dcY
where EY designates photon energy (eV), and EE;(EY + E) is the absolute photon

energy distribution in b/eV. The energy distribution can be further broken
down as

dcl
—_— = a7
dE (EY « E) Uk (E) £

(E_+E) ,
Y Y

k

*There should be no more than one energy continuum for each MT number used. 1f

the décomposition of a continuum into several parts is desired, this can be ac-
complished in File 15.
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wnich cbviously requires that

JDax

Y
f £ (E « %) ds =1 .
I Y

o]
Any time a continuum representation is used for a given MT number in File 13,
the normalized energy distributicn, fk(EY + E), must be given in File 15 under
the same MT number.

As a check quantity, the total photon production cross secticn,

NK

°;~o'r(5) - E cl(z) (barns) .
kw1l

is also tabulated for each MT number, unless only one subsection is present
(i.e., NK = 1).
The stzructure of a secticn in File 13 is
(MAT, 13, MT/2A, AWR; b, b; NK, DbJHEAD
[MAT, 13, ¥T/ b, b b, b; NR, NP/E,_ /or  (E)]TABL*
<subsection for k = 1>

<subsection for k = 2>

<subsaection for k = NK>

[MAT' 13, 0/ b, b? b: b? b' b]SEND

*1£ the total number of discrete photons and photon continua is one (NK = 1),
this TABl record is cmitted.
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and the structure of each subsection is

where

13.2.

1.

2.

fMAT, 13, MT/EG

ESk

=

>

y ; A
x’ ES ¢ LP, IF; NR, NP/E /0, (E)]TABL ,

the energy of the level from which the photon originates. If the
level is unknown or if a continuous photon spectrum is produced.

Esk = 0.0 should be used.

the photon energy for LP = 0 or 1 or Binding Energy for LP = 2,

For a continuous photon energy distribution, EGk = 0.0 should be

used.
Indicator of whether or not the particular photon is a primary:
LP = 0, origin of photons is not designated or not known, and the

photon energy is EGk;

1P = 1, for nonprimary photons where the photon energy is again

simply EG and

X’

LP = 2, for primary photons, where the photon energy is given by
+ —DHR__ E .

k AWR + 1 n

the photon energy distribution law number, which presently has

EG

only two values defined:
ILF = ], a normalized tabulated function (in File 15), and

ILF = 2, a discrete photon energy.

File 13 Procedures

The subsections are given in decreasing magnitude of EG

k

The convention is that the subsection for the continuum photons, if present,

is last. In this case, EG z 0.0.

NK

The values of EGk should be consistent to within four significant figures

with the corresponding EG, values in File 14.

k
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Esk is the energy of the level frcm which the photon originates, if known.

Otherwise Esk £ 0.0.

If capture and fission resonance parameters are given in File 2, the cor-
responding photon production should be given by using Cption 1 of File 12,
instead of using photon production cross sections.

The total photon production cross section table, (E) , should exactly

Y
“ror
span the same energy range as the ccmbined energy range of all the c;: (E).

Within that range,

NK

Y - Y
c,m,r(s) E ak (E)

k=1

should hold within four significant figqures., If£ only one energy distri-
bution is given, either discrete or continuocus (NX = 1), the TABl record
for the o] (E) is deleted.

The join of all sections in Files 12 and 13 combined should represent the
rphoton production data with no redundancy. For example, MT = 4 cannot in-
clude any chotons given elsewhere under MT = S1 through 91.

The limit on the number of energy points in a tabulation for any choten
production subsection is 1000. This is an upper limit; in practice, the
minimum nunber of points possible should be used. If thera is extensive
structure, the use of File 12 should be seriously considered, because
yields are normally much smoother functions of incident neutreon energy
than cross sections.

The limit on the number of interpolation regions is 10.

Tabulations of nonthreshold data should rormally cover at least the energy

=5 7
range 10 eV < E <£2 x 10 eV, where practical. Threshold data should be

given from threshold energy up to 2 x 107 eV, where practical.
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. 13.3. File 13 Preferred Representations

l. The recommended representation for (n,n'y) reactions is rhoton pro-
duction cross sections (File 13) using MT = 4, All discrete and continuum
Yy rays are given in a series of subsections.

2. Photon production cross sections resemble the frequently measured or
reported results.

3. The use of MT = ¢{ eliminates confusion about whether the data repre-
sent an excitation or de-excitation cross section.

4. 1If for any reason MT = 51, 52 ... is used, it is understcod that
these data represent de-excitation and not excitation cross sections (see 3
above). MT = 51, 52, ... in File 3, of course, means excitation cross sec-
tions.

5. Combined use of MT = 4 and MT = 51, 52, ... is not allowed.

6. Bbove a certain energy point it probably will not be possible to
separate the various components of the total y production cross section. When
this happens, it is preferred that the data be given as MT = 3.,

7. All other reactions. Data for other reactions should be given as
photon production cross sections (File 13) using the appropriate MT numbers.

The same general rules cutlined above should be used.
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14. FILE 14: PHOTON ANGULAR DISTRIBUTIONS

The purpose of File 14 is to provide a means for representiﬂg the angular
distributions of secondary photons produced in neutron interactions. Angular
distributions should be given for each discrete photon and photon continuum
appearing in Files 12 and 13, even if the distributions are isotropic.

The structure of File 14 is, with the exception of isotropic flag (LI), closely
analogous to that of File 4. Angular distributions for a specific reaction type
(MT number) are given for a series of incident neutron energies in order of in-
creasing neutron energy. The energy range covered should be the same as that
for the data given under the corresponding reacticn type in File 12 or File 13.
The data are given in ascending order of MT number.

The angular distributions are expressed as normalized probability distri-

butions, that is,

Pk(u,E)du =1,
-1
where pk(u,E) is the prcobability that an incident neutron of energy E will re-
sult in a particular discrete photon or photon energy continuum (specified by k
and MT number) being emitted into unit cosine about an angle whose cosine is u.
Because the photon angular distribution is assumed to have azimuthal symmetry.

the distribution may be represented as a lLegendre series expansion,

28 + 1 k
al(E) P, (W),

2
£=0
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where
u = cosine of the reaction angle in the lab system.
Z = anergy of the incident rneutron in the laboratory system, and
c;(E) = photon producticn cross secticn for the discrete choten or photon ccn-
tinuum specified by k, as given in either File 13 or in Files 2, 3,
and 12 ccmbined.

£ = order of the Legendre polynomial.

| " differential photon production cross section in barns/steradian.

az(E) = the ith lLegendre coefficient agssociated with the discrete photon or
choton continuum specified by k. (It is understood that a:(E) s 1.0.)
1
i = [ o B P,
2 k' 2
-1

Angular distributions may be given in File 14 by tabulating as a functicn
of incident neutrcn energy either the normalized probability distribution func-
tien, ;k(u,E), or the Legendre polynomial expansion coefficients, at(E). Pro-
visicon is made in the format for simple flags to denote isctropic angular dis-
tributions, either for a block of individual photons within a reaction tyve cr
for all photens within a reaction type taken as a group.

Note that File 14 assumes separability of the photon energy and angular
distributions for the continuum spectzum. If this is not the case, File 16
(analogous to File 6) must be used instead of Files 14 and 15. (Since File 14
implicitly specifies an energy-angle distributicn for discrete photons, File 16

is required only for the continuum spectrum.
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14.1. File 14 Format

As usual, sections are ordered by increasing reaction type (MT) numbers.
The following definitions are required.
LTT = 1, data are given as legendre coefficients, where a:(E) £ 1.0 is
understood.
= 2, data are given as a tabulation.
LI = Q, distribution is not isotropic for all photons from this reac-
tion type, but may be for same photons.

= 1, distribution is isotropic for all photons from this reaction type.

NE number of neutron energy points given in a TAB2 record.

NI number of isotropic photon angular distributicns given in a sec-
tion (MT number) for which LI = 0, i.e., a section with at least
one anisotropic distribution.

NLi highest value of £ required at each neutron energy Ei'

a. LI = l1l: Isotropic Distribution

If LI = 1, then all photons for the reaction type (MT) in question are
assumed to be isotropic. This is a flag that the processing code can sense,
and thus needless isotropic distribution data are not entered in the file.
In this case, the section is composed of a HEAD card and a SEND caxrd, as
fcllows:

[MAT, 14, MT/ZA, AWR; LI=l1, b; NK, b]HEAD

[MAT, 14, 0/ b, b; b, b; b, b]JSEND .

b. LI = 0: Anisotropic Distribution

If LI = 0, there are two possible structures for a section, depending upon
the value of LTT, but the section always starts with a HEAD record of the
form

[MAT, 14, MT/ZA, AWR; LI=0, LTT; NK, NIJHEAD .
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i, LTT = l: Legendre Coefficisnt Renresentation

[MAT, 14, MT/2ZA, AWR; LI=Q, LTT=l; NK, NI]JHEAD
<subsection for k = 1>

<subsection for x = 2>

<subsection for k = NK>
[MAT, 14, 0/ b, b; b, b; b, DbISEND .
The structure of each reccrd in the first block of NI subsections, which
is for the NI isotropic photons, is
{MAT, 14, MT/EGk, ESk; 5, b; b, bICZNT .
There is just one CZNT record for each isotropic photon. (The set of CZNT
reccrds is empty if NI = 0.) The subsections are ordered in decreasing

magnitude of EG, {(photoen energy), and the continuum, if present and isotropic,

k

arrears last, with EGk z 0.0.

This block of NI subsections is then followed by a block of NK-NI subsections

for the anisotropic photons in decreasing magnitude of =G The continuum,

K
if present and anisotropic, appears last, with EGk 2 0.0. The structure for
the last NK-NI subsecticns is

[MAT, 14, MT/EGk, Esk: b, b; NR, NE/Eint]TABZ-

k
1 . .
[MAT, 14, MT/ b, 2y 5, b; NLl, b/al(zl)]LIST
[MAT, 14, M1/ b, E,; b, by NL,, b/aj(E,)1LIST

[MAT, 14, MT/ b, E_; b, b; NL ,b/a:(EVE)}LIST

NE' NE
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k
Note that lists of the az(E) start at £ = 1 because az(E) = 1.0 is always

understood.

ii. LTT = 2: Tabulated Anqular Distributions

The structure of a section for LI = 0 and LTT = 2 is
[MAT, 14, MT/ZA, AWR; LI=0, LTT=2; NK, NI]JHEAD
<subsection for k = 1>

<subsection for k = 2>

<subsection for k = NK>
[MAT, 14, 0O/ b, b; b, b; b, bJSEND .
The structure of the first block of NI subsections (where NI may be zero)
is the same as for the case of a Legendre representation; i.e., it consists
of one CPNT record for each of the NI isotropic photons in decreasing
magnitude of EG, . The continuum, if present and isotropic, aprears last,

k

with EGk £ 0.0.

The structure of the first NI subsections is
[MAT, 14' MT/EG}(, ESk: bv b:' b, b]CGNT .
This block of NI subsections is then followed by a block of NK-NI sub-

sections for the anisotropic photons, again in decreasing magnitude of

EGk' with the continuum, if present and anisotropic, appearing last, with

EGk Z 0.0. The structure of the last NK-NI subsections is
[MATr 14, MT/ b, E17 bl b: NR, NP/Ulnt/Pk(UrEl)]TABl

[MAT, 14, MT/ b, E,; b, b: NR, NP/uint/pk(u,Ez)]TAB:L
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[MAT, 14, M.T/ b, E 7 b, b? NR, NP/LL

\E /pk(u,:.NE) JTABL .

int

14.2. File 14 Procedures

1. The subsections are given in decreasing magnitude of EGk within each

of the isotropic and anisotropic blocks.

2. The convention is that the subsection for the continuous pnoton sgec-

trum, if present, appears last in its block. In this case, !-:C.‘,\R sz 0.0.
A P

3. The values of EGk shouléd be consistent within four significant figures

with the corresponding EGk values in File 12 or 13. File 12, Option 2 (transi-

tion probability arrays), the values of EG, are implicitly determined by the

k
lavel energies.

4. Esk is the energy of the level from which the photon originates, if
kncwn. Otherwise, Esk S 0.0 (as is always the case for the continuunm).

S. ULata should not appear in File 14 for photons that do not have gfro-
duction data given in File 12 or 13. Conversely, for every photon apgearing in
Tile 12 or 13 an angular distribution must be given in File 14. The neutron
energy range for which the angular distributions are given shouléd be the same
as that for which the photon production data are given in File 12 or 13.

6. For LIT a 1 (Legendre coefficients), the value of NL should be the
minimum number of coefficients that will reproduce the angqular distribution with

sufficient accuracy and be positive everywhere. 1In all cases, NL should ke an

even number, < 20.
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7. The TABl records for the pk(u,Ei) within a subsection are given in
increasing order of neutron energy, Ei.

8. The tabulated probability functions, pk(u,Ei). should be normalized
within four significant figures (to unity).

9. The interpolation scheme for pk(u.E) with respect to E must be linear-
linear or lbg-linear (INT = 2 or 3) to preserve normality of the interpolated
distributions. It is recommended that the interpolation in u be linear-linear
{INT = 2).

10. For LI = 1 (isotropic distribution), the parameter NK is the number
of photons in that section and should be consistent with the NK values in Files
12 and 13. This parameter could be determined independently from Files 12 and
13, but it is useful in File 14 for the "physics" checking code.®*

11. The minimum amount of data should be used that will accurately repre-
sent the angular distribution as a function of both 1 and E.

12. 1If all photons for a reaction type (MT number) are isotropic, the LI =
1l flac should be used. The use of LI = 0 and NI = NK is strongly discouraged.
Likewise, isotropic distributions should not be entered explicitly as a tabu-
lation or as a Legendre expansion with at(E) 20,221,

13. Angular distributions for photons must be given for all discrete and
continuum photons. This can be done by specifying the data explicitly (by giving
distributions) or implicitly by using a flag meaning that all photons for a
particular reaction {(MT number) are isotropic. Isotropic angular distributions

should be specified unless the anisotropy is > 20%.

*Donald J. Dudziak and John F. Romero, "VIXEN, A Physical Consistency Checking
Code for Photon Production Data in Revised ENDF Format," a Los Alamos Scientific
Laboratory code LA-4739 (ENDF-155).
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1S, FILE 15: CONTINUOUS PHOTON ENERGY SPECTRA

File 15 provides a means for representing continuous energy distributions
of secondary photons, expressed as normalized probability distributicns. The
energy distribution of each photon continuum occurring in Files 12 and 13 should
be specified in File 15 over the same neutron energy range used in Files 12 and
13. Each section of File 15 gives the data for a particular reaction type
(MT number) &and the sections are ordered by increasing MT number.

The energy distributions, f(EY + E), are in units of ev-l and are norma-
lized so that

E

Y

/ f(E «E} g =1 ,
Y Y

o .

where EY is the maximum possible secondary photon energy and its value depends
on the incoming neutron energy as well as the particular nuclei involved.* The
energy distributions f(EY + E) can be broken down intc the weighted sum of sev-

eral different normalized distributions in the following manner:

NC
£~ E) = Z Py (E) g (E <+ E) ev;™t,
j=1
where
NC = the number of partial distributions used to represent f(EY « E),
qj (EY « E) = the jth normalized partial distribution in the units ev-l, and
pj(E) S the probability or weight given to the jth partial distribution,

.(E_ <« E).
q] Y

*Note that the subscript k used in describing Files 12 and 13 has been dropped
from £(Ey + E). This is done because only one energy continuum is allowed for
each MT number, and the subscript k has no meaning in File 15. It is, in fact,

the NK®h subsection in File 12 or 13 that contains the production data for the
continuum.
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The following norma-On c¢ondition is imposed.

pRAX
Y - .
3. (E =, " -
3y Y
o
Thus,
NC
. (E)
2 ®
i=1

The absolute enestribution cross section, GY(EY + E), can be ccnstructed

£rcem the express
QY(E +~ g)E) £(E_+ E) {(b/evV},
¥ Y

where o' (E) is ‘egrated cross section for the continuum given either di-
rectly in File through the cembination of Files 2, 3, and 12.

The systs £° represent continuocus choton energy distributions in File
15 is similar ¢ used in File 5.

At present, however, there is only one

continuous dison law activated for File 15, i.e.,
q—j(EY «(EY + E).,

where g(E <+ ©Sents an axrbitrary tabulated functicn. In the future, new
v

laws (for exahe fission gamma-ray spectrum) may be added.

—
(9]
.
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®
™

The st of a section is
bsection for § = 1>

lbsection for 3 = 2>
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<subsection for j = NC>
(MAT, 15, O/ b, by b, b; b, BISEND .
For LF = 1, the structure of a subsection is

[MAT, 15, MT/b, b; b, LF=1; NR, NP/Eint/pj(E)]TABl

[MAT, 15, MT/b, b; b, b; NR, N}:/Eint]'I‘ABZ
[MAT, 15, MT/b, E;: b, b; NR, NP/EY im,_/r;(EY * E,)ITABl
[MAT, 15, MI/b, E,; b, b; NR, NP/EY int/g(EY + Ej)lTABl

[MAT, 15, MI/b, E b, b:; NR, N‘P/E:_Y int/g(EY - ENE)]TABI .

N’
Only one distribution law is presently available (tabulated secondary
photon energy distribution). Therefore, formats for other laws remain to be
defined, but their structures will probabkly closely parallel those in File §
for LF = 5, 7, 9, and 10. When histogram representations are used (inter-
polation scheme, INT = 1), 0.25 to 0.5-MeV photon energy bands should be used.
The incident energy ranges must agree with data given in Files 12 and/or 13.

Other procedures are the same as those recommended for File 5 data (tabulated

distribution).

15.2. FPile 15 Procedures

l. Photon energies, EY' within a subsection are given in order of in-

creasing magnitude.
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2. The TABl reccrds Zcr the q(EY - Ei) within a suksection are given in
increasing order of neutron energy, Si.

3. The tabulated functions, q(EY - Ei), should be normalized to unity
within four significant figures.

4. The interpolation scheme for pj(E) must be either linear-linear or log-
linear (INT = 1, 2, or 3) to praserve probabilities upon interpolation. Like-
wise, the interpoclation scheme for g(EY + E) must be linear-linear or log-linear
with respect to E.

S. The neutron energy mesh should ke a subset of that used for the yNK(S)
tabylation in File 12 or for the c;K(E) tabulation in File 13, anéd the energy
ranges must be identical. Hcowever, the neutron energy mesh for pj(E) need not
ke the same as that for q(EY + E), as long as they span the same range.

6. For an MT number appearing in both File 12 and File 13, a continuous
choton energy distribution (LF = 1) can appear in only one of those files.
Otherwise the distribution as given in File 15 could not in general be unicuely
associated with a corresponding oultiplicity or preduction cross section.

7. Use the minimum amcunt of data that will accurately represent the
energy distribution as a function of both E and E. However, do 10t use toc
course a mesh for Z, even if the distributions are slowly varying functions of
E, since the interpolated distribution will always have a nonzero caomponent up
to the maximum energy at which either of the original distributions has a non-
Zero ccmponent.

8. The limit on the number of neutron energy points for either pj(E) or
9’(."‘.."r < E) is 200. The limit on the number of photon energy points for q(E_r + E)

is 1000.
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l16. FILE 16: PHOTON ENERGY-ANGLE DISTRIBUTIONS*

If the photon-energy and angular dependences of the cross section for
production of the continuous spectrum are not separable, then a file analc-~
gous to File 6 is required instead of Files 14 and 15. The energy-angle distri-
buticns for discrete photons are completely determined in File 14 and should
never appear in File 16. A knowledge of the formats of Files 14 and 15 is
assumed in this discussion.

Consider a nonnorﬁalized energy-angle distribution function F(EY <« E,n),

where the angular dependence is normalized so that

F(E_ < E,u)du = y(E_ « E) .
¥ widu = y( y )
-1
Then the multiplicity (yield) can be separated out, leaving a function,
h(EY + E, u), normalized in both EY and u:

F(E ,u) = v(E) h(E E, .
( y « E,u) v{(E) h y «~ E,u)

The differential photon production cross section is then obtained from

2
8- o(E =~ E,
v 18]

dE_ 3
v H

= o(E) y(E) h(EY « E,u) {(b~photons/eV) ,

where o(E) is the cross section for the reaction type being considered, as
determined in Files 2 and 3.

As in File 14, the angular part of the distribution may be specified either
in tabular form or as Legendre coefficients, nl(EY + E). The Legendre expansion

is

*The use of File 16 is discouraged but the formats and procedures are presented
here in case the file should be activated.



- 16.2 -

NL
o fem - v E ______22' hal l = - N
n(:-Y :-yn) = 2 ﬂl(-.Y -) PL(DJ) .
i=Q

l16.1. File l6 Format

™o options are allowed, correspending to the opticns in File 14: the
angular distribution can be represented by either lagendre coefficients (LTT = 1)

cr by tabulated angular distriduticns (LTT = 2).

LTT = 1: lLeagendre Coefficient Reoresentation. In this option, the Legerdre
coefficiants are tabulated as functicns of both incident neutron energy and |
rhoton energy. The structure of a section for LTT = 1 is

(MAT, 16, MT/2ZA, AWR; b, LTT=l; b, L]HEAD
{MaT, l6, 4T/ b, b; b, 5; NL, b]JCONT
<subsaction for I = 0>

<subsection for L = 1>

<gubsection for L = NL>
{MAT, 16, 0O/ b, b; b, b; b, b]SEND .
The subsections contain the energy distributions, and are identical in structure
to a section for a continuous energy distridbution (File 15), with the following
exceptions:
a. The SEND record is deleted.
b. The HEAD record is changed to read
(MAT, 16, MT/b, b; b, b; NC, b]CZNT.

c. E <« E) is laced b E +« &),
g( Y ) replac Yy ”2( . )
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LTT = 2: Tabulated Angular Distribution. In the option, the sub-~

sections consist of tabulations for h(EY - E,um), m=1,2...NA. The structure
of a section for LTT = 2 is
[MAT, 16, MT/ZA, AWR; b, LTT=2; b, b]HEAD
{MAT, 16, MT/ b, b; b, b; NR, NA/uint]TAB2
<subsection for m = 1>

<subsection for m = 2>

<subsection for m = NA>

{MAT, 16, 0/ b, b; b, b; b, DbISEND

As with the lLegendre coefficient representation, this section for a
tabulation contains subsections, identical in structure to a section for File
15, with the following exceptions:

a. The SEND record is deleted.

b. The HEAD record is changed to read

[MAT, 16, MT/b, L b, b; NC, b]CONT
c. g(EY +« E) is replaced by g(EY - E,um), where each subsecticn is for a

particular value of um, m= 1,2...NA.

16.2. File 16 Procedures

The procedures for this file are the same as those for Files 14 and 15,

where applicable.



22. GENERAL CCMMENTS ON PHOTON INTERACTION

Photon interaction data are divided into five files, the first four

analogous to Files 3 through 6.

File Description
23 "Smooth" cross sections
24 Secondary angular distributions
25 Secondary energy distributions
26 Secondary energy-angle distributions
27 Coherent scattering form factors and

incoherent scattering functions

As with the photon production data files, the photon interaction data formats
parallel as closely as possible those for the neutron data files of the same
number {(modulo 20). This facilitates the use of existing retrieval routines in
rocessing codes for photon interaction data (as in CHECKER). Fer Compton
scattering at higher energies (31 MeV), the energy and angular distribution files
would not normally be used because a simple analytical representation of these
distributions is available. Also, provision is made for the entry of coherent
scattering form factors as well as incoherent scattering functions. The sec-
ondary enercy and ancular distribution files can be used for both\photon
secondaries or particulate secondaries (e.g., photoneutrons).

Procedures are given for Files 23 and 27, but none will be given for Files
24, 25, and 26 until those files are activated. There are, at present, no data

in these files.
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23. FILE 23: “"SMOOTH" PHOTON INTZRACTION CROSS SECTIONS

This file is for the integrated photon interaction cross sections, includ-
ing those usually called microscopic attenuation or energy-deposition coeffi-
cients, as well as photonuclear reaction cross sections. The reaction type (MT)
numbers for photon interaction are in the 500 and 600 series. Several common

photon interactions have been assigned MT numbers:

MT Reaction Description

501 Total

502 Coherent scattering

504 Incoherent scattering

518 Pair production, electron field

516 Pair production, nuclear and electron field

(i.e., pair plus triplet production)

517 ’ Pair production, nuclear field
518 Photofission (vy,f)

532 Photoneutron (y,n)

833 Total photonuclear

602 Photcoelectric

Photon cross sections, such as the total cross section, coherent elasti
scattering cross section, and incoherent (Compton) cross section, are given in
File 23, which has essentially the same structure as File 3. These data are given
as a function of energy. EY' where EY is the energy of the incident photon (in ev).
The data are given as energy-cross-section pairs. An interpolation scheme is
given that specifies the energy variation of the cross section for photon energies
between a given energy point and the next higher energy point. The photon cross

sections are given in one or more energy ranges. Within any one energy range,



<ne interpelation scheme is unchanged. The intarpolation scheme may change Ircm
one *o ancther energy range.
Zach saction in File 23 ccontains the Jdata Sor a particular reacticn tyre

(MT number). The sections are crdered by increasing MT number.

23.1. File 23 FTormat

The format is almost identical to that of File 3, as follows.
(MAT, 23, MT/ZA, AWR; b, b; b, b]HEAD
{MAT, 23, M/ L, b; b, b; NR, NP/E ., _/o{(E )]TaBl

Y int Y

{MAT, 23, O/ b, b; », B; b, Db]ISEND .

23.2. Tile 23 Procedures

1. vValues are usually for elements; hence, excert Zor monoisotoric elements,
ZA = Z x 1000; alsc, AWR should be for the naturally oczurring element.

2. Photoeleactric edges will not be multivalued. The edge will e dafined
by two energies differing in the fourth or fifth significant figure.

3. The total pair producticn values are given for reaction tyre MT = S5lg,
Reaction type 517 is reserved for the portion of the pair preoduction cxross secticn
due to the nuclear field, i.e., excluding triplet production.

4. Interpolation is normally log-log (INT = 5).

5. Kerma factor (ernergy deposition coefficients) libraries will normally

be local because there is no universal definition. The arplication will de-

termine whether annjihilation or other radiation fractions are subtracted.
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24. FILE 24: SECONDARY ANGULAR DISTRIBUTICONS

The structure of File 24 is identical to that for File 4, so the pertinent
éiscussion from Section 4 of this report is reviewed here for convenience.

Secondary angular distributions are expressed as probability density func-
ticns, p(u,EY). These functions can be represented either as a tabulation or

as the Legendre coefficients, fl(EY)' in

NL
o (E ,u) .
X - 28 + 1
o o(EY) E - fl(Ey) Pl(u) '
L=
f (E) 1.0 .
© Y

Here, u = cosf, where 9 is the polar angle of scattering in either the center-
of-mass or the laboratory system. The secondary may be either a photon (coher-
ently scattered) or a particle (e.g., photoneutrons). When the secondary dis-

tribution is for a photon, the laboratory system is always used.

24.1. File 24 FPormat

The format is identical to that for File 4 and will not be reproduced
here (see section 4). However, for the case in which the secondary distribu-
tion is for a photon, the LCT £flag is not relevant, and the following arbitrary
convention is adopted:

a. LCT = 1, data are given in the laboratory system.

b. 1VT = Q, transformation matrix is not given.
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25. ©TILZ 2S: SECONCARY =ZNERGY DISTRIBUTICNS

The structure of the analogous File 3 aprvears to be entirely adeguats
{see 3Section 3). Thus, the format will not be reproduced hera, but will se

adopted by refersncs to File 5.
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26. PILE 26: SECONDARY ENERGY-ANGLE DISTRIBUTIONS

The structure of the analogous File 6 appears to be entirely adequate
(see Section 6). Thus, the format will not be reproduced here but adopted by
reference to File 6. The inclusion of File 26 (as well as Files 6 and 16) is,

at the present stage of development of cross section data, strictly pro forma.
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27. FILE 27: ATOMIC FORM FACTORS OR _SCATTERING FUNCTIONS

The ENDF system for neutron and photon production data allows two alterna-
tives for storing angular distribution data. One is by probability per unit
cos8 vs cosf, and the other is by Legendre coefficients. Actually, neither of
therse is & "natural” method for photons. The ratural method would be atomic

..i factors or incoherent scattering functions. These are discussed briefly
below.

a, Incoherent Scattering. The cross section for inccherent scattering

is given by
dci dcc
E:— = Z S(q;2) E:— ’

where dcc/du is the Klein-Nishina cross section, which can be written in closed
form. The factor 5(q;2) is the incoherent scattering function. At high (Zl
MeV) energies, S approaches Z. In the other limit S(0,2) = 0. The quantity gq

is the momentum of the recoil electron (in inverse angstroms*).

1/2

)

fis]
[ ]
Q

where

a=E /m c2 ’
Y o

E; = scattered photon energy, and
U = cosb .

*In ENDF, q is given in inverse angstroms as customarily reported in the litera-
ture. The above equations show g in “natural"” m,C units. Inverse angstroms,

sin(8/2) /X, can be converted to m_C units by the factor 2 x 12398.1/511006.
= (0.0048524. °
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The angular distributicn can then easily be calculated, given a table of S(g;I).
Secause S is a smoothly varyving function of g, it can be represented by a rea-
sonably small array of numbers. The Juantities S(g;Z) are tabulacted as a Zune-
tion of g in File 27. The user presumably will have subroutines available feor
calculating g for energies and angles of interest and for calculating Klein-
Nishina cross sections. He will then generate his cross sections for the ap-
propriate cases by calculating g¢'s, loocking up the agpropriate values of S,

and substituting them in the above formula.

b. Coherent Scattering. The coherent scattering cross section is given

dq'cc:h

au

= 7:2 Zz(l + uz) Fl(q:2) ,

where

q=af2(1 - u))l/z, the recoil momentum cf the atom (in inverse ang-
stroms, see note on previcus page), and

ro = ez/mocz, the classical radius of the electron.
The quantity F(g;2) is a form factor. This cuantity is also easily tabulazad.
At high (AL MeV) energies, I approaches zero. In the cther limit F(0,Z) = Z.

An alternative way of presenting the photon scattering data, then, would
be to tabulate incocherent scattering functions and form factors. Users cculd
then provide processing codes to generate the cross sections fram this informa-
tion. The calculation is quite straightforward and allows the user to gener-
ate all his scattering data from a relatively small table of numbers. The in-

coherent and coherent scattering data should always be presented as scattering
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functions and form factors, respectively, whether or not data are included in

Files 24, 25, or 26.

27.1. File 27 Format

The structure of a section is very similar to that of File 3 (and 23)
and is

[MAT, 27, MT/ZA, AWR: b, b; b, DbIEEAD

[MaT, 27, MT/ b, Z; b, b; NR, NP/qint/H(q;Z)]TABl

(MAT, 27, O/ b, b; b, b; b, Db]SEND.
The general symbol H{g;Z) is used for either F(g;Z) or S(q;Z) for ccherent and

incoherent scattering, respectively.

27.2. FILE 27 Procedures

1. Values of F(g;2Z) should be entered in each case for the entire energy
range for which integrated coﬁerent and incoherent cross sections are
given in File 23. This is true even though the respective values may
be 0.0 or 1.0 over most of the (higher) energy range.

2. The value of Z is entered in floating-point format.



A (TP,) (GP.)
i i i

AC,, AC

1 2’ hC

3!

APPENDIX A
Glossary

the effective scattering radius.

the probability of a photon transition.

the mass of the nth type atom, Ao is the mass of

the principal scattering atom in the molecule.

probability of emission of a Yy ray ¢f energy

E = ¢ = g, as a result of the residual nucleus
Y k '3 th th

having a transition from the k to the £ level.

Zth Legendre coefficient associated with the

discrete photon or photon continuum specified by k.
constants used in the Watt spectrum.

the abundance (weight fraction) of an isotope in

this material.

AC4, BCl, BC2

Adler-Adler radiative capture cross section.

the background constants for the

AF4, BFl: BF2

Adler~-Adler fission cross section.

the background constants for the

Mnemonic of laboratory originating evaluation.

the compound nucleus spin, J (the spin of the

resonance) (floating point).

the spin-dependent effective scattering radius

for spin-down, A .

Section

12

11

14



AMCG

AMUX

AT , AT

AUTH

AWRT

3 (N)

BR

ABR

¢ AT,

4

A
¥
o

the number of degrees cf freedom used in

£issicn width distribution.

the number of degrees of freedcm used in the

radiation width gistribution.

the numbar of degrees of freedom used in the

neutron width distribution.

the number of degrees of freedom used in the

competitive width distrisution.

AT4, BTl, STZ

the Adler-Adler tstal cross section.

the backgreund constants for
the spin-dependent effective scattering radius
A_ (for spin~up).

author of evaluaticn.

the ratio of the mass of the atcm (or moclecule)

to that of the neutron.

the ratio of the mass of the particular isotope

to that of the nsutzon.
the list of constants.

Fraction of the decay which proceeds by the

corresponding decay mode.

Uncartainty in BR.



BR({N)

DDATE

DET

DEF

DEC
n

the branching ratio at the Nth energy peoint giving
the fraction of the criginal nuclide in a specified
state that results in a specified product nuclide

state for a specified reaction.

the coefficients of a polyncmial. There are NC

coefficients given.

the array of yield data for the i energy point.
This array contains NFP sets of three parameters
in the order ZAFP, FPS, YLD.

the coefficients for a polynomial.

the coefficients of a polynomial. There are NC

coefficients given.
the mean level spacing for a particular J-state.

the decay constant (sec-l) for the decay of a

particular state of the product nuclide (Zar).
original distribution date of the evaluation.

the Adler-Adler resonance energy for the total
cross section. Here and below, the subscript n

th
denotes the n level.
the resonance energy for the fission cross section.

the resconance energy for the radiative capture

cross section.

Section
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dc’c:c:h

du

1

L]

and AE

El

the value cf /2, (v), used for the total czross

secztion.

the value of /2, (v), used for the fission

cross section.

the value of T/2, {(v), used for the radiative

capture cToss section.

differantial scattering czoss section in units of

barns per steradian.

differential photeon preduction cross section in

barns per steradian.

differential rhoton coherent scattering.
energy cf the incident neutxon.

Energy (eV) or radiation produced (EB" EB*' EY'

etc.).

the seccndary neutron energy (eV).

the incident neutron energy of tke J'.th point (eVv).
Available Energy.

the interpolation scheme for each energy range.
(Appendix E).

14

27

4,7,14



E ,AE
X X

EDATE

B

ES (N)

ES(N)

F and AF

the threshold energy.

Average decay energy (eV) of radiation of type x
and its uncertainty (evV). The 8,y and a energies
are given in that order, with space reserved for
zero B8 or y entries. All non-y and non-a energies
are presently included as B energy. The a energy
includes the recoil nucleus energy.

date of evaluation,

the photon energy or Binding Energy.

the lower limit for a resonance region energy range.
the upper limit for a resonance region energy range.
the resonance energy (in the laboratory system).

energy of the ith level.

the energy of the level from which the photon

originates.

the energy of the Nth incident energy (eV) at which

branching ratios are given.

the energy of the Nth point used to tabulate energy-
dependent widths.

Normalization factor (absolute intensity/relative

intensity).

Section

13

12

13



Section

F(g;2Z) The form factor for conherent photsn scattering. 27
E‘(EY +~ E,u) An energy-angle distribution function for photan

production (photons/evV). 12-15
£k(E -~ E') the kth partial energy distribution. The definition

depends on the value of LF. 5
fk(zy + E) A normalized (to unity) photan energy distrisution

(or probability density) function at incident neutron

energy £ for the kth subsection within a reaction

type (ev'ly. 12-15
. th . s
£, 2 Legendre golynomial coefficient. 4
FPS the state designator (flcating-point number) for a

fission product nuclide. 1
C;R'z‘_1 related to the symmetrical total cross section

parameter, 2
GI:T."n related tc the asymmetrical total cross secticn

Parameter. 2
GR.‘:‘_1 the symmetrical fission parameter.. 2
GIPn the asymmetrical fission parameter. 2
GRCn the symmetrical capture parameter. 2
GICn the asymmetrical capture parameter. 2
GG the average radiation width. It is energy dependent

if LRU = 2. 2



9
2

Jed

(E +E
S v )

B(q:2)

B(N)

the average fission width. This value may be

energy dependent.

the average competitive reaction width.

the average reduced neutron width. It is energy

dependent

The conditional probability of photon emission in

a direct transition from level j to level i, i < j.

the resonance total width T evaluated at the

resonance energy ER.

the neutron width Tn evaluated at the resconance

energy ER.

the radiation width Ty evaluated at the resonance

energy ER.

the fission width Tf evaluated at the resonance

energy ER.

A particular class of the functions qj(EY +< E) in
File 15; those which are tabulated (ev-l).

A general symbology for a form factor or incoherent
scattering function: either F(g;Z) or S(q:2),

respectively.

the array containing the Hollerith information that

describes the particular evaluated data set.

Section

12

15

27



h(E_+« E.,u)

I and AI

[ ]

ICC and AICC

INT

INT (m)

A normalized (to unity) energy-angle distribution

function for photon producticn (ev-l).
Intensity of radiation produced.
the normalizing denominator (see 5.3).

the interpolation scheme (see Appendix E) to be

used between the Ei-l and Ei energy points.
Internal conversion coefficient.

the interpolation scheme to be used for inter-
pelating between the cross-sections cbtained Zzom

average resonance parameters.

the interpolation scheme identification number

used in the mth range.
Boltzmann's contant.
order of the Legendre polynomial.

the value of the {~-state (neutron angular pcmentum

guantum number) .
) th .
the value of ¢ (for the L~ coefficient).

a flag indicating which temperaturs has been used

to compute a and 3.

a flag indicating which reference frame is used for

both secondary angles and energies.

16



a flag to indicate whether induced reaction decay

data are given for this material.

a test to determine whether energy-dependent

fission product yields are given.

a flag that specifies the energy distribution law
that is used for a particular subsection (partial

energy distribution).

a flag that indicates whether this material is

fissionable.

a flag that indicates whether fission product

yield data are given for this material.
an indicator that specifies the final excited
state of the residual nucleus produced by a

particular reaction.

a flag indicating whether averace fission widths

are given in the unresclved resonance region for

this isotope.

The transition probability array flag for dis-
tinguishing between doublet and triplet arrays in
File 12.

a flag to indicate the kind of Adler-Adler parame-
ters given. The isotropy flag in File 14.

an indicator that specifies the initial state of
the target nucleus (for materials that represent

nuclides).

Section

5,16

12

2,14



WD

wp

INUT

LRF

Lap

LT

A-10

a test that indicates whether polyncmial or

tabular representation is used.

a test that indicates what representation c? V(E)

has been used.

a test that indicates what representation of VI(E)

has been used.

The option flag to determine whether multiplicitias
or transition procbability arrays are to be given in
File 12.

Indicator of whether or not the particular photoen

is a primary.

a flag to be used in the reactions MT = 51, 52,
53,...., 90, angd 91, to define x in (n,n'x). (See
Section 3.24.4.)

a flag indicating which resonance parameter repre-
sentation has been used for this energy range. The
definition of LRF depends on the value of LRU Zor

this energy range.

a flag that indicates that resolved and/or unresolved

rescnance parameters are given in File 2.

a flaq indicating whether an energy range contains

data for resolved or unresclved resonance parameters.

a flag to specify whether temperature-derendent data

are given.

Secticn

1.2

12

13

2.1



LT

LTT

vt

L2

NAV

A-1l

Temperature dependence (see Appendix F).

a flag to specify whether Legendre or probability

representation is used.

a flag to specify whether a transformation matrix

is given for elastic scattering.

an integer to be used as a flag or a test.

an integer to be used as a flag or a test.

the number of atoms of the nth type in the molecule.
Material number.

File number.

Reaction type number.

the integer value of the number of degrees of freedom

for fission widths.

the MF of the nth section.
th .

the MT of the n section.

the number of angles (cosines) at which the secondary

distributions are given.

Total number of decay modes for which average

energies are given.

Section

4,6,14



A-12

Secticn
N3 the total numnber of 3 values given. 7
. th

NBT (n) the value of N separating the mth and (m+l)

intezrpolaticn ranges. o}
NC the nunber of partial distributions used to represent

£{(E <+ E). 15

Y

NC a count of the number of terms used in the polynomial

excansion. 1
Ncn the number of 3CD card images in a given section (the

nth section) . 1
NCD the number of terms in the polynomial expansion. 1
N {ascs a count of the number of terms used in the polyncmial

exgansion. 1
NDK total nunber of decay modes given. 1l
NE nunber of neutron energy rpoints given in a TAB2

record. 0,14
NE the number of energy points at which branching ratios

are given for a specified initial state. 1
NE the number of energy points at which energy-dependent

widths are tabulated. 2
NE the number of incident energy points at which

tabulated distzributions are given. Also the number

of points at which 9(E) is given. 4,5



NI

NI

NIS

NJS

A-13

the number of energy ranges given for this isotope

the number of secondary energy points in a
tabulatioen.

the number of fission product nuclide states to be

specified at each incident energy point.

the total number of items in the B(N} list.
NL = 6* (NS + 1).

number of isotropic photon angular distributions
given in a section (MT number) for which LI = O,
i.e., a section with at least one anisotropic

distributiocn.

the number of isotopes in this material.

the number of sets of resolved resonance parameters
(each having the same J state)} for a specified

f-state.

the number of partial energy distributions. There

will be one subsection for each partial distribution.

the number of elements in the transformation matrix

NK = (NM + 1)2.

the highest order Legendre polynomial that is given

at each energy.

highest value of £ required at each neutron energy

E..
i

Section

14

4,6

14



NLS

A-14

Section
the count of the number of levels for which
parameters will be given. 2
the number of L-states considered. A set of
resolved rescnance parameters is given for each
L-state, 2
the maximum order Legendre polynomial that will
be required to describe the angular distributions. 4
the number of precursor families considered. 1
the number of goints in a tabulation of y(x) that
are contained in the same record. 0.5
the total number of energy points used to tabulate
V(E). 1
the number of angular points (cosiness) used to
give the tabulated prcbability distributions for
each energy. 4
the number of incident energy points at which
Pk(E) is given. 8
the number of a values given for each value of 8
for the first temperature described, NP is the
number of pairs, a and S(a,8), given. 7

the number of product nuclides and/or precduct
nuclide states for which data are given for one

state of the original nuclide. 1



NR

NRS

NS

NS

NS

NSP

Nl

A-15

Section
the number of different interpclation intervals
in a tabulation of y(x) that are contained in the
same record. 0.5
the number of resolved resonances for a given
f-state, 2.2
the integer number of states of the original
nuclide for which reaction product data are given. 1
the number of non-principal scattering atom types.
For most moderating materials there will be (NS + 1)
types of atoms in the molecule. 7.2
number of levels below the present one, including
the ground state. 12
Total number of spectra. 1
number of transitions for which data are given in a
list to follow. 12
the count of the number of elements in the Hollerith
section. 1
the count of the number of sets of background con-
stants to be given. 2
an integer count of all the sections to be found in
the dictionary. 1l

an integer to be used as a count of items in a list

to follow except for MT 451. 1



N2 an integer to be used as a count of items in a
second list to follcw.

2, (E) the probability or weight given to the ' partial
distribution, q*(EY « E).

o

Pk(E the fractional part of the particular cross section
that can be described by the kth partial energy
distribution at the Nth incident energy zoint.

- 2T do -

P(J:- a (E) an (QI‘-)

s

Q the reaction Q-value (eV). Q = (rest mass of
initial state - rest mass of final state.)

Q Toctal decay energy (eV) available in the correspond-
ing decay process. (This is not necessarily the
same as the maximum energy of the emitted radiation.)

AQ Uncertainty in Q value (eV).

1/2 . L

g = 2a(2(1 - u)] the recoil momentum of the atom (in inverse
angstroms.

.th . . , . . . .

g.(E =+ E) the j normalized partial distribution in the units

DA -1 .
eV .,

RDATE date and number of last revision REV1- followed by
nonth-year as in EDATE

REF reference to evaluation

Saction

15

13

1.1

1.1
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Section
RFS Isomeric state flag for daughter nuclide. (Fixed
point number.) 1.7
RTYP the designation of the reaction type leading to
the described product nuclide state and is a
floating-point equivalent of MT numbers. 1.3
2 2 s :
r,=e /moc the classical radius of the electron. 27
s the temperature (°X). NOTE: If the LR flag is
used, S becomes Ql for the reaction corresponding
to LR. 3
5(a,8,T) defined (for a moderating molecule) by the relation
dzc E ? _n_bn on E -8/2
s — - =
o a (E-+E',u,T) T E e _Sn(u.B,T)° 7
n=0
SPI the nuclear spin of the target nucleus, I (positive
number) . 2
STYP Decay typre (Use mode of decay variable list). 1l
T the moderator temperature (°K). 7
Tl/2 Half-life of the original nuclide (seconds). 1
A’I‘l/2 Uncertainty in the half-life (should be considered
as one standard deviation). 1
TPi TPNS i the probability of a direct transition from level NS
14

to level i. 12



v
X

X(n)

Y(n)

g

Z5YMA

crobability of the residual nucleus having a

IS
transition to the lt" level given that it was
initially in the excited state corresponding to
the kth level.
a constant that defines the upper energy limit for
the secondary neutron so that 0 < E' < E - U (given
in the Lab system).
the matrix elaments of the transfcrmation matrices.
the nt“'1 value of x.

the nth value of y.

the fractional yield for a particular fission

product.

the designation of the original nuclide (2A =
(1000.0*2Z) + 2)

the (Z,A) designation for a material (see Appendix

c).
the (Z,A) designation for an isotope,

the (Z,A) identifier for a particular fission
product. (ZAFP = (1000.0*Z) + A).

the (Z,A) designation of the product nuclide (ZAP =
(1000.0*2) + A).

a Hollerith representation of the material Z-chemical

symool.

Secticn

11

Q.1

Q.1



c (E)

bn

£n

¥
ck(E)

c_ (B)

the momentum transfer, a = (E' + E = 2uVEE')/AokT.
the energy transfer, 8 = (E' - E)/kT.

the interpolation schemes used (see Appendix E

for interpolation formats).
' -1 .th
the decay constant (sec ~) for the i~ precursor.

delta function with Ej' € being energy levels

of the residual nucleus.

the total average number of delayed neutron

precursors formed per fission event.

a parameter used to describe the secondary energy
distribution. The definition of 6 depends on the

energy distribution law (LF).

the cross section (barns) for a particular reaction

type at incident energy point, E, in (eV).

the bound atom scattering cross section of the nth
type atom, An + 1 2
cbn = cfn A
n
th

the free atom scattering cross section of the n

type atom.

photon production cross section for the discrete

photon or photon continuum specified by k.

. L th
neutron cross sections for exciting the m, level

with neutron energy E.

Section

11

14

11



a

(E)
s

T

(background)

a=-20

the scattering cross secticn, e.g., elastic
scactering at enercy = as given in rile 3 Zor

the particular reaction type (MT).

< (AT, + AT_/E + AT /32 + AT /23
= 1 2 3 4

+ BT,*E + BT 'Ez).

1 2

Wick’'s limit cqross secticn in units of barns per

steradian.

cosine of the scattered angle in either the

laboratory or the center-of-mass system,

Section



APPENDIX B

Definition of Reaczion Tvoes

Reaction types are identified by an integer, MT. The allowed reaction
types are listed below. The reaction type number (MT) generally refers to a
specific neutron-nucleus interaction mechanism, but occasionally it indicates
that a particular type of'information is given. The general rules for assignment
of MT numbers are

MT (range) Description of Class of Reactions

1-100 Reaction types in which secondary particles of the same type
as the incident particles are emitted

101-150 Reaction types in which no secondary particles of the same type
as the incident particles are emitted

151-200 Resonance region infarmation

201~450 Quantities derived from the basic data

451-699 Miscellaneous quantities

700~792 Excitation cross sections for reactions that emit charged
rparticles

800-~999 (not assigned)

The specific MT assignments are given in the table below. For the most
part, they are consistent with those used in the UKAEA Nuclear Data File.

MT Description

1 Total cross section (redundant, equal to the sum of all partial
cross sections)

2 Elastic scattering cross section

3 Nonelastic cross section (redundant, egual to the sum of all
partial cross sections except elastic scattering)

4 Total inelastic cross section (redundant, egual to the sum of
MT = 51, 52, 53, ..., 90, 391)



MT

[)}

10-1s

16

18
19
20
21
22
23
24
25
26

27

28
29

30

Descristics

(to be assigned)

{n,2n) cross section for first excited stata (descrikes first

neutron)

(n,2n) cross section for second excited state (descrikes first

neutron)

(n,2n) cross section for third excited state (describes first

neutron)

(n,2n) cross section for fourth excited state (describes first

neutron)

(to ba assigned)

direct (n,2n) cross section (total (n,2n) cross secticn is sum

of MT = 6, 7, 8, 9 and 18]
{(n,3n) cross section
Total fission cross section (sum of MT = 19, 20,
(n,£) cross section (first chance fission)
(n,n'f) cross section (second chance fission)
(n,2nf) cross section (third chance £ission)
(n,n"a) cross secticn
(n,n17°3a) cross section
(n,2na) cross section
(n,3na) cross saction
(n,2n) iscmeric state cross section

Abscrption cross section (sum of MT = 18 and 101)
particle reactions)

{(n,n"p) cross section
(n,n"2a) cross section

(n,2n2a) cross saction

21, 38)

(includes



MT Description

31 to be used as LR flag only*

32 (n,n"d) cross section

33 (n,n"t) cross section

34 (n,n‘aﬂe)

35 (n,n"d2a) cross section

36 (n,n"t2a) cross section

37 {(n,4n) cross section

38 (n,3nf) cross section (fourth chance fission)
39 To be used as LR flag only*

40 To be used as LR flag only*

41-45 (to be assigned)

46 cross section for describing the second neutron from (n,2n)

reaction for first excited state

47 cross section for describing the second neutron from (n,2n)
reaction for second excited state

48 cross section for describing the second neutron frem (n,2n)
reaction for third excited state

*The following MT numbers are used only as LR flags in crder to indicate the
mode of decay of the residual nucleus:

LR Description
31 Indicates that y-emission is the mode of decay of the residual

nucleus formed in the primary reaction.

39 Indicates that internal conversion is the mode of decay of the
residual nucleus formed in the primary reaction.

40 Indicates that electron-positron pair formation is the mode of
decay of the residual nucleus formed in the primary reaction.

{The "primary" reaction cculd be, for example, an (n,n”), (n,p), (n,a), (n,np),
etc., reaction.)



MT Pescriction

49 crcss section f£or describing the second neutron frem (n,2n)
reaction for fourth excited statea
(Note: MT = 48, 47, 48 and 49 snould not be included in the
sum for the total (n,2n) cross sect=ion)

50 (to be assigned)

51 (n,n') to the first excited state

52 (n,n') to the second excited state

96 (n,n') to the 40th excited state

91 (n,n") to the continuum

92-100 (to be assigned)

101 neutron disappearance (sum of all cross sections in which a

neutron is not in the exit channel).

14
MT = 101 is E {(MT-100+1)

im2
102 {n,v) radiative capture cross section
103 {n,p) cross section
104 (n,d) ccoss section
105 {n,t) cross secticn
106 (n,3He) cross section
107 (n,a) cross section
108 (n,2a) <xross section
109 {n,3a) cross section
1llo (to be assigned)
111 (n,2p) cross secticn
112 {n,pa) cross section
113 (n,t2a) cross section

114 (n,d2a) cross section



MT
115-119
120

121-150
151

152-200
201-250

251

252

253

254-300

301-450

451

452

453

454

455

456

457

458-500

S01

502

503

504

Description

(to be assigned)

Target destruction = nonelastic less total (n,n”vy)
(to be assigned)

General designaticn for rescnance information

(to be assigned for specific resonance information)
(to be assigned)

; » the average cosine of the scattering angle (laboratory system)
for elastic scattering

£, the average logarithmic energy decrement for elastic scattering

Y, the average of the square of the logarithmic energy decrement
for elastic scattering, divided by twice the average logarithmic
decrement for elastic scattering

(to be assigned)

Energy release rate parameters, E*g, for total and partial cross
sections. Subtract 300 from this number to obtain the specific
reaction type identification. For example, MT = 302 = (300 + 2)
denotes elastic scattering

Heading or title information (givenonly in File 1

v, average total (prompt plus delayed) number of neutrons released
per fission event

Radicactive nuclide production
Fission product yield data

Delayed neutrons from fission

Prompt neutrons from fission
Radioactive decay data

(to be assigned)

Total photon interaction cross section
Photon coherent scattering

{to be assigned)

Photon incoherent scattering



MT

S05~514

513

51s

517

518

S1l9=-531

532

533

534-601

602

701

702

703

704

718

719

720

721

722

B-6

Cescriztion

(o be assigned)
Pair production, electron field

Pair production, nuclear and electron field (i.e., pair plus
triplet production)

Pair production, nuclear field
Photofission (y,f)

(to be assigned)

Photoneutron (y,n)

Total ghotonuclear

(to be assigned)

Photoelectric

(to be assigned)

(n,po) czoss section (cross section for leaving the residual
nucleus in the ground state)

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

(n,pz) " " " 2nd " "
(n'ps) " " »w 3rd " L

(n,p4) 4th

(n.pc) " " " continuum excited stats

(n,p_ '} cross section for continuum specifically not included in
o ¥otal (redundant, used for describing outgoing proton)

(n,do) cross section for ground state
(n,dl) cross section for lst excited state

(n'dz) 2nd



MT Description
738 (n,dc) cross section for continuum excited state
739 (n,d ') cross section for continuum specifically not included

inc total (redundant, used for describing outgoing deuteron)

740 (n,to) cross section for ground state

741 (n,tl) " " " lst excited state

742 (n,tz) " " " 2nd " "

750 (n,tc) " " ® continuum excited state

759 {n.,t_') cross section for continuum specifically not included in
¢ Total (redundant, used for describing outgoing triton)

760 (n,3He0) cross section for ground state

761 (n,3Hel) cross section for lst excited state

778 (n,BHec) cross section for continuum

779 (n,BHe ) cross section for continuum specifically not included in

o tofal (redundant, used for describing outgoing “He)

780 (n,ao) cross section for ground state

781 (n,al) cross section for lst excited state

798 (n,ac) cross section for continuum

799 (n,cc') cross section for continuum specifically not included
in T (redundant, used to describe outgoing a)

800-999 (to be assigned)



c-1

APPENDIX C

ZA Desicnation of Materials

A floating point number, ZA, is used to identify materials. If Z is the

charge number and A the mass number, then 2ZA is computed from
ZA = (1000.0*Z) + A
For example, ZA for 238p is 92238.0, and ZA for beryllium is 4009.0. For ma-
terials other than isotopes, the following rules apply.
(1) If the material is an element that has more than one naturally oc-
curring isotope, then A is set tc 0.0. For example, ZA for the element
tungsten is 74000.0.
(2) For all other types of material, Z is set to zerc, and the appro-
priate ZA is given in the following table. For example, ZA for H20 is
given as 100.0. The following classifications apply.

ZA (range) Class of Materials
1-99 Hypothetical materials
100-1¢29 Liquid moderators and coolants
200-299 Solid moderators
300~39% Metal alloys, cladding, and

structural materials

400-~499%9 Lumped fission products

Table of Appropriate ZA Designations

ZA Material
1 Pure l1/v absorber. Uabs (2200 m/sec) = 1.0
2 Pure scatterer. US(E) = 1.0

3-99 (to be assigned)



ZA Material
100 Water, HZO
101 Heavy watex, Dzo
102 Biphenyl, clzﬂlo
103 Scdium hydroxide, NaCH
104 Santowax R, c18314
105 Dowtherm A
10e Benzene
107-199 {(to be assigned)
200 Beryllium oxide, BeQ
201 Beryllium carbide, Be2C
202 Beryllium flucride, Ber
203 Zirconium hydride, z:Hx
204 Polystyrene, (CI-I)n
208 Polyethylene (CSZ) n
206-300 (to be assigned)
301 Zircalloy 1
302 Zircalloy 2
303 (to be assigned)
304 304~-tyre stainless steel
305-309 (to be assigned)
310 Uranium dioxide, Uo2
311-314 (to be assigned)
31s Uranium carbide, UC
316-399 (to be assigned)
400 2330 fission products (rapidly saturating) for thermal reac<ors
401 235, " n " " " " "
239 " n " n " " "

402 U



ZA Material

403 2“‘Pu flssion products (rapidly saturating) for thermal reactors
404 232 " “ " " " “ "
405 23BU " " " " " " "
406 240Pu " " " " " " "
407-409 (to be assigned)
410 233U fission products (slowly saturating) for thermal reactors
411 23SU " " " " " " "
412 239Pu " " " " " " "
413 241Pu " " " " " " "
414 232'1‘1’1 " " " " " " N
415 238, " " " " " " "
416 24oPu " " " " B " »
417-419 (to be assigned)
420 233U fission products (nonsaturating) for thermal reactors
421 235, ., . " ] ; ;
422 23, . " " " " "
423 24 lPu " " " " " "
424 232Th " " " " " "
425 2380 " " " " " "
426 240Pu " " " " " "
427-429 {to be assigned)
430 233U fission products (rapidly saturating for fast reactors
431 23 sU " “ " " " " "
432 239Pu " " " " " " "
433 24 lPu " " " " " " "

232 " " " " " " "

434 Th



ZA Materials
435 238U fission products (rapidly saturating) for fast reactors
436 2409u " " " " " " "
437-439 (to be assigned)
440 2330 figsion products (slowly saturating) for fast reactors
a1 235, . " ) - . ;
442 239Pu " n n " " " "
443 241Pu " " " " " " "
444 232Th " " " " " ” »
445 2380 " " " " " " "
446 240Pu " " " " " " "
447-449 (to be assigned)
450 2330 fission products (non-saturating) for fast reactors
451 2350 " " " " " "
452 239Pu " " " " " "
453 2L, . . | e
454 232Th " " " " " "
4535 2380 " " " " " "
456 240Pu " " " " " "

457-499 (to be assigned)



APPENDIX D

Rescnance Region Formulae®

D.l1. THE RESOLVED RESONANCE REGION

D.1.1. Single-level Breit-Wigner Formula: LRU=l, LRF=]

The formulae appearing in Gregson et al.,(l) which omit the resonance-

resonance interference terms, are adopted. These formulae, written in the

laboratory system for all f-values and without Doooler broadening, are {for

a particular isotope)

1. Elastic Scattering Cross Section

NLS-1
o (8) = E b (m,
n,n n,n
i=Q
where
[l 47 . 2
cn,n(E) = (2!.+1)k2 sin ¢£

NR
J 2 . 2 - ,
. 2 . Z I‘nr cosz¢£ 2rnr (I‘Yr + I‘fr) sin ¢£ + 2(E Er) rnr s:m2¢2
2 J W2 2
=1 (E Er) + 1/4 Tr

*Several processing codes have been developed to calculate cross sections with
use of the formulae given here. These codes are given in Appendix I.

(1) K. Gregson, M.F. James, and D.S. Norton, "MLBW - A Multilevel Breit-Wigner
Computer Programme", UKAEA Report AEEW-M-517, March 1965.



2. Radiative Capture Cross Section

NLS-1
z =

Gn'Y(E) E cn'Y (),

i=Q
where

NR?
L T I.z'u:r.yr .

%.ﬂﬁ"—zZ%Z 2 )

k I el (E-Er) + 1/4 Pr

3. Fission Cross Section

NLS~-1
:E : %
Un'f(E) = cn.f(E)'
=0
whers
NRU
A T nr fr ’
g (28) = — g
n,f 2 :E:: J ooy 2 2
k 7 ey (= Er) + 1/4 Pr
whers
2J+1 .

97 T 221+

I is the spin of the target nucleus and J is the spin of the compound
nucleus for the rescnanca state.

I = SPI, as given in Pile 2 data for each isotore.




The summation on £ extends over all f~-states described. There will be

NLS terms in the summation.

NLS is given in Tile 2 for each isotope.

The summation on J extends over all possible J-states for a particular

L-state. NRJ is the number of resonances for a given pair of £ and J values.

NRS = E NRJ
J

NRS is given in File 2 for each i-value.

Fnr(fzrl) S GNr is the neutron width, for the rth resonance for a

particular value of £, evaluated at the resonance energy Er' For bound levels,

the absolute value IEr’ is used.

ro- P, (E) rnr<lzrl)
pi(IEr[)

T = [ () + T + T is the total width.
r nr Yr fr

The following quantities are given in FPile 2 for each resonance:
Er = ER, the resonance energy
J = AJ, the spin of thé resonance state
fnr(fErf) = GN, the neutron width
ryr = GG, the radiation width
rfr = GF, the fission width



s]_(lz-::l) - s, @

- - E
o :t ZPl(Tﬁ 1) r‘nr(ls':'l)
T
AWRI -3
k = 2.196771 m—t==m X 10 ‘E ,

where k is the neutron wave nunber and AWRI is the ratio of the mass of the
particular isotope to that of the neutron.

AWRT is given in File 2 data for each isotove.

E is the incident neutron energy (Laboratcry system);

S, is the shift factor,

2
So = 0
1
s, ==
1l 1+ D2
s - 18 + 302
2

9 + 302 . p4

P, is the penetration factor,

2
Po-p
o3
P -
1 1+°2
[*]
P, = 2
9+ 3 +op

where g = ka and "a" is the channeal radius (in units of 10.12 cm) and is
defined as
a = (1.230wRD) Y3 +0.8] x 1078



¢£ is the phase shift,

¢0=p

where p = k32 and a is the effective scattering radius.

a = AP, as agiven in File 2 data.

D.1.2. Multilevel Breit-~Wicner Formula: LRU=l, LRF=2

The equations are exactly the same as above, except that a level-

level interference term is included in the ecuation for elastic scattering:

NR r-1

J - .
R Z Zl‘nrrns [(E Er) (E BS) + 1/4 l‘rl‘s]
) %5 2 2
J

o 2 2 .
=2 s=1 {(E-Er) + 1/4 Tr] [(E—Es) + 1/4 Ts

D.1.3. Reich-Mcore Formulae

A detailed derivation of these formulae is to be found in Reich and

(2)

Moore. Neutron cross sections with an exit channel ¢ are given by*
.2 J 2
c = 7 -
nc "n z gJ, énc Unc ! (1
J

where *n is calculated in the center-of-mass system; and

*These formulae are to be used for the 0°K case (nc Doppler broadening terms
given).

(2) C.W. Reich and M.S. Moore, Phys. Rev. 1lll, 929 (1958).



1 . AWRI -3 —
:: = K, 2.196771 AWRI+1.0 x 10 E(ev) (2)

where AWRI i3 the mass of the target nucleus in units of neutron mass. The

statistical facter

(23+1)

Iz 2(21+1) ' (3)
where J is the spin of the compound nucleus resonance and I is the tarcget
nucleus spin.

In terms of the Reich-Moore approximation one may write

J o zi(e _+9 ) ey 1 -

Unc e ''n "¢ 32[(1 K) ]nc Gncz ' (4)

i Mo Taet (s)
where (I-K) . = & _ == : ! -
ce ce 2 E. =% =%
A X T 2%y

where the sumation in Eg. (5) is over the rescnance levels A; 2, is the

A

rescnance enexgy; PAY , the corresponding radiation widths; and rkc and FAC ,

are the widths for the A-th level and channels ¢ and c”, respectively.
If we define
-1 mnc
Pre Gnc - =% ]nc = 6nc -T2

where A = |I-K| is the determinant of the matrix I-XK and L is the cofactor

of the element (I-K)nc cf the matrix I-X, we obtain



2 -2id
= 27 X ; g.(l-cos2¢ ) + 2g_Re n . {6}
n / J n J e pnn
J
2 J 2
o . 1 z 95 ll—um} . (7
T
2 :E: 2
on.Abs = ch - onn = 4l *n gJ Re (pnn) ] pnn l ) (8)

= - . 10
cny anbs onFiss ‘ (10)

" "

For s-wave neutrens ¢n = +kna where kn has been defined by Eg. (2) and "a" is

the channel radius. For p and d-wave resonances ¢n is defined in Section D.1l.1l.

D.1.4. Adler-aAdler Multilevel Resonance Parameters: LRU=1, LRF=2

3,4
The formulae for obtaining cross sections, taken from Adler and Adler( )

are given for the total, radiative, capture, and fission cross sections (with-

out Doppler broadening).

(3) F.T. Adler and D.B. Adler, Conf. on Neutron Cross Section Technology, Vol. II,
873 (19€7) .
(4) D.B. Adler and F.T. Adler, ANL-6792, 695 (1963).
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In all three formulae,
w = 2 ka,

where k is the neutron wave number,

AWRI =3
k = 2.196771 AWRI + 1.0 x 10 E(eV) ,

and
a = AP = effective scattering radius (in units of 10-12 cm) ;
c 2 L
E = T R = >

3
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D.2. THE UNRESOLVED RESONANCE REGION: LRU=2, LRF=1l or 2

Average resonance parameters are provided in File 2 for the unresolved

regicn. Parameters are given for possible 2- and J-states (up to d-wave,
T
- - 2,7
r T . The parameters are for a single-level Breit-Wigner formula
Ye,3 £.3
’ [ 4

with interference. The widths are distributed according to a chi-squared

2 = 2) and the following parameters may be energy dependent: 5; 3’

distribution with a designated number of degrses of freedom. The number of
degrees of freedom may be different for neutron and fission widths and for

different (L, J) states. These formulae do not consider Doppler broadening.

D.2.1. Resonance Parameters for the Unresolved Region

A few definitions and formulae useful in the unresoclved rasonance region
are given below.

a. Level Spacing

The experimental value of mean spacing between resonances for a given 1

state is determined as
AEn

Dl, observed ~ TNo. of resonances of given £ (1)
where AEn is the neutron energy interval and £ is the angqular momentum of the
incident neutron. In using the above equation it is assumed that cﬁrrec:ions
have been made for missed levels or that only that part of the energy range in
which a plot of the level position vs. level number is linear has been used.
For most of the nuclei this quantity is determined by looking at the s-wave
rasonances.

If we assume that

p ~ (25 + 1),

J, L



where p is the density of ccmpound nucleus levels of spin J’ and given £,

J, L
then,

1
D o9.,<>bs = Z OJ,E ’ (2)

obs 7

Note: all allowed £ values label the same set of resonances.

If in addition I is the spin of the target nucleus, one can show that

DJ,z = Dz,obs x 2 x (2I x 1) x (28 x 1) x “I,z ///(§n7+" (3)
L+ 1
where mI'2 3%+ 1 for £ < I
I +1
and “I,z 3T 1 for 2 > 1

In the above we have neglected the exponential factors in the level density

formula to get a simple expression. From these expressions we can calculate
the level-spacing for the two sets of s-wave resonances and also derive the

spacings for the p and d-wave neutrons resonances.

b. Neutron Widths and Strength Functions

The definitions and usage of strength functions has been confused in
the literature as has been pointed out by Gyulassy and Perkins(S). These
ambiguities, however, do not effect the results for s-wave neutrons (L = 0)
or reactions on targets of spin zero (I = 0).

A microscopic strength function S(2,J,s) can be defined, however, what

is referred to in the literature as measurable is S(). The assumption is

always made that S(2,J,s) is independent of J and s. 1Two treatments which

(5) M. Gyolassy, S.T. Perkins, Nuc. Sci. Eng. 53, 482 (1974).



relate Sz to 51 . are found in the literature and arpear to differ in whether
™
an explicit sum over s is included(S). Except for the cases cited this can

7ield a factor of two 2ifference.

The strength function is defined here as

2
1 <g[‘n>
(22 + 1) D(2)

sS(2) =

23 + 1

E-TEE—:_IT for neutrons.

where the statistical weight factor g =

2
<gI‘;21> a9 <I‘n (J)> =g <1‘f_'1 (I,8)> .(\
u w (7
!.'J Ilz wI,l . )
where Wy o is defined above
and Hy 3 is the number of ways to form a given J state of given 2
’

(i.e. the multiplicity, either 1 or 2).

Note that the strength functions for a given i-state but different spin states

Jl' Jz, . “ Js would all be equal. For more detail see ref. 5.
We define the neutron width FnLJ for i-wave neutrons and spin J - states
as
r = Tt fExv, xuy (6)
niJ nJ ) 2,7’

whera PiJ is the reduced neutron width, E is the neutron energy in ev, Vz is

defined below, and u is the number of degrees of freedom for the neutron width

digtribution

P, (p)

Vl(p) = , where o = kr (k is the neutron wave number and r the nuclear

radius).
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L}
[

For L =0 VO(D)

2
o

l+ p‘

4
<]

L =1 Vl(o)

L= 2 v, {(p)
2 9 + 302 + 04

In ENDF instead of suming over S a value of u2 J is introduced. If S
1]

has one or two values, LTI is 1 or 2 respectively. (i.e. some of the spin
states could be formed via two possible values of channel spin, I + 1/2 and
I-1/2, and hence the corresponding neutron width could be thought of as fol-

lowing a Chi-squared distribution of y = 2 degrees of freedom.)



. Garmma Widths

In the limited energy range of a few keV usually covered by the unre-
solved resonance regicn, the gamma widths may be assumed to be canstant and
equal to that cbtained from an analysis of the resolved rescnances. If,
however, the energy range is rather wide, an energy dependence as given by
some of the well-known theoretical models(s) has to be built in. Sinca the
cbserved gamma width is a sum of a large number of primary gamma transitions,
each assumed to have a chi-squared distribution of uy = 1, it is found to have
au > 20. In effect this implies that the gamma width is a constant, since

a chi-squared distribution with a large number of degrees of freedcm approxi-

matas a §-functien.

D.2.2. Cross Sections in the Unresalved Region

a. Elastic Scattering Cross Section

NLS
%
= - -
%n.n (2) z San = .
LmQ
2 4 , 2
n,n (E}) = '3'(2£+l) sin ¢l
) 3
N.I!’S)a
2ﬁ2 97 I.nrn — .2
+ -3 = T -2 Fn sin ¢2 .
) 3 I Dz,J L,J L,J

(6) J.E. Lynn, "The Thecry of Neutron Rescnance Reactions," Chapter VII,
Clarendon Press, Oxford, 1968.



b. Radiative Captive Cross Section

NLS
2
o () = E o} () ,
n,y n,y
=0
NJSl
L - 2*1r2 gJ rnry
on y (E) = — = T .
’
3 3 D!“J L,J
¢. Fission Cross Section
NLS
£
Un,f (E) ; cn,f () ,
=0
NJSl
£ 2'rr2 gJ rnrf
o (E) = = .
n.f x° D I 4.
J L,J3 '

The summation over £ , in the above equations, extends up to £ = 2
or to NLS (the number of L-states for which data are given). For each value
of 2 , the summation over J-states extends to Nl.:'s2 (the number of J-states

for a particular f-state).

NLS and NJS are given in File 2.

T T
<ann> - feg Tea)
T - n
2,3 Ty 3 2,3
T T
<an1> . "0 Yeg) o
' /4.3 T Ys,3



- iy T
<rn £ B3 fa,g
= = — R_
YN Ty g 2.5
where R + R , and R are fluctuation intagrals for capture,
Y i 3 n
L,J X,J L,3

fission, and elastic scattering, respectively. Asscciated with each integral

is the number of degrees of freedom for each of the average widths.

Data given in File 2 for each (1, J) state

u = AMUN, the number of degrees of freedom for neutron widths
®2,3
e = AMUF, " " " " " " " fission widths
lpJ
My = AMUZX, " - " " " " " " competitiva
£,J
u = AMUG, " " " " " " " radiation widths
Ye,5
Fx = GX, the avarage ccmpetitive reaction width
L.
F: = GNO, the average reducsd neutron width
2,3
T = GG, the average radiation width
Ye,3
F} = GF, the average fission width
1,3
B; 3 = D, the average level spacing
’

The average neutron widths are

F; = FZ v ®n '
2,3 L,J L,J
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where the penetrabilities, V are

2 ’
VO = ] for s-wave neutrons, £ = Q
p2
v . —— for p-wave neutrons, L = 1
1l 2
1 +9p
o4
v - for d-wave neutrons, £ = 2
2 2
9 +3p +9p
The statistical weight factor, = is
- - 2J+1
% 2(21+0) °
The average total width, at energy E, is
T = T + T +T + T
L3 By Yo7 £, .3
where all widths are evaluated at energy E.
J = AJ as given in File 2
I = SPI as given in File 2
2 = 1 as given in File 2
p = Kka,
where k is the neutron wave number,
K = 2.196771 —RL___ 1573 E(ev)

AWRI + 1.0
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and

"a" is the channel radius (in units of 10-12 cm) ,

a = 1.23 (awrD Y2 + 0.8 x 107%.

AWRI is the ratio of the mass of the particular isotope to that of the

neutron.
AWRT is given in File 2. .

¢2 is the phase shift and

¢0-5 L = Q

¢l-5-tan'l‘ L=l

b, = ﬁ-tan'l(“:z) 2= 2

3-0

where

p = ka

12

and a is the effective scattering radius (in units of 10 ~° cm).

a = A as given in File 2.




APPENDIX E

Interpclation Schemes

Interpolation schemes are provided to obtain values of a function. y(x),
from a tabulated series of X(N) and Y(N). The symbolism used to specify an
interpolation scheme might be

[MAT, ¥F, MT/C1, C2; L1, L2; NR, NP/E,  /Y(E)]TABL '
where Eint implies an interpolation scheme and Y(E) implies pairs of values
for E(N) and Y(N). The binary record would actually contain the following
numbers:

[MAT, MF, MT, C1, C2, L1, L2, NR, NP, NBT(1l), INT(1l), NBT(2), INT(2),

NBT(3), INT(3), ..., NBT(NR), INT(NR), E(1), ¥Y(1), E(2), E(3),

¥(3), ..., E(NP), Y(NP)]

NP is the number of pairs, E and ¥, that are given. NR is the number of in-
terpclation ranges given. NBT (l) is defined to mean that a particular inter-
polation scheme is to be used between point number one and the pcint number
given by NBT(l). The interpolation scheme %to be used in this range is specified
by the value of INT(l). Likewise in the second interpolaticn region, between
the point number given by NBT(l) and that given by NBT(2), the interpolation
scheme is given by the value of INT(2). The procedure is followed until all
interpolated regions have been specified. It should be obviocus that the value
of NBT(NR) is equal to the number NP. An illustration is shown in Figure E.1l.

Interpolation schemes for a two—dimensional function y(E',E) are similar.

The function is represented by a series of tabulated values and interpclaticn

schemes. 1In this case two interpolation schemes must be given, one for E and
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ard another for E'. This is specified by a TAB2 record followed by several
TABlL or LIST records. An example might be

[MAT, MF, MT/Cl, C2; L1, L2; NR, NE/E,  ]JTAB2

[MAT, MF, MT/Cl, E(l); L1, L2; NR, b&'/sint/q(}:',}:l)]'msl

(MAT, MF, MT/Cl, E(2); L1, L2; NR, NF/Eint/g(E" Ez)]TﬂBl

‘AT, MF, Mr/Cl, E(NE); L1, L2; MR, NF/E]_ /g(E', E_)]TABL
In this case NR, in the TAB2 record, indicates the number of interpolation
ranges for (E). Thera will he NE TABl records, each will contain a value of E.
Eint is the interpolation scheme used for the E mesh. NF in each TABl record
indicates the number of pairs, E' and g(E',E) that will be given in the par-
ticular racorzd. Eint is the interpclation scheme to be used. The allowed

interpolation schemes are given below.

paiyy Descriotion
1 vy is constant in x (constant)*
2 y is linear in X (linear-linear)
3 ¥y is linear in 2n x (linear-loqg)
4 Ln y is linear in x (log~linear)
5 in y is linear in &in x (lecg-log)

*Note: INT = 1 (constant) implies that the function is constant and equal

to the value given at the lower limit of the interval.



APPENDIX F

Temperature Dependence

Any of the data given in Files 3, 4, 5, 6, or 7 may have a temperature
dependence (where it is physically realistic). The temperature dependence is
specified by repeating the data for each temperature given and indicating how
to interpclate the data between temperatures. LT is a flag that indicates
whether or not temperature-dependent data are given.

The following quantities are defined.

. th o

Tm is the m  temperature (°K).

LT is a test for temperature dependence:
LT = 0 means no temperature dependence;
LT > 0 means that the function y(x,T) is given at (LT + 1)

temperatures.

is the interpolation scheme used between Tﬁ-l and Tm' The values of

Fla

I have the same definitions as INT given for other interpolation
schemes (see Appendix E).
Since the data will always be given in a LIST or TABl record, consider
a TABl record for a function y{(x). In this case the functions must be vy(x,T).
The function at the first temperature y(x,Tl) is given in a TABl record. The
functions for the remaining temperatures are given in LIST records. The number
of LIST recorxds will be LT. An example might be

[MAT, MF, MT/ T,, C2; LT, L2; NR, N'Pl/ Xint/Y(X,Tl)]mBl

1

[MAT, MF, MT/ T2, c2; 1 L2; N, 0/ Yn(Tz)]LIST

2’ 2
[MAT, MF, MT/ T3, c2; I3, L2; NP3, c/ Yn(T3)]LIST
[MAT, MF, MT/ TL'N-l' c2; ILt+l' L2, NPLt+l' o/ Yn(TLT+l)]LIST



The LIST records must be given in order of increasing value of the tem-
perature Th. Note that the interpolation scheme Im is given in the same record
position in the LIST recor< as LT in the TABl record. Also note that in the
T™ABl record (for the first temperature) pairs of values are given, X(N) and
Y(X,Tl), while in the LIST reccrd only values of Y(X,Tz) are given. It is
implied that ¥(X,T,) given at the N point is for the same valtue of X(N) as
is given for Y(X,Tl). This means that the X mesh is given only once, for first
temperature.

If a cross section exhibits a temperature dependence, it will generally
cccur only at low neutron energies, and the high energy data will be independ-

ent of temperature. Therefore, the LIST records for the second and hicher

temperatures mav contain NP's that are less than the NP given on the TABl rec-

ord. If the subscript n denotes the temperature, the following condition is
defined:
>
NB) 2 WP,

For example, consider the fission cross section for a particular material

2 tesesseasd> NP

LT+l

where rasonance parameters are not given. cf(E) may be described by 1000

> eV to 15.0 x 10°

energy points (NP = 100C) that cover the energy range frcm 10°
eV for a temperature of 293.0°K. These data would be given in a TABl record.
If the fission cross section is given at 6C0.0°X and temperature effects are
not importanﬁ for neutron energies above 1.0 x lo3 eV (described in the TAB1
record by the first 500 points), then a LIST rescord is given for 600°K and NP
would be equal to 500. It is implied that the first 500 energy points for both

sets of data are exactly the same.
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If the temperature dependence refers to data already in a LIST record,
all records are of the LIST type. The first LIST record contains the data

for the first (lowest) temperature.

[MAT, MF, MT/ 'rl , C2; LT , L2: NPl , 0/ Bn(Tl) jLIST
[MAT, MF, MT/ 'r2 , C2; 12 ., L2; sz , 0/ Bn(Tz) JLIST
(MAT, MF, MT/ T3 , C2; 13 ., L2; NP3 , O/ Bn(TZ) jLIST
(MAT, MF, MT/ TL'I‘+1' C2; IL'I‘+1' L2, N‘PL,NI, o/ Bn(TL,Nl)]LIST

The same rules apply as for NP, i.e.,

NP, > NP

2 fe. 2>
L > 2 NP

2 LT+l

The above mechanism is used in File 1 to describe the variation of fissicn

product vields with incident neutron energv. In this special case, the

neutron energy replaces the temperature in the above illustraticn, and the

interpclation code Im refers to neutron energv.
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APPENDIX G

Alternative Structure for ENDF Data Tapes

The standard structure of an ENDF tape was described in Section C.4.2
of this report. The standard structure is well suited for BCD (card image)
and binary tapes.

An alternative structure of the ENDF data tapes has been developed for
use in certain cross section processing codes. This alternate arrangement,
illustrated in Figure G.l, is simply an interchange of materials and files.
The hierarchy is now MF, MAT, and MT.

Processing programs have been written that will convert an ENDF data
tape (either BCD card image or binary) from the standard structure to the

alternate structure (see Appendix I).
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APPENDIX H

Data Formats for the ENDF/A Library

The data formats and procedures to be used for the ENDF/A library are
essentially the same as those used for the ENDF/B. All processing codes, such
as CHECKER, RIGEL, and ETDE, will be able tc read the data tape, whether the
tape is an ENDF/A or ENDF/B data type. The only difference between the two
tapes is a flag in the HEAD record of the first section, MT = 451, in File 1.
Also, the first part of the Hollerith information (first two BCD card-image
records) will have an artificial structure. The modified structure for an
ENDF/A tape is

{[MAT, 1, 451/ A, AWR; LRP, LFI; NTY, NXC]HEAD

(MAT, 1, 451/0.0, 0.0, LDD, LFP; NWD, 0/

AIDL, ALAB, DATEl, AUTH /
REF, DATE2, DATE3, EMIN, BEMAX/H (N)]LIST

(MAT, 1, 451/0.0, 0.0; MFl, MTi, NCl, 0] CNT

NC + O]CENT

{MAT, 1, 451/0.0, 0.0, MF ’ MTNXC; e

NXC

{mMaT, 1, 0/0.0, 0.0, 0, 0, O, QJSEND



wnere

£ NTY = Q or tlank

NTY is flag to indicate

the type of data tape.

- ZNDF/B tape,

1 - ENDF/A tape,

2 - ENDF/A tape (translated from UKAEA library),

3 - ENDF/A tape (translated from XEDAXK library),

The first pat of the Hollerith information (first two BCD card-image records)

has the structure:

Field Col.
1 2-11
2 12-22
3 23-33
4 34-66
1 2-22
2 23-33
3 34-44
4 45-33
5 56-66

Name
(First Card)
AID
ALAB
DATEL
AUTH

(Second Card)

EMAX®*

Descrinotion
Material name (left adjusted).
Originating laboratory (left adjusted)
Date of evaluation (left adjusted)

Autheor of evaluation (leftf adjusted)

Reference (left adjusted)

Original distribution date (left adjusted)
Date of last revision (left adjusted)

Lower limit of energy range (format is El1ll.4)

Upper limit of energy range (format is Ell.4)

NWD has the same meaning as an ENDF/3 tape, i.e., it is the number of elements

in the Hollerith section (for BCD card-image tapes). NWD is the number of

card images used to describe the data set of this material. NWD includes the

count of the first two BCD card images. An example follows.

*Given only for materials that contain cross section data for one reactien type.



Code

AMPX

CAREN

CHEXER

ENDRUN

ETOE-2/
Mc2=2

ETOG3

ETOJ

ETOM

ETOM/
ETOG

ETOMX

ETOT

Org.

ORNL

BNL

BNL

BNL

SRL

ANC

WNES

BAPL
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Appendix I

Cross Section Processing Codes Using

ENDF/B-1V Data as input

Custodian

N. Greene

NNCSC

NNCSC

H. Henryson

A. Aronson

D. Finch

R. Grimesy

M. Raymond

J. Hardy

M. Raymond

Comments

A large code system which will
prepare neutron, photon production,
and photon interaction cross sec-
tions for use in a variety of codes.

Computes cross sections where
resonance region representation
changes. Used to check discon-
tinuities.

Checks formats of an ENDF file for
correctness.

Prepares neutron cross sections
and shielding factor tables for
use in the TDOWN code.

Prepares broad group neutron
cross sections for fast reactor

calculations. Also useé to pre-
pare fine group neutron cross
section libraries for use in the
SDX ccde.

Prepares neutron cross sections
for use in the MUFT code.

Interfaces the JOSHUA system with
ENDF.

Prepares neutron cross sections
for use in the MUFT code.

Prepares neutron cross sections
for use in the MUFT and GAM codes.
ND Adler-Adler capability.

Same as above.

Prepares pointwise thermal neutron
cross sections from Files 2 and 3
of ENDF/B format data. MNo Adler-
Adler capability.



Ccce

ETCX

ETOX

FLANGE

GAMLEG

GFE4/

GAND3

INTEND/

LAPHAND

LISTFC

RESEND

MINX

MINX

NJOY

PLOTEB

RIGEL

Crg.

HEDL

SRL

BNL

LASL

BNL

CRMNL

3NL

CRNL

LASL

BNL

BNL

Custodian

R. Schenter

R. MacFarland

D. Finch

f!. Labauve

D. Mathews

NNCSC

R. Lakbauve

NNCSC
C. Weisbin

NNCSC

R. MacFarland

C. Weisbin

R. MacFarland

NNCSC

Comments

Prepares neutron cross sections
and shielding factor tables for
use in =he 1DX zode.

Same as above.

Prepares thermal neutron cross
sections from ENDF/B data in-
cluding S(c,8) data in file 7.
No Adler-Adler capability.

Preparas photon interacticen cross
sections for shielding analysis.

Prepares neutron cross sections
for use in the GGT-4, GGC-5 and
MICROX codes.

Ccmputes a variety of integral
quantities from a pointwise ENDF
file.

Prepares photon production cross
section for use in shielding an-
alysis.

Generates interpreted listings
of ENDF files.

Processes covariance data for use
in sensitivity analysis.

Prepares infinitely dilute 0°X
pointwise cross seactions from
FPile 2 + 3 information.

Prepares neutron cross section and
shielding factor tables in the
SPHINX code.

Same as above.

Extension of MINX to provide a
coupled neutron/gamma ray capa-
bility for SPHINX.

Automatic plotting code for ENDF.

ENDF file Editing code. Creates
ENDF binary file formatted tapes.



Code

SUPERTOG

SUPERTON

SAMX

SCOPEL

SIaAl

VIXEN

Org.

ORNL

GE

Magi

BNL

BNL

Custodian

R. Q. Wright

C. Stewert

M. Beers

NNCSC

D. Cullen

V. Prael

NNCSC

Comments

Prepares neutron cross sections
for codes of the GAM/MUFT type.

Same as above,

Prepares cross sections for Monte-
Carlo codes.

Interactive or instructed plotting
code for ENDF.

Doppler broadens a linearized,
pointwise ENDF file.

A Monte-Carlo slowing down code

to prepare broad group cross sec-
tions for use in fast reactor cal-
culations.

Checking code for photon files.



J-1

APPENDIX J

Materials in the ENDF/B-IV Library

The following is a list of materials that
constitute the ENDF/B-IV Library. Those materials
found on ENDF Tapes 401-411 are referred to as
General Purpose Evaluations, Tape 412 as Dosimetry,
and materials found on tapes 414-419 are referred
to as Fission Product Evaluations.

Other materials exist and are available in the
ENDF format. For a list of materials in the
ENDF/A Library please contact NNCSC. Moderating
Materials(i.e.Scattering Law Data) have been carried
over from ENDF/B-III for H0, D30, Beryllium, BeO,
Graphite,Polyethylene,Benzene, H in ZrH, and E in
2rEH.

Additional materials such as a charged particle
starter library are also available.
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37-A0= 939 3145 RAQIDACTIVE DECAY DATA Om,Y 20 MEOL APRT4 R, C,OCNENTEN e
J7°R8= 9¢ 166 RAQIOACTIVC OfCay 0ATA OMLY 0 NEDL ABRT4 R, I, 3CNINTIR e
I7=09= 7 147 RAGIQACTIVE DECAY DATA OmLY 26 WEO, AsAYs R, T, ISNENTIR 44
37=0g- 90 148 ROCICACTIVE DELCay DATA MY ¢ WO APRTS R, L, SCHNENTEN e
I7=Rg- 9 149 RAGIOACTIYE OCCAY 0ATA ONLY 29 nEoL APRY?4 R, L, BCMENTLR 44
I7-40=-10¢ 178 RAQIDACTIVE OLCar 04T ONLY 23 NEDL ABRTs R, [ SCNENTEIR a9
37-A8-180¢ 173 RAQIOACTIVE DECAY DATa OWY 21 #EC, APRT4 R, L.SCHENTER %)
J0-SR- & ) 172 NEUTRON CROSS SgLe?iOm 0AT) ONL? 290 WECL “"“cenc RO C.OCHENTIR,F SCHNTTTAGTH ua-
J8+3~ §7 173 NEUTAQN CROSS Cc?ION DATa ami T 03 MEOL GCT76 A, C.ICHENTER,F, SCUNLTTROTN 414
38=SR- 7% 17¢ RAQTIQASTIVE DgCav OATA OmLY 24 MEOL APRTS N, L. ICNENTIR s



TARGE® mat FILE CONTENY # RECS Lab (1444 11,149 0aTE AUTHOR Tar:
TeERCEE 173 REuTRON CAOSE BLCTION DATM ONLT I MEGL T eEtIa R L BeNENTER.F . SCHN LT TRO TN 414
In-gR- 29 17¢ NEUT.«DECAY AT 347 NEDL 0CT74 R, C, SCHENTER,P SCRUITTROTH 414
30=5R- 90 177 NEUT.eDCCAY AT, 210 aNC,REDL FE8%4 Cow, RCICH 31
IA-§R- @1 178 RACIOACTIVE DLCav DA®a INLY 78 ANC FE974 C W RCICH 31
38-SR- 92 179 RAQIQACTIVE OCCay OATA ONLY 39 ANC FEBT¢ S W.RCICN a4
39-SR- 93 189 RACLOACTIVE DLCAY DATA ONLY o8 anC FCBY4 C,u,RCICN ‘14
8-SR~ 94 181 RAQIOACTIVE OCCAY 0ATa OMLY 37 ANC FLO74 C, W REICH e
In-SR- 99 182 RADIDACTIVE DECAY DATa ONLY 23 WEOL : APR?4 R, [, BCMENTER @
3Ip=SR- 96 113 RAOIDACTIVE OCCAY OATA ONLY 23 HEOL APAT4 R, 8CHENTER a“"e
38=SR- 97 184 RADICACTIVEC OECAY DATA ONLY 29 MEDL APATS R, C.BCMINTER e
8-SR~ 04 185 RAOICACTIVE OECAY DaATA ONLY 20 NHEDL APR74 R,C,BCNENTER @
J8=SR- 99 186 RADIOACTIVLC OCCAY OATA ONLY 23 NLOL APRY4 R,C,SCHENTER “s
Ja~SR-188 187 RAQICACTIVE DELCAY 0ATa ou}.r 22 wWEOL APRT4 R, L, BCHENTER a4
33-3R-101 138 RAQJOACTIYC DECay OATA ONLY 22 WEOL APRTA R, C.BCHENTER e
38-9R-102 189 RAOIOACTIVE OCSAv 0ATA ONLY 2t NEDL APRT4 R, BCHENTER e
J8-SR-183 108 RADIOACTIVE OECAY OAYA ONLY 21 WEOL APRT4 R, E.SCHENTER a“ne
Js-SR-184 191 RADIOACTIVE DECar OATa ONLY 22 NECOL APAT4 R,[C,SCHENTER 4
T e euTRon ehoRe BTeeIon BaTe ewin RN RN e T e AL AENCNTERL T RGN I TIRG T ate
39 Y- 89K 103 RAQIDACTIVE DECAY OATA ONLY 20 NEOL APRT4 R, BCNENTER ate
39 vo 98 194 NEUT.<OLCAY DATA 287  ANC,NEDL JULT4 C,M,REICH 4
3% vo 98% 105 RADIOACTIVE DECAY OATA ONLY 33 ane JULT4 C N REICH 4
39- y- 93 106 NEUT.eDECAY DATA 333  MEDL.ANE OCT?4 R, C.ICHENTEN,7 . SCHKITTROTH 414
39- y- 91¥ 197 RADIOACTIVE DECAY DAYs ONLY 23 ANC L0764 S,M, ACICH a1
39- v- 92 198 RADIGACTIVE DECAY 0aTA ONLY S8 ANC resre Con NEICH 414
T30-¥- 03 189 RADIOACTIVE DECAY DATA ONLY | &8 ANC ) FE874 C.u.ALICH e
39~ v- 93n 288 RACIOACTIVE OCCAy DAYTA ONLY 28 WEDL APRY4 A.C,ICHENTER 414
39- y- 94 283 RADICACTIVE DECAY DATA OwLY 9 aNC JULT4 Cow REICH s
39~ v- S 202 RAQIQACTIVE DECAY DATA ONLY 8T ANC FEBY4 CoW.REICH ar
39~ v- 96 20 RAQIOACTIVL OLCAY DATA ONLY 23 WEOL APRT4 R, T, 3CWENTER a5
39~ v- #7284 RAOIDACTIVE OLCAY DATA ONLTY 32 ane FES?4 C.u REICH as
39 v~ 08 282 RADIDACTIVE OLCay DATA ONLY T I 1418 ARRT4 R, L, BCNENTER @S
39+ v~ 99 204 RADIQACTIVE DEZCAY DATA ONLY 26 HEDL APRY4 R,[,SCHENTER "
39- v-188 297 RAQIDACTIVE DECAvY DAYA ONLY 22 wEDL APR74 R, L, 8CMENTER “s
39~ Y-38% 288 RAQIDACTIYL DECAY DATA ONLY 2t WEOL APRY4 R I, BCHENTER “s
39- 7-182 209 AADIQACTIVL DECAY OATA ONLY 28 W0l APRY4 R, T, SCMENTER ats
39~ v=183 218 RADICACTIYE ORCAY 04ATA OKLY 22 MEOL APRY4 R I, SCHENTER 38}
39- v-184 213 RADIOACTIVE DLCAY OATA ONLY at  HEDL APR74 R.T.SCHENTER 413
39~ v-185 212 RACICACTIYL DLCAY OATA ONLY 22 WD, APRY4 R, I, SCHENTCR as
Js- velSs 213 MADIOACTIVE OEZCAY DaTa ONLY 22 WEDL APR?4 R, [, SCHINTER 4
39= v-1B7 214 RADIQACTIVE DECAY OATA ONLY 22 WEOL APR?4 R, [, BCHENTCR a9
40-Th- 98 235 NCUTRON CROIS SECTION Oava OWL? 228  WEOL - e e ML BCNENTER LT AN ITTROTN 423
ap-ER- 90K 236 RACICACTIYE DCCAY OATA ONLY ¢ ANt JUL?¢ S, REICH 419
40~ER- 93 217 NEUTRON CROSS SCCTION DAta ONLY 219 MEDL 0CT?4 R,E,8CHENTIR,F SCHNITTROTN aws
¢0=ER- 92 206 NCUTAON CROSS SECTION QATA ONLY 4T WCDL 0CT74 R, L, BENINTIR,F , SCNNITTROTH a“"s
48-ER- 83 239 NEUT,«DICAY (AT, 332 MEOL 0CTY4 P, SCHNRITIROTM, A, L, BENENTER “s
ef=ER~ 9¢ 288 WNCUTRON CROSS STCTION Data ONLY 87 NEOL 0CT?4 R, C QOHENTECR,F  BAWNITYROTH a“"s
4p=5R- 95 221 NEUY.eDECAY (AT, 268 MWEOL 0CT?¢ 7, BCHNITPROTH, R, E.BCNENTER a8
4p=fN- 964 282 WECUTAON CROSS ICCTION DATA ONLY 2L mWEDL 0CTY4 P, EOMMITTROTH, A, L, BCHENTER as



J-8

TARGE? At PILE CaNTENT o RCCS LAS grERLNCE cATl AUTHEA bt 14
ap-iR- 97 223 AAJ10ACTIVE 3CCAY 3aTa INLT s aNe - FL976 C.u.ALIZN T
4a={A- 90 274 AACICACTIVE OCCAY JATA 3INLY 23 WEDL ABAY4 A, L, SEMENTER 3%}
ap=1R~ 99 223 AMBI0ACTIVC QLCay 0ATA ON,TY 31 ANC FLE7T4 .0, ALICH (3%}
a=-3n-122 226 RADICACTIVE ZECAY JATH SNUY 24 wEBL ARAT4 8, C I0HCNTEN 3%
4m-ZR-181 227 AAQIQACTIVE QCCay DaTa ONL” 23 MECL APATS N, L. 3CMENTEN (3%}
4e=3N-132 220 ACT0ACTIVE 3CCAy JATA 3w Y 22 WEBL APAT4 R, L, SCHENTIR (3%
de=-M=183 239 AAQTOACTIVE QECay Oata OmLy 1t WO ARRTS N, L ICHENTER (3%
sg-1R=-134 238 AAQICACTIVE OCCay CATa AN,y 12 HE3L ABRT4 R, C SCHENTEA 3%}
40-1R-129 232 MAQI0ACTIVE OCCAY Cara 3mLY 12 wEOL APAY4 AT, SCHENTER (3%
4p=IR=188 232 RAQIQACTIYC OCCav DATA OMLY 22 WEDL APRYS R, L, 3CHENTLIR (38 ]
s8=1R=187 233 RAQIQACTIYC OCCAY Oarta OnLY 22 MEBL APRTS A, L, SCNCNTER 4“9
a0=dR=180 236 RAQIQACTIYL QCCay 3Ara On? : 22 WEDL APRT4 R, L. ICHENTIR (18]
40=3R=189 233 RAQIDACTIVE 3CCAY 0ATA OM,T 12 WEBL APRY S R, L. STHINTIN (28]
49=21NCed 1284 NEUTACN CNGSY SCCTION 0ATA 3NLY 1563 i BCT?S B, R.LCANARG, A, (188
41=4l- 93 H;’ NUT.eGCaAN,PRGY, QATA 2063 MNML,LLL MAYT6 M MOMCRTANCLLL) (A .SHLTH “:::-
ageng- #3238 NEUT.cGam.PRGD, JATA 263 AN, LLL MATTE R MONCRTENCLLL ) (A SR TH s
dgenle I 237 RAQIQACTIVE SCTAY 0AtA OMLY 19 #EO0L APNT4 N, L, 3ENENTIR 19
d1=vl= 94 230 NEUT..OCSAY 9aTy 287 WEOL 0CTY6 A, L. SCHENTLR, P, SCuN[TTAQTH “s
a1=N@= 940 239 RAQICACTIVEC J£TaAY DATY SNLY 26 »EOL ApRTs AL, 35MENTCA, a9
s1-nl- 99 248 NEUT.-0TCAY 2a7T, 288 WEDL, ANC 3CTT4 P, SCHMITIRGTH A, L, SCHENTER 3%
eg=nl- 990 241 MAQIQACTIVE OCCAY 3JATA INLY 23 ANC rERYe SN RTICH (38 )
d1°n0= 96 242 RAQIDACT]VC SECay 0ATA SNLY 21 wESL ABRT4 R, L, SONENTIR s
agenl= 97 243 RAQIQACTIVE OCCAY 0avA OMY 4 ANC L4 .4, REICH (3¢
4198 TR 244 RACIDACT]YC OCCAY OATA ONLY 23 AnC FERTe S REICH "s
“lew8- %8 243 ABOI0ACTIVE OTCav Oava OnL? e e CLaatien  as
dg-wg- 9OM 284 MAQIQACTIVE OCSAY QAYA INLY 9L asc FERTe S u REICH .o
41=9@=- 99 747 RAQICACTIYE JCCAY JATA ONLY 86 ANC FEE74 S.u, RCICM 3%}
41~vB- TN 248 MAQIQACTIVE QCCAY 0ATA ONLY 9+ ANC FEB7e Q. ACICH a1y
41=40=129 249 RAQIDACTIVL Q€CAY 0ATA ONLY 9 ANC reare Con REICH (3%
41=40<-1280 2939 RAQIQOACTIVE CL3AY QAaTa OnyY F ] 48 APRYS A, C,SCHENTCR 3%}
d1=N0-121 292 RAQ1CACTIVE JCCAY BATa ONLTY 16 anC FLE76 S.H . RLICH [3¢]
41-40-182 233 RAQICACTIVE QgECay Cara CwY 23 WS, APAY4 A, L, 3CHENTER (38 ]
41-99-123 794 AAQI0ACTIVE SLCay DaATA ST 22 WEDL APAT4 A, L, SCHENTER 03
D3CL1 L3V L 29% AAQIOACTIVL DECay JaTa ONLY 23 wElL APRY 4 N, L, SCHENTER 3%
41-n@-18% 296 RAQL0ACTIVC OCCAY OaTA INLY 23 WD APRY4 R L, ICHCNTLA (3% )
d1-%g-106 297 RAQIQACTIVE OCCaY Jarta OmLY 21 MEOL aPRTA A, L BCNENTER “s
41-4@=-187 250 RAQIOACTIVE OZCAY CATA Om,Y 22 WEBL APAYe A, L, 2CHENTIR (38
4140180 299 RAQI0ACTIVE OCCAY OATA ONLY 23 HWEOL APRT4 R, L, ICHENTCR (38}
41-40=109 268 NAOL0ACTIYC JCCay Jara SnLY 221 HEO, APRTS R, L BCMENTLR (Y8 ]
41-n8-110 203 MAQLOACTIVE OuECAY Oata Oy 22 MEOL APRT4 A, L. SCHENTCR (28 )
ay=n0-112 263 AACIZACTIVE BECavy 0ATA OMLY 22 wED, APR74 R L SCNENTCR [3%
41-°90-122 283 MAQICACTIYC QLCaY Bara Oy b3 ) 518 APR74 R, L, SENENTIR (3% ]

.:;:;e 1287 NEYY.eCAM. PR, QATA 1388 LLL i ARRTS R, J MQWERTON o 40'.
43=nge 94 256 NEUTRAN CROSS SCETION QATA ONLY 248 NMEOL QCTT4 A, L REHENTLA, 7 . SCHNTITIROTH o
42-uQ- 99 203 NEUTAGN CROBS SLCTION OATA ONLY 917 MCOL OCT?4 7, SCHNITIAQTH, 2 [, SCNENTLR a1
42-n0- 96 204 NEUTRON CRQSS SCCTICN JATA SNLY 243 NCEOL SCT74 N, L, SCHENTER, 7 SCHNTITTIAG PN (3%
42=n8= 97 247 NEUTAGN CAGHES SCOTION OATA ONLY 9318 w#EOL OCTT4 7, SCHMITTINGTH, A, L, SCHENTLA s

42=%0+« 90 208 NEUTRON CROSS SCZPICN JATA QMY 348 HEOL SCT7¢ T ICHMITTROPH A [, ICHENTER as



TanGE? wat FILL CONTENT ® RCCS LAR REFERENCE oarTg ayTHoR virs
eIoma- 9% 245 NEUT.-DECAY oATa T Cameamtne T e e e TG
42-m0-128 278 NLUTRON CROSS SECYION DATA CWLY 299 WEDL CCTY4 P SENMITYNOTH. R, [, SCHENTER 413
42=m0-181 271 MADIOACTIVE OCCAY DaTa ONLY 227 Mt FEET4 C, N, REICH “s
42-%Q-182 272 RAQIOACTIVE 2ETAY DaTA INLY 25 anC TEET4 W REICN s
47=mQ-183 273 MACIOACTIVE DECAY 0ATA ONLY 23 NEDL APR74 R, L.ACHENTER s
42-m0-104 274 RAQIQACTIVE OCCav Dath ONLY 28 WEOL APRYe R, [, SCHENTER s
42+mp-1P3 275 NADIOACTIVE DECAY Data ONLY 3 nEDL APR74 N, L. BCHMENTEN (3%
42=mp-106 276 RADICACTIVE DECay DaTA ONLY 23  wEDL APRY4 R C,SCHENTER (3%
[YLLITHY £ 277 RADICACTIVE DECavy DaTA ONLY 22 HEDL APR?4 R, L, SENENTER (3% 1
42-%0-188 278 RADICACTIVE DLCay Gata ONLY 23 wWEOL APRT4 A, L, BCHENTER 419
42-10-109 279 RACIDACTIVE DECay Da®a ONLY 22 wNEDL APR?4 A,C,SCHENTER (3%}
42-#Q-1L8 208 MAOIOACTIVE OECAY Data ONLY 28 MEDL APRY4 N, L, 9CHENTER 4l
47-m3el8 281 RADIDACTIVE DCCavy Dath ONLY 23 WEDL APRTL R, E.SCHMENTLR s
42-90-2132 202 RADIDACTIVE DECay Data ONLY 21 MEDL APRY4 R L. ICNENTER 418
42-m0-413 203 RARICASTIVE DCCavy Data ONLY 22 HEC, APAYe N, C,SCHENTER 43
42°m0-134 204 RADIDACTIVE OLCAY DaTA ONLY 12 WEDL APRY4 A L, SCHENTEN a1
4z=mQ-143 205 RADICACTIVE DECAY DaTa CONLY 22 WEOL APR?4 R E,.SCHENTER "
e — - cecsccsvsnnnse coan cetecea PR S
43=TC. %9m 287 RADIOACTIVE DECAY 0AYA ONLY 34 ANC FC874 C.N.REICH a“”s3
43=TC-400 2823 RADIOACTYIVE DECaY Dava ONLY 22 WEDL APRI4 N, L.3CHENYER "
43=TC-10 209 MADIQACTIVE OECAY Oath ONLY 59 ANC FEeRre S k. REICH (1%}
43=TC<1F2 298 RADIDACTIVE OTCAY DaTA ONLY 33 ANC FEBY4 C.u. RECICH s
4371220 291 RADICACTIVE OCCAY Cath ONLY 3 ANC FER74 S, M. NELICH (3%
43-TC-183 292 MAGICACTIVE DCCAY OATA ONLY 23 MEOL APRY4 R,C.BCHENTER s
43-7¢-304 293 AADIDACTIVE DTCaAY DATA ONLY 93 ANC FER?4 S, W . REICH "
Te3-TCoifs 784 MAOIOAETIVE OCCAv OATA OWLY 33 wesL e R AT s
43-7C-104 295 RAQI0ACTIVE DECAY DATA DMLY 23 HEOL APRY4 R, C.SCHENTER s
e3-TC-187 296 AAQICACTIVE DECay 0ATA ONLY 23 nEDL APAY4 A C.SCHENTER s
43=TC-108 297 RADIOACTIVE DCCav DaYa ONLY FE 1418 APRY4 R, E.SCHENTER 4
43-TC-389 298 RAQ10ACTIVE OECAY CATA ONLY 22 NEOL APR74 R,E,ICHENTER s
4372138 299 RADICACTIVL DECAY JaTa ONLY 23 wely APRY4 R, L,ICHENTER ‘13
43-7C-483 380 RADIDACTIVE OECAy DaTA ONLY 22 NEDL APRY4 A, E,SCHENTEN 415
43=7C-112 392 RAQIOACTIVE DECaAy Qarva ONLY 28 WEDL APRT4 R £ SCHENTER s
4X-7C.113 Ap2 RADICACTIVE OCCaAvY Dava ONLY 22 MEDL APRYT4 R, E.SCHENTER 15
43-Te-314 303 AACIOACTIVE OFCay Davh ONLY 22 wWEDL APRT4 R, C.ICHENTER 19
43=7C-148 304 RADIOACTIVE OCCAY CatA ONLY 22 WEOL APR74 R L SCHENTER (3¢ ]
43=TC-45¢ 305 RA010ACTIVE OCLCTAvY 0474 ONLY 27 WEDL APRY4 R C.SCNENTIR (3%}
43-TC-317 306 MADIQACTIVE DECay Qava ONLY 22 mE0L APR74 R [, SCHENTER s
43-7C-148 397 RAQICACTIVE OCCay OATA OwLY 22 mEOL APR74 N, L. SCHENTER aLs
a3-Te-9e 200 NEUTAON CADSS SCCTION DATA ONLY 701 dAM DANa}IS? pcTry 2,LtvoLs! s
43-TC-99 1137 NEUTRON CROSE SECTION DATA ONLY 7oL BN Danalle? ocT?L 2.L1voLS! 403
i Tee T Tien NiuTaon eosa STevion Dima own IR MEDL T N ke eA T acumt RO TN 433
de=Ry-108 309 NEUTAON CRCST SECTION DATA ONLY 246 HEOL CCT?¢ R, C.BCHENTER,F. BCHRITIRCTM s
da=Ry-108% 310 NEUTAON CRCSS SECTYION DATA ONLY SpRk  MWEOL OCTTa P SCHWITTAOTH, A [, SCHENTER s
4e~Ry-182 331 NEUTRON CRC3SS SECTi0N 0ATA ONLY 44®  WEDL 0CTT4 P SCHNITTROTH, R, C, SCHNENTER 4
4e=Ry-1E3 312 NEUT.eDECAY BATa 462 HEDL 0CT?¢ F SCHMITTACTIH A €, ICHENTER “s
4e-my=-3804 313 NEUTRON CRQSS SCETION DATA ONLT 2.8 HEDL CCT74 P SCHNITIROTR, A, L, ICKENTER 69
[YTL TESY 1 314 NEUT.oDECAY DAty 387 ANC,HEDL FEPY4 C.N.REICN (3]
esoRy-186  J1% NEUT.DECAY gATa 25%  wWEOL,ANC 0CT74 7 STHMITTROTH (R, L. ICHENTER [T} )



J-10

TamGE? mat FILE SSNTENY 8 ACCS LA griagnce Oate AYTHOA TaPe
.:-'U-l!’ 31 IA;;;;crtvt utc;;-mu TR 4 4 .:nc r"y: S, u.REICH .._,-
4e=0y=188 347 RAQIQACTIVE OETAY 0AYs ONyY 29 aNC FLe7e CoM, REICH 413
se=qYy=-139 318 RADIBACTIVE JCTAy JAvA OwyY 2¢ MWEDL APRTe R, L, ICHENTYCR s
aseay-ise 349 MAQIZACTIVE JCTAY JATA SN(Y 13 =ECL APRYs B £ SCHENTER a9
4e=qU-1l1 319 RAGIQCACTIVC OLGCav OaTA OyY 221 WL APRT4 R, L, SCHENTCR 413
4eeqy~112 J31 RAQIOACTIVE OECAY OATA Om,Y 23 WECL APRYe A,C.3CHENTCR (3%}
deeqy-113 322 RAGICACTIVE OCCay JATA ONyY 22 WEDY APRT4 R, L ICNENTLIR (3%}
danfiy-144 333 RAQIOACTIVC OCCav DATA ONLY 221 WL ApRYa A,C.BCHNENTLR (28]
4a-8y-359 324 RADIOACTIVE OCCAY OATA DMLY 22 NEDL APRTS R, [, 3CHENTER [3%)
sacAU-1L6 339 AAGISACTIVC OECav DATA DT . WED ApATs R, L. SEMENTER (3% ]
4a=qy=117 326 RAQICACTIVC DECAY 0ATA ONL? 22 WEOL APRTe R, C SCHENTER “"us
da-ay-140 387 RAQIQACTIVC DECay OATA ONLT 22 W APRTe R, L, SCHENTER “s
sany-lL9 320 RAQICACTIVE J€Tay OAYA CMLY 22 WERL APATS R, C.SCHENTCR (3}
4a=ay=129 329 RAQICACTIVE OCTAY JaTA ONLY 22 MEDL APRYs R, [, ICHCNTER (3%
.:;-Qn-u! 1129 NEUTRON CROSS SCCTiON 0ATA OnLY 1229 Saw PoNal3IeT (CNCFe1ed) seTry L.Ltveust “:;;.
49=A4-183 338 NCUTRON CROSZ SCCTIOM DATA ONLY 1129 AN Auei367 (TNOP.1és)  CETTL E.LIVOLSL “s
48-au=1830 333 RAQICACTIVE OCCAY DATA Cw,Y 13 anC FERYe CoW RELCN 19
49=an=104¢ 332 RAQIOACTIYCL JCCAv JATA OMuY | 1 Y. rERTe CoW ACICH (3% ]
45-an-184M 333 RASICACTIVE QCTAY 0ATA Om,Y 88 ANC FTE74 C.N RELIEM (3%
4%-an=139 334 NENT.SQESAY JaTa 239  ANC,HECL 7876 C N ACICH [1% ]
49~Au=109% 339 RAQIOACTIVE DZCAY 0ATA Oy Y 9 ang 7CR74 C. MW ACICH 413
49~AK=186 334 RAGIOACTIVL QCCAY 0ATA QY 7 ANC 7LR74 C M. RCICH 419
49-Anel86N 33I7 RAQIOACTIVC OCCAY JATA QT 0 ANC PEBYe CoN. REISH 4193
49-aAu=187 338 AAQI0ACTIVC QCCay O0ATA OMY 73 AnC FEsTe Sod REICH (28]
aS-an~-188 339 uormcrm-uun DATa CwmY 34 ane FEOY4 C.N . RTICH au.
45=8n=1080 343 RMAQIQACTIVE DECAT JDATs Im,Y 43 ANC ERYe CLu REICH (1%
9-qau=109 341 RAQIOACTIVC DECAY DatTa O ? 24 Wil APRTe A, L. SCHENTEN "
a8-au=1094 343 RAQTOACTIVT DCCAY O0AYA ONLY 8 WEDL APATe R,L.SCHENTER s
4S-auellf 343 RAQICACTIVE CCCAv OAYA MY 93 anC FCBYs C. W RCICH s
e9-qNallIN 344 RAQICGACTIVL OCCAY DaTA ONLY 28 anc FEB74 Cou ATICH o
4Sean=112 343 RAQIGACTIVE QCCAY 0ATA 3NLY 24 WEOL ApATe R, (. SONCMTIR (38 ]
49-an=112 340 RAQICACTIVE OLCavy OATA ONY 213 WDy Apm7é R, L. BCHENTER [$8 )
48-an-133 347 RAQIOACTIYC DCCAY OAYA QY 23 WDy apaye A, L,3CHENTER (3%}
4g=an=114¢ Ja8 RACIBACTIVC JCCAy OATA ONLY 23  WEOL APRY4 A, C, SCHENTIR 3%}
eS-apmellS 349 RAQIDACTIVC OCCAY OATA ONLY b S 48 APRYs A L. SCHENTIR 819
e5-amellt  IVE RAQIOACTIVC 0CCAv D4TA ONL? 22 wNEOL APRT¢ R, L. 3CHNENTER (1% )
¢S-au=137 391 RADIO0ACTIVE OCCavy OATA O Y 23 WEDL APRYS AL, SCHENTER (3% ]
eS=anu-118  3INZ RAQIO0ACTIVC JECav Darta SwyY 2 WDy APRYS R, L SCHENTCA (3%}
49=2-319 J93 RAQIOACTIVE QCCavy SaTa CmLY 22 ME0L APRYS R, L, SOHENTER 419
49=-aN=188 394 RAQIQACTIVE DCCAY 0ATA CNLY 221 WO\ APRYS R, L. ICHENTCR L1% ]
48-A4=122 399 RADIQACTIVC OCCav OaATA QT 22 WL APRT4 R, L,SCHINTIR @l
49-An=322 396 RAQTIOACTIVC DECAY Oarva On.Y 22 WL APRYs R, I, SCUENTCR (3%
43=4%=123 337 RAGIOACTIVE JgCav DATA OWAY 22 WO, APRT4 R, C.ICHENTIR «"s
=P e134 390 NLUTRON CROSS 3L2YION 0AYA OMLT 299 M0t BETYs R, L, 3CNCNTEN ANg r.uunuv;;rn 3%}
4e~#0-283  J99 NEUTRON CROSE SCETION DATA OnyY o8 NEOL ) 0CTTs F.ICHNITYTASTN in0 R, L.ICHENTCY 419
40=20-108 308 NEUTRON CROSE SCCTION DATA anyY 326 MOL QCT?4 F,3CHNITTIRATH An0 A, L, ICNENTCR 4iS
40=00-187 382 NEUT.e0CCAY parT, (YY) I <18 QETTa 7,SCHNITIRQYN ANO A.L,SCHENTCR 415
46=90=-107TH 362 RADIQACTIVC DECAY QATA St Y s nES APAT4 R, [, SCHENTER (3%}
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J=-12

TanctL? nat FILE SONTENY o RESS LaAS agreaence qaTL AYTHOR [ 41 14
47=25-234 413 'l;;ACTlVl JCCAY DATA 3M? 12 ‘thL APRTS n.:.scu;ru (3%
47-25-223 431 RAJIZACTIVE SCCay Java OnLY a8 mCCL APRTS R,L,SCHENTCR "
47-4C-228 612 MAQIJACTIVC OCCay Oarva OnLY 22 (0, APATS R, L. ICHENTCR (3%}
47-05-127 eL3 RAQICACTIVE CECAY qaTa OmY 23 ~€0L APRYS A £, ICMENTEIN IS
67=4G-128 434 RAQIQACTIVE OCCay Dava OnY 22 MECL APRTE R, L, 3CNCNTLR 13
48-C3 1261 NEUTRON CRGSS STCTION QATA 3MLY 487 WL “;AY'N S PCARLITCIN(TRANG FRGN U,K.) 41.;-
48-C3-108 419 NLUTARON CRQSS SCCTION OATa OnLTY 180 LD, QCT76 R L. SCHENTER, 7, JCHNITTIRATH 39
40=C-107 446 AACIGACTIVE 2CCay 0ATA ONLY 22 WEBL APRTE R, [, 3CHENTIR (3%}
48=C=138 417 NEUTRON CROSS SCCTION QATa OMLY 118 MEOL ACTT4 N L SCHENTTR, T, SEUNLTTRATH (3%
40=C0~111 418 NEUTRON CRQSS ICCTION OATA OMLT 43 WEDL QCT74 7, ICHN{TTAOTH, R, C, SCHENTLR a1
48=C3-181M% 419 RAQICACTIVE OCCAY CATA ONLY ' 20 WEOL APRTS R, L, SCHCNTCR 3%
4A=C0~112 4g® HELUTRON CRO3E SCOTION OATA QMUY 183 NEOL QCT74 R, C.SCHENTIR, 7. SCHun1TTROTY [3Y]
48=C0-143 1282 NLUTRON CROIS SLCTION OATa ONLY 1333 BML RATY4 S, PEARLITEINC(TRANS FRON U.K,) 411
40-c0-113 421 NEUTRON CROIS STCTION QJaTa OWLY 1333 WML RATTS S, PEARLITUINITAING FRAR Y.X.) 414
48-C3-113M 432 M4Q10ACTIVE QECAY OaTa ONLY 26  HEO, APRTS N, L. SCHENTER 3%}
48-CJ-134¢ 433 NEUTRON CNQSS SCCTICH 0ATA OMLY 263 wEDL ACT74 A, C,ICHENTER, F . SSUNTTIRGTH 413
49=C3-113 424 AAOT0ACTIVE OCTAY OATA ONLT 21 HEOL ASRT4 R, L, ICNENTCR s
40=C-119n 423 NCUT.«QCSAY DATa 173 NEQL 0CT74 R, C.BENENTER, F SCNMLTTROTH s
48-C3-156 age NLUTROM CROSS SCLTION JATA ONLY 113 KO, QCT74 R, L. SCHENTER, P SCNNITTRATH 1Y)
48=C0-117 437 RAQIGACYIVE OCCAY JATA Om.T 23 nEly APRTS R, L, ICHCNTCR 1Y)
48=CD~117M 438 RADICACTIYE JTCAY CATA OmLT 36 NEDL APRT4 R, C.ICHENTER 3%
48=CO-148 439 MAQIOACTIYC JCCAY 0ATA OmLY 23 MCOL APRY4 A, L. ACHENTER (3%}
48=CO-14F 438 RAJIQACTIVC OCCav 0aTA OwL? 8 NEOL APATe R, L. ECHENTIR "
48-CO-139m 431 RAQICACTIVC QECAY 0ATA OmLY ¢ HEOY APRYS R, L,SCUCNTCR 3%
48-C2-129 432 AA0ICACTIVYE JtTAY Cata ONLY 26 WEOL APRYS4 R, C.S3CHENTER o u;-
48-C3-122 431 RAQICACTIVC OCCar OaTa SmLY 24  REDY ApRT6 R, L, SCHENTCR 37
40=C3-122 434 AAQTOACTIVE SLCaY 2ATA ONLY 23 MEBL APRYS R, L, SCNENTER (3%
48-C0-123 433 AACTQACTIVE OECaY Oara ANLT 33 WEDL APRT4 R L, ICHENTER 18
48-C2~-124 434 RADIOACTIVE OECAY 0472 MUY 22 KO APRT4 R L ICHEINTER "
4A=CJ-128 437 JAQICACTIVL SCCAY OATA ONLY 21 WE3L APRYS R L, SCHENTLR as
48-CJ-126 438 RAQTOACTIVE OCCAY OATA ONLY 227 HEOL APRT4 R, C,SCHENTLR 3%
48-22-127 43% RAQIOACTIVC JgCav Jara ONLY 33 DL APRYS R, L, SCHENTCR o
48-C0-128  44d@ AAQLOACTIVE OLCAY OATA ONLY 22 »CQL APRTS R,C,.SCHENTIR 413
48°C]-129 44l RAQIOACTIVC QCCAY OATA SNLY 22 WESL APR74 R, L. SCHENTLR 1Y}
49-C0-~130 442 RAQIQACTIVE DECAY 3JaTa OnLY 23 M0, ApPRYe R [ SCHENTER 1Y)
48-C3-131 43 NAQIOACTIVE OCCAY 0ATA ONLY 27 DL APRT4 M L. SCHENTIR 3%
48=C0-132 464 AACTCACTIVE JCCaAY 0ATA OMY 22 W0, APRYS R, L, ICHENTCR 413

7:-:-.-:1: 443 NCUTRON CWQSE SCOTION OATA OMLT 243 HEOL CET74 A [, 2CHENTER, 7, ACHRTTTRATH u;_
49=in<lLIN  4aé RAOICACTIVC DLCAY DATA OmY 29 HEO, ApRye R [, SCHENTER (3%
40=iN=124 447 RAQTCACTIVE OCCAY Oara ONLT 23 wCOL APRT4 R L. ACHENTER (3%
e9={N=1140 448 RAQ{SACTIVCE OCCAY 0ATA O Y 24 wEOL APRYs £,.£,SCNENTER (18]
49=IN=183 04aé NEUTAGN CROSS SECTION 0ATA Om,Y [T 144 APRY2 R, SHER "2
40={NellT 0416 NCUTRGM CROSS 3ICCTION DATA OMLY 232 HWEDL 0LC?I 7, 30NN TTROTN 412
49-IN-149 4a? NEUT.<0CCAY Qar,) 83  MEOL 0CTY¢ R, L, BENCNTLRF , SCHMITTROTH €18
a9=IN=13IN 498 AACIDACTIVE OCLCAY QATA INLY 16 HEDL APRTS R, L, IENENTEIR [3%]
49=IN-1108 491 RAJIO0ACTIVE DCCAY DaTa ONLY 21 nid, APRT4 R, L, ICHENTEN @
eP=N-LL6N 482 RACICACTIVC OCCaY 3aTA OMLY I3 HEQ APRT4 R, L. SCHCNTER ots
49-{N=118N 493 RAQICACTIVC OCCAY 0ATA MY 23 NEDL APRTS R L, ACHENTER 3V ]



Tangt? nat FI1LC CONTENT s ALES Lal (1444 11114 DavE AUTHOR Te:
TeTIN-1i7 434 RADTOATTIVE OECAv Dava ONLY T - e L Coaonoaren o as
49<1N-217Nn 495 AADIOACTIYE DECaY DaTA ONLY 24 MEDL APATe R, C SCHENTER s
40-1Ne228 499 RADIDACTIVE DECAv Data ONLY 49 ANC FEBYe G REICH “s
49=IN-116N 4937 RADICACTIVE SCCAY 2aTa CNLY 38 ANC FE87e LN REICK 413
49-1n-148N 438 RADICACTIVE OCCaY Oata ONLY 23 MEDL APR74 R, C,SCHENTIA g
48=-IN-219 439 RAQIOACTIVE OCCAY Data ONLY 23 WEOL APRYS A,C,SCMENTER 419
4s=1N-L11PNn a8 AAQICACT[YE OCCaAY OaTA ONLY 24 MEDL APRT4 R, C,BCHENTER 418
49-1N-128 441 AADIOACTIVE OCCAY DaYa ONLY 8  ANC FE874 C.W, RECICH 41
49=IN-120N 482 RAQIOACTIVE OCCAY DaTA ONLY 210 ANC FEB7e C.u ACICH a4
49-1N=121 443 RAQICACTIVE DECay Data ONLY 22 WEDL APRT4 R, [, SCHENTER s
49=IN-121M 464 RAQIOACTIVE DECAY Oata ONLY 23 MHEOL APRT4 R, E,SCHINTLR s
49=-1N-122 483 ARADIOCACTIVE DLCay DATA onLv 23 wEDL APRT4 R L BEMENTER @
49=1N=-122M 488 RAQIQACTIVE OCCaY Oata ONLY 23 wEDL APAT4 R,E,BOMENTER s
49-1N~123 4e7 RADIOACTIVE DECAY DaTa ONLY 23 MWEDL APR74 R, C,3CHENTER 418
49=]N-123n 443 RADIDACTIVE OZCavy OaTA ONLY 24 MEDL APRYe A, L, BCHENTER 416
49-1N-12¢ 48% RADIOACZTIVT DCCAY DaTa ON,Y 23 MEDL APRT4 R L SCHENTER s
69~IN-12% 478 RAQIDACTIVE DECAY DATA ONLY 2¢ MEDL APRY4 R,C,SCHENTER 3%
49=IN-12%M 471 RAQIOQACTIVE DECay Data ONLY 2¢ MEOL APRYT4 R,C,ICHENTIR 3%}
49<IN=126 472 RACIQACTIVE OLCAY DAYTA ONLY 23  wCoy APR74 R, L, ICHENTER 4
49«[N-127 473 RAQIOACTIVL OCCAY DATA ONLT 26 wEOL APR74 R, C.OCMENTLR 438
40=IN=127M 4%4 AAQIOACTIYE DECAY Davh ONLY 23 wWEDL APRY4 R L, ICNENTER a1
49-1n-128 475 MACIOACTIVL QLSAY BaTA ONLY 26 WEOL ABRT4 R E.JCNEINTER 43
49-1x4129 494 RAQICACYIVE DECAY OATa ONLY 27 MEDL APRTS R, [,.8CMENTER 416
40-1n-130 477 RAQIOACTIVE DECaY Dava ONLY 26 WEOL APRY4 R,C.SCHEINTER s
49- K131 4%8 RAQIQACTIVE OECAY QAvd ONLY 20 MEQL ' APATs A L, BCHENTER 39
Tl T oo ive BEeay Barh oner I eeeL T T S e ais
49-1N-133  4y2 RAQJOACTIVE DECAY DaTA ONLY 22 MEOL APRYe R, L, BCHENTER s
$8=1N-13¢ 481 RAQIOCACTIVE QCCAY Davh ONLY 22 wEQ, APRY4 R, C,SCHENTER (3% )
IR PRSPPI TP YT S RPPIPREP RS DUEPT PP STIRPFLIP SR REPLYH
Sp-SNe1L8 482 NLUTRON CROSS STCTION 0474 ONLY 21¢  WEDL 08774 M [, SCHENTER,F SCHRTTTRCTN 4
Sp-gn=-124 443 NEUTRON CROSS STETION DaTa ONLY 339 WLOL OCT?4 R, [.SCHENTER,F SCHRITTRCTH et
Sp=Sn-157 484 NEUYRON CROSS SECTION 0ATA ONLY 249 HEDL 0CT74 R, L, SCHENYER,T . SCHRITYROTH a1
BP-SN-1.7H 488 RADIOACTIVYL DECaY DATA ONLY 28 MEDL APRY4 R L. ECHENTER s
3P-SN-118 438 NEUTRON CROSS SECTION DATA ONLY 343 WEDL 0CTY4 M L. BCHENTER, P SCHNITINOTH Py
SA-SN-119 497 NEUTRON CRONT SECTION 0ATA ONLY 274  MEDL BCTT4 R,L.ECHENTER,F SCHNITTROTH s
SA=SN-1L9% 408 RAQLOACTIVE DECAY DATA DONLY 28 MEOL APAY4 R, [ SCHENTER s
Sp=-Sx-129 4g9 NEUTAON CROSS SCCTION DATA ONLY 49%  NHEOL 0CTYe P, C.BCHENTER, T SCHRITTROTH s
IRr-Sn-121 488 RAQID4CTIVT DECAY O4TA ONLY 22 NEOL APRY4 R, (. SCHENTER 81
9P=-Sn-121% @1 RAQIOACTIVE DECay DATA DMLY 23 wEDL APRYS R, L. SCHENTEN 3]
IP=$N-122 492 NLUTRON CRO3S SCCTION OATA ONLT 200 WEDL 0CTY¢ R, L.OCHENTER,F SCHNTIYTROTH 'Y
SA=SN-323 403 NLUT.eDECAY DAT} 288 MEDL 0CT74 R,L.SCHENTER,V , SCHNTTTROTN 3%
SpeSK-1230 404 RAQICACTIVYL DECAY DATA ONLY 23 WEOL APRT4 M. STHENTLR (3%
3p=3N-124 495 NLUTRON CRDSE STCTION DATA ONLY 242 NWEOL OCTY4 R, E,SCHENTER, P SCRNITTIAOTN 3%
SA-EN-129 496 NCUT.+QECAY QATa 286 ANC, MEDL FEpYe Cow ATICH 414
SP=SN-12%K 497 RADICACTIVL DCCAY DATA ONLY 44 ANC FesYe £ ow ATICH LR
Se-ENn-124 seg NEUT.0CCAY OQATa 204 MEOL 02794 R, C,SCHENTER, P, SCHRITTROTN a8
3A-SN-3127 499 RADIOACTIVL OCCAY Q0AT4 ONLY 2414 ANC FERYe C.u . REICN 416
99-9n-1271 489 RACICACTIVE DECAY O0ATA ONLY 27 aNC FERYL C. W, REICH "
90~-95-128 581 RADIQACTIVE DECAY Data ONLY 49 AKC FLBY¢ C.W. REICKH ah

P=SN-129 582 AADIOACTIVE DECAY DAYTA CONLY 23 WEDL APR74 R L. UCHENYIR L3Y ]
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TARGE? nat FILE CONTENT s RECS LAD REFERLNCE CaTE AUTWOR T
T32-7C-131 831 RAGICACTIVE DECA® DAt awy . 78 ANC o TR ere et Tas
B2-TC-131¢ 932 RADICACTIVE DECaY OaTA ONLY 83 ANC FEBY4 C, W, ACICH a3
82-7€-132 533 NEUY.<O0LCAY 8aATa 242 ANMC,wEDL JUL?4 S W, AEICH a1
92-7E-133 5934 RAODICACTIVE DECAY DATA ONLY 83 ANC JUL74 C,W.RCICH a1
§7=TC-1330 535 RACICACTIVE DCCAY DATA ONLY 38 ANC FEE74 C,W RCICKH @
$2-7C-134 9564 AAQIOACTIVE OECAY Data ONLY 49  ANC JuL7e & M . REICH 1%}
92-7€-139 897 RADIOACTIVE DCCAY DATA ONLY 23 MWLIOL APRT4 N, L,.SCHENTER 418
$2=-TL-138 598 RADICACTIVE DECAY DATA ONLY 26 wLOL ApRYe R [, SCKENTER 33}
$7-7L-137 559 RAQ!O0ACTIVE DCCAY Data ONLY 28 WEOL APRY4 R, L, SCHENTER (2%
§2-TC-138 540 RAQIOACTIVE DECAY DaTa ONLY 22 NED, APRY4 A, C,SCHENTIR a1
92=7¢-139 561 RACIOACTIVE DLCAY DATA CONLY 22 WEDL APRY4 R,C.SCHENTER 416
$2-TE-148 582 MADIQACTIVE DECAY Data ONLY 22 WEOL APRY4 R, [, SCHENTER 4
53-TE~141 543 RAOIOACTIVE OCCAY OATA ONLY 1418 APRY4 R,C,BCHENTER 4
92-YE-142 364 RAQIOACTIVE DECAY DATA ONLY 22 MEOL APR74 R, L, SCHENTER as
recteretpenr et mar et on cenrvem ——wone
FY- (<187 o434 NEUTAON CROSS SCCTION OATA ONLY (SO 214 AYGT2 R, SKER 612
33~ 1327 549 NEUTAQN CROSS SCCTION DATA ONLY 944 MEDL 0CT?4 F SCHNITYROTYM.R, [, SCHENTER 3%}
83~ [-228 S5¢6 RACICACTIVE OCCAY OATA ONLY 25 WEQL APAT4 R [ BCHENTER 613
83= 1-229 547 NEUT.<DESAY QAT 343 WEDL 0CT74 P, SCHMITTROTMIR, L, SCHENTER 18
$3- [-338 Se8 NEUT,-0CCAY QATA 17¢ NWELOL 0CT?4 R,C.SCHENTIR,F SCHMITTROTH 413
33= 1-130% 949 RADIDACT]YE OCCAY DaTa ONLY 24 WEOL APRT74 R, C,SCHENTCR a1
93=- 1-131 578 NEUT.<OLCAY DATa 292 ANC,WEDL FEDYs C,u, RCICH s
83~ =132 571 RAOIOACTIYE OFCAY DATA ONLY 76 ANC . FL874 C.u.REICH (31}
83~ 1-133 572 RAQIDACTIVE DECAY DATA ONLY 49  ANC FLo74 Cu ACICH 418
3= 1=3433% 5Y3 RADIOACTIVE DECAY DATA ONLY 28  HWEBL APAT 4 R C,ICHENTER @
TIaLTIII3e BT RAGIOACTINE DECAT DATA DNGY L iie ANG Tt Cwlmtien TGS
83=- [-134m 579 RADIDACTIYE DECAy DATA CNLY 24 ANC FED?s C,w.REICH 435
53~ 1-139 576 NEUY.eDECAY AT, 229 ANC,HWEOL - FES74 C, W RCICH 418
E3- (=138 577 RACICACTIYE DECAY OATA ONLY 44 ANC FEBY4 C.u, REICH a8
53« =136k 378 RACIO0ACTIVL D€CAY Dava OnLY 32 ANC FEB74 S, W . REICH 419
93- 1-137 979 RAOIOACTIVE OCCAy DATA ONLY 26 NWEOL 4PR74 A C,SCHRENTER 1%
93= 1-139 SeL RADIQACTIYC DCCAY DATA ONLY 26 NWEOL APRT4 A, L[,SCHENTER (3%
93=- 1-148 982 RADIDACTIVE DECavy DaTa ONLY 26 NWEDL APRT4 R L,SCHENTER [3%4
53~ 1-14% 583 RADIOACTIVE DECAY DaYva OnLY 26 MEDL ABRT4 A L SCHENTER 3%
53 {-142 894 RADIOACTIVE OCCAY DATA OwLY 22 HEDL APRT4 A, L. SCHENTLR (%4
93~ 1-143 985 RADIO0ACTIYL DECAY DAYA ONLY 22 MEOL APRT4 R, SCHENTER 47
93~ 1-144 586 RADIOACTIVE OECAY Dava ONLY 22 MEDL APRY4 A E,SCHENTIR @7
83~ ~143 587 RADIOACTIVE OCCAv Data ONLY 22 MEDL APRT4 R £ SCHENTLR RS

cmtoone cmee - cevon ceamesscssscsssemrtmcncenes
S4=xE-124 1172 NEUYRON CROSIS SECTION DATA ONLY 794 INL NL=BOITA(FLETS) JUNT2 M R, BHAT, S.7 MUCHABCHAS Lk
Sa-xf-12¢ 1172 NEUTRON CROSS SECTION DATA ONLT 788 WNL INLePOIT4(FERTY) JUNTZ M R BHAT, S.F MUGHABCHAD a2
S4=xC-128 31172 NEUTRON CROSS SCCTION DATA ONLY (YA N L19 PNLSOITHIFINTY: JUNTZ W R, BNAT, $.F . MUCKABCHAS 462
S4~-xC-128 308 wEUTRON CROSS SECTION DATa ONLY a7 BNL INL«SBIT4LFCRTY) JUNTZ W R BHAT, S.7 . MyCHABCHAD 0
S4-xC-129 1173 NCUTRON CROSS SECTYION DAYa ONLY [ XY 3 L8 BNLIBYT4(FLCETY) JUNT2 M R BuAT, S.7.MuCHADGHASR 4d2
94-x(-129 3¢9 NEUTACN CROSS STCTION Sata ONLY [Y) 3 L8 PRLDOITACFLRTY) JUNTZ M R BHAY, §.F . NUONABGNHAS [3%4
Sa-xC-129% %04 RADIOACTIYE DCCAY DATA ONLY 29 MEOL APRT4 R C BCHEINTER @7
Sa-xg-230 2174 NEUTRON CROSE SECTION DATa ONLY 779 BN, BNLDBITA(FERYY) JUNTZ P R BNAT, S.F.MUCHABCHAD 22
S4-xC-138 392 NEUYRON CROSH SCCTION DATA ONLY 778 N, BNLeBRI74(FLITY) JUNTZ M R BMAT, S.F.MyOuAQCHAD 7
B4=XEC-133 1173 NEUTRON CRCSS SCCTION DaTa ONLY 834 BN INLaI8374(FER?Y) JUNT2Z M R, BHAT, .7 .MUCHABSKAD 482

54-XC~131 982 NEUTRON CROSS SECTION DATA ONLY aLe BN BNLDBITA(FERTY) JUNTZ M R, BHAT, S.7, NUGHABCHAD @7



i3 NIINIKOE 3N »iwev l-r DI 1 AMO VYD AV30 JAILOVOIONN 0LV WGLI-VEesg
il LPCTPOST L1 AFAY PP S LT b RN FOE-1 Ri-h LI T3 AIND VIVD RB1ID3t BEDuc MOWININ ¢9 (138344 2 11
i1 LYY-TYPSL LEL ALY D PL LT o Y SR T¥S-T 0 862 a:no VivD ND14235 BE0UD NOWININ ofe  vDI-VEeS§
Fa] NIININDE D' viwdy hl-} U 4] AINS YITD AV320 IALLOVOIOYN T8 BE1-E3-sf
1ag} WILNINIE°2's vimdy -t LI, 1 AR YivD 4¥2I0 DALLOVOIOVN ZEe  6PI-82-6f
i3 WIININIE ' vinav WIn 3t 4O 9AvD AvD30 JALIOYDIDYY TBe  BPY-$O-if
L1 NIINDIKIE W viwev hl-} TR 4] ATND VAYD AVDID JAILOVSIOVN SRV (PY-BD-6f
L1 NIANINIE 2y vivey Wix oL AWE FI0 4VD20 JALLOVDIOVN sBe  9PI-BDess
Fatl WIINIKIE 3N riney hl-} LI 1 ATHD €1v0 AvDIQ JALIOVOIOYN 039 E91-53-66
s WIINIKIE“3 ‘Y vinay h-» LI 1 AWD YivO A¥3IC IA1LOV0IOVN 3¢ v93-83-466
i NIAKINIS DN viwev Yo et AWD TLVD AVDID IALLOVDIOFN 929 [¥1-BO0-56
L3 NILNIRIE 'Y vivey o e AMD TAVD AYDIC DaLiOVOIOVN GBe  Pvi-Siesd
131 WIININIE 2y viwey W 9T 4O vivD AVDIC IALLOVOIOVE 29 Tr1-S3-6f
133 LR PRI YT b P ELLI )1 AWD YiVO AV330 JALOVOIOVN L0 BYI-BDedf
it LR LR A-IR 2 b P UL 114 A0 vivl Av220 JAliOVOI0YN ZZe  #51-80-uf
F$d) KT MD wildy oNY ot AWE viv0 AV220 JAILOVCIOVE TZe  NEDI-BD-if
fal) HI1JU M5 vi8dy oMY gt AND ViVD 4AVIIC JALLOVOIOYY sy SE1-E0-66
31 WIANIXIS "I U RIDNAILINKIS 4 94420 FLLAG-> LI 124 VAYC  AvO)0e iNIN 630 (DT-80-66
Lty K1 NI vi8dy AWIHINT  Get VivQ Av3I0e°iNIN PYe  9LT-8Desf
it BIINIKDS D'y viwey bl LI $4 AL vivD APDIQ DALLOVEIDVN 39 WES1-S0-56
(e CPYLELET A A AL VE-TPRRL T i-1 RVRR FOY-1.] WIK  e92 vivl  avd20e°4NIN 930 [1 %83 =241
131l =38 PRLAE- IR F1 b ) oY 62 AWME TIVD AVIID FALLOVOIOVN €39 weR1-S0-sE
Fal) I RS viEds RCINIRY 092 Vivl  avdIDe“iNIN ol *21-85-u8
RI3 13:1!4" lAvMEutw 408 (C9T~4ONDICRERC WNE w20 A'M_vg-!ﬂu Nnugzs_&:o-: NOBIMIN Te1% CD1-50-68
i3 IONTNE Y uvMECEtN TLide (SYTe4DNDIERESES Wi WwE 294 4IND YiVD NCIL2DS B30uD NOWLNIN £¥e  DEY-SI-6E
I3y VILNINIE Ik viudy -+ U 1 AIND VivD AVDIQ JAlIOVOIOVK Z%e  i¥1-Diesf
(31} B34NINIB I Y viNey Yo« AT AWMD Y4v0 AYIIC JALLOVOIOVE T3¢ Liadr PP
3t WIINIRIT Iy vivey hl-F LI 1 AND T4V AVDIO JAl1OYOIOYVE BTy EI-Di-ef
L3 S3INIKIS e viwey plh LI 14 ATNG VIVQ AV2IC JALLOYOIOVE 80y *HI-DXevi
i3 NIINIKIB Iy viwev b} LI $ ATND ¥ivO 4AVD2S JAliOVOLIOVE #0e  £91-2Xov§
L3 N3ININIE 3K vivey h1-} LI 1 AIND wiv0 4v220 JALLOVOIOPK 80 291-Di-vf
13 KILKINIC s viway R O 1 AWME vivg 4v22Q JALILIVO{0VN €0e  Tei-dieeg
31 UIININIE D' viwey hl-F LI 3 AINC Tivg AVIIC JAILIVOI0VE GOS  BPI-diavg
133 ®KOIDu'n*D visdy vy 682 AIND VIVD AV2IC JALLOVOIOYN »89  6Ll-i-vi
3 KOTIN"N*D vi8dy EL I 12 AING VYD AVDIC BALLOVOIDYE £O¢  BLt-dkesf
ity KA1 K'Y vi@dy MY &6 AMD viVO AVIIC JALIOVDIOVN 289 (FT1-Dieef
i3 QYNDRUNONK 4 S YR Y W BLNNP 1848320020080 we 360 AWND TLY0 NOILJDS BSOWD NOWININ Tee  9LT-Dievg
2" BYROBVNINK' 4 S AYNE ¥ u TiNAF (£4824002000% W8 W 36 ATNE YIV0 NO14D2S $50¥D NOWLNIN B4TT  9E1-d2-v§
LY MKOIJN KD v40)y oy g2 AMD VIVO AV2I0 JALLOVOIOYN #0e  wELI-DX-r§
F41 ANTRILESE Nyl 'OUYNDI ytp LONNP LOSTVINNP D2 AL nd ang sl Yiv0 AVOIO0-UNIN sof  ELI-Dxevf
or JUVKILECR N’ ‘gt OuYNDIN Y R (ONNP L9STPINAT " WDD ' Alwd L7 e 1 YAVE  AVDI0+UNIN #82Z3 SD1-DX-vf
&3 YIINDNDS 3y vivey WIn st 4WD YLIVD AYIID Al OVOIOVY 08§ WrDT-Dxevf
1314 PYMORYNDONN 48 *IYKE ¥ W ZENNPR (L4840 L0000 R T I 11 AIND ViVO MCIiOD5 350K MOMININ 6 *21-Ix-0f
114 ALET AL AR AL LT A AP 4 Liig (LL83 v 800" Wl MWme 0ve AWND TLVO NOILDDE BEOND MOMANIN L43T #LI-Dierf
LT M1 RD 9Ly oY g2 AWMD VAV AVIIC JALLOVOIOYN e MEDI-dhesk
F& i) Yiv0 4Y230 LR T AL SF-00 FY + 1) aPHINTYT 082 Yivl  iv330eiNIn Ges [SSEF ¥R 71
L3 BYMOBYNONK' 4 'AvME ¥ u ZINAP (84825002806 Wt W oo¢ AWML VAYD NDILDDS S50KD NOWININ vaf  2DT-Derd
ey BYNDBYNONN S B LYNE ¥ W TINNT (12452430,00¢° W8 NS E9Y AMS TaYD NOILDIS BEOND NOWATIN 94T 20%-Dxeef
At 538 FAL AT+ W) e UL 1 AWD Yivg 4AvOIC E:HE:EJ_EW tes A
FTL N ¥oryny :.\v;”" z:n;u;::; ;V‘I S v SNIINRS T4 u-. a3%ev;

oI~-r



TaRgCY "at FILE CONTENT o NCLS Lad RETERENCE oatt AUTHOR APz
3aI8R-136 637 NEUTRGN CADSS STCTION DATA ONLT BTN MEDL T aeT e ML ACHENTER, T SR T TIRO TR 417
SAa~pa~-136M 838 RACIQACTIVE OECay DATA ONLY, 29 wEDL APRTS AL, SCHENTER 67
56-04-137 439 NCUTACN CNOSS SECTION DATA ONLY 2600 WEDL 0CT?4 M L, SCHENTER,F SCHMITTROTH o7
$A-0,.5370  4a@ RADIDACTIVE QpCAY ZATA ONLY 29 anC FEB74 C.W . REICH a“w?’
S6-9a-138 643 NCUTNON CRCSS SECTION DATA ONLY 326 WEOL QCTY4 R, C,SCHENTER,F SCHMITTROTK "7
S6~04-139 642 RADIQACTIVL ORCAY OAT4 ONLY 72 aNC JULTe C.W,REICH “w?
Se=0a-140 643 NEUT.<DCCAY patTa 179 ANC,NEDL JUL74 C,W. REICH "’
S4-94-141 6éa RAQIQACTIVE OECay DaTA ONLTY 169 ANC reera Cou REICH L2%4
S6-6A-142 645 RADIOACTIYE OECay DaTa ONLT 97 ANC FEB74 C.¥,ACICK (3%
S6-Ba-143 646 RADIOACTIVE DECCAY DATA ONLY 23 NEIDL APRY4 R, L, SCHENYER 417
S6-Ba-14¢ 647 RADIDACTIVE QECay DATA ONLY 23 MEDL APAT4 R, C,.SCHENTER [3%)
S6-8a-143 642 RAOIDACTIVE DECAY OATa ONLY 23 MEDL APRT4 R £, SCNENTEIR “?
$6=BA-146 649 NADIOACTIVE OLCAY 04T ONLY 23 wEo( APRTE R €, EENENTER «“rs
Se-5a-147 680 RADICACTIVL DgCay D4T4 DALY 22 WEO( APRT4 N, C,SCHENTER (%4
S6-Ba-148 431 RAQIQACTIVE OECAY DATA ONLT 2T wEoL APRY4 A,C,SCHENTER 47
Ja=Bi-149 682 RAQIDACYIVE DECAY DaTA ONLY 22 MEDL APRYS R,C.SCHENTER @7
S6=84-150 83 RADIQACTIVE OECaAvY 0ATA ONLY 22 NEOL APRT4 AL, SCHENTER o7
S6-Ba-181 684 RAQIDACTIVE OCCAY DAYA ONLY 22 NEDL APRT4 R, SCHENTER “?
84A-04-152 695 RADIDACTIVE DECavy 04AT4 ONLY 22 NEDL APAT4 R, C,BCHENTER @’
c—m— comecnn c——— cestectrateatetsrasemttE e et rten s AR s s et reRete s e s eeentas nanean
87-.a-138 696 MADIDACT]VE DECavy OATA ONLY 33 WEOL APRT4 R,L SCHINTIR (3%
$7-,4-139 697 NEUTROM CROSS SCCYION OATA ONLY 538 WEOL 0CT7a 7. SCHNITIROTH, R, E. SCHENTER %4
87-_i-168 098 NEUT,<DECAY (DaTa 294 ANC,NEDL FEore Con REICH @7
87=_a-341 9% RADIDACTIVE DECAY DATA ONLY 72 ANC FEB74 C,N, ALICH @?
57-L4-142 668 RAQIDACTIVE OECAY CATA ONLY 283 anc Feore C.u. ACICH @
T IeLa-143 6e1 NACIOACTIVE DEcay DReh Ower 33 WO TR e seeeneen  ar
97~ a-164  A¢2 AADIDACTIVE DECAY DATA ONLY 23  KEDL ApR7e N L. SCHENTLR (3%
57« 4-145 663 RADICACTIVE OCCAY DATA ONLY 23 WEOL P74 R, L BCHINTER [2%4
57~ a-14¢ hos RADIOCACTIVE DECAY DATA ONLY 23 WEOL APR74 R L, SCHENTER (3%
87-_a-147 645 RAQIQOACTIVE OCCAY DATA ONLY 22 WLOL APAY4 R, L. 3CHENTER (3%
$7-La-168 666 RAQIOACTIVE DrCavy 0ATA ONLY 23 MWEOL APAT4 R [, SCHINTER 417
g7-La-24¢ 667 RACIQACTIVE DgCar OATA ONL* 22 wWElL APRYS R, E BCNENTEIR a’
B7~La-190  Aed NADICACTIVE DECAv DaTa DKUY 22 WEDL APATS R [, SCHENTER (384
87-La-191 649 RACICACYIVE DECay DaTa ONLY 22 MEOL APRT4 R . SCHENTEN (3%
97-La-192 679 RAQIDACYIVE QrCay 0ATA ONLY 22 WO APAYS R, E SCHENTER (384
97-L4-193 671 RADIOASTIVE DECAY DATA ONLY 28 wECL APR?4 R,E SCHENTCR [2%4
37-LA-154 672 RADIOACT{VL OCCAY CATA ONLY 22 MEOL APRTS R [ SCHENTER @
87=L4a-19% 673 RADIQACTIVE OCCay OATA ONLY 22 nEQL APRY4 R, L SCHEINTER 417
TBe-CE-148 674 NEUTADN CROBS SECeION DaTa DL AT NEOL T et re T seuiTIROTH AL £ SENENTER 417
sa-cr-141 875 NEUT.<DECAY (paTa 233 ANC,NEODL FEBT4 C W ACICH (£33
BA~CE-162 676 REUT.QLCAY paTa 238 WEOL 0CT?4 7, SCHMITIROTI, A, L, SCHENTER @’z
98-C-143 677 NEUT,.eDECAY paTa 218 ANC,nEDL JULTs £, W RETCH (384
SA-~CEL-144 678 NEUY..DECAY paTa 219 HLDL,ANC 0CTY6 F SCHRITIRAOTH R, [,ICHENTER (2%,
Sa~-CC-14% 629 RACIODACTIVE OECAY DATA ONLY 37 ANC FE974 C W NETEN (3%
SA~CT-146 680 RAOTOACTIVE OCCAY CATA ONLT o ANC FE®T4 C. W RCICH €@r
Se~CL-147 681 MACIDACTIVE OgCay OaTa ONLY 23 NEOL APRY4 N, L, SCHENTER (38 |
SA~CL-3148 882 NADIDACTIVE DECAY 0ATA ONLY 23 WEOL APAYS N,E, ECHENTEA as
Sp-CE-149 683 MAQICACTIVE DCCay OATA ONLY 23 wEDL APRY& N, L SCHENTER a1

Sa-cE-198 684 RACIDACTIVE DCCAY DATA ONLY 23 WEOL APRY4 N, [, SCHENTER 18
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TaRCL® nat FILL CONTENTY # ACCS La8 RETEALNCE TR % 4 AUTHON [ 2V
T38-71-191 483 AAGICACTIVE JEGAY 04TA ONLY 233 s TTeRre monLsenentta s
J8-2L-122 486 AAQIZACTIVE JrCay OAvTh ONGY 1 ey APRT4 R, L SCHENTER (3% ]
90-2L-193 487 RAQICACTIVE 3CCAY OaTa ONLY 22 wLCy ABRTS N, [, SCHENTIR .18
SA=cC-19¢ 688 AAQIQACTIVE JECAY CATa ONLY 12 -0y ARRTL B, T SCHEINTER as
3e-CcL-199 €89 RAQICACTIVE CCLCAY OATA CNLTY 22 #ESL APRTe R L, STHENTCA (38 |
3e-CC-13s 690 AAQIOACTIVC DECAY Jarta ONLTY 22 w3, APATS R, L, SCHENTCR (1% ]
38-CC-197 691 AACTOACTIVE CETAY DaTa ONLY 21 ™0, APATS N, L, ICHENTCA (3% ]
Je-rn-143 002 nluTAGN CROSS SCCTIOM 0ATA OWLY [T L3N L Y. [4-]8 NOVT74 A PRINCC,R.L.SCHENTEN 6'.!-
39-sR-142 093 NEUT.CO0CCAY QaATA 174  MEOL BCT74 A, L, SCHENTEA 7, SCHNITTRQTH 419
$9osne142M 94 RAGUOACTIVC OECAY DATA ONLY 20 WEDL APATE A, L, ICHENTIR (38 ]
S9-0n-143 699 NCUT.<0CECAY gaTA 297  ANC, nEOL rEe74 Couw ACICN g
$e-sR-l4e 604 NACICACTIVE BECAT CATA OM,T 33 anc WL7e CLu ACLICH s
30-AR-144n 497 RAGICACTIVE DCCAY 0aTA OMLY 38 AN re874 Cow ACICM [3% ]
J9-an-148 498 RAQICACTIVE QgCAY DATA ONLY 37 ANC resTe S.n ARICH [3Y }
99-00-144 899 RACTOACTIVC DCCAY TATA CmyY 58 ANC FEB74 CoW ACICH Tats
39=-pR-1a7 T80 AACI0ACTIVE ACCAY 0ATA Sw,Y 40 ANC e84 Cou REICH (3% ]
90-00-348 781 AABICACTIVE 2gCay OATA ONLT 17 anc FEB74 S M REICH (3]
99=sn-14¢ T2 RAGICACTIVE OECAY OATA CNLY 34 ARG FEB74 S.u.AEICH 43y
30-00-130 793 RAQTCACTIVE OCCAY 0aTA OnLY 23 LB, APATS R, L. IONENTEN (38 ]
99-58-1351 784 AAMOTOACTIVE 3CCAY OATA ONLY 3 WEQL . APRY74 A L SENENTIN 38 )
59-80-132 789 AMQIQACTIVE QECAY 0ATA Qw, T 21 WenL, APATS R, [, ECHENTEN 419
Jo~PA-133 706 AAQTIOACTIVC BCCAT Dara ONLY 221 0L APRT4 R, [, 3CNCNYCR (38 ]
39-pR-194 707 AACICACTIVE DCCAY BaTA OmLY 2wl APRTe R, I, SCHENTCR 418
J9=0q-199 788 RAQICACTIVE OgCAY Oara Om.Y 28 AE0L APRY74 R, [, SCHENTTN (3%}
-;:;;:u. 799 n;a!mcnvt OLCav Oara Ow,Y 22 #L0L - ‘D;;:-;:E.scuur:l o :;;-
§e-50.137 740 RACI0ACTIVE QgCav JaTa OnyY 21 wC3y APRT4 R, [,SCNCNTTR (3% }
99=9R-190 731 BACICACTIVE DECav JaTa QN T 22 M0, APRTA R, T ICHENTEN (3% )
99-90-199 742 NAQISACTIVE DeCaY JaTA QdwyY 22 0y APATE R L, SCHENTER 418
ep=n0-143 733 nEytmaN 2R03S SECTISN JAva oMLY 206 NEDQY oérro l.:.scxt;;tl.’.scuunvlo" 41;.
00-n0-143 734 NEUTRON CRQIS SESTION DATA OMLY 539 e, dE3L NOVT4 A PRINCE,A,.L.SCHENTEN (3% ]
§8-n3-144 748 SEUY.<QCCAY gATa 284 WEBL ACT76 A L SCHENTEN,F SCHAITTAGTH 38 ]
40-40-149 736 NEUTAON CRQ3S SECTISN OATa InY LIT I T 4- 1 NGYT4 4. PRINCE.A.C.ICHENTER 138 ]
th-nQ-140 747 'NKU"ON CRQ3IE SCCTION QATA ONLY 3233 oM wECL MQYT4 A PAINCC,A,.L.3CRENTIN (29 ]
P=ng-147 70 NEYUT.<QECAY DATA 239 ARG, HEDL rEeTe O, w ALICH "
0A=NQ-140 74¢ REUTAON CPG3S SCOTION CATA OMLY 933 oW, nllL NGYT4 A PRINCE,A.L.3CHENTER (39 ]
0=ng=149 739 RAGTICACTIVC QCCAY QATA OmY 19¢  ARC rEO74 Con AEICH (31 )
of=nQ-338 731 NEYTRGN CROSS SECTION OATA DMLY [YI2E L. 981 <. 1N NQYT4 A PRINCE,A.C SCHENTER (3¥]
=nQ-192 722 NAGI0ACTIVE OgCay 0ata OmY 383 € FTB74 Cou EICH (3% ]
$9-ND-132 723 MAQICACTIVC QCLCay 0aTa OwLY 23 W0y APRT4 R L, SCHENTCA (2% ]
eP-NO-133 724 AAQLOACTIVC 3ECAY DATA OMyY 22 wEC, APATS R L, SCHENTEN (2% ]
$8-n0-134 729 RAQICACTIVC GCCAY OATA OMY 23 WEOL APRTA R T, SCHENTCR "y
S8-n0-199 706 RAQIOASTIVE OLCAY O0ATA Om,? 23 HIOL APRT4 R, L, SCHENTEN 4"
ofeng-134 737 RAQICACTIVC GECAY GarTa OnLY 21 W0y APRTA R, L, SCHENTIR 138 ]
e8-np=197 728 RAQICACTIVL DECAY DATA OMLY 22 WEDL APR74 R, L ICHEINTEN 138
$0=40-138 729 AAGTOACTIVE DECAY BAYA ONLT 21 wIdL AMRT4 AL, ICHENTCR oY)
88-n0-199 738 AIQI04CTIVE QECAY DATA ONLY 22 WED, ABR?4 A, L. SCHENTER I3V ]
49=40-348 731 AAGIGACTIVE GECAY OAYA ONLY 23 WED\ APATA A, T, SEHENTER ITL)
dRenQ-143 732 RAQCT0ACTIVE OCCAY SATA NV 27 e, APRT4 R, L, BCHENTEIR 613
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TARGE? MaY FILE CONTENTY o RECS LA RCPERENCE [-1%4 4 syTHOR
TioPne147 733 WEuT.eOKCAY QaTa - s2e weoL.aNe TTTTTNGVT A RLE.SCHENTER iND a.PAINCE, 418
$1-Pu=148 734 NLuT.«0CCAY Q4aTa 106 ANC,HEOL FERT4 £ M. RCICH (38}
1=PN-160M 735 NEUT.<0CCAY QATa 201 ANC,WEDL FE®Y4 C, W, ALICN (3% ]
$1-Pu-349 736 NEYT.0ECAY 9AT, 20%  ANC,HEOL FEBT4 C.M REIEN 413
$1-%n-130 737 NAQIQACTIYE DECaAy DATA ONLY 22 wioL APAY4 R,C.ICHENTER 13
$1-Pu-131 738 NEUT,eDECAY DAT, 316 ANC,HEOL FLBY4 C W RECICH 13
03-Pn-132 739 RADICACTIVE DCCavy DaTA ONLY 78 ANC FE874 S W RCICH s
61=PN=152M% 740 RADIDACTIYE OECAY DATA ONLY 78 ANC FEB74 S M. REICH (31}
§1=Pn-152N 741 RAQIDACTIVE OCCAY 0ATa ONLY 24 MEDL APR74 R,C,SCHENTER as
41=on-133 742 RADIQACTIVE OLCAY DATA ONLY 41 ANC FEBY4 C. W REICH 11
$1=PN=-18¢ 743 RADIOACTIYE OCCAY Dafa ONLY 25 KEDL APRY4 R, L. BCHENTLR 13
$1=Pn-134n 744 RADIDACTIVE DELCAY DATA anv 24 NEDL APRY4 R,C.BCHERTER (31 ]
$1=Pr=-195 748 RAQIDACTIVE DECAY DAYA ONLY 221 WEOL APR?4 R, T, SCHENTER 418
$1=Pp=104 746 RADICACTIVE OCCAY Dava OnLY 23 NWEDL APRY4 R,C.SCHENTCR 418
41-on-197 747 RADIOACTIVE DECavy DATa ONLY 28 MED, APRY4 R, L. ICHENTER (39 }
$1-Pr-43) 748 RADICACTIVL DECAY DATA ONLY 227 MEDL APRY4 R, L. ICHENTER [3Y ]
§1=Pn-199 749 RAQICACTIVE DeCay DaATa ONLY 221 MWEDL APRY4 R, C.SCHENTCR (39 ]
01=Pn=-160 738 RAQIOQACTIVE DECAY DATA ONLY 21 WEoL APRY4 R, C,SCHENTLR 418
01-on-181 731 RADIQACTIVE DEZCAy Darva ONLY 28 MEOL APRY4 R,C.BCHENTER L34 ]
$1-Pn-162 732 RADICACTIVE DLCAY DATa ONL Y 12 wEDL APRT4 R,E SCHINTCR “"e
’;;:;;:Lﬂ T NEUT.«OLCAT QATa 586 MCOL, NG ..--.---“N;;;: R, C.BCHENTER A, PRINCE .-::;.
02=3n<140 784 NEUT.eQLCAY (QATa 386 MLOL OCT?a A E, SCHENTLR, P . SCNNITTRON 41
$2=3m=-14" 795 NEUT.<0LCAY QAT 1210 Iy PALTY,COM,JUNE, 1967 JUNG? B, R LEONARD, JR, XK. B, STENARY @l
e2=8m=-14% 1827 NEUT.sDECAY DATa 1210 BNw PRIy EOM, JUNL, 1967 JUNS? B R LEONARD, JR, K. 0,STEWARY -3
Te2-sn-18 796 NEUTRON CAOSS SECTION OATE ONLT IR REDL T et e R SCHENTER, P seum i ToROTH 438
62-9m-191 737 MAUT.eDLCAY pATa 798  MEOL,ENL NOYT4 R, L, SCHENTER, 4. PRINCE (38 ]
42-5m=-192 798 NEUTRON CROSS SECYION DAYA ONLY 838 WIDL.ENL NOY?4 R,E,SCHENTER, 2. PAINCE s
472=5m-153 739 NEUT.<QECAY (DAY, 427  ANC,WEDL 874 C.w RLiCH 413
82-SM-154 768 NEUTRON CROSS SECTION OATA ONLY a3 mCO, OCT74 R, [, SCHENTER,? SCHMITTROTR 418
42-3n=-193 761 RAQIOACTIVE DECay DaATa ONLY 22 WEOL APR74 # [, SCHENTER [}8 |
62-Sm~1354 762 RADIQACTIVE O€CAy DATa ONLY 22 HEOL APRT4 A L SCHENTER (33 ]
62-5m=157 763 RADICACTIVE DgCay DATA ONLY 23 wEOL APRYS A, L,SCHENTER 419
¢2-5m-198 764 RAQIDACTIVE OCCay DaTA ONLY 21 WEOL ApR7T4 R,[,SCNENTER 418
$2-58-139 763 RADIQACTIVE OECaY OATA OKLY 22 MEDL APR74 R, L, SCHENTER s
62-3m-368 740 RADIOACTIVE DECAY DATA ONLY 22 HEDL APRT4 N, E,SCHENTER 38
62-Sm=-181 787 RAQIDACTIVE ODECAY DaTa OMLY 22 MEDL APRY4 R, E ICHENTER a“s
s2-Sm=-162 768 RACIOACTIVE OZCAY DATA ONLY 22 MEBL APR74 R, E SCHENTER als
$2-Sm=-143 76% AACIOACTIVE OECAy DATA ONLY 28 KEDL APR?4 R,C.BCHENTER 418
$2-8M-164 770 RAUIOACTIVE DECay DaTa ONLY 2 WEDL APR74 R, [,SCHENTER s
02-8M-149 771 RAQIOACTIVE OCCAY BATA OWLY 28 WEDL APRY4 R, SCHENTER 3%
TO3CU-131 1208 NEUT.<GAR.PRG0. DATA BT T oke s W takanant o a11
03-£y-121 792 NEUT.oGAM.PROD., DATA Jos N, SEC?3 W, Taxawagn! (3%
03-CY=152 1292 NEUT.<DECAY 0QATa 2028 INL DECTI M, TaKawagn! @
03-Ey-192 773 NEUT.eDLCAY QAT . 2022 AN OEETI W, TaKamau! s
63-EU=132% 774 RADICACTIVE DCCAY DAYA ONLY e MEDL APRTS R L BCHENTER a9
03-CU=192N 779 RAQIQACTIVE OECAY Bata ONLY 29 REDL APRT4 R, [, 3CHENTER @9
$3-EU-193 1291 NEUT.CAM.PRED. DATA 7y BNL DECTI M, TaNAWASKH! a2
> le=193 776 NEUT.oCAm,.PROQ, OATA EYJ PR 118 OECT?I M, Taxamadn! 419



61 WiONLLINMOE JIUIININIE D'y #4400 -1n:u (124 AWND YivD NOISD3S S50uD NOBLNIN ST §9T-Dnell
61y U3ANINDS YN riwev e st AW Yivg 4V20 JALOVOIOVE 438 991-40-99
6Ty YILNIKIS 3w viudy hl-} LI 1 AMMD TIVE AYIRC IALLOVOLOVN 838 NE9T-A0-99
34 NIANIHIE Iy viwey W o2 A0 Yivg A¥IID JALLOVOIOWN (38 WEST-AL-99
61 NILNINDE T u viwdY h-} LN H AW viv0 AY2IQ JAlLOVOI0VN 938 §91-40-99
(31 SUYRILE R X yP ONYNDIY W 6 LONAF  LYSTCINNL MNOD Alud wHe SOZY  AIND VUVD NOILD2S BEOND NOBLAIN 38 #91-i0-90
T SEVALLE R X CyP DUYNOTAC Y S LONRP 96T INAM'NUODt Al R TEZT  LWND YYD MDIA3DS SEOND NOWANIN TLET  #91-AD-9Y
(31 MIOULLINMIE 4 ONILININIS Ty #4430 e I8t AWMO YLV NDILIDS SSON2 NOWLNIN #38 £91-i0-0¢
610 MAOUALIWNDE JONDININIS Iy 94400 h-> L 14 AWD Yiv0 NO14928 S30M2 NOWLNIN £33 P91-A0-90
(31 WiIOWLIHNDE S UDLNINIE Iy v4uD0 (b DI 1 1 4IND VivE NOJLIDS SEONS NONLMIN 23R TOT~AD-#9
(214 NiOULLINRDS ' SN LNINOS 3y 94100 o et 4IN0 YivD NO1LAO2S SEOND NOWLININ T8  993-4i0-90
€3y ¥IANINIS Iy viwey hT-> LI 1 ATND vavg AYI30 JAaliovOlOvN 5% E91-0.-69
ey NIINDHIS I Y vineY Yo B2 AWQ vivD A¥OI0 JALLOVOIOVN 608  »0T-Bi-60
1 YILNINIB DY vivey Rt T 1 AWE vivD AYO20 JA1.OVOIOVN BEE  £9T-B.i~69
(31 WIINIKIB D'y viWeY o T ATWMD YIVD AVIIQ 3A1.O0V0I10VN [88 NZOI-R.i-6Y
(21) WILNINIE D'y vinev hl-F LI 14 AWND vivD 4¥DI0 JA1.OVOI0VN veR  ZOT-8.i-60
610 NIINDKOS 3'y vivey h(-b LI 1 AND YAvD AVIID JALLOYOlOVE S8r  I9I-R.-6¢
(31 MAOWLLTMMIB St NIANINDE Iy 94420 gIN vit Yiv0 4230 403N v00 891-0.-5¢
1 MiDULLTWRDE 2 WIANINOE 3 Y #4430 h[? L L AINE YivQ ND14J3S SE0s2 NONININ £08  61-8.-5¢
20 KILININIB T viveY h -5 LI 14 AE viv0 AVII0 JAILIVOIONN Z8E  §91-00avd
(31 KIANINIE I'w vivey hl-} L AIND vivg Av3ID JALLOVOI0WN TE®  991-D5-v8
(21 KIINIRIE Iy viéuev P LI 44 AWND vivD AV3IC 3A1.OV0IDVY s8R £e1-02e-vd
ey WIINIKIS D'y rivey RTT TR ¥ 4IND vivD AVOID DAliOVOIDWYY $6. Z91-0Derd
3 W3ANIKIS Ty viveay -t LS 1] ATND VivQ AYDID JALIOVOIQYN 6L  191-0%ev0
61 Hi0NALLWMDE " S yILNINDE Tty 94400 eI vl 4D TivD KO1L32S BSOND NOKININ 6L  §91-05-09
3 NIANINIE Ty viwey Yo &2 AIND ¥ivO AVOID JALLOYOIOVN 98L  61-00-9¢
1 MAONLLINRO S WILNINIE Ty 94400 R TR AD YivD NOI4D2S SEDN2 NONININ €8  9ET-CDevd
31 RLONLAIMNDE SIUIINIHIE D'y 94430 h'5 LI 134 ATND VivD NDJ4DDS SSOuD WONLNIN »8L  (E1-D0-08
31 HOULLENNDE ST UBINIKIS 'y 94400 b+ LI ] AN VivD NOI43DS SEOND WOMLNIN £6.  96T-0Sevd
iy MIOWLLINNDE " S UILNINSS Ty 94420 hi-t LI 73 AIND VivD NOILD2S BEOXD NONLNIN 26  £61-03-0¢
317 MIOULLINHOS 4P uRANIHDE Ty LU0 g« teg 4IND YIv0 MDI4O2S 0D MOBININ 8L  #E1-COevs
31 WILNIKIE D'y viwey W 2 AMS TLPD AVOID 2A1IDVBIOYN BaL  EET-03-r0
31 ¥3IANINOE Iy viudy o 82 AWD VIVD AVOID JALLOVOIDYY 9L  TET-02eve
58y WYINFYD D POINSIONINKNIQ N 99,00 (09 wvn) oLz WY WY L0 AWO YivD NO1423S SEO0ND WOWANIN PO -PE
(334 UILNINIS 2N viuwey o3 B AMD wivE AYIID JAILOVOIOVE #8(  §93I-N)-CO
31 NIINIKIS Iy vivey b5 I 24 4D VivD AV2IO JALLOYOIOWN (82  #91-RI-L0
(34) N3ININIS Iy viwey Yo Bt 4WMD vivD AYILD IAILOVOIOWN 8L [PI-R3-D0
31 ¥IININOS Ity viney hlb LIS 1 AWD ¥iYD AVDID JAlLiDYOlOVNY €8¢ EPI-NJ-C?
(31 UIINIRIS Iy viNey Mo &2 ATND YAVD AVIIC JA1LOVOIOVN #BL  T9T-fd-FY
(214 WIANIKIE 3y vivev hi-h LI ATNY ¥iYD AYDID JAIZOVOIDYY £8.  S91-N)-C0
1 ¥AININIS 3N vivey R} LI 1 AND ViVO AVID0 JAJLOVOIOVN ZR.  651-N)eE0
[34) NILNIKIS Iy vivdy gt AMND VIVE A¥22Q 3ALlLOVRI0WN ;. €61-M3eDY
(23] RNi0Bad IMMIS SPUIININIT T 4 94400 I 893 VAvl  AvOJ0e 4NN 8L 631-N3-50
(30 HSIJE s viedy L1 LAET LA { ¥ivh  avI30-'dNIN g4¢  96I-N5-F¢
61 JONIWO YERIININDE Dy viADN ANETIE 460 YivE  AvII0e'4NIN §iL  663-MI-LY
(31 IMEYHYNYL M $L230 e erd? VivC  4v2J0 e 4NIN L&l 0E1-NI-E
(31 INEYRYXYI N £330 we L8t TIVE  ATIR0e LMIN £62T  9vET-N3-E0
ievd woK NY e INIWIL Iy [ Lo +3 Y] SNIINCD T4 19 4300,

oz-r



TaRcC® mat FILE CONTEN® P RCES LAB REFEAgNCE oate AUTHOR nre
TTiuD-186 BRI RAGIOAGTIVE DECav DATA OWLT a3 MEOL TN Wtsemowren gy
$7=W0-3166m AZ2 RADIOACTIVE DECay Dava ONLY 23 MEDL APR74 R E,SCHENTER 419
TAA-TR-106 B3 NEUTRON CAOSS SICTION DATA ONLT | 472 MEOL T ey Mt eneNTER F L scun TR TN a1p
$A-CR-187 824 NEUTAON CMOSY SECTION CATA ONLY 379 DL SCT74 R [ SCHENTER,F SCHMIYTROTH (384
$R-ER-147M 825 RADIOCACTIVL DECavy DaT4 ONLY 28 SEDL APR7E R E SCHENTER 41
camrccecrenmtcscestenaneresnsees - cecace - ccnssocn came cescesccctccceasasrassromeen
71=LU=17% 1PF32 NEUTAON CROSS SCZTION DATA ONLY 1863 BN¥ PRIYCOMM, JUNE, 19607  JUNST B,R_LEDNARD,JA,, K. 0, STCWART 492
P1~LU=376 31833 NEUTRON CROSS SCCTION DATA ONLY 1549 BNW PRIV COMK,JUNC, 1967  JUNGT B.R,LEONARD,JR. X, B,STENANTY ] £}
coccrescecettanreptranaatesrtcroanacoana P ceccessmerenna ceovmaconcnan
73-7a-182 1285 NEUT.GAN.PRDD. 04TA 2799 LLL JAKTZ NONERTON, PCAKINS, WACGRES0R 411
PR=Ta-182 4137 NEUTRON CROSS SECTION BATA ONLY 76y Al AleafC=12090 (1971)  APRYL S OTTCR,C.OUNPORQ,E.QTTINITTC 493
e eemeee e on et enaneseaeanan . P .. - cermann o= ceremmcecnmanen
Teon=102 1188 NEUT.«GARM.PRDD, DATA I20%  Al.LABL JUN?I QTTER,QTTENITYC ,A0SE. YOUNG a1
Ta=w-183 1129 NLUT.#CAN,PROD. DATA 3533 Al.LalL JUNTI OTTER,OTTENITTC,ROSE, YOUNS 1 11
Faow=184 13138 NEUT..CAN,PRQD, DaTa IPNL  al,iaBL JUNTI OTTCR,ETTENITTE,ROSL, YOUNG 40
Facus106 3131 NEUT.«Can,PROD, DaTA INTI  Al.ialL JUNTI OTTCR,OTTENITTIC,NOSC, YOUND a1
P L L T P P PP e LY oo L T R LT T P L T
78-RC-185 1M63 NECUTAON CROSE SESTION DATA ONLY L3785 CCiNmPO! cInp=58? JANGD ¥ .3 HENDERSON, , ¥, BW]CK (T3]
78-aE-187 1864 NEUY.<QLZAY pata 1412 CCiwmeO! cLupese? JANGS W, B HENOERSON, J ¥, FuCK a0y

- - ceccecasstmcceramemneecanon .- covoas . Y
79-4y-197 1263 NCUTRON CROSS SCCTION DATA ONLY 3447 BNL APRT4 NMUGCHABCNAD, PRINCE,GOLLBEAS 411
79-ay-197 0263 NEUTRON CROSS STCTION DATA ONLY 32 N, CCTTY MUGHABGNAR LT.ay, 432

TRan 1208 NEGT..GAN.PRSD. GaTH L aiee omwy TN G raetaer  ees
com copesan [ —ee . - PR - cecnecccruoan
99-TH=232 1298 NEUT.«FPYeQECAY DaT4 2021 Bew PANePL? (4978} NOVSS W, MITTXOPP, 0. ROY,H.LIVOLS! no
PP-THo232 8296 NEUTRON SROSS SCCTION DATA ONLY 420 DBow NOVeS M, MITIXOPP. 0. ROY, 2., 1Y0LST 412
B T T T L T . L Y T T - r iy Sew P YT T cerPsesssrssecnsermcassretnanan
91-°4-233 1297 NEYT.<0ECAY Qaty EY | [ 7108 JANTE 8.C, YOUNG 0?7
TNPU- 233 1268 WEGT.-FRTeDECAT DATE T a3a AL I e wewastien Ty
92-u -234 1843 NEUT.eCECAY 0aTa 923 GGa CAegl3S (SCT,1987) JANS? M. K. ORAXE,P. P NICHOLS a4
92y -235 6241 NEUTRON CROSS SECTION Cata ONLY 1273 LASL,A! MART4 [ STEWART W ALTCR, R, uUNTER €2
92-U =235 1201 NEUT.eFPY«DLCaYeGaAN,PAQD, DAYA 0706 LASL.al MARTA |, STCWART  m A TER, R WUNTER w7
92-y -236 1163 NEyT.-0CCar o0atTa 2% SAL 0CT71 J, NECCROSSON e
92y =238 8242 NEUTRCN CROSS SECTION DATA ONLY 788  WARD $CPT7 N,C,PalK a2
92-us 238 1202 NEUT.<FPYeDLCaYegaM.PAOD, DATa 4007 WARD SEPII N,C.PalKX 29
S OIS USRI PLPI TP SIS SIS RPRITSS PR SR SR Y
93-nP-237 4263 NEUTRON CROSS SCCTION 0ATa ONLY 1192 ANC,LASL JUNTI SR, INITHIANC) ,a E.STEINCLASL! 412
I3=nP=237 1263 NEUT.<FPYSDLCAY QATA 2547  ANC, ASL JUNTS J R SHITHMIANC) . L. STEINCLASL) 437
THeTPU-238 1RBE NEUT.SOESAY SRta IR AL NAASBRe12373(NAv.e7) MATET .ALTER,G.DUNPORD  age
9a=py-239 6264 NEUTRON CROSS SCCTION OATA ONLY 087 GC-8MB,LA MARTS B WUTCHINS R, sUnTER, | ,STENART 412
$4=PU239, 1264 NEUT,oFPYSQLC YeoAN . PRED, DATA 9335 GC-gn0. LAl MARTS D NUTCHINS R MUNTER, . STCWART 487
9a=P=248 1265 NEUY.«DECAYGan , pROD, DATA 2278 AN, APRY4 L.PCNNINGTON M, HUMMEL 487
9a=Py-241 1266 NEUT.eFPYCDECAY 0aT2 948 ANL DEC?3 M, WUMMEL.E.PENNINGTON (1.0
$e-PY-242 31161 NEUT.DECAY DT 999 Al,aNC NAA«PR®12271(MaT=87) MAYE? M, ALTLR,C.OUNFORD(ATIMOD,.~ANC 424
PA-ino241 1836 NEUT..FPTeOECAY DATa T e ane BATV.COMN, (NOV. 19661 NOVES J.R.INITH/A.2.CAINEREY 484
95-an-243 4P97 NEYT.FPYeOLCAY DaTA 390 ANC PRIV, CONM, (NOV. 19860 NOVES J. R, BHITH,R A GREINESEY 404
-;:::N-Zdl 11;;-;£u1.-ntc1v ;lTA ) ---;;;' ALy aNC NAA=BR=12274(MAY=07) MAYS? ~.ZZ?EifEfﬁiiiS;S?ZI?ZSEf:IZE":SI'



K-1
APPENDIX K

Sample Data Set

The following is a sample data set in the ENDF
format. This sample was taken from an evaluation
by Nisley, et.al. and contains neutron cross section
data for Helium-4. For other examples of data in the
ENDF format see Appendix N.
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ARPPENDIX L

Sample of Interpreted Data Set

The following is an interpreted listing of the
ENDF data set for Helium-4. This listing was obtained
using the LISTFC code (See Appendix I). Since this

is an example, not all of the angular distributions
have been listed.
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APPENDIX M

Sample Graphical Display

The following is a sample graphical display
of the cross sections for Helium-4. A numbexr of
codes (see Appendix I) prepare graphical display
of materials in the ENDF format. The examples
shown here are taken from ENDF-200, ENDF CURVES.
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Appendix N

Examples of Card-Image Formats

This appendix describes examples of formats containing BCD card-
image records.

The following appendix begins with a review as to how ENDF record
types are organized in card-image format. The remaining pages contain
the card-image examples and formats.

The top of each page indicates the particular file and data format
described. Four pages (A, B, C, D) are used to describe each data type.
wWhen the appendix is opened to a particular data type, the left-hand page,

A (the last page of the previous foldout sheet), contains a review of the
variable names and their definitions. The right-hand page, D (before un-
folding) contains the important formulae associated with the particular

data type. When the right-hand page is unfolded, pages B and C are exposed.
Page B gives the format. For explanation of the notation describing the

ENDF record types refer to either the beginning of this appendix or Section
0.5.3. Page C gives an example of ENDF card-images described by the formats.
Note that in some cases, the example would have contained too many cards to
have been displayed on one page; therefore, cards have been omitted.



Examples of Reccrd Format and Notation used in Appendix A

All records on an ENDF hinary tape are one of four possibls types, denoted
by CINT, LIST, TABl, and TAB2. A record always consists of nine mmbers followed
(depanding on the record type) by one or two arrays of numbers. A General de-
scription of these nine numbers is given below, but the actual definition of
each number will depend on its usage.

MAT is the material number (integer).

MF is the file number (intager).

MT is the reacticn type number {(integer).

Cl is a constant (floating point).

Q2 is a constant (flcating point).

Ll is an integer generally used as a test.

L2 is an integer generally used as a test.

Nl is a count of items in a list to follow.

N2 is generally a count of itams in a second list te follow.

0.5.3. Card-Image (BCD) Formats

An alternative format is used when data are contained on punched cards or
BCYD card-image tapes. Basically the data are stored in the same order for this
format as in the binary tape format. .Thc najor differance is the position of the
three numbers MAT, MF, and MT. Also a card sequance number has been added to
the card-imaqe format. In general, more than one BCD card-image racord will be
required to contain the data in a binary record.

A standard 80-column card is divided into the following ten fields:

Field Columns Description

1-11
12-22
23-33
14-44
45-55
$6-66
6§7=-70 MAT
71~-72 Mr
73-7% MT
76~80 Sequence nuxber, starting

with- 1 for the first
card of a material

OV IO W& LN
o

[

s » 3 8 la

—



Examples of Record Format and Notation used in Appendix

CONT Records
The smallest possible record is a control (CZNT) record consisting of
the nine numbers given above. For convenience, a CZNT record is denoted by

[MAT, MF, MT/Cl, C2; L1, L2; N1, N2)CONT

There are five special cases of a CONT record, denoted by HEAD, SEND,
FEND, MEND, and TEND. The EEAD record is the first in a section and has the
same form as a CONT record. The numbers Cl and C2 are interpreted as ZA and
AWR, respectively, on a HEAD record.

The SEND, FEND, MEND, and TEND records use only the first three numbers
in the CONT record, and they are used to signal the end of a section, file,
material, and tape, respectively:

[MAT, MF, 0/0.0, 0.0; O, 0: O, Q)SEND

{MAT, O , 0/0.0, 0.0; O, Oy O, OJFEND

[o, 0, 0/0.0, 0.0; O, O O, OJMEND

{-¥, 0, 0/0.0, 0.0; 0, 0; 0, O)TEND

The HEAD record consists of one card punched in Fields 1-9.

The SEND, FEND, MEND, TEND, and TPfD records each consist of one card punched in
Fields 7-9 only. Note that a completely blank card (MEND record) signals the

end of a material.



Examples of Record Format and Notation used in Appendix c

LIST Records
Tha second type of record is the LIST record, used to list a string of

floating point numbers, B,, B,, B,, etc. These numbers are given in an array,

1 2
B(N), and there are N! of them.

3

The LIST record denoted by
(MAT, MF, MT/ Cl, C2; L1, L2; N1, N2/ B ]LIST

is punched in the following way:

Plield
1 2 3 4 S 6
cl c2 Ll 2 Nl N2

B(1l) B(2) B(3) B(4) B(S) B(6)

B(7) B(8) B(9)

558 8|
IR RN
5058 8 Jo




Examples of Record Format and Notation used in Appendix D

TABl Records
The third type of record is the TABl record used for one-dimensional
tabulated functions such as y(x). The data needed to specify a one~dimensional
tabulated function are the interpolation tables NBT(N) and INT(N) for each of

the NR ranges, and the NP tabulated pairs of X(N) and Y(N).

Consider a TABl binary record that was denoted by

{MAT, MF, MT/Cl, C2; L1, L2; NR, N‘P/xim/y(x)]m1

This record would be punched on cards in the following way:

Field

1 2 3 4 5 6 7 8 9
cl c2 Ll 2 NR NP MAT MF MT
NBT (1) INT(1) NBT(2) INT(2) NBT(3) INT(3) MAT MF MT
NBT (4) INT(4) NBT(5) INT(S) MAT MF MT
—-—— NBT (NR) INT(NR) MAT MF MT
x(1) Y(l) x(2) Y(2) x(3) Y(3} MAT MF MT
X(4) Y(4) X(5) Y (S) ——e—men | eemee=s MAT MF MT
———— ———— X (NP) Y (NP) MAT MF MT

The term Xie means the interpolation table for interpoclating between successive
values of the variable x. y(x) means pairs of x and y(x). x is generally used
as the incident neutron energy E, and y(x) is generally a parameter such as the

cross section O(E).

A TAB2 record is the same as the TABl record, except that the list of x ané

Yy values is anitted.



File 1 Descriptive Information and Index (MT=451)

P is a flag that indicatss thst resalved and/or mnresclved resonance
paramstars ars ¢givea ia Pile 3.
LAF = 0, no rescnance paramster data given:
LRP = i, revolved and/or mresclved resonance paramster data given
ia Plle 2.
WL is a flag that indicates whecher this macarial is fisaionable:
IFT = O, this is not a fissionable esterisl;
IFT = 1, this setarisl is fiseionable.
WG is as iateger cownt of all the sectiens to be fownd in the diction~
ary. BEach section of this ascerial is represenctsd >y a single card
image m“u.numur.n. (reection amber), and WC (s coumt of the mmber of cards
in the sectien). IOC ia the total mumber of sections for the camplets matsrials
1.0.. it 16 oqual to the smm of all Uw sections in the different files.
50 ts o flay to ladicate whethar induced reaction decsy data are given for this matarial:
100 = 0, radicactive decsy dsta Rot gives for this matarial:
0 = 1. radicactive decay dats frves.
LF? is a flag that indicates whether fissioe producty yisld dats are given
for this matarial:
e = 0, fiseion product yislds not given:
Y = ), fission produst Yislds are fives.
is the count of the mumbar of slements in the Rollarith eectiom.
W.nummumwuu

descTibe the dats set for thuis materisl (MMD < 294). Fog Dinary

tapes, WD 12 the mmber of vords centaining tha Ssllsrith lafor-
sacion, and (t Le undarstood that 17 words are requirsd for sach
sard image (66 charzactars) and the formst iz (18A4, A2). (WD < 3000.)

is the array centaining the Nollerith information that descrides

the particular svalusted dats set. Por 2 XD card-inepe tape.

each element of the array is coszained on owe card image.
{Piret BCD Card (mege Mecord)

F-14.1Y is & Nsllerith repressntation of the matariasl 2-chemical symmo] -
A wvith
T right jestified in cul. 1 to )
= hyphen ip eal. 4
chemical symbol lefr justified {n col. S and ¢
- Wyphen in col. 7
A right jearified in 0 - 10 or blank
B, etc. isdicatiss of mecastable scate ia col. 11
NAD Mhsmsnic of erigiaating laboratory(s) (left adjusted)
BATY date of evaluation VAL - in cols. 2)-27, three charscter Eomth

in 20-30, followed by two charsctar year 31-32 (i.s. EVAL-DECT4)

ALFTR author(s) of svaluation (left adjustad) cols. -6
(Second 3CD-Card Image Macord)

| -4 ruference 3-13

DDATE original distridetion dace (left adjustad DIST- followed by

santh-year as ia LDATE
DATE dace and rumber ¢f last revision RIVi- followed by momth-year
as in EDXTX

™e following quancitise are defined.

.-i-:nu-uum-duuaermncn—um‘uum.

h!h-l'otmanm.

llmﬂe!lh-“m.

18 the nomber of KD card images in 2 given sectiom (the l‘h saction) .

LALALYLA

This card coent dose not include the STMD card. Immtxx-ﬂc'lﬂ:ot)



File 1 Descriptive Informaticn and Index (MT=451)

This section always begins with a HEAD record and ends with a SEND record.

Its structure is

*Note:

{MAT, 1, 451/2ZA , AWR, LRP, LFI, 0, HXC]JHEAD

{MAT, 1, 451/0.0, 0.0, LDD, LFP, NWD, O/ ZSYMA, ALAB, EDATE, AUTH (33
characters), REF (22 characters), DDATE, RDATE, b, b,H(N)]LIST*

(MAT, 1, 451/0.0, 0.0, MF,, MT,, NC , O]CONT

{MAT, 1, 451/0.0, 0.0, HPZ' HTz. NCZ. 0] CONT

{MAT, 1, 451/0.0, 0.0, Hrmc, muxc' Nchc, 0] CZNT

[MAT, 1, 0 /0.0, 0.0, O P . 0 . O]1SEND

2ZSYMA to AUTH are part of H(N)



File 1 Descriptive Information and Index (MT=451)
9.22350+ 4 2.33025+ 2 1 1 o 821261 1431
0.00000+ 0 0.00Q00+ 0 1 1 263 01261 1431
§2~U =235 LASL,Al  EVAL-MAR74 L.STEWART, H.ALTER , R.MUNTER (261 1451

DIST-JUL74 REV-JUNTS 1261 1451
PRINCIPAL EVALLUATORS— L.STEWART LaASL, H.ALTER Al, 2.ULNTER LASL 1261 14351
1261 1451
CONTRIBUTING EVALUATORS 1261 1431
1261 1451
WU-BAR—B.R. LEONARD ENW, L. STEWART AND RAY HUNTER LASL, 1261 1451
HRNMEL ANL, 1261 1451
F.P.YIELDS—R.SCHENTER HEDL, FISSION PROD. SUBCOMMITIEL 1261 1451
DELAYED NEUTRON DATA— S.A.COX(ANL) 1261 1451
RADIQACTIVE DECAY DATA-—C.W.REICE ANC 1261 1451
RESOLVED RESONANCE DATA—J.R. SMITE ANC, R. GWIN, R. PEELE, AND 1261 1451
G.DESAUSSURE ORNL 1261 1451
UNRESOLVED RESOMANCE DATA=— N.PEELLE(ORML) AND M.BHAT(ANL) 1261 1451
1261 1451
SMOOTH DATA 1261 1451
1261 1451
THERMAL RANCE C.LUBITIZ KAPL, J.RARDY BAPL, B.R.LEONARD BNW 1261 1451
82 EV -25 KEV=R.GWIN, G.DESAUSSURE ORNL, R.BLOCK RPI, 1261 1451
1.1 SMITH ANC 1261 1451
25 XEV=1 MEV A.CARLSON NBS, W.POENITZ ANL, L.STEWART 1261 1451
LASL, H.ALTER 1261 1431
1 MEV-20 MEV—R.RUNTER, L.STEWART LASL, H.ALTER 1261 1451
INELASTIC SCAT—~L.STEWART, R.HUNTER LASL 1261 1451
SECONDARY NEUTRON DIST.—L.STEWART, R.BUNTER LASL 1261 1481
GAMMA PRODUCTION—=R.HUNTER, L.STEWART LASL 1261 1431
1261 1451

(MISSING LINES)
1261 1451
.3 1261 1451
1261 1451
SMOOTH DATA 1261 1451
THERMAL DATA=——THERMAL TASK FORCE 1261 1451
1 E9 I0 82 EV J. R, SMITH 1261 1451
82 EV TO 25 REV  PEELLE, BHAT 1261 1451
25 KEV TO 100 KEV BIG THREE PLUS TWO TASK FORCE 1261 1451
100XV 70 | MEV—~FISSION CROSS SECTION TAKER AS CURVE 1261 1431
SUGGESTED BY D=23)5 TASX FORCE AND CSEWG STANDARDS AND 1261 1451
NORMALIZATION SUBCOMMITTEE. IN THIS ENERGCY RECION DATA TAKEN 1261 1451
TROM RETERENCES 1 THROUCH 9. DATA OF REF.4 SZABO (71) RAISED 1261 1451
DY 1,04, BETWEEN | AND 6 MEV CURVE DRAWN THROUGH DATA OF 1261 1451
REYERENCES 3, 5, AND 7 THROUGH 1], WITE HEAVY WEICHT CIVIN TOl1261 1451
REF. ll. ABOVE 6 MEV CURVE DRAWN THROUGH DATA OF REFERENCES 1261 1451
7, 8, 12 AND 13, DATA OF REFS. 12 AND 13 NORMALIZED TO 2.132 1261 1451
BARNS AT 14.0 MEV.—=ALPHA CURVE BETWEEN 10 KEV AKD 10 MEV 1261 1451
BASED ON REFERENCES | AND 14 THROUGK 19 AS RECOMMENDED BY 1261 1451
U-235 TASK FORCE. ABOVE | MEV ALPHA CURVE SMOOTHLY 1261 1451
EXTRAPOLATED 10 20 MEV.-==CAPTURE CROSS SECTION DERIVED AS 1261 1451
THE PRODUCT OF THEZ FISSION CROSS SECTION WITH ALPHA=——=ABOVE 1261 1451
0.5 MEV TOTIAL CROSS SECTION nm« FROM SPLINE FIT TO DATA OF 1261 1451
REFERENCES 20 AND 21. BETWEEN 23 KEV AND 0.5 MEV A SMOOT 1261 1451
CURVE WAS FIT TO THE TOTAL CROSS SECTION OF ENDF/3-3. 1261 1451
1261 1451

(MISSING LINES)
REFERENCES 1261 1451
1261 1451
1. GIN, R., ET.AL, PRIVATE COMMUNICATION (ORNL,1973) 1261 1451
2. EAPPELER,F.SYMPOSIUM NEUT.STDS., (ANL) CONF.701002, 272(1970) 1261 1451
3. SZABO,I., ET.AL., (AS REF.5) CONF-701002, 257(1370) 1261 1451
4. SZABO,I., ET.AL., XNOXVILLE CONF. VOL.2 573(1971) 1261 1451
3. KAPPELER,F., 2ND IAEA PANEL STANDARD X-SECTIONS,VIENNA(1972) 1261 1451
6. GAYTHER, D.B., ET.AL., (AS LEF.8) (1972) 1261 1451
7. RANSEN, G., EI.AL., PRIVATE COMMUNICATION,L.STEWART (LASL 1970)1261 143!
8. WHITE, P.H.., J,NUCL.ENERGY 19,325(1965) 1261 1451
9. DIVEN, B.C., PHYS.REV.105,1330(1957) 1261 1451
10. POENITZ, W., PRIVATE COMMUNICATION (ANL,1973) 1261 1451

(M SSING LINES)
32. R. W. PEELLE, ORNL, LETTIR 70 CSEWG, $=24=73. 1261 1451
1261 145)
1 451 %7 1261 1451
1 482 6 1261 1451
1 453 9 1261 1451
1 454 1699 1261 1451
1 455 8 1261 145]
1 456 6 1261 1451
1 457 60 1261 1431
2 151 871 1261 1451
3 1 388 1261 145}
3 2 339 1261 1451

(MISSING LINES)
15 3 136 1261 1451
15 18 sS4 1261 1431
15 102 58 1261 1431

172
173
174
173
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196

228
229
230
231
232
233
234
233
236
237
218
239

264
265
266
267
268
269
270
271
272
273
274
275

4S5
346
7
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Descriptive Information and Index (MT=451)
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File 1 Number of Neutrons per Fission {MT=452)

is a test that indicates what representation of V(E) has been used:
INU = 1, polynomial representation has been used;

LN = 2, tabulated representation.

is a count of the number of terms used in the polynomial expansion.
(NC < 4)

are the coefficients of the polynomial. There are NC coefficients
given.

is the number of interpolation ranges used to tabulate values of
V(E). (See Appendix E.)

is the total number of energy points used to tabulate VI(E) .

is the interpolation scheme (see Appendix E for details.)



File 1 Number of Neutrons per Fission (MT=452) B

The structure of this section dapends on whether values of -\T(E) are tabu-

lated as a function of incident neutron energy or whether v is represented by a

polynomial.

If INU = 1, the structure of the section is

(MAT, 1, 452/ ZA, AWR, O, LNU, O, O]JHEAD INU = ]
(MAT, 1, 452/ 0.0, 0.0, O, O , NC, O/Cl. CZ' CNC]LIST
[MAT, 1, O/ 0.0, 0.0, O, O , O, OQJ]SEND

If ILNU = 2, the structure of the section is

{MAT, 1, 452/ ZA, AWR, O, LNU, O, O]HEAD LNU = 2

(MAT, 1, 452/ 0.0, 0.0, 0, O, NR, m:/zmt/ﬁz)]mal

(MAT, 1, O/ 0.0, 0.0, 0, O, 0, QJ]SEND



File 1
9.22360+ 4 2.3202%+ 2
0.00000+ 0 0.00000+ 0
2.37000~ 0 1.25000- 7
9.22350+ & 2.33025+ 2
0.00000+ 0 0.00000+ O

7 2
1.00000- § 2.41880+ O
4.00000+ 6 2.94430+ 0
2.00000+ 7 5.19620% 0

Number of Neutrons per Fission

01042
01043
104)
1043

[o M=)

2 o] 01261
0 1 71261
1261
.78010+ 01261
56890+ 01261
1261
1261

[N =]

1452
1452
1432

1432
1452
1452
14352
1452
1432

{MT=452)

a1
82
83
84

349
aso
351
152
353
354
ass



File 1 Number of Neutrons per Fission (MT=452)

The energy dependence of

v may be found by tabulating ; as a function of incident neutron energy or by

providing the coefficients for a polynomial expansion of ;(EJ ’

NC

- z : (n=1)
V(E) = an .

n=1

where \T(E) is the average total (prompt plus delayed) number of neutrons per
fission produced by neutrons of incident energy E(eV), Cn is the nth coefficient,

and NC is the number of terms in the polynomial.



File 1 Radiocactive Nuclide Production (MT=453)

232 is the designation of the original nuclide (2A = ({1000.0*2) + A)

NS is the integer number of states of the original nuclide for
which reaction product data are given. (NS < 5.)*

LIS dcsiénnteu the state of the original nuclide, ZA. (LIS = 0 means
the ground state, LIS =~ 1 means the first excited state, etc.)®

L¥S designates the state of the product nuclide. (LFS = O means the
ground state, LFS = 1 means the first excited state.)

NPR is the number of product nuclides and/or product nuclide states for
which data are given for one state of the original nuclide (the sum
of all product nuclide states formed by neutron interactions).

RTYP is the designation of the reaction type leading to the described

product nuclide state and is a floating-point equivalent of MT numbers
(see Appendix B).

ZAP is the (2,A) designation of the product nuclide (ZAP = (1000.0%Z) + A).

DC is the decay constant (sec-l) for the decay of a particular state of

the product nuclide (2ZAP).

Q is the reaction Q-value (eV). Q = (rest mass of initial state - rest
mass of final state.)

ES(N) is the energy of the Nth incident energy (eV) at which branching ratios
are given.

BR(N} is the branching ratio at the Nth energy point giving the fraction of
the original nuclide in a specified state that results in a specified
product nuclide state for a specified reaction. At any particular
energy point the sum of all branching ratiocs for a specified RTYP
must be 1.0.

NE is the number of energy points at which branching ratios are given

for a specified initial state.

*Although NS is limited to 5, the specific state number can be larger than 5§
as long as the total number of states represented is no larger than 5.



File 1 Radicactive Nuclide Production (MT=453)

The structure of a section is
[MAT, 1, 453/ZA, AWR; 0, Q07 NS, O]HEAD
< subsection for LIS = O (ground state) >

< subsection for LIS = 1 (first excited state) >

< subsection for LIS = NS =~ 1 >
{MaAT, 1, 0/0.0, 0.0; O, O0; O, O JSEND

There will be NS subsections.

The structurs of a subsection is
{MAT, 1, 453/2A, AWR; LIS, 07 NE, NPR/

ES(1l}, ES(2),======~ ————

+ ES(NE)]LIST
(MAT, 1, 453/0.0, Q; LFS, O, NE + 3, 0/

RTYP, Z2AP; DC, BR(1l}, BR(2), BR(3)/

BR(4), BR(NE) ]LIST

NPR such LIST reccrds (of the second type).



File 1

Radicactive Nuclide Production

9.22350+
9.22350+
1.00000=
0.00000+
1.60000+
0.00000+
1.70000+
0.00000+
1.02000+

4 2.33025+
4 2.33025+
5 2.00000+
0-5.23000+
1 9.22340+
0-1.18500+
1 9.22330+
0 6.54510+
2 9.22360+

E ol I SRV AN . SEVN N S |

0 0 1
<] 0 2
0 0 S
8.85890-14 1.00000+ 0 1.00000+ O
<] 0 5
1.61340-13 1.00000+ 0 1.00000+ O
0 0 5

9.19250-16 1.00000+ 0 1.00000+ 0

{MT=453)

01261
31261
1261
01261
1261
01261
1261
01261
1261
1261

1453
1453
1453
1453
1453
1453
1453
1453
1453

356
as?

3s9
360
361
362
363
364
36S



File 1 Radicactive Nuclide Production (MT=453)

FILE 1
MT = 453

Radiocactive Decay Data

For a specified original nuclide

state (LIS) and reaction type(RTYP)
the branching ratios are

E : BR(N) = 1.0

at each incident energy point, N.



File 1 Fission Product Yield Data (MT=454)

NFP is the number of fission product nuclide states to be specified at
each incident energy point (this is actually the number of sets of
fission product identifiers - fission product yields). (NFP < 1666.)

ZAFP is the (Z,A) identifier for a particular fission product. (ZAFP =
(1000.0%2) + A). '

FPS is the state de;iqnator (floating-point number) for the fission prod-
uct nuclide (FPS = 0.0 means the ground state, FPS = 1.0 means the
first excited state, etc.).

YLD is the fractional yield for a particular fission product.

Cn (Ei) is the array of yield data for the it'h energy point. This array

contains NFP sets of three parameters in the order ZAFP, FPS, YLD.
Nl is equal to I*NFF, the number of items in the Cn(Ei) array.

is the incident neutron energy of the ith point (eV}.

IF 1

is a test to determine whether energy-dependent fission product

Yields are given:

LE = 0 implies no energy-dependence (only one set of fission product
yield data given);
LE > O means that (LE + 1) sets of fission product yield data are

given at (LE + 1) incident neutron energies.

Ii is the interpolation scheme (see Appendix E) to be used between the

Ei-l and Ei energy points,



File 1 Fission Product Yield Data {(MT=454)

The structure for a section is

(MAT,
(MAT,
(AT,

[MAT,

1, 454/2ZR, AWR, LE + 1, O, O, OJHEAD
1, 454/21. 0.0, LE, 0, NI, NFP/Cn(El)]LIST

1, 454/!2. 0.0, I, O, N1, NFP/Cn(Ez)]LIST

2

1, 454/!3, 0.0, 13, 0, N1, NTP/Cn(!z)]LIST

[MAT,

1, 0/0.0, 0.0, 0, 0, 0, O]SEND

are (LE + 1) LIST records.

N=-5



File 1

Fission Product Yield Data

9,22350+ 4 2,33025+
2.53000- 2 0.00000+
2.40660+ & 0.00000+
2.40680+ & 0,00000+
2.50660+ 4 0.00000+
2.50680+ 4 0.00000+
2.50700+ & 0.00000+
2.60660+ & 0,00000+
2.60680+ & 0.00000+

(MISSING LINES)

6.71690+ 4 0.00000+
6€.71700+ 4 1.00000+
6.71720+ 4 0.00000+
6.81620+ & 0.00000+
6.81640+ & 0.00000+
6.81660+ & 0.00000+
6.81670+ & 1.00000+
6.81690+ 4 0.00000+
6.81710+ & 0,00000+
5.00000+ 5 0.00000+
2.40660+ 4 0.00000+
2.40680+ & 0.00000+
2.50660+ 4 0,00000+
2.50680+ & 0,.00000+
2.50700+ 4 0,00000+
2,60660+ & 0,00000+
2.60680+ & 0.00000+
2.60700+ 4 0,00000+

6.71690+ & 0.00000+
6.71700+ & 1.00000+
6.71720+ 4 0.00000+
6.81620+ & 0.00000+
6.81640+ 4 0,00000+
6.81660+ & 0.00000+
6.81670+ 4 1.00000+
6.81690+ & 0.00000+
6.81710+ 4 0.00000+
1.40000+ 7 0.00000+
2.40660+ & 0.00000+
2.40680+ & 0.00000+
2,.50660+ & 0,.00000+
2.50680+ & 0,00000+
2.50700+ & 0.00000+
2.60660+ & 0.00000+
2.60680+ & 0,00000+
2.60700+ & 0.00000+

(MISSING LINES)

6.71670+ 4 0.00000+
6.71690+ 4 0.00000+
6.71700+ & 1.00000+
6,71720+ 4 0.00000+
6.81620+ & 0.00000+
6.81640+ & 0.00000+
6.81660+ & 0,00000+
6.81670+ & 1,00000+
6.81690+ 4 0,00000+

000 O0ODO0OOoOON

OCO0O0O0O0DO0ODO0O0DO0OO0O0OOOODOOOO

000000000

3

2
2.51136=13
0.00000+ 0
2.74149~11
6.99379=-12
1.29070-13
3.83208~-10
8.37454-10

4.26231-11
1.03056=11
5.79316=12
0.00000+ 0
0.00000+ 0
8.93485-14
3.95214=14
1.15062-12
3.54192-12

3
3.81062-12
5.35087-14
4.27069-10
6.13099~11
1.06017-12
6.11099~ 9
7.54122- 9
1.29021- 9

2.28037-10
7.87127-11
2.38039-11
0.00000+ 0
0.00000+ 0
5.62091-14
3.42055-13
6.32102-12
1.91031-11

3
1.59889-10
5.88591-13
4,09715~ 8
1.58890- 9
8.36419-12
1.24913 6
4,63692- 7
2.39833 8

5.5761) 8
2.01860- 7
7.804358- 8
7.12505- 8
0.00000+ O
7.4348314
2.95794=11
1.83872-10
1.22915- 8

2.40670+
2.40700+
2.50670+
2.50690+
2.50710+
2.60670+
2.60690+

6.71700+
6.71710+
6.81610+
6.81630+
6.81650+
6.81670+
6.81680+
6.81700+
6.81720+

2.40670+
2.40700+
2.50670+
2.50690+
2.50710+
2.60670+
2.60690+
2.60710+

6.71700+
6.71710+
6.81610+
6.81630+
6.81650+
6.81670+
6.81680+
6.81700+
6.81720+

2.60670+
2.40700+
2.50670+
2.50690+
2.50710+
2.60670+
2.60690+
2.60710+

6.71680+
6.71700+
6.71710+
6.81610+
6.81630+
6.81650+
6.81670+
6.81680+
6.81700+

"8 000

e s s rrrOrssrrrrr

S rrrrsrrOrrrrrsrr s

rrorreerr

000000000

000000000 O0OODODO0OO0DOOOO

0000000000000 O0O0OO00CO

COO0OO0000O00

(MT=454)

01261

11301261
7.69417-141261
0.00000+ 01261
2,65146~111261
1.16063-121261
1.00056-141261
1.06058- 91261
4.31236=101261

1.04056=-111261
1.59086=-111261
0.00000+ 01261
0.00000+ 01261
0.00000+ 01261
3.95214~141261
2.79151-131261
1.64089=-121261
3.48189-121261

11301261
7.96129-131261
0.00000+ 01261
2.82046=101261
1.00016=111261
8.49137-~141261
1.16019~ 81261
3.82062~ 91261
3.38055~101261

7.83127-111261
8.38136~111261
0.00000+ 01261
0.00000+ 01261
0.00000+ 01261
3.41055~131261
2.71046~121261
1.28021-111261
1.45023-111261

11301261
1.59889=-111261
0.00000+ 01261
1.31908- 81261
1.34906-101261
3.33768-131261
1.19917- 61261
1,19917- 71261
3.15781- 91261

1.13921- 71261
7.76460- 81261
1.00930- 71261
0.00000+ 01261
0.00000+ 01261
1.91867-121261
1.83872-101261
2.31839- 91261
2.66815- 8126]

126}

1454
1454
1454
1454
1454
1454
1454
1454
1454

1434
1434
1454
1454
1454
1434
1434
1454
1454
1454
1454
1454
1434
1454
1454
1454
1434
1454

1454
1454
1454
1454
1454
1454
1454
1454
1434
1454
1454
1654
1654
1454
1454
1434
1454
1454

1454
1434
1454
1454
1454
1454
1434
1454
1454

366
367
e
369
310
7l
312
an
374

924

926
927
928
929
930
931
932
933
934
915

937
938
939
940
941

1490
1491
1492
1493
1494
1495
1496
1497
1498
1499
1500
1501
1502
1503
1504
1505
1506
1507

2035
2056
2037
2058
2059
2060
2061
2062
2063
2064



N=5
File 1 Fission Product Yield Data (MT=454) D

Fission Product Yield Data

At each incident energy poimt

NFP
E YI..Di ~ 2.000
1=



File 1 Delayed Neutron Data (MT=455) A

5 5 8 [

t

v, (E)

=18

is a test that indicates which representation is used:

IND = ] means that a polyncmial expansion is used;

LND = 2 means that a tabulated representation is used.

is the number of terms in the polynomial expansion. (NCD < 4)
are the coefficients for the polynomial.

is the number of interpclation ranges used. (NR < 200)

is the total number of incident energy points used to represent
;;(E) when a tabulation is used.

is the interpolation scheme (see Appendix E).

is the total average number of delayed neutron precursors formed
per fission event.

is the number of precursor families considered.

is the decay constant (sec-l) for the ith precurscr.



File 1 Delayed Neutron Data (MT=455)

The structure of a section when a polynomial representation has been used (LND = 1) is

[MAT, 1, 455/ ZA, AWR, O, LND,
[MAT, 1, 455/ 0.0, 0.0, 0O, O,
(MAT, 1, 455/ 0.0, 0.0, O, O,

(MAT, 1, 0 / 0.0, 0.0, 0, O,

The structure when values of ;d
[MAT, 1, 455/ ZA, AWR, 0, LND,
{MAT, 1, 455/ 0.0, 0.0, 0O, O,
[MAT, 1, 455/ 0.0, 0.0, O, O,

[m. l' 0 / 0-0. o.ou o' o'

0, OQJHEAD

2,...lm(r]l’.IS’!.‘

NCD, O/CDl, < @NCDILIST

NNF, O/ll' A

gt
0, OQISEND

are tabulated (LND = 2) is

9, 0]HEAD

NNF, 0/11, As...A lLIsT

2 NNF

NR, N?/Emt/vd (E) ]TABl

Q 0]SEND

IND = 1

IND = 2



File 1 Delayed Neutron Data

9.223> 84 233,°2% 1

?
102717 =32 2.84ub "2 4,.2521 «92 1,5332 =01 31,9343 01 1,947

3J.9034
8.925¢ *. (21 ]

N-6
(MT=455) c

2182 143> apy
1182 1495 102
1102 14%% 183
14502 1435 104
1162 1499 100
1102 1499 1M
1321 9 Am?

01261 1455 2066
01261 1455 2067
3.87000+ 01261 1455 2068

71261 1485 2069
1261 1455 2070

+67000- 21261 1435 207!
.00000- 11261 1435 2072

1261 1455 2073
1261 1 0 2074



File 1 Delayed Neutron Data (MT=455) o

The total mumber of delayed neutzron precursors emitted per fission event,
at incident energy E, is given in this file and is defined as the sum of the

number of precursors amitted for each of the precursor families,
NNF
Cd{z) - E Ci{z) .
iw]

where NNF is the number of precurscr families. The fraction of the toral, Pi (),

emitted for each family is given in File S (see section 5) and is defined as

Ci (E)

Pi(E) - =
vd(t)

The structure of a section depends on whether ‘\-:d(!) is tabulated as
a function of incident energy or given as coefficients of a polynamial ex~

pansion in energy. If a poclynomial is used, Ud(E) is defined as

NCD
V,(E) = E o g
d m

m=]



File 1 Prompt Neutrons per Fission {MT=456)

5

14

.

£

r

is a tast that indicates what representation of V(E) has been used;
INP = 1, polynamial representation has been used;

INP = 2, tabulated representation.

is a count of the number of terms used in the polynomial expansion.
(NCP < &)

are the coefficients of the polyncmial. There are NC coefficients
given.

is the number of interpolation ranges used to tabulate values of
Fp(}:). (See Appendix E.)

is the total number of energy points used to tabulate :(E) .

is the interpolation scheme (see Appendix E.)



is

N-7
File 1 Prompt Neutrons per Fission (MT=456) B

The structure of this section depends on whether values of ;(E) are tabu-

lated as a function of incident neutron energy or whether v is represented by

a polynomial.

I£ LNP = 1 (polynomial representation used), the structure of the section

[MAT, 1, 456/ZA, AWR, O, LNP, 0, OQJZEAD

INP = ]
[MAT, 1, 456/0.0, 0.0, O, 0., NCP, O/CPl; C'Pz, PN CPNCPJI.IST
(MAT, 1, 0/ 0.0, 0.0, 0, 0, O, 0]SEND
If INP = 2 (tabulated values of U). the structure of the section is
[MAT, 1, 456/2X, AWR, O, INP, O, O)JEEAD INP = 2

(MAT, 1, 456/0.0, 0.0, O, O, NR, m/zim/Fp(sz1

MAT, 1, 0/0.0, 0.0, 0, O, 0, OlszD



File 1

Prompt Neutrons per Fission

NO EXAMPLE IN ENDF-IV

9.22250+ 4 2.33025+ 2 0 2
0.00000+ 0 0.00000+ 0 ¢] 0

? 2
1.00000- § 2.40210+ 0 1.20000+ 6 2.53460+ 0 1.00000+
&£.00000+ 6 2.92760+ 0 7.00000+ 6 13.462030+ 0 7.85000+
2.00000+ 7 5.18720+ 0

(MT=456)

0126]1 1456 2073
71261 1456 2076
1261 1456 2077

6340+ 01261 1456 2078
5990+ 01261 1456 2079

1261 1456 2080



File 1 Prompt Neutrons per Fission (MT=456) D

Number of Prompt Neutrons per Fission, ;p, (MT = 456)

If the material is fissionable (ILFI = 1), a section specifying the average
number of prompt neutrons per fission, ;p' (MT = 456) can be given using formats
identical to MT = 452. ;.p i3 given as a function of incident neutron energy. The
energy dependence of ;p may be given by tabulating ;p as a function of incident
neutron energy or by providing the coefficients for a polynomial expansion of

v.(E®.
vp()

NP
V(E) = E c g(n-l)
P n

n=l

where ;p(Ei is the average number of prompt neutrons per fission produced by
neutrons of incident energy E(eV), C'.Pn is the nth coefficient, and NCP is the

number of terms in the polynomial.

The values of ;p(E) given in this section are for the average number of
prempt neutrons produced per fission event. Even though another section (MT =
455) that specifies the delayed neutron from fission may be given v , the number
of delayed neutrons per fission, and ;p' the number of prompt neutrons per fission,
must be included in the values of v(E) given in the section (MT = 452); i.e.,

V(MT = 452) = Ud(m' = 455) + Vp(n-r = 456).



File 1 Radicactive Decay Data (MT=457)

I. General information about the material

BA = Designation of the originai (radicactive) nuclide (=1000*8 + A)
LIS = Isomeric state flag for original nuclide (LIS = 0, ground

statey LIS = 1, first isomeric state; etc.).

Tl/z = Half~-life of the original nuclide (seconds).
AT1/2 = Uncertainty in the half-life (should be considered as one stand-

ard deviation).
NAV = Total number of decay modes for which average energies are
given.

E;,AE; = Average decay energy (eV) of radiation of type x and its uncer-

tainty (eV)} for decay heat applications. The 8,y and a energies
are given in that order, with space reserved for zeroc § or y en-
tries. All non~y and non-a energies are presently included as

B energy. The a energy includes the recoil nucleus energy.

II. Decay mode information for each mode of decay:

NDX = total number of decay modes given.

RIYP = Indicates the mode of decay.

EEE = Isomeric state flag for daughter nuclide. (Fixed point number.)

Q = Total decay energy (eV) available in the corresponding decay
process.

eg = Uncertainty in Q© value (eV).

BR = Fraction of the decay which proceeds by the corresponding decay

mode. (e.g., if only 8  occurs and no isomeric states in the
daughter nucleus are excited, then BR = 1.0 for 8" decay.)
ABR = Uncertainty in BR (should be given as one standard deviation)

III. Resulting radiation spectra

STYP = Decay type (Use mode of decay variable list).

NSP = Total number of spectra. (NSP may be zero.)

E and AE = Energy (eV) or radiation produced (Es-, EB*' EY' etc.).
I and 41 = Intensity of radiation produced (relative units).

ICC and = Internal conversion coefficient.
AICC

F and AF = Normalization factor {(absolute intensity/relative intensity).

NE = Total number of tabulated energies.



File 1

Formats

Radiocactive Decay Data

(MT=457)

The structure of this saction always starts with a HEAD record and ends

with a SEND record.

- The section is divided into subsections as follows:

[MAT,1/457/ ZA AWR LIS b b NSP ] HEAD
»
{MAT,1/457/ T1/2 ATl/z b b 2*NAV NAV
3 AE E N E AE ] LIST
8 8 Y Y a a
[MAT,1/457/ 2A AWR b b 6%NDK NDK /
RTYP, RFS, 9, a0, BR, 4BR,
R \ox o Sxox Qunx Qmwx PRk ABR bk ) LIsT
[MAT,1,457/ STYP b b b 6* (NE+1) NE/ Repeat NSP times
Fr AP b b b b [omit if NSP=0]
E AE I AI ICC AICC ] LIST
[MAT, 1,0/ b b b b b b } SEND



N=-8

{MT=457)

Radiocactive Decay Data

File 1
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Radiocactive Decay Data (MT=457)

Decay modes defined

File 1
Variable Mode of decav

0.0 Y

1.0 g

2.0 8"

3.0 IT

4.0 a

5.0 B—,n

6.0 SF

Gamna decay (not used for mode of decay)
Bata decay

Positron and/or electron capture decay
Isomeric transition (in general, pre-
sent only when the state being consid-
ered is an isomeric stata)

Alpha decay

Neutron emission {(generally given for
delayed naut:on;)

Spontaneous fission



File 2 Resonance Parameter Data A

(General Structure)

Several quantities used in File 2 have definitions that are the same for

all resonance parameter represgentations:

NIS

2

ABN

[ |

[

4

is the number of isotopes in this material (NIS < 10).
is the (Z,A) designation for an isotope.
is the adundance (weight fraction) of an isotope in this material.

is a flag indicating whether average fission widths are given in the

unresolved resonance region for this isotope:
L¥W = 0, average fission widths are not given;
LFW = 1, average fission widths are given.
is the number of energy ranges given for this isotope (NER < 2).
is the lower limit for an energy range.*
is the upper limit for an energy range.®*
is a flag indicating whether this energy range contains data for
resolved or unresolved resonance parameters:
LRU = O, neans only effective scattering radius is given (LRF = 0,
NLS = 0, LFW = 0 required)
IRU = 1, means resolved resonance parameters are given;
LRU = 2, means unresolved resonance parameters are given.
is a flag indicating which representation has been used for this energy
range. The definition of LRF depends con the value of LRU for this
energy range:
If LRU = ]} (resclved parameters), then
LRF = 1, single-level B-W parameters
LRF = 2, multilevel B-W parameters
LRF = 3, Reich-Moore parameters

ILRF = 4, Adler-Adler parameters

If LRU = 2 (unresolved parameters), then
LRF = 1, only average fission widths are energy dependent;
LRF = 2, average level spacing, competitive reaction widths,

reduced neutron widths, radiation widths, and fis-

sion widths are energy dependent.



File 2 Resonance Parameter Data
(General Structure)

The general structure of a secticn is as followa:

[MAT, 2., 151/ ZA, AWR, O, 0. NIS, O]HEAD

{MAT, 2, 1S1/ ZAI, ABN, 0, LFW, NER, QO]C@NT (isotope)

[MAT, 2, 151/ EL, ¥4, LRU, LRF, O, OJCONT (range)
<Subsection for the first energy range for the first isotope (depends
on LRU and LRF)> )

{MAT, 2, 151/ EL, EH, LRU, LRF, O, OJCZNT (range)

<Subsection for the second energy range for the first isotope

depends on LRU and LRF)>

[MAT, 2, 151/ EL, EH, LRU, LRF, O, Q]CZNT (range)
<Subsection for the last energy range for the last isotope for this
material>
[MAT, 2, o/ 0.0, 0.0, 0O, 0, 0, OJSEND
The data are given for all ranges for a given isotope, and then for all isotopes.
The data for each range start with a CONT (range) record; those for each isotope,

with a CINT (isctope) record.



File

2 Resonance Parameter Data
(General Structure)

9.22350+ & 2.33025+ 2 0
9.22350+ ¢ 1.00000+ 0 <] 1
[.00000+ 0 8.20000+ 1 1

(SUBSECTION OF RESOLVED RESORANCE PARAMETERS)

8.20000+ 1 2.50000+ 4 2 2

~ -

012861 2151 2144
01281 2151 2145
01261 2151 2146

01261 2151 2279



File 2

Resonance Parameter Data
(General Structure)

FILE 2
Resonance Parameter Data

General Structure

NIS
E ABNi = 1,000

i=]

N9



N-10
File 2 Resonance Parameter Data A
(Special Case, LRP=0)

The following quantities are defined

SP1 is the nuclear spin of the target nucleus, I (positive number).

AP  is the spin-dependent effective scattering radius A, (for spin-up)
in units of ILO-_J'2 cm. AP is also given for the case of spin inde-
pendence. AP is defined in the relation t:vp‘:,t = 41 (AP)z.

AM  is the spin-dependent effective scattering radius, A_ (for spin-

down). (AM = 0.0 for spin independence is presently required).

NLS is the number of £ states in this energy region. A set of param-
eters is given for each f-state (neutron angular momentum gquantum

number). (NLS < 3.)



The structure of File 2 for the special case, in which just the effective

scattering radius is specified, is given below (no resolved or unresolved pa-

File 2

Resonance Parameter Data
(Special Case, LRP=0)

rameters are given for this material):

[MAT,
[MAT,
{MRT,
(MAT,
(MAT,

[MAT,

2,

2,

2'

2,

o,

151/ za.
151/ Zax,
151/ EL,
151/ spI1,
o/ 0.0,

0/ 0.0,

AWR,

ABN,

EH,

AP,

Q,

0,

LRU,

0,

g,

Q,

rw,

LRF,

0,

o,

Q]HEAD
o} CenT
OlcaNT
O1CoNT
Q0)SEND

O]FEND

0, NER = 1

O, LRF = 0

N-10



File 2 Resonance Parameter Data
(Special Case, LRP=Q)

2.00400+ 3 4.00150+ O 0 0 1 01270 2131
2.00400+ 3 1.00000+ 0 o 2] ] 01270 2151
1200000~ 5 1.00000+ 5 o [ 2] 01270 2131
0.00000+ 0 2.45790~ 1 "] 1] 1] 01270 2151

83
84

86
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File 2 Resonance Parameter Data D
{Special Case, LRP=Q)

FILE 2

Resonance Parameter Data

Special Case
LRP = 0 (In File 1, MT = 451)

Only data given is the effective scattering radius., The s-wave potential
scattering cross section is

_417 -
Gp Eg sin® ¢
where
AWRI -3
= 2, 771 ———————— o
k 19677 AWRI + 1.0 x 10 E
E in electron volrcs.
and

v = k*AP



File 2

The following quantities are defined for use when LRF = 1 and 2 (see Appendix D

Resolved Resonance Parameter Data

for formulae):

{Single or Multilevel Breit-Wigner)

Resolved Resonance Parameters {f LRF =» ] (SIBW) and LRF = 2 (MILBW)

SPI

AP

Iz

I

RN N

is the nuclear spin of the target nucleus, I (positive number).

is the spin-dependent effective scattering radius A+ (for spin-up)

12

in units of 10 cm. AP is also given for the case of spin inde-

pendence. AP is defined in the relation apot = &I (AP)z.

is the spin-dependent effective scattering radius, A_ (for spin-

down}.

(AM = 0.0 for srin independence is presently required).

is the number of 1 states in this energy region. A set of param-

eters is given for each f-state (neutron angular momentum quantum

number). (NLS < 3.)

is

is

is

is

is

is

is

is

is

the value of the L-state (neutron angular momentum quantum number).

the

the

the

the

the

the

ratio of the mass of a particular isotope to that of a neutron.

nunber of reasolved resonances for a given L-state. (NRS < 500.)

resonance energy (in the laboratory system).

floating point value of J (the spin of the resonance).
resonance total width I evaluated at the resonance energy ER.
neutron width Pn evaluated at the resonance energy ER.
radiation width Ty evaluated at the resonance energy ER.

fission width T _ evalvated at the rescnance energy ER.

£

N-11



File 2

Resoclved Resonance Parameter Data

{Single or Multilevel Breit-Wigner)

The structure of a subsection containing data for (LRU = 1 and LRF = 1)

or (LRU = 1 and LR* = 2) is

{MAT, 2, 151/ sPI, AP, O, O, NLS, OJCaNT
{MAT, 2, 151/ AWRI, AM, L, O, 6&*NRS, NRS/
ER;, ”1' G'rl. GNl. ccl. Grl.
mzl le Grzl GN2: mzl a-zl
”‘srs’ um. NRS’ Gnm, Gcm. Grmlus'r

The LIST rascord is repeated until each NLS i~-state has been specified (in

order of increasing value of ).

ordered by increasing neutron energy.

The values of ER for each L-state shall be

N-11



File

2

Resolved Resonance Parameter Data

3. 50000+
2.33020+
«1.49000+
2.90000~
1.14000+
2.03500+
2.92000+
3.14700+
3.60900+
&.84800+
5.44800+
5.60000+
6.21000+
6.38200+
7.07700+
8.78100+
$.28600+
$.73000+
1.01800+
1.08000+
1.16660+
1.23960+
1.28610+
1.32750+
1.37000+
1.39960+

(Single or Multilevel Breit-Wigner)

0
2
0
1
0
0
[¢]
0
0
0
Q
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1

(MISSING

6.30200+
6.33200+
6.36900~+
6.4 3000+
6.58000+
6.64020+
6.72420+
6.84400+
6.85300+
6.92930+
7.04040+
7.07500+
7.16100+
7.23900+
7.29100+
7.65640+
7.51700+
7.55410+
7.673500+
7.74920+
7.81170+
7.96720+
8.03570+
8.14340+
8.233900+
8.68800+

1
i
1
1
1
1
1
1
1
]
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

9.56630-
0.00000+
3.50000+
3.50000+
3.50000+
3.50000+
3.50000+
3. 50000+
3.50000+
3.30000+
3.30000+
3. 50000+
3.50000+
3.50000+
3.50000+
3.50000+
3.50000+
3.50000+
3.50000+
3.50000+
3. 50000+
3.50000+
3. 50000+
3.50000+
3.50000+
3.50000+

0000000000000 O00O0O0O0O0OOCODO0OQOO -

2.37680~
1.35000~
1.50820-
& b6960-
2. 20000~
1.39610-
8.43790-
3.95920-
9.01200-
6.41920-
2.30900~
4,47880=
6.39340-
1.23290-
1.10760-
2.69050-
1.00560-
9.35090-
4.72770-
6.32620-
1.19550-
1.51440=
1.23940-
4.96540~

RESONANCE PARAMETIR

1. 50000+
3.30000+
3.30000+
3.50000+
3.50000+
3.50000+
3. 50000+
3. 50000+
3.50000+
3.50000+
3.50000+
3.50000+
3.50000+
3.50000+
J.30000+
3.30000+
3.50000+
3.50000+
3. 50000+
3. 50000+
3.50000+
3. 50000+
3.50000+
3.50000+
3.50000+
3.50000+

00000000 D0O0O00OODOO0CO0DVLOOO0OOOO

2.40090~
2.30100-
6.21070-
4.25450-
9.64230-
8.94490-
9.00810-
2,50040-
1.60110=
2.00720=
1.72720=
2.37410-
1.60290=
1.38610=
3.60370-
1.01670-
2.90890-
2.33360-
1.16110-
1.12990-
1.48220-
1.29790-
1.74840-
1.32040=
1.18270~
8.01200=

[¢]

[+]

1 3.68200-
1 3.01370-
1 1.51610=-
2 7.66050-
1 4.85300=
1 2.24050-
2 4.55940-
2 6.01520-
2 3.36110-
1 3.33190-
1 6.37950=
2 2.68340-
2 1.26600-
1 1.12340-
1 1.63640=
1 5.30280-
1 6.18980~
1.9.33320-
2 6.27440-
2 1.26220-
1 5.30760-
1 3.93500=
1 3.70130-
1l §.37230-
ERTRIES)

1 9.08960-
1 1.02090-
1 1.07440-
2 1.26470-
2 4.23270-
2 6.45480=
2 8.092380-
1 3.76410-
1 1.08360-
1 7.13300-
1 2.71560-
1 2.40910-
1 2.91360-
1 2.61150=
13.67170-
1.2.72870=
1 8.88330~
1 1.36210-
1 1.07320-
1 9.86810-
1 1.22450-
1 7.35570-
1 8.38510-
1 1.04330~
1 1.17030=
2 7.19580-

[V R RV R WY RV RV RV "I oy VRV BV EV V. N VN WY

FPLUWSSWrrUU WD DLWV ELWLEWV

4.00000-
5.00000-
6.00000~
3.90000-
5.00000-
4.50000~
4.10000-
5.00000~
6.00000-
4. 00000~
5.00000-
3.50000=
4.00000=
3.10000=
4.00000-
3.80000-
5.00000-
3.20000-
3.60000-
&, 00000~
4. 70000~
&, 40000=
4 ,00000-
4.10000-
4 . 80000~
5.20000~

RRONONONNRNONORDRDNNNRODRDNNRNNNNNNONNO -

[NESE SRS NE NS NE NN NE VSN VENENE SR VSN N SN Ny V¥

01261

1301261

2.07000-
9.90000~
1.16200-
9.81400-
2.00000-
1.06370-
5.06370-
3.58700-
3.01170=
6.21890~
1.87360-
9.54800-
2.82330-
9.10000-
7.50000~
2.37000~
6.23000-
8.68000~
6.25000~
2.75000~
8.60000~
1.22800-
9.35000-
4. 70000~

2.00000-
2.00000~
5.60000=
7.30000-
&.60000-
4.40000-
4.90000-
2.00000-
1.00000-
1.60000-
1.20000-
2.00000-
1.20000-
1.05000-
3.20000-
6§.09370-
2.40000~
2.00000-
8.00000~
7.20000-
1.00000-
8, 50000~
1.34000-
9.00000~
6.91000=
2, 740Q0-

11261
21261
11261
31261
11261
11261
21261
31281
21261
11261
11261
31261
21261
21261
21261
11261
21261
11261
31261
21261
21261
11261
21261
11261

11261
11261
11261
J1261
21261
21261
21261
11261
11261
11261
11261
1126}
11261
11261
1126}
21261
11261
11261
21261
21261
11261
21261
11261
21261
21261
21261

2151
2131
2151
2151
2131
2151
2131
2151
2151
2151
2151
2151
2151
2151
2151
2151
2151
2131
2131
2151
2151
2131
2151
2151
2151
2151

2151
2151
2151
2151
2151
215}
2151
2151
2151
2131
2151
2151
2151
2151
2151
2151
2151
2151
2151
2131
2151
2151
2151
2151
2131
2131

2147
2148
2149
2150
2151
2152
2133
2154
2155
2136
2157
2158
2139
2160
2161
2162
2163
2164
2165
2166
2167
2168
2169
2170
2171
2172

2253
2284
2255
2256
2257
2258
2259
2260
2261
2262
2263
2264
2265
2266
2267
2268
2269
2270
2271
2272
2273
2274
2275
2276
2277
2278

N-11l
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File 2 Resolved Resonance Parameter Data D
(Single or Multilevel Breit-Wigner)

FILE 2
Resonance Parameter Data

LRU = 1, resoclved parameters
LRF = 1 or 2, single or multilevel Breit-Wigner parameters

2%AT
i+ 1.0
8 = 3(2%sPI + L.0)

Gri - GNi + GGi. + GFi



File 2

Resolved Resonance Parameter Data

(Reich~Moore Parameters)

Resolved Resonance Parameters

If LRF = 31 (Reich-Moore multilevel parameters)

SPI

AP=A

-—

Ll

I

[

WRY

>

B a3

is

is

is

the

the

the

spin of the target nucleus I.

spin-up effective scattering radius in units of 10-12 cm.

spin-dowrr effective scattering radius in units of 10-12 cm.

M = 0.0 for spin independence. (AM = 0.0 regquired.)

is

the

nunber of i-states considered. A set of resclved resonance

parameters is given for each f~state. (NLS < 3.)

is

is

is

is

is

is

is

is

is

the

the

the

value of the fL~-state (neutron anqular momentum quantum number).
ratico of the mass of a particular isotope to that of a neutron.
number of resclved resonances for a given fL-state. (NRS < 500.)
rescnance energy (in the laboratory system). '
campound nucleus spin, J (the spin of the resonance).

neutron width I‘n evaluated at the resonance energy.

radiation width [y evaluated at the rasonance' energy.

first partial fission width for Reich-Moore parameters.

second partial fission width for Reich-~Moore parameters. GFA

and GFB are signed quantities, their signs being determined by the

relative phases of the width amplitudes in the two fission channels.

N-12



File 2 Resolved Resonance Parameter Data
{(Reich~Moore Parameters)

The structure of a subsection when LRI = 1 (resolved paramaters) and LRF = 3

(Reich—-Moore multilevel parameters) is

[MAT, 2, 151/5PI, AP, o, o, N1S, olCoNT

[MAT, 2, 1S1/AWRI, AM, L, 0. 6*NRS, NRS/
ZRl, A31, GNl, GGl, GFAI, GFBI,
ERZ' AJZ, GNZ' GGZ' GFAZ, GFSZ,

BRers’ Mirs' “wrs' Cwrst Thyrs’ mm}us'r
The LIST record is repeated until each of the NLS f-states has been speci-

fied in order of increasing value of . The valuas of ER for each L-state are

ordered by increasing valus of ER,

N=12
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File 2 Resolved Resonance Parameter Data C
(Reich-Moore Parameters)

2.5¢ L.0t92 1 1119 2191 1m?
2.3174 <02 [ 1 31318 2131 1M
(3] 0,2 2.0 [N 3.8 1312 2191 1Y
ded . [} ] [N 3.0 1130 2:91 112
0.2 () 0.8 [N 8.0 1118 21%: 111
3 b} 1113 211 132

2.9 2,0 87 7313112 2393 113
[ L 5. ., 2,79 3,790 311113 23131 114
25720 <8 23,2330+02 +2,798 3,78 o8l 1.6119 =P¢ =6,0078-261122 2151 119
L f . 8, 1.00 =81 7,08 =321117 2151 18

81 «1,29490% L. ER0 <81 7,PO0 e8Q 4,2044 -07 -0,004P-08i312 2191 1VY

o, R ’, 1,420 350" <Jd11:112 2151 1318

8% «5,1965-25 ;. 428 3,538 <81 3,5406 <86 -1,1183-291112 2191 119

P, [ 8 1,709 11,20 -£1111d 2191 12

ed4 =4 418707 1,780 [] $,0334 261117 2391 123

- o o o - e ® -
[ LN [ 5, 6,437 g1 4,E8¢ ~313131F 2191 23¢
3,4727 «d4 =3,3582405 6,430 o83 4,000 81 9.4302 83 +2,4042205131F 2151 239



File 2 Resolved Resonance Parameter Data D
(Reich-Moore Parameters)

FILE 2
Resonance Parameter Data

LRU = 1, resolved parameters
LRF = 3, Reich-Moore multilevel parameters

2*AJ1 + 1.0

2(2*SPI + 1.0)

T, =GN, + 6, + |ora | + |oFB ]



File 2 Resolved Resonance Parameter Data
(Adler-Adler Parameters)

Mepoived megonancs PACEBeCery

b4

= 4 (Mler-Ml]er e ers

i 15 a flag ™ imdicats the kind of parametars given:

If 2

* 1, towal widehs omly®
= 1, fission widths oaly*
e 3, total and fissisa vidths®
m—————
*Reserved for use in ENDF/A only.
« 4, radiative aapture widths only*®
= 5, total amd capture vidths
e 6, fission and captere widths®

= 7, weal, fission, and capture vidtha.

KX is the comst ©f the mumber of sets of background cumstants to be given.

‘Thare are sil censtants per set. Zach set rafars to a particular cross

saction typs.

It xx

o

£

i

BB

14

= 3, backyTound CORStants are ¢ivea for thas total and caprure
cross sections.

* ), backyTound ODAStAAtS are givea for the total, capturs, and
fission cFOSS sections.

is the floating-paint valus of J (the spin Of the resomance) .

is cthe valus of the L-stats ( angular

abher) .

1s the counmt of the numbar of i-ststes for which parametars will
be given (RS < 3}.

is the awmber of sets of resclved resonsnce parametars (sach haviog
the sama J statal for & specified L-stata.

18 the counc of the number of levels for which parametsrs will be
given (sach level having & specified AJ and L).

is the spin of the taryet mecleus.

is the ratip of the Bass of a particular isotope to that of the
nagtron.

is cthe spin o affoctive By radius, A (for spin-

wp) in units of xu’u . AP 49 also given for the case of span

indepesndence .
is the spin—depandent affective scattaring radiua, A_ (for spin-
down). MM = 0.0 for spin independencs.

AP, AP , M , BF ., BF, are the backyround constants for the fiasion

2 4 1 32

K

o

Croes section.

AC,, AC., M, BC,, XC

5 3 « o B, Are the bachground constants for the radia-

|3

LXLEL3LRE

[A1R12181318 A

tive capture cross sectioe.
18 the rescnance smaryy for the total croes section. Nare and
below, ths subscript n denotes the n':h level.
is the resonance enaryy for the fission croes settion.
15 the ressomancs enargy for the radiative capturs cross section.
s the value of T/2, (v}, used for the tatal crues section.
18 the value of 172, (V), used for the fission CTOSS 3ecCtion.
is the value of T/2, (v}, used fOr the radistive capture cross
secTion.
-nun-m:n and Mn'ﬂrﬂ-mn.
is relatad to the symmetrical total croas sectiOn piramster.
is related to the asymmetrical total Croes Section parameter.
is the sysmetrical fission persmeter.
is the asymmetrical fisaion parametsr.
18 the symmetrical captury parsmeter.

i8 the Asymmacrical capture parsmster.

N-13



File 2 Resolved Resonance Parameter Data
{(Adler-Adler Parameters)

The structure of a subsection containing data for (LRU = 1 and LRF = 4, Adler-~
Adler multilevel parametsrs) depends on the value of NX (the number of sets of

background constants). For the most general case (NX = 3) the structure is

[MAT, 2., 151/8PI, AP, Q, Q, NLS, o]ceNT]
[MAT, 2, 151/AWRI, 0.0, LI, 0, 6*NX, NX/
AT, . AT,, AT, AT4. srl, BT2
Arl' ’ BFZ
Acl, ' BC2]LIST]
[MAT, 2, 151/0.0, 0.0, L, o, NJS, O}C2NT (L)
[MAT, 2, 151/AJ, AM, 0, o, 12*NLT, NI/
ozrl, Dle, GRTl, czrl, nzrl, owrl,
GRFl. Gzrl, chl. nwcl. Gncl. czcl,
sz' le
. GIC,,
DETB'
’ GICNLJ]LIST

The last LIST record is repeated for each J-state (there will be NJS such LIST
records). A new CZNT (L) record will be given which will be followed by NJS

LIST rscords. Note that if NX = 2 then the quantities Arl,--, BFZ will not
be given in the first LIST record. Also, 12/1.1 # 7 then certain of the param-

eters for each level may be set at zero, i.e., the fields for parameters not

given (depending on LI} will be set to zero.



N-13
File 2 Resolved Rescnance Parameter Data C
(Adler-Adler Parameters)

3.5 a,0944 1 1182 2131 I1n
232,9812 [ [ 1] 161262 215¢ 82
11.47 3,8 5,.8270(=34 Je, 20-92 4,00-0) 12.,8¢-031222 2131 1)
12,39 4,0 1,3824(23 45,2003 23.0C-83 8.8€=2311P2 2131 1p4
2.0 I.8 3,9910C85 43,8C-03 49,CC-83 ~13.5(~-331102 2133 99
13,34 €, 9 93,8440C08 43 10.8E-0) 1£9.2€-332102 2191 i
13,72 3,2 7,2320¢-0" a§,00~43 Te.0C-P3 ~188.20(-032302 2131 147
14,22 4,0 2,9936¢ 40,BC=2) 79.3E-03  13.,r(-931:42 2151 108
14,83 3,8 1,2%e0¢ 29 ,9E-83 23,00=3 =JW.0(-231322 2131 189
15,45 4,0 2,5160€0~04  95,3C-63  49,CC-83 199.0€-431202 2191 118
18,13 J. 8 3,6912€-4 40,5C"83 16,9603 33,rC-331182 2293 11
16,47 4,8 2,770 =04 64, 0C03  74,80-33 ~200,0C-231282 2121 112

N



File 2 Resolved Resonance Parameter Data
(Adler-Adler Parameters)

The background correction for the total cross section is

calculated by using the six constants in the following manner:

0. (background) -\f% (AT, + AT,/E + xr3/32 + AT4/E3

T
2
-
+ B'l'l"! + BT2 E")

2 2 -3 AWRT
where C = & = 7/k" and k = 2.19677 x 10 (AWRI . 1.0) vE(eV) .

The background terms for the fission and radiative capture cross

sections are calculated in a similar manner.

Since the format has no provision for giving the Adler-Adler parameters

for the scattering cross-section, this is obtained by subtracting the sum of

capture and fission cross sections from the total cross section.

N-13
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File 2 Unresolved Resonance Parameter Data A

(Parameters are Energy Independent)
(Fission Widths not given)

The following gquantities are defined for use in specifying unresclved

resonance parameters (LRU = 2):

L
(2]

L

io 'E |§ |§ It

&

BB

3

19 18

B

is the nuclear spin I of the target nucleus.

is the effective scattering radius in units of 10-12 am.

is the number of energy points at which energy-dependent widths are
tabulated. (NE < 250.)

is the number of f-states given (NLS < 3.)

is the energy of the Nth point used to tabulate energy-dependent
widths.

is the value of £ (neutron angular momentum quantuwn number).

is the ratio of the mass of the particular isotope to that of the
neutron.

is the number of J-states for a particular £-state. (NJS < 6.)

is the floating-point value of the J-state.

is the mean level spacing for a particular J-state.

(This value is energy dependent if LFR = 2.)

is the number of degrees of freedom used in the competitive width
distribution. (If an actual value is not known or is extremely
large, set AMUX = 0.0.)

is the number of degrees of freedom used in the neutron width dis-
tribution. (AMUN < 2.0.)

is the number of degrees of freedom used in the radiation width
distribution. (If this value is not known or is extremely large,
set AMUG = 0.0.)

is the number of degrees of freedom used in the fission width dis-
tribution. (AMUF < 4.0.)

is the integer value of the number of degrees of freedoem for fis-
sion widths. (MUF < 4.)

is the interpolation scheme to be used for interpolating between
the cross-sactions obtained from average resonance parameters
(normally, INT = 1.)

is the average reduced neutron width. It is energy dependent if LRU = 2.

is the average radiation width. It is energy dependent if LRU = 2.,
is the average fission width. This value may be energy dependent.

is the average competitive reaction width.



File 2 Unresclved Resonance Parameter Data
(Parameters are Energy Independent)
(Fission Widths not given)

If LFW = 0 (fission widths not given),
LRU = 2 {unresolved parameters),
LFF = 1 (all parameters are energy-independent),

the structure of a subsection is

{MAT, 2, 151/sPI, A, Q, 0, NLS, Q]CeNT

[MAT, 2, 1S51/AWRI, 0.0, L, 0, §*NJS, NJS/
Dl' AJl, AMUNl, GNOl, GGl' 0.0
DZ' AJZ' AHUNZ, GNOZ' GGZ' 0.0
DNJS' AJNJS' AHUNNJS, GNONJS' GGNJS' 0.0jLIST

The LIST record is repeated until data for all LZ-states have been specified.

N-14
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Unresolved Resonance Parameter Data

File 2

(Parameters are Energy Independent)

(Fission Widths not given)
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File 2 Unresolved Resonance Parameter Data D
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File 2 Unresolved Resonance Parameter Data

(Fission Widths are given)
(Only Fission Widths are Energy Dependent)

The following quantities are defined for use in specifying unresolved

resonance parameters (LRU = 2):

|§ I» lg
(5]

I

X
E

z
& '5 I
n

o g |

2

1918

IR

is the nuclear spin I of the target nucleus.

is the effective scattering radius in units of 10-12 cm.

is the number of energy points at which energy-dependent widths are
tabulated. (NE < 250.)

is the number of L-states given (NLS < 3.)

iz the energy of the Nth peint used to tabulate energy-dependent
widths.

is the value of L (neutron anqular momentun guantum number).

is the ratio of the mass of the particular isotore to that of the
neutron.

is the number of J-states for a particular i-state. (NJS < 6.)
is the floating-point value of the J-state.

is the mean level spacing for a particular J-state.

(This value is energy dependent if LFR = 2.)

is the number of degrees of freedom used in the competitive width
distribution. (If an actual value is not known or is extremely
large, set AMUX = 0.0.)

is the number of degrees of freedom used in the neutron width dis-
tribution. (AMON < 2.0.)

is the number of degrees of freedom used in the radiation width
distribution. (If this value is not known or is extremely large,
set AMUG = 0.0.)

is the number of degrees of freedom used in the fission width dis-
tribution. (AMUF < 4.0.)

is the integer value of the number of degrees of freedam for fis-
sion widths. (MUF < 4.)

is the interpolation scheme to be used for interpolating between
the cross-sections obtained from average resconance parameters
(normally, INT = 1.)

is the average reduced neutron width. It is energy dependent if

LRU = 2.

is the average radiation width. It is energy dependent if LRU = 2,

is the average fission width. This value may be energy dependent.

is the average competitive reaction width.



File 2 Unresolved Resonance Parameter Data
(Fission Widths are given)
(Only Fission Widths are Energy Dependent)

If = ] (fission widths given),

§

w 2 (unresolved parameters),

5

= 1 (only fission widths are cn.rgy-depehdenta the rest are

energy=-independent) .

the structure of a subsection is

(MAT, 2, 151/SPI, A, 2, Q. NE, NLS/

mll 52' EJ' L L -r

L .’ .’ LN 2 zsﬂ JLIST
(MAT, 2, 151/AWRI, 0.0, L, Q, NJS, OJCONT(2)
[MAT, 2, 151/0.0, 0.0, L, MUF, NE+6, o/

D, AT, AMUN, GNO, S, 0.0,

GFl. GFZ, GFJ' . or .

. . or GFNE JLIST

In the above section, interpolation is assumed to be log-log.



File 2

Unresolved Resonance Parameter Data
(Fission Widths are given)
(Only Fission Widths are Energy Dependent)

0.00000+
3. 00000+
2,4213)
Q. 00000+
1,82000+
1,30300~
2,62130+
0.,00000+
1.82000+
1.30300-
Q. 00000+
9. 10000+
6.51500~

LWOON—~0OON—-OO F

0 0 2
0 0 1
0 3 8
1.00000+ 0 3.70700= 3 3.90000- 2
1 o 2
1 3 8
1.00000+ 0 1.59300- 3 3.30000- 2
1 3 8

1.00000+ 0 9.350Q0- & 3,90000~ 2

21162

1162

01162

01162

0.00000+ 01162
1162

01162

01162

0.00000+ 01162
1162

01162

0.00000+ 01162
1162

2131
2131
2131
2151
2151
2131
2131
2131
2151
2151
2151
2151
2131

261
262
263
264
265
266
267
268
269
270
271
272
273
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File 2

Unresolved Rescnance Parameter Data
(All Parameters are Energy Dependent)

The following quantities are defined for use in specifying unresolved

Tresonance parameters (LRU = 2):

'5 > |§

i

X
B

D L 1 |§ Iee

3

A

4

8

" 18

B

is the nuclear spin I of the target nucleus.

is the effective scattering radius in units of 10‘12 cm.

is the number of energy points at which energy-dependent widths are
tabulated. (NE < 250.)

is the number of L-states given (NLS < 3.)

is the encrg& of the Nth point used to tabulate energy-dependent
widths.

is the value of L (neutron angular momentum Quantum number).

is the ratio of the mass of the particular isotope to that of the
neutron.

is the number of J-states for a particular l-state. (NJS < 6.}

is the floating-point value of the J-state.

is the mean level spacing for a particular J-state.

(This value is energy dependent if LFR = 2.)

is the number of degrees of freedom used in the competitive width
distribution. (If an actual value is not known or is extremely
large, set AMUX = 0.0.)

is the number of degrees of freedom used in the neutron width dis-
tribution. (AMUN < 2.0.)

is the number of degrees of freedom used in the radiation width
distribution. (If this value is not known or is extremely large,
set AMUG = 0.0.)

is the number of degrees of freedom used in the fission width dis-
tribution. (AMUF < 4.0.)

is the integer value of the number of degrees of freedom for fis-
sion widths. (MUF < 4.)

is the interpolation scheme to be used for interpolating between
the cross-sections cbtained from average resonance parameters
(normally, INT = 1.)

is the average reduced neutron width. It is energy dependent if

LRU = 2,
is the average radiation width. It is energy dependent if LRU = 2,

is the average fission width. This value may be energy dependent.

is the average competitive reaction width.

N-16



N-16
File 2 Unresolved Resonance Parameter Data B
(All Parameters are Energy Dependent)

If IJW = 0 or 1 (does not depend on LFW).
LRU = 2 (unresolved paramesters).
LRF = 2 (all energy-dependent parameters).

The structure of a subsection is:

{MAT, 2, 151/SPI, A, Q, Q, NLS, Q]CoNT
{MAT, 2, 151/AWRI, 0.0, L Q, NJS, 0] CaNT
(MAT, 2, 151/AJ, 0.0, INT, 9, (6*NE) +6, NE /

2.0, 0.0, AMUX, AMUN, AMUG, AMUF,

21: Dl' le; Gmll GGl, GFl;

52' D2' ze. sz, GGZ' GFZ'

ENE' DNE' GxNE' GmNE' GGNE' Q"NE] LIST

The LIST record is repeated until all the NJS J-states have been specified for
a given f-state. A new CONT (L) record is then given, and all data for each
J-state for that f-state are given. The structure is repeated until all 2~

states have been specified.
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(A1l Parameters are Energy Dependent)

Unresclved Resonance Parameter Data
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Unresolved Resonance Parameter Data
(All Parameters are Energy Dependent)
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For File 3 the

Neutron Cross Sections

following quantities are defined:

LIS is an indicator that specifies the initial state of the target nu-

I%

|5

4

E

int

cleus (for materials that represent nuclides).
LIS = 0, the initial state is the ground state.
= 1, the initial state is the first excited state (generally
the first metastable state).

= 2, the initial state is the second excited state.

is an indicator that specifies the final excited state of the resid-
ual nucleus produced by a particular reaction.

LFS = 0, the final state is the ground state.

1, the final state is the first excited state.

2, the final state is the excited state.

98, an unspecified range of final states.

99, all final states.

is the reaction Q-value (eV).

is the temperature (°X). NOTE: 1If the LR flag is used, S becomes
Ql for the reaction corresponding to LR.

is a flag to specify whether temperature-dependent data are given.
S and LT are normally zero. Details on temperature-dependent data
are given in Appendix F.

is a flag to be used in the reactions MT = 51, 52, 53,...., 90,
and 91, to define x in (n,n'x). (See Section 13.24.4.)

is the number of energy ranges that have been given. A different

interpolation scheme may be given for each range. (NR < 200, but

normally < 20).

is the total number of energy points used to specify the data.
(NP < 5000).

is the interpolation scheme for each energy range. (For details,

see Section 0.4.3.).

0(E) is the cross section (barns) for a particular reaction type at

incident energy point, E, in (eV). Data are given in energy-cross

section pairs.

N-17



: N-17
File 3 Neutron Cross Sections

The structure of a section is
[MAT, 3, MT/2ZA , AWR, LIS, LFS, O , O]JHEAD

(MAT, 3, MT/S , Q , LT, LR, NR, NP/Eint/U(E)lTJ\Bl

[MAT, 3, 0 /0.0, 0.0, e, Q, Q@ , Q]JSEND



File 3

Neutron Cross Sections

9.22350+ 4« 2.3303%+
0.00000+ O 0,00000+

239
1.00000- 3 J,6747%+
7.04690- 5 1.38382+
1.93750=- 4 8.34719%+
5.00000~ 4 3.19931+
1.00000=- ) J.67965+
1.71880=- 3 2.80078+
2.62500~ 3 2.26326+
3.50000- ) 1.95857+
5.00000- J 1.62751+
6.00000~ 3 1.49115+
9.00000- 3 1.21126+

(MISSIKG LINES)

9.29920- 1 7.93507+
9.58670- 1 8.27784+
$.77540~ 1 8.55817+
9.964340- 1 8.90252+
1.03600+ 0 9.411382+
1.09100+ 0 7.19610+
1.21800+ 0=2.44459+
1.36400+ 0-1.28193+
1.63600+ 0-5.25670+
1.90900+ 0~2.66550+
2.36400+ 0=1.15200+

(MISSING LINES)

7.39910+ 1-
7.47890+ 1 1.60120+
7.48980+ 1 8.24280+
7.50430+ 1 2.06360+
7.54420+ 1-3.07539+
7.60230+ 1-9.47000-
7.69660+ 1-8.99400-
7.76190+ 1-1.06090+
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File 3 Neutron Cross Sections

For a reaction having a threshold, the threshold energy Eth is given by

AWR + 1
Een '(‘W) lel

where AWR is the atomic mass ratio given on the HEAD card of each section.

For a material that is a mixture of several isotopes, the Q-value is not
uniquely defined. The threshold energy generally should pertain to the par-
ticular isotope that contributes to the cross section at the lowest energy, but

see discussion in Section 3.2.2.2.

N=-17
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File 4 Angular Distributions of Secondary Neutrons A
(Legendre Coefficients and Transformation)

The following quantities are defined.
LIT is a flag to specify the representation used and it may have the
following values:
LTT = 1, the data are given as Legendre expansion coefficients,
f!. (E);
LTT = 2, the data are given as normalized probability distribucions,
P(u/E). .

is a flag to specify the frame of referencea used:

i

LCT = 1, the data are given in the LAB system;
LCT = 2, the data are given in the M system.
LVT is a flag to specify whether a transformation matrix is given for

elastic scattering:

LVT = 0, a transformation matrix is not given (always use this value
for all non-elastic scattering reactions):
LVT = 1, a transformation matrix is given.

is the number of incident energy points at which angular distribu-

I&

tions are given (NE < 500).

is the highest order legendre polyncmial that is given at each

|&

energy (NL < 20).

is the number of elements in the transformation matrix (NK < 441).

E

NK = (WM + 1)2.

is the maxirum order Legendre polynomial that will be regquired

3

(MM < 20) to describe the angular distributions of elastic scatter-

ing in either the center-of-mass or the laboratory system. NM should
be an even number.

v are the matrix elements of the transformation matrices:

VK - U;lm if 1LCT = 1 (Qata given in LAB system}; and
r

o ]

v, = U if 1LCT = 2 (data given in M system).
K t,m

Other commonly used variables are given in the Glossary (Appendix A).
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"File 4 Angular Distributions of Secondary Neutrons B
(Legendre Coefficients and Transformation)

Formats

File 4 is divided into sections, each containing data for a particular
reaction type (MT number) and ordered by increasing MT number. Each section al-
ways starts with a HEAD record and ends with a SEND record. If the secticon
contains a description of the angular distributions for elastic scattering,
the transformation matrix is given first (if present) and this is followed by

the representation of the angular distributions.

Legendre Polynomial Coefficients and Transformation Matrix Given:

LTT = 1 and LVT = 1

When LTT = 1 (angular distributions given in terms of Legendre polynomial
coefficients) and LVT = 1, the structure of a section is

[MAT, 4, MT/ZA, AWR, LVT, LTT, 0,0]HEAD LTT = 1, LVT = 1

[MAT, 4, MT/0.0, AWR, 0, LCT, NK, NH/VK]LIST

(MAT, 4, MT/0.0, 0.0, O, 0, NR, NE/Eint]Tuz

{MAT, 4, MT/T , El , LT, 0 , NL, O/fl(ElllLIST

{(MAT, 4, MT/T , Ez , LT, 0 , NL, O/fl(Ez)]LIS‘l‘

(MAT, 4, MT/T , E_., LT, O , NL, o/tz(zNE)LIsr
[MAT, 4, 0 /0.0, 0.0, O , O, O , OJSEND
Note that T and LT refer to temperature (in °X) and a test for temperature de-~

pendence, respectively. These valuss are normally zero; however, see Appendix F

for an explanation of cases in which temperature dependence is specified.



File 4

Angular Distributions of Secondary Neutrons

{Legendre Coefficients and Transformation)

L22250+ & 2,3302%+ 2
0.00000+ 0 2.33025+ 2
1.00000+ 0 2.86092- 3
0.00000+ 0 0.00000+ O
0.0Q000+ 0 0.00000+ 0
0.00000+ 0 0,00000+ 0
0.00000+ 0 0.00000+ O
0.00000+ 0 0.00000+ &
0.00000+ 0 0.00000+ 0
2.62432« 5 5,43588~ 8-
0.00000+ 0 0.00000+ 0
0.00000+ 0 0.00000+ 0
9.99943 1 9.5361e~ 2]
0.00000+ 0 0.00000+ 0

(MISSING LINES)
1.79937-18-1.25728=15

3.57139= 4=2.87670- 2
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4.20810-131.03262~10
9.9916i- 1 3.i0625 2
0.00000+ 0 0.00000+ 0
3.70756—13—2.39212-15
4.16968~ 4~2.89131- 2

5.50595~ 4 6.04947- 6-2.18919- 8 0.00000+ O

0.00000+ 0 0.00000+ 0
1.08489-12-2.23626~10
9.98894~ ) 3.53519= 2
0.00000+ 0 0.00000+ O
1.18235=17-7.05278=13
5.50408= &=1.32028- 2
0.00000+ 0 0.00000+ 0
0.00000+ O=4.14653-20
6.34525~ 8=7.30127- 6
0.00000+ 0 0.000Q0+ O
0.00000+ 0 0.00000+ 0
3.52090-12-5.88180~10
9.98425 1

0.00000+ 0~1.29728-20
3.74868~ 8=4.9364i~ &
6.24137- 4 7.30598 6§
0.00000+ 0 0.00000+ 0
1.65099-12-3.15518-10
9.98747- 1 3.74955= 2
0.00000+ 0 0.00000+ O
1.94176=17=1.13112-14
6.24016= &=3.53465~ 2
0.00000+ 0 0.00000+ O
0.00000+ 0-6.80077-20
8.05727- 8-8.72297~ 6

0.00000+ 0 0.00000+ 0 0 0
21 2

0.00000+ 0 1.00000- S Q 0
0.00000+ 0

0.00000+ 0 1.00000+ & 0 0
0.00000+ 0

0.00000+ 0 2.00000+ S 0 0
2.34000~ 1 6.07000~ 2 5.50000- 3 3.37000- 3
0.00000+ -0 5.00000+ 5 0 0
3.34000= 1 1.24000- 1 4.11000- 2 1.61000- 2
0.00000+ 0 8.00000+ S 0 0
3.87500= 1 1.91100= 1 1.25000- 1 4&.47000- 2
«5.11000~ 3 3.90000~ 4&=9,.80000- 4&=9.00000- S
0.00000+ 0 1.00000+ 6 Q 0
4.35500= 1 2.35400- 1 1.78600- 1 7.51100~ 2
-9.00000=- 3 2.21000= 3~4.16Q00- I}=2,40000- &

(MISSING LINES)

9.45000-
5.07600-
1.90900-
7.27000=

8,75000~
4,51000-
1.38200-
2. 54000~

0.00000+ 0 1.40000+ 7
8.84700- 1 7,80000~ |
4.19500= 1 3.63300~ 1
9.40000- 2 5.65000- 2
0.00000+ 0 1.70000+ 7
9.07600- | 8.16800~ 1
4.65400~ | 4,.10200~ 1
1.36400- 1 1.04100- 1
1,87000~ 3 6.10000- 4
0.00000+ 0 2.00000+ 7

1 1

1 1

1 1

3 3

0 0
6.89300- 1 6.11300= 1
3.08400- | 2.33700- 1
2.97400- 2 1.25200~ 2

0 0
7.29500~ 1 6.56300~ 1
3.59100- 1 3.14000- 1
6.27200~ 2 3.35100- 2

0 0
7.96800- 1 7.18400- 1
3.97500- 1 3.46700- |
9.26600- 2 5.78700- 2

9 01261

61 181261
0.00000+ 0 0.00000+ 01261
0 0.00000+ 01261

0 0.00000+ 01261

3 1.47746~ 81261
.00000+ 0 Q.00000+ 01261
4 0.00000+ 01261

1 7.2565% 351261

0 0.00000+ 01261

0 0.00000+ Q1261
1.10494= 5=5.14951~ 31261
5.71550- B=2.66532-101261
0.00000+ 0 0.00000+ 01261

2.04013 8-3,14407- 61261
4.8lak6- & 4.93607- 61261
0.00000+ 0 0.00000+ 01261
6.89312-13~1.54348=-101261
9.99032- 1 3.32076~ 21261
0.00000+ 0 0.00000+ 01261
6.85286~18~4,21907-151261
4.81391= 4-3,10584~ 21261
0.00000+ 0 0.00000+ 01261
0.00000+ 0-2.40276~201261
4.92034~ §=6.04237- 61261
+02335- 4 0.00000+ 01261
.00000+ 0 0.00000+ 01261
veb126~12-4,35107-101261
Z98590- 1 3,96384~ 21261
.00000+ 0 0,00000+ 01261
06691-17-1.75392-141261
202215~ 6=3.74894~ 21261
1261

1 211261

1261

1 01261

1261

3 01261

1261

01261

3.32000= 3-7 70000- 41261
6 01261

4.20000= 3=3.85000- 3126]
10 01261
6.10000= 3=1.13100- 21261
1261

10 01261
1.12000= 2-1.36200- 21261
1261

18 01261
5.42400- 1 4.78600- 11261
1.97500- 1 1.42100- 11261
3.31000- 3 2.70000- 41261

20 01261
5.87000- 1 5.23900~ 11261
2.63600- 1 2.07600- 11261
1.48700- 2 6.24000- 31261

1261

20 01261
6.41100- 1 3.71300~ 11261
2,95800~ 1 2,44200- 11261
3.30500- 2 1.63200- 21261

1261
1261
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S4bl
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5443
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5445
5446
5447
5448
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5450
5451
5452
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3484
5485
5486
5487
5488
5489
5490
5491
5492
5493
5494
5495
5496
5497
5498
5499
5500
5501
5502
3503
3504
5508
3506
5507
5508
5509
5510
5511
5512
5513
5514
5515
5516
5517
5518

5561
5562
5563
5564
5565
5566
5567
5568
5569
5570
3571
5572
5573
5574
5575
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File 4 Angular Distributions of Secondary Neutrons D
(Legendre Coefficients and Transformation)

If the angular distzibutions are represented as Legendre polynomial

coefficients, the absolute differential cross sections ars obtained by

NL
g_(E)
[-:4 s E :21 + 1
an (Q,E) = T 3 tl(E)Pl(u) '
=0
NL
27 dog 22 + 1
p(u.E) Us(m an (QE) = E 2 tl(E)Pl(u) f
L=0Q

where u = cosine of the scattsred angle in either the laboratory or the
center-of-mass system;

E = energy of the incident neutron in the laboratory system;

os(l-:) = rhe scattering cross section, e.g., slastic scattering at ?nergy
E as given in File 3 for the particular reaction type (MT):;

X = order of the Lagendre polynomial;

:n—"m,m = diffarential scattering cross section in units of harns per
steradian;

fl = thae !.th Legendrs polyncmial cocefficient and it is understood that

£ = 1.0.
-

The Lagendre expansion coefficients tl(E) in the two systems are related

, and its inverse, U 1

through an energy~-independent transformation matrix, ULm om’

NM
™
fi"'b(z)- z O fa (B
m=Q

NM
™ 2: -1 Lab
t2 (E) = Um fm (E)
=0
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File 4 Angular Distributions of Secondary Neutrons A
(Only Legendre Coeffidients given)

The following quantities are defined.
LTT is a flag to specify the representation used and it may have the
following values:
LTT = 1, the data are given as Legendre expansion coefficients,
fz(E)s
LTT = 2, the data are given as normalized probability distributions,

P(u.E).

15

is a flag to specify the frame of reference used:

ICT = 1, the data are given in the LAB system;

ICT = 2, the data are given in the CM system.

LVT is a flag to specify whether a transformation matrix is given for

elastic scattering:

LVT = 0, a transformation matrix is not given (always use this value
for all non-elastic scattering reactions);

LVT = 1, a transformation matrix is given.

NE is the number of incident energy points at which angular distribu-
tions are given (NE < 500).

NL is the highest order lLegendre polynomial that is given at each
energy (NL < 20).

N is the maximum order Legendre polynomial that will be required

(NM < 20) to describe the angular distributions of elastic scatter-

ing in either the center-of-mass or the laboratory system. NM should

be an even number.

Other commonly used variables are given in the Glossary (Appendix A).
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File 4 Angular Distributions of Secondary Neutrons B
(Only Legendre Coefficients given)

Lecendre Polvnomial Coefficients Given and the Transformation Matrix

Not Given: ULTT = )1 and LVT = 9

Fille 4 is divided into sections, each containing data for a particular
reaction type (MT number) and ordered by increasing MT number. Each section al-~
ways starts with a HEAD record and ends with a SEND racord. If the section
contains a descriptibn of the angqular distributions for elastic scattering,

the transformation matrix is given first (if present) and this is followed by

the representation of the angular distributions.

{MAT, 4, MT/ZA, AWR, LVT, LTT. O,0]HEAD

[MAT, 4, MT/0.0, AWR, O, LCT, O, 0] C@NT.

{MAT, 4, MT/0.0, 0.0, 0, O, NR, NE/Eint]TAB2
(MAT, 4, MT/T , E. , LT, O , NL, O/fz(El)]LIST

(MAT, 4, MT/T , E_ , LT, O , WL, 0/£,_<22)]r.zs'r

(MAT, 4, MT/T , F’NE' LT, 0 , NL, 0/£z(EN}:)LIS‘r

{MAT, 4, 0 /0.0, 0.0, 0 , O , O , Q)SEND
Note that T and LT refer to temperature (in °X) and a test for temperature de-
pendence, respectively. These values are normally zero; however, see Appendix F

for an explanation of cases in which temperature dependence is specified.



File 4 Anqular Distributions of Secondary Neutrons
{Only Legendre Coefficients given)

6.01200+ 3 1.18969+ 1 0 1 +] 01274 4 51 1277
0,00000+ 0 1.18970+ 1 +] 2 +] 01274 & 51 1278
0.00000+ 0 0.00000+ 0 [¢] ¢} 1 731274 & 51 1279
73 2 1274 4 51 1280
0.00000+ 0 4.B80000+ 6 0 [*] 1 01274 4 51 1281
0.00000+ Q 1274 & 51 1282
0.00000+ 0 5.25000+ & [+ o 2 01274 4 51 1283
1.50000~ 2 2.00000- 3 1274 & 51 1284
0.00000+ 0 3.37000+ 6 0 [*] 2 Q1274 4 51 1285
3.35000- 2 1.20000- 2 1274 4 51 1286
0.00000+ 0 3.47000+ 6 0 ¢} 2 01274 4 31 1287
8.23000- 2 4.10000- 2 1274 & 51 1288
0.00000+ 0 5.59000+ 6 0 0 2 01274 & 51 1289
1.41000~ 1 2.28400- 2 1274 4 51 12%0
0.00000+ O 5.67000+ 6 0 [*] 2 01274 4 51 1291
1.50000- 1 7.68000~ 3 1274 4 51 1292
0.00000+ 0 5.73000+ 6 Q 0 2 01274 4 51 1293
1.41000- 1-2.00000~ 3 1274 4 51 1294
0.00000+ 0 5.83000+ 6 Q [*] 1 01274 4 31 1295
1.09260- 1 1274 & 51 1296
0.00000+ 0 5.90000+ 6 0 0 2 01274 & S1 1297
8.70000- 2 1.00000~ 2 1274 & 51 1298
0.00000+ 0 6.04000+ 6 ] 2 01274 & 51 1299
7.60000- 2 5.26000~ 2 1274 & 51 1300
0.00000+ 0 6.10000+ 6 0 0 2 01274 4 51 1301
8.80000- 2 7.45000~ 2 1274 4 51 1202
0.00000+ 0 6.22000+ 6 0 0 3 01274 & 51 1303
1.48000- 1 1.15670~ 1~3.50000- 3 1274 4 51 1304
0.00000+ 0 6.24000+ 6 0 2] 3 Q1274 & 51 1308
1,44000- 1 1.18000~ 1-8.00000- 3 1274 & 31 1306
0.00000+ 0 6.26000+ 6 0 0 3 01274 4 31 1307
6.08000- 2 1.12000~ 1=1.53600- 2 1274 4 51 1308
0.00000+ 0 6.29000+ 6 0 0 3 01274 & 51 1309
-6.,40000- 2 7.67500- 2-2.68900- 2 1274 4 51 1310
0.00000+ 0 6.33000+ 6 ] ] 4 01274 4 51 1311
«6.10000= 2 2.97500= 2=4.20000- 2-1.00000- 3 1274 & 51 1312
0.00000+ Q 6.34000+ 6 0 ] 4 01274 4 51 1213
~3.40000=- 2 1.80000~ 2=-4.30000- 2-1.33000- 3 1274 4 31 1314
0.00000+ 0 6.37000+ 6 0 *] L3 01274 4 51 1315
«3.30000- 2 1,70000- 2~4.20000- 2-3.63000- 3 1274 4 31 1316
0.00000+ 0 6.38000+ 6 0 0 & Q1274 4 31 1217
«2,60000- 2 1,.80000~ 2-3.10000~- 2-5.26000- 3 1274 4 51 1318
QUSSING LINES)
0.00000+ 0 B8.48000+ 6 0 0 5 Q1274 4 31 1399
9.08200~ 2 1.56000- 1-1.40200= 2 2.71000- 3 2.61800~ 2 1274 4 51 1400
0.00000+ 0 8.55000+ 6 0 0 5 01274 4 51 1401
1.04000= 1 1.70000= 1 4.82000~ 3 1.21900- 2 2,46100- 2 1274 4 51 1402
0.00000+ O B8.67500+ 6 0 +] 3 01274 4 51 140)
1.03550- 1 1.85120= 1 3.40000- 2 2.91200- 2 2.18100- 2 1274 & 51 1404
0.00000+ 0 3.72810+ 6 0 0 3 01274 4 51 1405
1.03360- 1 1.82410= 1 2,97400- 2 2.813900- 2 2.06100~ 2 1274 & 51 1406
0.00000+ 0 8.80000+ & 0 0 3 01274 4 51 1407
5.49300= 2 1,78750=- 1 2.39700- 2 2,31300- 2 1.90000- 2 1274 & 51 1408
0.00000+ 0 8.85000¢ 6 [*] 0 4 01274 & 51 1409
2.12600~ 2 1.76200~ 1 1.99600~ 2 1.94700- 2 1274 4 51 1410
0.00000+ 0 9.04650+ 6 0 ] 4 01274 & 51 1411
=1.11160= 1 1.66180- 1 4.19000~ 3 5.09000- 2 1274 4 51 1412
0.00000+ 0 9.09210+ 6 0 0 4 01274 & 51 1413
-$.22300- 2 1.63860- 1 5.40000~ 4 3.99000- 3 1274 4 51 1414
0.00000+ 0 9.27150+ 6 2] a 4 01274 & 51 1415
=1.75900= 2 1.54710- 1 3.31000~ 13 8.36000- 3 1274 & 51 1416
0.00000+ 0 9.91120+ 6 0 0 L3 01274 4 31 1417
2,48540- 1 1.54330- 1 1.54500~ 2 2.39300- 2 12724 4 51 1418
0.00000+ 0 9.99460+ 6 0 Q [3 01274 & 51 1419
2.35330- 1 1.54550=- 1 1.69700- 2 2.59700- 2 1274 & 351 1420
0.00000+ 0 1.09450+ 7 0 0 4 01274 4 31 162
9.18700- 2 2.02380~ 1 3.43400~ 2 2.70900- 2 1274 4 51 1422
0,00000+ 0 1.50000+ 7 0 0 4 01274 4 51 1423
1,64180~ 1 2,08310- 1 2.01900- 2 2.50000- & 1274 & 51 1424
0.00000+ 0 2.00000+ 7 0 0 & 01274 & 51 1425
1.64180~ 1 2.08310- 1 2.01900- 2 2.50000- 4 1274 & 51 (426 .
1274 &4 0 1427



Pile 4 Angular Distributions of Secondary Neutrons D
(Only Legendre Coefficients given)

If the angular distributions are represented as Legendre polynomial

coefficients, the absolute differential cross sections are obtained bv

¢ _(E)
dg E :
E (nlE) = ;ﬂ' L;——l_ tL(E)Pl(U) ,
i=Q
NL
27 dg - 22 + 1
p(u,E) = 7 (B) an (3,E) B fE(E)Pi(u) '
s
L=Q

where U = cosine of the scattered angle in either the laboratory or the
center-of-mass system;

E = gnergy of the incident neutron in the laboratory system;

c,(E) = the scattaring cross section, e.g., elastic scattering at energv
E as given in File 3 for the particular reaction %ype (MT);

2 = order of the legendre polynomial;

Z—S(Q.E) = differential scattering cross section in units of barns per
steradian;

£ = the !.th Legendre polynomial coefficient and it is understood that

£ =1.0.
o)




File 4 Angular Distributions of Secondary Neutrons
(Tabulated Distribution and Transformation)

The following quantities are defined.
LTT is a flag to specify the representation used and it may have the
following values:
LTT = 1, the data are given as Legendre expansion coefficients,
fl(E))
LTT = 2, the data are given as normalized probability distributions,
p(u.E}.
ICT is a flag to specify the frame of reference used:
ICT = 1, the data are given in the LAB system;
ICT = 2, the data are given in the CM system.
LVT is a flag to specify whether a transformation matrix is given for

elastic scattering:

IVT = 0, a transformation matrix is not given (always use this value
for all non-elastic scattering reactions);

VT = 1, a transformation matrix is given.

NE is the number of incident energy pecints at which angular distribu-
tions are given (NE < 500).
NK is the number of elements in the transformation matrix (NK < 441).

NK = (NM + 1)2.

v are the matrix elements of the transformation matrices:

Vi - U;lm if LCT = 1 (data given in LAB system); and

Fal

vK = Ug n if ILCT = 2 (data given in M system).
NP is the number of angular points (cosines) used to give the tabulated
probability distributions for each energy (NP < 10l).

Other cormonly used variables are given in the Glossary (Appendix A).



File 4

Angular Distributicns of Secondary Neutrons
(Tabulated Distribution and Transformation)

Tabulated Probability Distributions and Transformation Matrix Given:

LTT = 2 and LVT = 1

If the angular distributions are given as tabulated probability distri-

butions, LTT = 2, and a transformation matrix is given for elastic scattering,

the structure of a section is

[MAT, 4, MT/ZA, AWR, LVT, LTT, O, O]HEAD LVT = 1, LTT = 2
[MAT, 4, MT/0.0, AWR, 0, LCT, NK, NM/V ]LIST
(MAT, 4, MT/0.0, 0.0, O , O , NR, NE/E,  1TAB2
=

(MAT, 4, MT/T , E, , LT, O, NR, NP/u, . /P(u,E))]1TABL

’ ’ ’ ’ TI ! NRI ) ’
(MAT, 4, MT/T , E, , LT, O NP/u, ./P(u,E,)ITABL
(MAT, 4, MT/T , Egp, LT, O, NR, NP/u,  /P(u,E_)]TABL
{MAT, 4, 0 /0.0, 0.0, 0 , O, O, Q]SEND

T and LT are normally zero. See Aprendix F for details on temperaturs depend-

ence,

N-20
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File 4 Angular Distributions of Secondary Neutrons o)
(Tabulated Distribution and Transformation)

4.20000+ 4 9.31160+ 1 1 2 0 01287 4 2 77
0.00000+ 0 9.31160+ 1 0 2 1 181287 4 2 2378
1.00000+ 0 7.0089%= 3 2.21008~ 5~1.38100-10 0.00000+ O 0.00000+ 01287 4 2 379
0.00000+ 0 0.00000+ O 0.00000+ 0 0.00000+ 0 0.00000+ O 0.00000+ 01287 4 2 380
0.00000+ 0 0.00000+ 0 0.00000+ 0 0.00000+ 0 0,00000+ 0 0.00000+ 01287 &4 2 8l
0.00000+ 0 0.00000+ 0 9.99934~ 1 1.26158~ 2 7.57680- S 2.2093%- 71287 & 2 182
«1,25663~ 8-1.30840-10 0.00000+ 0 0.00000+ O 0.00000+ O 0.00000+ 01287 4 2 383
0.00000+ 0 0,00000¢ 0 0.00000+ 0 0,00000+ 0 0,00000+ 0 0.00000+ G1287 4 2 1384
0.00000+ 0 0.00000+ O 0.00000+ 0-7.00832~ ) 9.99826~ 1 1.80216~ 21287 4« 2 183
1.57852- 4 8.04087- 7~2,70852- 8 2.26087~10 0.00000+ 0 0.00000+ 01287 4 2 2384
0.00000+ 0 0.00000+ 0 0.00000+ 0 0,00000+ O 0.00000+ 0 0.00000+ 01287 4 2 187
0.00000+ 0 0,00000+ 0 0,00000+ 0 0.00000+ 0 6.6313)~ 3-1,26140- 21287 4 2 )88
9.99661- 1 2.33593~ 2 2,567867- 4 1.89548= 6=6.55483~ B-1.27816~ 91287 4 2 )89
-6.44832-10 0.00000+ 0 0.00000+ 0 0.00000+ O 0.00000+ O 0.00000+ 01287 4 2 390
0.00000+ 0 0.D00000+ O 0.00000+ O 0.00000+ 0 0.00000+ 0=6.63981- 71287 &4 2 2391
1.51363 #~1.80180=- 2 9.99440- 1 2.86651- 2 4.05615~ 4 3.61806- 61287 4 2 192

(MISSING LINES)

0.00000+ 0 0.00000+ O 0.00000+ 0 Q.00000+ 0 6.22845~19-1.34061-161287 & 2 430
3.42066~14=3,81600-12 3.56704~10-2.78194~ 8 1.77040- 6=8.87132- 51287 &4 2 431
3.29671~ 3=8.10889= 2 99,9249l 1 9.15725~ 2 4.20749= 3 0.00000+ 01287 4 2 432
0.00000+ 0 0.00000+ ¢ 0.00000+ 0 0.00000+ 0 0.00000+ 0 0.00000+ 01287 4 2 433
1.16935-18=3,67476~16 5.90580=14=6.07180-12 5.27386-10~3.83587- B1287 & 2 434
2.28274= 6=1,07175~ & 3,73662~ 3=B.62904= 2 9.91535~ 1 9.67680- 21287 4 2 415
0.00000+ 0 0,00000+ C 0.00000+ 0 0.00000+ 0 0.00000+ O 0.00000+ 01287 4 2 436
0,00000+ 0=1,05340~20 2.77279«18=7.61055-16 9.80913=14~9.36964=121287 & 2 437
7.60542-10~5,184663- 8 2.89816= 6-1.28018- &4 4,20371- 3-9,14838- 21287 4 2 438
9.90565~ 1 1287 4 2 439
0.00000+ 0 0.00000+ O 0 [+] 1 111287 4 2 440
13 2 1287 4 2 44l
0.00000+ 0 1.00000- S 0 0 1 21287 4 2 &2
2 2 1287 4 2 &)
~1.00000+ 0 5.00000- 1 1.00000+ O 5.00000- 1 1287 4 2 bbb
0.00000+ 0 $.00000+ &4 0 [+] 1 21287 &4 2 445
2 2 1287 4 2 446
«1.00000+ 0 3.00000- 1 1.,00000+ 0 $.00000~ 1 1287 4 2 447
0.00000+ 0 6.00000+ & ] 0 1 21287 &4 2 448
2 2 1287 &4 2 449
=1,00000+ 0 4.37000~ 1 1.00000+ 0 5.63000- 1 1287 4 2 450
0.00000+ 0 1.50000+ 5 0 0 1 41287 &4 2 451
4 2 1287 4 2 4352
«1,00000+¢ 0 4,71950- 1~6.00000- 1 4,26960- 1 0.00000+ O 4.5895C- 11287 4 2 453
1.00000+ 0 6.49940= 1 1287 4 2 454
0.00000+ 0 2.50000+ 5 o] Q 1 61287 4 2 455
6 2 1287 & 2 456
=1.00000+ 0 3.77080~ 1~8.00000= 1 3.64070- 1~6.00000~ 1 3.77080- 11287 & 2 457
=2,00000- 1 4.22080- 1 4.00000~ 1 5.52110~ 1 1.00000+ O 7.80160- 112B7 4 2 458
QUSSING LINES)
0.00000+ 0 1.00000+ 7 [+] *] 1 511287 4 2 532
sl 2 1287 4 2 533
«1.00000+ 0 5.64300- 3~9.90000~ 1 1.93490~ 2-9.80000- 1 2.71650- 21287 &4 2 534
=9.70000= 1 2,07910= 2-9.60000~ 1 13.13580- 2-9.40000~- } 2.83630- 21287 4 2 535
«9.00000- 1 1.83600- 2-8.80000~ 1 1.54340- 2-8.60000- 1 1.44040- 21287 4 2 536
=8.30000- .1 1,56240- 2~7.30000~ | 2.48910~ 2-6.60000— ) 2.66540- 212897 4 2 537
~6,10000- 1 2,40970~ 2-3.30000~ 1 2.55460~ 2-2.90000- 1 3.10100- 21287 4 2 532
«2.40000= 1 3,92430~ 2-1.20000~ 1 §.43630~ 2-5.00000- 2 7.30590- 212B7 4 2 3539
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9.00000~ 1 1.37550+ 0 9.10000- | 1.92270+ 0 9.20000- 1 2.65370+ 01287 & 2 548
9.J0000~ 1 1.61960+ 0 9.40000- 1 4.88240+ 0 9.50000- 1 6.51960+ Q1287 4 2 549
9.70000~ 1 1.13090+ 1 9.90000- 1 1.89960+ | 1.00000+ 0 2.43600+ 11287 4 2 550
1287 4 0 531
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File 4 Angular Distributions of Secondary Neutrons D
(Tabulated Distribution and Transformation)

The angular distributions are expressed as normalized prcbability dis-

tributions, i.e.,

1

/ p(u,E)dy = 1 ,

-1l

where p(u,E)du is the probability that a neutron of incident energy E will be

scattered into the interval du about an angle whose cosine is u.

Absolute diffential cross sections are cbtained by combining data from
Files 3 and 4. 1If tabulated distributions are given, the absolute differential

cross section (in barns per steradian) is obtained by

¢ (E)
s
27

dg
an (QE) = pl{u.,E)

where cs(E) is given in File 3 (for the same MT number) and p(u,E) is given in

File 4.

n

NM
Lab ™
] (E) = E Ulm fm (E)
=0

and

NM

™ -1 Lab

fl (E) = E ULm fm (E) .
=G
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File 4 Angular Distributions of Secondary Neutrons A
(Only Tabulated Distributions given)

T™e following quantities are defined.
LTT is a flag to specify the representation used and it may have the
following values:
LTT = 1, the data are given as Lagendre expansion coefficients,
fl(E)r
LTT = 2, the data are given as normalized probability distributions,
p(u.E).

is a flag to specify the frama of reference used:

18

LCT = 1, the data are given in the LAB system;
ILCT = 2, the data are given in the M system.
LVT is a flag to specify whether a transformation matrix is given for

elastic scattering:

LVT = 0, a transformation matrix is not given (always use this value
for all non~-elastic scattering reactions);

LVT = 1, a transformation matrix is given.

&

is the number of incident energy points at which anqular distribu-

tions are given (NE < 500).

NP is the number of angular points (cosines) used to give the tabulated
probability distributions for each energy (NP < 101).

Other cammonly used variables are given in the Glossary (Appendix A).



File 4

Angular Distributions of Secondary Neutrons

(Only Tabulated Distributions given)

Tabulated Prcbability Distributions Given and Transformation Matrix

Not Given: LTT = 2 and LVI = 0O

If the angular distributions are given as tabulated probability distri~

butions, LTT = 2, cthe structure of a section is

[MAT, 4, MT/ZA, AWR, LVT, LTT, O, O]HEAD

[MAT, 4, MT/0.0, AWR, O, LCT, 0, O])C@NT.

[MAT, 4, MT/0.0, 0.0, O , O , NR, m:/z.mtrrmaz

[MAT, 4, MT/T , El , LT, 0, NR, NP/uint/p(u,El)lTABl
[MAT, 4, MT/T , E, . LT, 0, NR, rm/uint/p(u,zz)lrul
{MAT, 4, MT/T , r:m:, LT, O , NR, N’P/umt/p(u.zuz)]'rhsl
[MAT, 4, O /0.0, 0.0, 0 , O , 0 , O]JSEND

T.and LT are normally zero.

ence.

See Appendix F for details on temperature depend-

N-21
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File 4 Anqular Distributions of Secondary Neutrons C
(Only Tabulated Distributions given)
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File 4 Angular Distributions of Secondary Neutrons D
(Only Tabulated Distributions given)

The angular distributions are expresssd as normalized probability dis-

tributions, i.s.,

1

/ P(u,B)dp = 1,

-1

where p{(u,E)du is the probability that a neutron of incident energy E will be

scattered into the interval du about an angle whose cosine is u.

Absolute diffential cross sections are cbtained by combining data from
Files 3 and 4. If tabulated distributions are given, the absolute differential

cross section (in barns per steradian) is obtained by

¢ (E)
4 (2,E) =

EE P34

p{u,E)

where os(E) is given in File 3 (for the same MT number) and p(u,E} is given in

File 4.
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File 5 Energy Distributions of Secondary Neutrons A
(General Structure)

The following quantities are defined
NK is the number of partial energy distributions. There will be one

subsection for each partial distribution.

e

is a constant that defines the upper energy limit for the secondary

neutron so that 0 < E' < E - U (given in the Lab system).

|®

is a parameter used to describe the sacondary energy distribution.
The definition of ¢ depends on the energy distribution law (LF)

given; however, the units are always eV.

If£ LF = 3, 8 is the excitation energy, |Q| ., of a level in the
residual nucleus.

IfLF =5, 7, or 9, 8 is an effective nuclear temperature.

is a flag that specifies the energy distribution law that is

1>

used for a particular subsection (partial energy distribution).
(The definitions for LF are given in Section S5.l.).

Pk(EN) is the fractional part of the particular cross section that
can be described by the kth partial energy distribution at

the Nth incident energy point.

NX
NOTE: E pk(EN) = 1.0

k=l

fk(E - E') is the kt!.l partial energy distribution. The definition depends

on the value of LF.

NR is the number of interpolation ranges.

NP is the number of incident energy points at which pk(E) is given.
ab are constants used in the Watt spectrum. (LF = 10.)

NE is the number of incident energy points at which tabulated dis-

tributions are given. Also the number of points at which 8(E)

is given. (NE < 200.)

E

is the number of secondary energy points in a tabulation. (NF < 1000.)




File 5 Energy Distributions of Secondary Neutrons
(General Structure)

The structure of a section has the following form:
{MAT, 5, MT/ZA, AWR, 0, O, NK, O}HEAD
<subsection for k = 1>

<gubsection for k = 2>

<subsection for k = NK>

[MAT, 5, O /0.0, 0.0, O, O, O, O}SEND

The structure of a subsection depends on the value of LF. Subsections
should be ordered by increasing values of LF. TFor cases in which more than
cne subsection contains data using the same LF, these subsections should be

ordered by increasing values of 8.

N~-22



File 5

Energy Distributions of Secondary Neutrons
{(General Structure)
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File 5 Energy Distributions of Secondary Neutrons
(General Structure)

The energy distributions, p(E - E'), are normalized so that

max
/ P(E+-E') dE' = 1 ,

o
where E' is the maximum possible secondary neutron energy and its value depends
on the incoming neutron energy £ and the analytic representation of p(E + £'}). The

secondary neutron energy E' is always expressed in the laboratorv svstem.

The differential cross section is obtained from

do (E~+E')

5 =mo(E) p (E=~E"),

where o(E) is the cross section as given in File 3 for the same reaction type

number (MT) and m is the neutron multiplicity for this reaction type (m is
implicit; e.g., m = 2 for n,2n reactions).

The energy distributions p(E -+ E') can be broken down into partial energy
distributions, fk(E -+ E'), where each of the partial distributions can be de-

scribed by different analytic representations;

NK

P(E+E') = E pk(E) fk(}:-»}:'),
k=l

and at a particular incident neutron energy E,

NK

E pk(E) =1,

k=1

where pk(E) is the fractional probability that the distribution fktE -+ E') can
be used at E.

The partial energy distributions fk (E =+ E'} are represented by various
analytical formulations. Each formulation is called an energy distribution law

and has an identification number associated with it (LF number).

N=-22



File 5

Snergy Distributions of Secondary Neutrons
(Tabulated Distributions)

The following quantities are defined

NK is the number of partial energy distributions. There will be cne

subsection for each partial distribytion.

([=]

is a constant that defines the upper energy limit for the secondary

neutron so that 0 < E' <E - U (given in the Lab system) .

|®

is a parameter used to describe the secondary energy distribution.

The definition of 8 depends on the snerqgy distribution law (LF)

given; however, the units are always eV.

If LF = 3, 8 is the excitation energy., [o] . of a level in the

residual nucleus.

IfLF =S5, 7, or 9, 8 is an effective nuclear tamperature.

[

PK(EN)

£ (E~E")

I3

is a flag that specifies the energy distribution law that is
used for a particular subsection (partial energy distribution).
(The definitions for LF are given in Section 5.1.).

is the fractional part of the particular cross section that
can be described by the kth partial energy distribution at

the Nth incident energy point.

NX

NCTE: E pk(EN) = 1.0

k=1

is the kth partial energy distribution. The definition depends
on the value of LF.

is the numbar of interpolation ranges.

is the number of incident energy points at which pk(E) is given.
are constants used in the Watt spectrum. (LF = 10.)

is the number of incident energy points at which tabulated dis-
tributions are given. Also the number of points at which 8(E)

is given. (NE < 200.)

is the number of secondary energy points in a tabulation. (NF < 1000

N=-23
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File 5 Energy Distributions of Secondary Neutrons
(Tabulated Distributions)

LF = 1, Arbitrarv tabulated function

[MAT, &, MT/T , 0.0 ., LT , LF=l . NR , NP/Eint/p(EHTABl
{(MAT, 5, MT/0.0 , 0.0 . o ., o} + NR , NE/E ) TABZ
[MAT, S, MI/T , K , LT , 0 + NR , NF/E] ./
] . ] [RY [] ]
El q(El-El) r B3 glE\*£) , Ey g(E,~EJ),
¢ E}'ﬂ_ ' g(Elﬂ:;‘F) 1TABl
[MAT, S, MT/T , E,. . LT 0 ., ©NR , m-'/}:im/
. L} 1 ] 1] L) L]
r Egp v g(szos“) JTABL
[MAT, 5, MT/T B PR 4, S o} « NR , NF/E! L/
1] L) 1] 1] L] L]
El ' q(ENE*El) ' }:2 ' g(zm:-zz) ' 23 ’ g('::m_:-vEB).

’ Eﬁ? ' q(ENE*Eﬁr) ] TABL

Note that the incident energy mesh for pk(E) does not have to be the same
as the E mesh used to specify the energy distributions. The interpolation scheme
used between incident energy points, E, and between secondary energy peints, E',
should be linear-~linear. T and LT refer to possible temperature (physical)

dependence.

N-23
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Energy Distributions of Secondary Neutrons

(Tabulated Distributions)

File 5
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File 5

IF = ],

Energy Distributions of Secondary Neutrons
{Tabulated Distributions)

Arbitrary tabulated function:

£(E+E') =mg(E~Z").

A set of incident energy points is given, E, and g(Ei + E') is

1
tabulated as a function of E°.



File 5§

Inergy Distributions of Secondary Neutrons
(Discrete Level & General Evaporation)

The following quantities are defined

NX

u

&
LE
pk(EN)
Id - 1
“k(E E")
NR
NP
a.b
NE
NE

is the number of partial energy distributions. There will be one

subsection for each partial distribution.

is a constant that defines the upper energy limit for the secondary

neutron so that 0 < E' <E-1U (given in the Lab system).

is a paramater used to describe the secondary energy distribution.

The dafinitiog of 6 depends on the energy distribution law (LF)
given; however, the units are always eV.
i

If LF = 3, 8 is the excitation energy, |Q| ., of a level in the

residual nucleus.
IfLr =5, 7, or 9, 0 is an effective nuclear temperature.
is a flag that specifies the energy distribution law that is
used for a particular subsaction {(partial energy distribution).
(The definitions for LF are given in Section 5.1.).
is the fractional part of the particular cross secticn that
can be described by the kth parcial energy distribution at

the Nth incident energy point.

NK

NOTE: E pk(EN) = 1.0

k=l

is the kth partial energy distripution. The definition depends
on the value of LF.

is the number of interpolation ranges.

is the number of incident energy points at which pk(E) is given.

are constants used in the Watt spectrum. (LF = 10.)
is the number of incident energy points at which tabulated dis-
tributions are given. Aalso the number of points at which 8(E)

is given. (NE < 200.)

N-24

is the number of secondary energy points in a tabulation. (NF < 1000.)



File 5 Energy Distributions of Secondary Neutrons
(Discrete Level & General Evaporation)

ILF = 3, Discrete level excitation

[MAT, 5, MT/ T , 8 s LT,LF=3, NR, NP/Ej.nt/p(E”mBI

Only one record is given for each subsection.

LF = 5, General evaporation spectrum

[MAT, S, MT/ U ' 0.0 , 0, LF=5, NR, NP/Eint/p(E)]TABI

[MAT, S5, MT/0.0 , 0.0 , 0, O . NR, NE/Eint/

B(El)' 9(22),

’ e(zNE) 1TABL

{MAT, S, MT/0.0 , 0.0 , 0, O . NR, m‘/xim/

x q(xl) ’ x2' Q(XZ), x3 ’ q(xa)

1 [4

" Xypt 9(350_) 1TABL

EI

CTE))



File 5

Energy Distributions of Secondary Neutrons

(Discrete Level & General Evaporation)

b 2,24728 ooy
19 2
C.edd7 38 1.73
812 ads V1,978
B.LE o268 2,041
8,24 “38 *,72439
2.3 eds 2,%0732
.48 «38 7,337%9
0.07 o34 *,2¢738
2.7y o34 7,12+39
8.2” 38 2,37792
1.43 ohe 2.7

~2.00000+ 7 0.00000+ O

3,393
.14
2.2%
.24
2,3%
2.%¢
.89
2.8
L]

12,2

ods
.84
o3
*ds
o0
.34
o4
38
L2 1]
1]

0

1,8
3,73434
2,23%03
3,6871e
8,47%42
8,20030
2,0118
3,13470
1,2045%0
[

2 2
0.00000+ 0 8.97660~ 1 2.00000+ 7 8.97660~ 1

86
.24
(1 1]
1]
94
08
odd
88
od0

4,99992
2,007
5,75109
1.69%02
L

2,24478
1.14008
3,391y
2,29692

29 233 5 4 12v4
2139 4 3298
213 3 4 120
213 3 & 1277
233 % ¢ 129
233 9 4 1290
33 3 s i
233 5 & gieg
233 3 4 1592
233 5 ¢ 1303
23 9 ¢ 40
33 9 4 1309

21260 5 18 4896
1260 3 18 4897
1260 5 18 4898

N-24
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File 5 Energy Distributions of Secondary Neutrons D
{Discrete Level & General Evaporation)

LF = 3, Excitation of discrete levels:

2
z(z-»z')-a['-"*l E+—2—0l.

(A + 1)2 A+l

A = AWR (the ratio of the mass of the target nucleus to that
of the neutron);

8 = excitation energy of the energy level in the residual nucleus.

LF = 5, General evaporation Spectrum:

f(E+ E') = g[E'/B(E)].
8(E) is tabulated as a function of incident neutron energy, E;

g(x) is tabulated as a function of x, x = E'/8(E).
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File S Energy Distributions of Secondary Neutrons A
(Maxwellian, Evaporation, & Watt Spectrum)

The following guantities are defined
NK is the number of partial energy distributicns. There will be one

subsection for eacn partial distribution.

1a

is a constant that defines the upper energy limit for the secondary

neutron so that 0 < E' <E - U (given in the Lab system).

|

is a parameter used to dsscribe the secondary energy distribution.
The dafinition of 8 depends on the energy distributicn law (LF)

given; however, thie units are always ev.

If LF = 3, 8 is the excitation energy, [Q| , of a level in the
residual nucleus.

IfLF =5, 7, or 9, 9 is an effective nuclear temperature.

I+

is a flag that specifies the energy distribution law that is
used for a particular subsection (partial energy distribution).
{The definitions for LF are given in Section 5.1.).

pk(EN) ig the fractiocnal part of the particular cross section that
can be described by the kth partial energy distribution at

the Nt'h incident energy point.

NK
NOTE: E pk(EN) = 1.0

k=1

tk(l-: -+ E') is the kth partial energy distribution. The definition depends

on the value of LF.

NR is the number of interpolation ranges.
NP is the number of incident energy points at which pk(E) is given.
a,b are constants used in the Watt spectrum. (LF = 10.)
NE is the number of incident enerqgy points at which tabulated dis-
tributions are given. Also the number of points at which 8 (E)
is given. (NE < 200.)
e —
NP is the number of secondary energy points in a tabulation. (NF < 1000.)

The structure of a section has the following form:
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File 5 Energy Distributions of Secondary Neutrons

(Maxwellian, Evaporation, & Watt Spectrum)

LF = 7, 8 le £fission spectrum (Maxwellian
[MAT, 5, MX/ U , 0.0 , O, LF=7 , NR, NP/Eint/p(I-:)]'rABI

[MAT, 5, MT/0.0 , 6.0 ,0, O ,NR, }E/Eint /8 (B) ] TABL

1

1F = 9, Evaporation spectrum
[MAT, 5, MT/ O ’ 0.0, 0, LF=9,NR, NP/E.mt/p(EH'rABl

[MAT, 5, MT/0.0 , 0.0 , 0, 0 , NR, N’E/Emt/G(E)]ml

LF = 10, Watt spectrum

[MAT, 5, MT/0.0 , 0.0, 0, LF=10 NR, N‘P/Eint/p(E)]‘rABl
{MAT, 5, MT/0.0 , ©0.0 ,0,0,2, 0 /
a ’ b ’ ]LIST

Note that no formats have been described for LF = 2, 4, 6, or 8. These

laws are no longer dsfined.
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File 5 Energy Distributions of Secondary Neutrons C
(Maxwellian, Evaporation, & Watt Spectrum)

-1.00000+10 0,00000+ 0 0 7 1 21260 3 13 4884
2 2 . 1260 3 18 4883
0.00000+ 0 2.60000~ 3 2,00000+ 7 2.60000=- 3 1260 3 18 4886
0.00000+ 0 0,00000+ 0 0 0 1 21260 S 18 4887
2 2 1260 5 18 4888
0.00000+ 0 3,00000+ 5 2,00000+ 7 3,00000+ $ 1260 5 18 4889
«2,00000+ 7 0.00000+ 0 0 9 1 21260 S 18 4890
2 2 1260 5 18 4891
0.00000+ 0 9.97400- 2 2,00000+ 7 9.97400- 2 1260 5 18 4892
0.00000+ 0 0,00000+ 0 0 0 1 21260 5 18 4893
2 2 1260 5 18 4294
0.00000+ 0 1.52600+ 6 2,00000+ 7 1.32600+ 6 1260 5 18 4895
Y 3 12399 18 102
2 2 233 3 19 182
3.2 -3% 1,78 1.3 37 1,10 239 % 9 183
2 233 3 10 1ise
1.2 <38 2.8 -4 239 % 10 19



File S

Fr =17,

LF = 9,

LF = 10,

NOTE:

N-25
Energy Distributions of Secondary Neutrons D
(Maxwellian, Evaporation, & Watt Spectrum)

Simple fission spectrum (Maxwellian):

VE' ~E'/8(E)

f(E+E') = T e

I is the normalization constant,

1 =02 [—-—“ erf (V (z-u;/G') - ViEw) /6 o (ETUI/E

2

6 is tabulated as a function of energy, E;
U is a constant introduced to define the proper upper limit for

the final neutron energy that 0 < E' < E - U.

Evapcration spectrum:

£ (E~E") -%’—e"E /8,

I is the normalization constant,
I e2 1 - e-(E-U)/S (1 . E;U) ;

6 is tabulated as a function of incident neutron energy, E;
U is a constant introduced to define the proper upper limit for

the final neutron energy that 0 < E' < E - U.

Wwatt spectyrum:
£E - E') =Va/matd ¢ 7% ¢ B2 oinn(VoEn) .
a and b are constants.

Distribution laws are not presented for LF = 2, 4, 6, or 8.
These laws are no longer used.



File 7 Scattering Law Data

There is only one section in File 7, but the format varies slightly, de-
pending on whether temperature-dependent data are given. The following quanti-
ties are defined:

LAT is a flag indicating which tamperature has been used to computa a

and 8.
LAT = Q, the actual temperature was used.

LAT = 1, the constant To = 0.0253 eV has been used.

NS is the number of non-principal scattering atom types. For most mod-
erating materials there will be (NS + 1) types of atoms in the mole-
cule (NS < 13).

NI is the total number of items in the B(N) list. NL = 6*(NS + 1).

B(N) is the list of constants. Definitions are given above (Section 7.l).

NR is the number of interpolation ranges for a particular parameter,
either 8 or a.

NB is the total number of 3 values given.

NP is the number of a values given for each value of 8 for the first
temperature described, NP is the number of pairs, o and S(a,3), given.

Eint and qint are the interpolation schemes used (see Appendix E for

interpolation formats).



File 7

Scattering law Data

The structure of a section is

{MaT, 7,
(MAT, 7,
[MAT, 7,
[MAT, 7,

[MAT, 7,

MT/ZA, AWR, O, LAT, O, O)HEAD

¥T/0.0, 0.0, 0, 0, NI, NS/B(l), B(2), ...B{NI)]JLIST

MT/0.0, 0.0, O, O, NR, NB/8. _)1TAB2
int

M1/7, 8,, LT, O, NR, NP/Gint/S(a.Bl)]TABI

1

MT/T, B., LT, 0, NR, NP/aint/S(a'Bz)lml

2

[MAT, 7,
[HATI 7!
T and LT refer

are campletely

MT/7T, BNB' LT, 0, NR, NP/uint/S(u.ﬂm)JTABl
0 /0.0, 0.0, 0, 0, 0, O}JSEND
to possible temperature dependence. If the scattering law data

specified by analytic functions [no principal scattering atem

type, as indicated by B(l) = 0], tabulated values of So(u,ﬂ) are cmitted and

the TAB2 and TABl records are not given.

N-26
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Scattering Law Data

File

1276 0 0 4766

01276 7 4 4761
11276 7 & 4762
1276 7 0 4765

']
12

.Q0000+ O 0.00000+ 01276 7 4 4763
«00000+ O 0.00000+ Q1276 7 4 4764

[*]
)
00
00



File 7 Scattering Law Data

Inelastic scattering is represented by the thermal neutron scattering

law, S(a,B8,T), and is defined (for a moderating molecule) by

NS
2 ’ M o
d” ¢ . § n__bn fE_’ -8/2
an ae’ (E~+E,u,T) = AT T E e Sn(G:B.T) ’
n=0

where there are (NS + l) types of atoms in the molecule (i.e., for H.O, NS = 1)

is the number of atoms of the nth type in the molecule,

2

M

-n

T is the moderator temperature {(°K),

E is the incident neutron energy (eV),

E' is the secondary neutron energy (eV),

8 is the energy transfer, B = (E' - E)/kT,

& is the momentum transfer, a = (E' + E - 2u\JEE')/A°)<'!',

An is the masgs of the n“'h type atom, Ao is the mass of the principal

scattering atocm in the molecule,

th
o4 is the bound atom scattering cross section of the n type atom,

— A +1\2
g _ =g A
bn fn A
n

. , th
o4 is the free atom scattering cross section of the n type atom,

[
b |

is Boltzmann's contant, and

© |>r|

is the cosine of the scattering angle (in the lab system).

N-26



N-27

File 12 Multiplicities and Transition Probabilities A

|

~

[~

I

(Photon Multiplicities)

the energy of the level from which the photon originates. If the -
level is unknown or if a continucus photon spectrum is produced,

then ESk $ 0.0 should be used.

the photon energy for LP = 0 or 1 or Binding Energy for LP = 2.

For a continuous photon energy distribution, I-:Gk £ 0.0 should be used.
indicator of whether or not the particular photon is a primary:

L? = 0, origin of photons is not designated or not known, and

the photon energy 1s EG, ;

k
LP = ], for nonprimary photons where the photon energy is again
simply Eth and

LP = 2, for primary photons where the photon energy Eci is given by

E

AWR
L] F .
BGy ~ EG, * R+l Tn

k
the photon energy distribution law number, which presently has only
two values defined:

LF = 1, a normalized tabulated function (in File 15), and

= 2, a discrete photon energy.
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File 12 Multiplicities and Transition Probabilities B
(Photon Multiplicities)

The structure of a section for 1@ = 1 is

{MAT, 12, MT/2A, AWR; L@=1, b; NK, b]HEAD

[MAT, 12, MT/ b, b; b, b; KR, N‘P/Eint/Y(E)]'IABl'
<subsection for k = 1>

<gubsgection for k = >

<gubsection for k = NK>

[MAT, 12, 0/ b, b; b, b+ b, blSEND ,

and the structure of each subsection is

[MRT, 12, HT/EGk, ESk; LP, LF; NR, NP/Eint/Yk(E)]TABl ’

*I1f the total number of discrete photons and photon continua is cne (MK = 1),
this TARl record is omitted.



File 12

Multiplicities and Transition Probabilities

{Photon Multiplicities)

9.22350+
0.00000+
2
1.30550+
5.,22180+
1.50630+
2.25965+
31.68541+
4.2879%
5.35239+
7.00000+
9.00000+
1.09000+
7.71000+

7.764238+
1.00000+
2.00000+
7.58000+

7.76238+
1.00000+
2.00000+

Y RN NV ENEV N RV EVEV VRV EVEV N N A W= 3

2.33025%+
0. 00000+

0. 00000+
1.00000+
1.42470+
1.49120+
1.73810+
1.87680+
1.93480+
2.23460+
2.16840+
0.00000+
7.71000+

0.00000+
1.19000=
0. 00000+
7.71000+

0.00000+
3.82000~
0.00000+

(MISSING LINES)

23
8.23440+
1.71718+
2.96239+
3.93655+
4.75991+
6.00000+
7.74238+
1.00000+
2.00000+
$.20000+
2
5.22180+
1,50630+
2.25945+
3.68541+
4,28793+
5.35239+
7.000Q0+
9.00000+
1.09000+
3.90000+

~

5.22180+
1.50630+
2.25945+
31.68541+
4.2879
5.35239+
7,00000+
9. 00000+
1.09000+
1. 30000+

~

1.30330+
5.22180+
1.30630+
2.25945+
31.68541+
6.28793+
5.33239+
7.00000+
9. 00000+

4
)
)
b ]
b ]
)
)
6
7
4
6
4
b ]
5
b ]
b ]
3
3
5
6
4
6
4
3
M
b)
5
M
M
s
6
3
9
4
4
3
5
3
3
5
s
s
1.09000+ 6

0.00000+
1.92700~
2.19300~
2.04700=
1.73200~
1.70400~
1.74100=
1.19800~
0,00000+
5.20000+

0. 00000+
5.66800-
5.39400-
5.30900~
5.18300-
4.98600~
4.47800=
3.53500-
0.00000+
5.20000+

0.00000+
2.13200-
1.86000-
1.98400-
1.77800-
1.69600-
1.53500~
1.23700=
0,00000+
1..30000+

0, 00000+
1.00000+
4.67000-
4.66600~
4.37300-
4.09000~
3.93700-
4.13600=
é.20000-
0. 00000+

ONOMNWO~ONWLMOOOOODOCOODOONON

Ot - OONEO— e — —ONEFO I e e ONEO = - ON

1.30560+
8.23440+
1.71718+
2.9623%+
1.95655+
&75991+
6 . 00000+
7.74233+
1.00000+
2.00000+

8.00000+
1.09000+

8.00000+
1.09000+

1.03433+
1.97827+
3.34400+
4.13739+
5.00000+
6.54738+
8.00000+
1.09000+

8.23440+
1.71718+
2.96239+
3.95655+
4.75991+
6.00000+
7.74238+
1.00000+
2.00000+

8.23440+
1.71718+
2.962)9%+
3,95655+
6.75991+
6, 00000+
7.74238+
1.00000+
2.00000+

1.30560+
8.23440+
1.71718+
2.96239%+
31.95635+
4.73991+
6.00000+
7.74238+
1.00000+
2.00000+

(=N

(=R N- NV EVEVEVEVEV I ¥ 1

o

O NG WLLRLLAL WL [« R NN- NV EVEVEVEV RV I

N LALL LWL LS

1.00000+
1.19210+
1.43780+
1.37010+
1.79790+
1.47530+
2.13210+
2.24560+
2.14020+
0.00000+

1.00000=
.23300-

3.00000~
3.97000-

7.81000~
2.13200-
2.16000-
[.96400-
1.68700-
1.80100-
1.66700-
1.34900-

5.22600~
5. 64900-
5.59900=
5.26900-
4.93800-
4.99200-
4.09200-
3.12800=
0.00000+

1.91700-
1.97600-
1.96400-
1.75600-
1.63100-
1.82100-
1.43500-
1.08000-
0.00000+

1.00000+
6.77800-
4.57900~
4,16700~
4.08000-
3.99100-
6.04400~
4 .30600~
3.83400-
0.00000+

2

e — N

(%

4,00000+
1.0343
1.97827+
3.346400+
4.15739+
5.00000+
6.54738+
8.00000+
1.09000+

9.00000+
1.09000+

9.00000+
1.09000+

1.30630+
2.25945+
3.68341+
4.2879)+
5.35219+
7.00000+
9.00000+
1.09000+

1.0343+
1.97827+
3.34400+
4.15739+
5.00000+
6.54738+
8.00000+
1.09000+

1.03033+
1.97827+
3.34400+
4.15739+
5.00000+
6.54738+
8.00000+
1.09000+

4.00000+
1.0343)+
1.97827+
. 34400+
6.15739+
5.,00000+
6.54738+
8.00000+
1.09000+

b ]
6

0126112

29126112

126112

1.00000+ 0126112
1.28190+ 0126112
1.46330+ 0126112
1.64930+ 0126112
1.79140+ 0126112
1.95690+ 0126112
2.23330+ 0126112
2.25100+ 0126112
2.12850+ 0126112
126112

7126112

126112

7.11000- 2126112
0.00000+ 0126112
126112

7126112

126112

2.31000- 2126112
Q.00000+ 0126112
126112

126112

1.70900- 1126112
2.32500- 1126112
2.08200- 1126112
1.87400- 1126112
1.60600- 1126112
1.72100- 1126112
1.41200~ 1126112
0.00000+ 0126112
126112

26126112

126112

5.55300~ 1126112
5.57800- 1126112
5.35100=- 1126112
5.14400=- 1126112
5.06100- 1126112
4.92100- 1126112
J.98600- 1126112
3.29500- 1126112
126112

26126112

126112

2.03900- 1126112
1.94000- 1126112
1.83600- 1126112
1.75100- 1126112
1.84800~ 1126112
1.69800- 1126112
1.36500~ 1126112
1.13400- 1126112
126112

29126112

126112

1.00000+ 0126112
4,44600- 1126112
4.63300- 1126112
4,34900- 1126112
3.99900- 1126112
3.89600- 1126112
3.98000- 1126112
4.36700- 1126112
4.10600- 1126112
126112

126112

N A A N O N A P A A .

L= N N S o N P N A Y W S S A S S

6169
6170
6171
6172
6173
6174
6175
6176
6177
6178
6179
6180
6181
6182
6183
6184
6185
6186
6187
6188
6189
6190
6191

6378
6379
6380
6381
6182
6383
6184
6385
6336
63187
6383
6189
6390
6391
6392
6393
6394
6395
6396
6397
6398
6399
6400
6401
6402
6403
6404
64035
6406
6407
6408
6409
6410
6411
6412
6413
6414
6415
6416
6417
6418
6419
6420
6421
6422

N=-27
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File 12 Multiplicities and Transition Probabilities D
(Photon Multiplicities)

The multiplicity or yield yk(E) is defined by

o) (E)
o (E)

Yy (E) = (photons) ,

where E designates neutron energy and c(E) is the neutron cross section in File

2 and/or File 3 to which the multiplicity is referred (by the MT number).

Y (B, * E) =y, (E) £ (E +E),

which results in the requirement that

max

E
Y
J/, £ (E_+~EJQE_ =1 .
Ky Y

o

As a check quantity, the total yield

NX

Y(E) = E yk(s) (photons)
k=1

is also tabulated for sach MT number if NX > 1.



File 12 Multiplicities and Transition Probabilities
(Photon Transition Probability Arrays)

IG = 1, simple case (all transitions are y emission).

= 2, complex case (internal conversion or other competing processes

oceur) .

NS number of lavels below the present one, including the ground state.
(The present level is also uniquely defined by the MT number and by
its enexgy level.)

NT number of transitions for which data are given in a list to follow

(i.e., number of nonzero transition prcbabilities), NT < NS.

ES energy of the ith level, i = 0,1,2... NS. (Eso $ 0.0, the ground
state.)

T‘Pi TPNS,:‘.' the prabability of a direct transition frcm level NS to
level i, i = 0,1,2... (NS-1l).

GPi G?Ns,i' the probability that, given a transition from level NS

_ t0o level i, the transition is a photon transition (i.e., the condi-

tional probability of photon emission).

(TP.) (GP,).
i i

>

Note that each level can be identified by its NS number. Then the energy of a

photon from a transition toc level 1 is given by EY - ES“S - mi,

plicity is given by y(zY «E) = ('!'Pi) (GPi) . It is implicitly assumed that the

transition probability array is independent of incident neutron energy.

and its multi-
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File 12 Multiplicities and Transition Probabilities
(Photon Transition Probability Arrays)

The structure of a section for 1@ = 2 is

[MAT, 12, MT/ 2ZA, AWR; LO=2, 1LG: NS, Db]HEAD.
IMAT, 12, MT/ES .., b: LP, Dby (LG+1)*NT, NI/B,]LIST.
[MAT, 12 0/ b, b b, b; b, bJ}SEND.

If£ IG = 1, the array B, consists of NT doublets (Esi,T?i): if IG = 2, it con-

i
sists of NT triplets (zsi'TPi'Gpi)' Here the subscript i is a running index
over the levels below the level for which the transition probability array is
being given (i.e., below level NS). The doublets or triplets are given in de-

creasing magnitude of energy ESi.



File 12

Multiplicities and Transition Probabilities
(Photon Transition Probability Arrays)

1. 70000+
1.22000+
0.00000+

1. 70000+
1.76200+
0.00000+

1.70000+
2.64500+
0.00000+

1.70000+
2.698500+
1.22000+

L. 70000+
3.00600+
0.00000+

1.70000+
3. 16300
2.64500+

1.70000+
4.05800+
1.76200+

1.70000+
4.11300+
1.22000+

1.70000+
&,17400+
1.22000+

1, 70000+
$.13000+
0.00000+

1. 70000+
5.22000+
9.00000+

4
6
6

[}
[}

3.514680+
0.00000+
6.20000~

3.51480+
0.00000+
[ .00000+

3.51480+
0.00000+
1.00000+

0.00000+

0.00000+

1.22000+

9.00000+

on

on

oQN

onN

[=]=JX]

on

4.00000-

8.40000~

3. 80000-

—

-0 —

—

LN ]

L

[ SRV ]

7
6
0.00000+ 0 1.80000=

8
2

0114912 51

1114912
114912
114912

0114912

1114912
114912
114912

0114912

1114912
114912
114912

0114912

2114912
114912
114912

0114912

1114912
114912
114912

0114912

2114912
114912
114912

0114912

3114912

1114912
L14912

0114912

1114912
114912
114912

Q114912

2114912
114912
1149212

0114912

1114912
(14912
114912

0114912

1114912
114912
114912

31
51

2]
352
52
52

9
53
33
33

2]
S4
54
54

2]
53
33
33

9
56
36
36

2]
37
5?7
37

"]
38
58
58

2]
39
39
39

Q
60
60
60

2]
61
61
61

0

3401
3402
3403
3404
3405
3406
3407
3408

3410
1l
12
3413
3414
1S
316
17
3418
19
3420
421
3422
323
3424
3623
326
327
328
3429
3430
3431
32
3433
3634
3435
3436
337
3438
3439
3440
sl
3442
344l
bid

N-28



File 12 Multiplicities and Transition Probabilities
(Photon Transition Probability Arrays)

The differential cross section for producing a y-ray
of energy EY resulting from the excitation of the moth level of the
residual nucleus and the subsequent transition between two definite
levels (j + i), including the effects of cascading from the m - 3j

levels higher than j, is

-1
mo im -1
99 (£ ,E,m ,i,i) = &(E - €, + €A, , o (E) I | :E : P (1)
[2%] 14 - €, L)AL I}
aE Ty Yy 3 i Tm Ppe1®y
L=y ml-j

where
¢_ (E) = nsutron cross sections for exciting the m°th level with neu-

tron energy E,

6(1-:T - :j + :i) = delta function with tj, € being energy levels of the resid-
ual nucleus,

TP = probability of the residual nucleus having a transition to
the 1™ level given that it was initially in the excited
state corresponding to the kth level, and

Ak.l = probability of emission of a vy ray of energy ET Ef "€, 8s
a result of the residual nucleus having a transition from the

kth to the E.th level.



File 13

w

'

%

&

Photon Production Cross Sections

the energy of the level from which the photon originates. If the

level is unknown or if a continuous photon spectrum is produced.

ESk = 0.0 should be used.

the photon enargy for LP = Q or 1 or Binding Energy for LP = 2.

For a continuous photon energy distribution, EC;k = 0.0 should be

used.

Indicator of whether or not the particular photon is a primary:

LP = 0, origin of photons is not designated or not known, and the
photon energy is EGk;

LP = 1, for nonprimary photons whera the photon anergy is again
simply EGk: and

LP = 2, for primary photons, where the photon energy is given by

G + A?%w%_l Ear

the photon energy distribution law number, which presently has

only two values defined:

LF = 1, a normalized tabulated function (ia File 15), and

LF = 2, a discrete photon eneargy.

N-29



N=-29
File 13 Photon Production Cross Sections B

The structure of a section in Pile 13 is

[MAT, 13, MT/ZA, AWR; b, b; NX, b]HEAD

[MAT, 13, MT/ b, by b, by NR, m/rint/a;m(znrur
<gubsection for k = 1>

<gubsection for k = 2>

and the structure of each subsection is

Y
[MAT, 13, MI‘/EGk, ESkx LP, LP; NR, N:P/Eint/ck(t)]TABl ’

<gubsection for k = NK>

(MAT, 13, 0/ b, by b, b» b, DbISEND

*Tf the total number of discrete photons and photon continua is one (NK = 1),
this TABl record is cmitted.
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Photon Production Cross Sections

File 13

0126113 3 6436

12126113 3 6437

126113 3 6438

0.00000+ 0126113 3 6439
2.82100+ 1126113 3 64k2
126113 0 6443

1.48200+ 1136113 3 6440
1.80000+ 1126113 3 644l



N-29

File 13 Photon Production Cross Sections D
aoY
—E(E +E) =ol(E) £ (E + )
dsY Y k k Y ‘

which cbviously requires that

E
f fk(}:Y-}:) dEY-l,

0
Any time a continuum representation is used for a given MT number in File 13,
the normalized energy distribution, tk(EY + E), must be given in File 15 under

the same MT number.

As a check quantity, the total photen production cross section,

NK

Y - Y
cTOT(E) E ck(E) (barns) .,
k=1

is also tabulated for each MT number, unless only one subsection is present

{i.e., NX = 1).
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File 14 Photon Angular Distributions A
(Isotropic Distribution for all photons)

For LI = 1 (isotropic distribution), the parameter NX is the number
of photons in that section and should be consistent with the NX values in Files

12 and 13.
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File 14 Photon Angular Distributions B

(Isotropic Distribution for all photons)

LI = l: Isotroric Distribution

If LI = 1, then all photons for the reaction type (MT) in question are
assumed to be isctropic. This is a flag that the processing code can sense,
and thus needless isotropic distribution data are not entered in the file.
In this case, the section is composed of a HEAD card and a SEND card, as
follows:

[MAT, 14, MT/ZA, AWR; LI=1, b; NK, b]HEAD

[MAT, 14, 0O/ b, bi b, by b, b}SEND
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File 14 Photon Angular Digtributions c
(Isotropic Distribution for all photons)

9,22350+ 4 2.33023+ 2 1 0 k) 0126114 & 6447
126114 Q 6448
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File 14 Photon Angular Distributicns D
{Isotropic Distribution for all photons)

LI =1 (Isotopic Distributions)

0.5

PK (u,E)

0.0 for all X

af (E)
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File 14 Photon Angular Distributions A
(Legendre Coefficient Representation)

LTT = 1, data are given as Legendre coefficients, where AZ(E) 2 1.0 is
understood.
= 2, data are given as a tabulation.
LI = 0, distribution is not isotropic for all photons from this reac-
tion type., but may be for scme photons.
= 1, distribution i3 isotropic for all photons from this reaction type.
number of neutron energy points given in a TAB2 record.

number of isotropic photon angular distributions given in a sec-

& 14

tion (MT number) for which LI = 0, i.e., a section with at least

one anisotropic distribution.

&

highest value of i required at each neutron energy Ei.
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File 14 Photon Angular Distributiens B
(Legendre Coefficient Representation)

LTT = 1: Legendre Coefficient Representation

[MAT; 14, MT/ZA, AWR) LI=0, LTT=1l; NX, NI]H.EAD
<gsubsection for k = 1>

<gubsection for k = 2>

The structure of each record in the first block of NI subsections, which
is for the NI isotropic photons, is

[MAT, 14, HT/EGk. Esk; b, b: b, bICeNT

There is just one CPNT record for each isotropic photon. (The set of CONT
records is empty if NI = 0.) The subsections are ordered in decreasing

magnitude of EG, (photon energy)., and the continuum, if present and isotropic,

k

appears last, with B’:.k £ 0.0.

This block of NI subsections is then followed by a block of NKX-NI subsections

X* The continuum,

if present and anisotropic, appears last, with Et:i.k 2 0.0. The structure for

for the anisotropic photons in decreasing magnitude of EG

the last NK-NI subsections is

{MAT, 14, HT/EGk' Esk? b, b; NR, NE/Eint]TABZ
[MAT, 14, MT/ Db, }:1; b, b; Nz.l, b/a:(sl)lusr
[MAT, 14, MT/ b, E,1 b, bj NL,, b/n:(}:z)]usr

AT, 14, MI/ b, E s b, by NI.NE,b/A:(ENE)JLIST X

Note that lists of the n: {E) start at L = 1 because a:(!-:) £ 1.0 is always
understocd.

<subsection for k = NK>

[MAT, 14, O/ b, b; b, b; b, BJSEND .
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File 14 Photon Angular Distributions C
(Legendre Coefficient Representation)

No example in ENDF-IV
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File 14 Photon Angular Distributions D
(Legendre Coefficient Representation)

The angular distributions are expressed as normalized probability distri-

butions, that is,

1

/ pk(u.E)du =1,
-1

where pk(u.E) is the probability that an incident neutron of energy E will re-
sult in a partiéulaz discrete photon or photon energy continuum (specified by k
and MT number) being emitted into unit cosine about an angle whose cosine is u.
Because the photon angular distribution is assumed to have azimuthal symmetry,

the distribution may be represented as a Legendre series expansion,

Y
do
P, (1,5 = an 3—05 (Q.E)
ak(E) -
NL
20 + 1 k
2 al(s) Pz(u) ’
i=0Q
where

¥ = cosine of the resaction angle in the lab system.
E = energy of the incident neutron in the laboratory system, and
OI(E) = photon production cross section for the discrete photon or photon con-
tinuum specified by k, as given in either File 13 or in Files 2, 3,

and 12 combined.

>
[ ]

order of the Legendre polynomial.

x <

do
@ " differential photon production cross section in barns/steradian.

a (E) = the ith Legendre coefficient associated with the discrete photon or

photon continuum specified by k. (It is understood that aﬁ(E) £ 1.0.)

1

X
‘2(5) 'J/P Pk(u,E) Pz(u)du .
-1



File 14

LTT =

I3 17

|.E

Photon Angular Distributions
(Tabulated Angular Distributicns)

1, data are given as lLagendre coefficients, where AZ(E) 2 1.0 is
understood.

2, data are given as a tabulation.

0, distribution i3 not isotropic for all photons from this reac-

tion typa, but may be for scme photons.

1, distribution is isotropic for all photons from this reaction type.

number of neutron energy points given in a TAB2 record.

number of isotropic photon angular distributions given in a sec-
tion (MT number) for which LI = O, i.e., a section with at least
one anisotropic distribution.

highest value of 1 required at each neutron energy Ei'
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File 14 Photon Angular Distributions B
(Tabulated Angular Distributions)

LTT = 2: Tabulated Angqular Distributions

The structure of a section for LI = 0 and LTT = 2 is
(MAT, 14, MT/ZA, AWR; LI=0, LTTw=2; NX, NI]HEAD
<subsection for k = 1>

<subsection for k = 2>

The structure of the first block of NI subsections (where NI may be zero)
is the same as for the case of a Legendre representation; i.e., it consist:
of one CONT record for each of the NI isotropic photons in decreasing

magnitude of EG. . The continuum, if present and isotropic, appears last,

k
The structure of the first NI subsections is
X’ b, b; b, bJCENT .
This block of NI subsections is then followed by a block of NK-NI sub-

[MAT, 14, H'l‘/EGk, ES

sections for the anisotropic photons, again in decreasing magnitude of
EG, , with the continuum, if present and anisotropic, appearing last, with
EG, £ 0.0. The structure of the last NK-NI subsections is

[MAT, 14, H‘I‘/EGk. ESkr b, br KR, “E/Eint]-maz

[MAT, 14, MT/ b, E.:; b, b NR, NP/u

1 int/Py (¥/Eq) 1TABL

KHRT, 14, l‘!'!'/ b, 225 b, b’ NR, NP/uint/pk(u'Ez)]TABl

<gubsection for k = NK>

[HAT. 14: o/ b, b’ h' hl b' b]SEN'D .



File 14

Photon Angular Distributions
(Tabulated Angular Distributions)

1.70000+ & 3.51480+
4.05800+ 6 4.03800+
8
0.00000+ 0 &.17500+
21
=1.00000+ 0 5.21140-
~7.00000- 1 5.04860~
-4.00000~ | 4.96830-
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5.00000~ 1 4.97660-
8.00000- 1 5.09050-
0.00000+ 0 &.50000+
21
~1.00000+ 0 3.23510-
<7.00000- 1 $.05170-
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-1.00000- 1 4.88880%
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8.00000- 1 5.10650-
QUSSING LINES)
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21
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2
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8
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21
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2
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File 14 Photon Angular Distributions D
(Tabulated Angular Distributions)

1

/ pk(U.E)du =1,
~1

where pk(u.E) is the probability that an incident neutron of energy E will re-
sult in a particular discrete photon or photon energy continuum (specified by k
and MT number) being emitted into unit cosine about an angle whose cosine is .
Because the photon angular distribution is assumed to have azimuthal symmetry,

the distribution may be representad as

y
do.
pu B = =2 X (a.p)
o (E) =
x
where

Y = cosine of the reaction angle in the lab system.
E = energy of the incident neutzron in the laboratory system, and
OI(E) = photon production cross section for the discrete photon or photon con-
tinuum specified by k, as given in either File 13 or in Files 2, 3,

and 12 combined.
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File 15 Continuous Photon Energy Spectra A

NC

m

the number of partial distributions used to represent f(EY « E),

. -1
qj(EY + E) 2 the jth normalized partial distribution in the units eV ~, and

"

pj(E) the prabability or weight given to the jth partial distribution,

E <+ E).
qj(v )

*Note that the subscript k used in describing Files 12 and 13 has been dropped
frem £(Ey + E). This is done because only one energy continuum is allowed for
each MT number, and the subscript k has no meaning in File 15. It is, in face,
the NXth subsection in File 12 or 13 that contains the production data for the
continuum.
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File 15 Continuous Photon Energy Spectra B

The stxructure of a section is
(MAT' lS, MT/ZA. AWR: b, b: NC, b]HEAD
<subsection for § = 1>

<gubsection for 3 = 2>

For LF = 1, the structure of a subsection is
[MAT, 15, MT/D, b; b, LF=l; NR, NP/Emt/pj (E) ] TARL
[HAT' 151 MT/b, by b, by NR, NE/'Emt]Tth
[HRT, 15' MT/b, zl’ bl b; NR, NP/!Y int
[MAT, 15, MT/b, E_s b, b; NR, NP/EY int/g(£1 - Ez)JTABl

/‘J(EY - El) 1TABL

2

[MAT, 15, MT/b, E_; b, bs NR, NP/EY j_M/g(t:v - ENE)]TA.EI

<subsection for 3 = NC>

[MAT, 15, O/ b, by b: by b, B]SEND .
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126115102 6649
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126115102 6651
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126115102 6653
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APPENDIX O

Format Differences Between Successive Versions of ENDF/B

Versions I and II

The following is a summary of the format differences between Version I
and Version II ENDF/B data tapes. ENDF/B Version I was released in July 1968,
and Version II was released in August 1970.

File 1 Chanoes

1. An index has been added %o MT = 451. Each record in this index contains

a file number (MF), reaction type number (MT), and the number of BCD card

images required to specify the data for each section to be given for the material
The number of entries in the index is given by MXC, which is the last binary
record (sixth field for BCD card-image format) of the HEAD record. ETach index
entry is given in a CZNT record. These records immediately follew the Hollerith
information.

2. The format for specifying induced reaction branching (MT = 453) has been ex-
tensively modified.

3. The format for specifying fission product yield data (MT = 454) has Leen
modified to allow the specification of yield data for metastable states.

4. A new section has been defined to contain data for delayed neutrons from

fission (MT = 455). See Section 5.1 of this report for details.



0-2

File 2 Chances

1. LRF, the test indicating the type of resclved rescnance formula used, has
been expanded to include
ILRF = 1, single~level Breit-Wigner parameters are given;
= 2, miltilevel Breit-Wigner parameters are givens
- 5, R-Matrix (Reich-Moore) multilevel parameters are given
(added) ;
= 4, Adler-Adler multilevel resonance parameters are given
(added).

2. All materials will contain a File 2. For those materials for which resclved
and/or unresolved are not given, File 2 will contain the effective scattering
radius, AP. See Section 2.1 for details.
3. The LIS test has been removed. This means that the elastic scattering cross
section always must be calculated, using the resolved or unresclved rescnance
p;rameters.
4. The constant C (used in calculating the penetration factor) has been replaced
by a quantity AWRI. AWRI is defined as the ratio of the mass of a'particular
isotope to that of a neutron.
5. A new option for specifying unresolved resonance parameters has been added.
It is indicated by the‘test LRF = 2, This means that all average resonance
parameters (level spacing, the width of an unspecified competitive reaction, and
the reduced neutron, radiation, and fission widths) may be given as a function
of incident neutron energy. Energy-dependent parameters may be given for each

2 - J state, See Section 7.3 for details.



File 3 Changes

1. The reaction Q-value has been defined as the kinetic energy (in eV) released
by a reaction (positive Q=-values) or required for a reaction (negative Q-values).
The threshold energy (negative Q only) is given by

E - AWR + 1.0 ‘Ql'

th AWR
where AWR is the atomic weight ratio given on the HEAD recozd.
2. The maximum number of allcwed energy points per section has been increased
from 2000 to 5000.
3. An initial-state indicator has been added to the HEAD record. This will
allow the inclusion of cross section data for metastable states and thus more
than one section may be given for the same reaction type (MT number).

File 4 (No.Changes)

File 5 Chances

1. The definition of LF = 3 (discrete energy loss law) was changed to read

A? x 1 5 E + A
(A x 1) A+1

f(E+E") =a§ E” -

where A = AWR and 2 is the level excitation energy (pocsitive value).

2. T and LT have been removed from the TABl records that contain p(Z) for cases

in which LF = 5, 7, or 9. A value, U, replaces T. U was introduced toc define

the proper upper limit for the secondary neutron energy distributions so that
O<E"<E-U,

where E°, E, and U are given in the laboratory system. Further, the normalization

constants for LF = 7 and LF = 9§ have been redefined to account for the use of U.

3. LF =2, 4, 6, and B8 have been deleted.



All Files

1. Certain reaction type (MT) numbers have been changed (see Appendix B for

definitions):
0ld MT Number New MT Number
S 51
6 52
7 | 53
8 54
9 55
10 56
11 57
12 58
13 59
14 60
15 91
27 No longer used
29 No longer used
51 61
52 62
53 63
80 90
109 (Not assigned) 109 (n,3a) cross section
455 (Not assigned) 455 Delayed neutrons from fission

700-799 (Not assigned) 700-799 Assigned (see Appendix B)



C-5

2. The format for specifying temperature-dependent data has been modified so
that the data for the second {(and higher) temperatures may be given at a lesser
number of points than was given for the first temperature. See Appendix F for
details.

Versions II and IV

The following is a summary of the format differences between Versions II
and IV ENDF/B data tapes. ENDF/B Versicn IV was released about February 1975.
General
1. The energy range for all general-purpose materials is 10-5 eV to
20 MeV.
File 1
1. The formats for specifying radicactive decay were changed. Section
MT = 453 was changed to include only production of radiocactive nuclides,
and Section MT = 457 was added to include radioactive decay data.
2. Provision was made for supplying data for the number of prompt neutrons
per fission (;p) in added Section MT = 456.
File 3
1. The energy mesh for the total cross gsection must include the energy
meshes for partial cross sections.
2. Time sequential (n,2n) reactions are described by using Sections
MT = 6-9 and MT = 46-49.
3. An LR flag was added to designate x in the (n,n'x) reactions when x is
not a photon. In this case, the temperature field s (formerly T) is
used to designate the Q-value or energy difference of the ccmbined

reactions.



Sections MT = 718, 738, 758, 778, 798, and MT = 719, 739, 759, 779,

799 are redefined to describe continuum levels for (n,x') reactions.

MT = 718 describes the (n,pé) continuum cross sections as part of the
(n,p) cross section and should be included in the total cross section.
MT = 719 is used to desgscribe a continuum cross section for exit protons
whose cross section is already represented in the total cross section

by other reaction types.



APPENDIX P

Summary of Important ENDF Rules

General

1. Cross sections for all significant reactions should be included.

2. The data in ENDF are specified over the entire energy range 10-5
eV to 20 MeV. It should be possible to determine values between tabulated
points with use of the interpolation schemes provided.

3. All cross sections are in barns, all energies in eV, all temperatures
in degrees Kelvin, and all times in seconds.

4. Summary documentation and unusual features of the evaluation shculd
appear in the File 1 comments.

5. Threshold energies and Q-values must be consistent for all data
presented in different files for a particular reaction.

File 2 - Resonance Parameters

1. Only ocne energy region containing resolved resonance parameters can
be used, if needed.

2. The cross section from resonance parameters is calculated only within
the energy range EL to EH, although some of the resonance parameters may lie
outside the range.

3. Every ENDF Material has a File 2 even if no resonance parameters are
given in order to specify the effective scattering radius.

4. In the unresolved resonance region interpolation should be done in
cross section space and not in unresolved resonance parameter space. Any INT
is allowed.

5. The Breit-Wigner single-level or multilevel formalisms should be used
in the resolved resonance region unless experimental data prove that use of the

other allowed formalisms is significantly better.



ile 3 -~ Tabulated Cross Sections

1. All File 3 data are given in the laboratory system.
2. The total cross section MT = 1 is the sum of all partial cross sections
nd has an enerqgy mesh that includes ;ll energy meshes for partial cross sections.
(Exceptions: MT = 26, 46-49, 719, 739, 759, 779, and 799 are not included
| in the MT = 1.)
3. The following relationships among MT numbers are expected to be
;atisfied if data are presented:
l=24+3
J (or 1l - 2) = 4 (oxr 51+...91) + (6+...9+16) + 17 + 18
(or 19+...21+38) + (22+...25) + (28+...37)
+ (102+...114)
4 = sum (S1l+...91)

18 = (19+...21) + 38

:

101 = (102+...114)

§

103 = {(700+...718)

B

104 = gum (720+...738)
105 = sum (740+...758)
106 = sum (760+...778)
107 = sum (780+...798)
4. Threshold reactions begin at zerc cross secticns at the threshold energy.

Files 2 and 3

1. 1If there are resocnance parameters in File 2, there are contributions
to the total (MT = 1) and scattering (MT = 2) cross sections and to the fission
(MT = 18) and capture (MT = 102) cross sections if fission and capture widths are
also given. These must be added to the File 3 Sections MT = 1, 2, 18, and 102
over the rescnance region in order to obtain summation values for these cross

sections.



2. The cross sections in File 3 for MT = 1, 2, 18, and 102 in the
resonance region are used to modify the cross section calculated from the
rescnance formalisms, if necessary. The File 3 "background"” may be positive

or negative or even zero if no modifications are required. The summation

cross section (File 2 + File 3) should be everywhere positive.

3. Double-value points (discontinuities) are allowed anywhere but are
required at resonance region boundaries. A typical situation for MT = 1, 2,

18, and 102 in File 3 is a tabulated cross section from 10”5 to 1 eV, tabulated
"background” to the cross sections calculated in the resolved resonance region
betwaeen ELl1 and EH1l, tabulated "background” to the cross sections calculated in
the unresolved region between EL2 = EHl and EH2, and tabulated cross sectiocns
from EH2 to 20 MeV. Double-value points occur at ELl, EL2, and EH2.

4. The tabulated "background” used in File 3 to modify the cross sections
calculated from File 2 should not be highly structured or represent a large
fraction of the cross sections calculated from File 2. It is assumed that the
"background"” cross section is assumed to be at C° Kalvin. (The "background”
cross section is usually obtained from room temperature comparisions, but this
should be unimportant if the "background™ cross section is either small or slowly
varying) .

5. The generalized procedure for Doppler-broadening cross sections from
Files 2 + 3 is to generate a pointwise cross section from the resolved resonance
region on an appropriate energy mesh at 0°K and add it to File 3. This summation
cross section can be kernel-broadened to a higher temperatﬁre.

File 4 - Neutron Anqular Distributions

l. Only relative angular distributions, normalized to an integrated

probability of unity, are given in File 4. 'The differential scattering cross



section in barns per steradian is determined by multiplying File 4 values by
the File 2 + File 3 surmation scattering cross section cs divided by 2r.

2. Discrete channel angular distributions (e.g., MT = 2, 51-90,701...)
should be given as Legendre ccefficients in the center-of-mass system, with a
maximum of 20 higher order terms, the last being even, in the expansion. 1If
the angular distribution is highly structured and cannot be represented by a
Legendre expansicn, a tabular angqular distribution in the CM system must be
given. |

3. When the elastic scattering is represented by legendre coefficients,
an energy-independent transformation matrix must be given to perform a CM to
labeoratoryv conversion.

4. Angular distributions for continuum and other reactions must be given
as tabulated distributions in the Lab system.

5. The angular distribution, whether specified as a legendre expansion
or a tabulated distribution, must be everywhere positive.

6. Angular distribution data should be given at the minimum number of
incident energy points that will accurately describe the energy variation of
the distributions.

File 5 - Secondarv Energy Distribution

l. Only relative energy spectra, normalized to an integrated probability
of unity, are given in Pile 5. All gpectra must be zero at the end points.
The differential cross section in barns per eV is obtained by multiplying the
File 5 values by the File 2 + File 3 cross section times its multiplicity (2
for the (n,2n) reacticn].

2. While distribution laws 1, 3, S, 7, 9, and 10 are allowed, distributicn

laws 3 and S are discouraged but can be used if others do not apply.



3. The sum of all probabilities for all laws used for a particular
reaction must be unity at each incident energy.

4. The constant U must be specified, where applicable, to limit the
energy range of emitted spectra to physical limits.
File 6

1. File 6 formats and procedures have been specified, but this File

not currently used in ENDF.

is



APPENDIX 0

Maximum Dimensions of Important ENDF Parameters

File Section Variable Max Definition
1 451 NCD 294 Card images containing Hollerith
information
452 NC 4 Polynomial terms in expansion of N
455 - NCD 4 Pelynomial terms in expansion of ;g
456 NCP 4 Polynomial terms in expansion of 3;
2 151 NER 2 Energy ranges
" NIs 10 Isotopes
" NRS 500 Resonances per l-state
" NLS 3 L~states
" NE 250 Energy mesh in unresolved region
" AMUN 2 Degrees of freedom for neutron widths
" AMUF 4 Degrees of freedom for fission widths
3 All NR 100 Interpolation ranges (< 20 usual)
" NP 5000 Mesh size
4 2 NL 21 Side dimension of transformation matrix
All NM 20 Higher order Legendre terms
" NE 500 Incident energies
" NP 101 Angular mesh size
5 All NE 200 Incident energy mesh
" NF 1000 Final energy mesh

7 4 NS 3 Nonprincipal scattering atoms



APPENDIX R

Trial Fermat for Non-Neutron Data

ose

It is desirable to expand the ENDF/B formats to include reactions relating
to neutron physics and other applications such as fusion and space shielding
studies. The major types needed are charged-particle-induced reactions arising
in neutron source reactions, other inverse neutron reactions, and reactions
arising from intense charged-particle fluxes produced by reactor, outer space,
and common accelerator sources. It is also necessary to specify which secondary
particle is designated in angular and energy distributions.

The solution proposed allows these data to be included with the following
advantages:

1. No changes are reguired in existing neutron-induced data formats.

2. The same MAT number is used for both neutron and non-neutron-induced
data. This is desirable, since ENDF/B should contain only one MAT per target
material.

3. Where appropriate, the same MT numbers are usecé¢ for both neutron and
non-neutron data.

4. No changes are required in codes processing the neutron data files.

If the non-neutron data files are merged with the neutron files, only minimal
changes are reguired in some of these peripheral codes.

Proposed solution

Files 62-67 and 72-76 would be used in analogy with Files 2-7 and 12-16
(add 60 to the present MF numbers). Formats for data uncertainties will be

contained in Files 82-87 and 92-96, in analogy with Files 32-27 and 42-46.

* Appendix R was previously approved as an ENDF format



.

4+ MT numbers plus new ones as recuired would designate the exit
channel(s). The exceptions would be MT' = 1, 2, 3, and 4 wheres the exit
channel would be taken to be the same as the entrance channel.*
2. Field 6 of the HEAD record is blank for all Files accerding to
ENDF 102, Volumes 1 and II. This £field will specify the ZA as (1000*Z+A of
the incident particle (I2A) as a fixed point number. An IZA of O will designate

a neutron-induced reaction. Other IZA's are

Incident Particle IZA
g 1111 (defined)
B- -1000
B+ 1000
P 1001
d 1002
t 1003
3He 2003
alrha 2004
12, 6012
16O 8016
325 le032

IZA's for molecules and strange particles can be invented as needed.

* MT = 4 would continue to equal the sum of MT = 51, S2..., 91. New MT's 800-
819 would be defined to describe (x,n ), (n,n )...(x,nl , (x,n ), where x repre-
sents the incident particle. MT = 15°%would b% used to gefine Ehe total (x,n)
cross section. Thus, for proton-induced reactions field 6 of the HERD record
would cocntain 1001 and (p,p') total would be described by MT = 4; (p,p') to
discrete states and the continuum by MI' = 51-91; (p,n) total by MI - 15; and
(p,n') to discrete states and the continuum by MT = 800-8l9 cannot be used for
neutron-induced reactions.



3. An MT number is receated for as many sections as there are incident
particles for which data are specified. The convention is followed that MT
numbers are arranged in order of ascending IZA. ENDF/B tapes that do not
contain merged neutron and non-neutron files can be supplied.

4. According to ENDF 102, field S of the HEAD record is blank for all
files except Fiies5, for which field 4 is blank. It is proposed that this
field contain J2A, the (1000*Z+A) of the particle designated in the angular or
energy distribution following the same code as described above.

5. The structure of File 1l would be changed to include IZA and JZA in
the dictionary. The CENT record for a non-neutron data section would contain
JZA and I2A as floating-point numbers in the first and second fields, respectively,
to maintain the order in which they appear on the HEAD card of each section.

6. The structure of File 62 could be constructed in analogy with neutron-
induced widths, with the incident particle designated as in item 4 and resonance
energies, widths, and other data defined by new formats and procedures to be
specified at a later time.

7. Photon-induced nuclear reactions are to be handled in the same way as
other non-neutron-induced reactions. The word atomic should be added to the
definitions for MT = 501, 502, and 504 and MF - 23-26. MT = 518, 532 and 533
should be cancelled.

Examples

The structure of File 1 of a MAT containing File 3 sections for (n,np),

(n,y), and File 63 (p,y) data and a File 4 section for (n,np) outgoing portion

anqular distribution data only is



[8A,AWR, LRP, LFI,0,NXC)HEEAD
[0.0,0.0,LDD,LFP,NWD,O/H(ﬁ)]LIST
{MaT,1,451,0.0,0.0,1,451,NC1,0]CRNT
{4AT,1,451,0.0,0.0,3,28,NC2,0}CPNT
{MAT,1,451,0.0,0.0,3,102,NC3,0]CENT
[MAT,1,451,0.0,1001.0,63,102,NC4,0]C2NT
{MAT,1,451,1001 0,0,4,28,NCS,0]) CENT
[MAT,1,0,0.0,0.0,0,0,0,0]SEND
The structure of File 63 contiining (peY) data is
[MAT,63,MT-102/8A,AWR,LIS,0,IBA=100]EERD
[MAT,63,MT-lOZ/T,Q,LT,O,NR,NP/Eint/G(E)]TABl
{MAT,63,0/0.0,0.0,0,0,0,0]SEND
The structure of File 4 containing (n,np) and File 64 containing (p,pa)
ngular distribution for the emerging proton is
[MAT,4,MT=28,/2ZA,AWT,LVT,LTT,JZA=1001,0] EEAD

{MaT,4,0/0.0,0.0,0,0]SEND

[{MAT,64,MT~112/2ZA,AWR,LVT,LTT,JZA=1001,IZA=1001 ] KEAD

[MAT,64,0/0.0,0.0,0,0,0,0]SEND



[V1}

n-

e differential elastic distzibutions would ke rationed to Rutherford
scattering. Arngular distributions for inelastic scattering and reaction data
intecrate to unity.

T~e stricture of File S centaining both (n,np) and File 65 containing
energy distribution data for the emerging proton is

[MAT,5,MT™=28/7A,AWR, 0, JZA=1001, NK, Q) HEAD

e v a s

[MAT,5,0/0.0,0.9,0,0,0,0]SEMND

{MAT,65,MT=112/2A ,AWR,0, J%A=1001, NK, IZA=1001] EEAD

(MAT,65,0/0.0,0.0,0,0,0,0] SE2D

The structure of File 6 would follow the rules for File 4.
Limitations

“ Simple additional tasts would be required for DITTION and RIGEL and

dictionary expansions made to the display codes. RIGEL can be modified by the
NNCSC to outzut only neutron data files or cnly neutron and gamma files, etc.
There would be no limitation on the user's receiving an ENDF tape containing
only neutron-induced reaction and gamma-~garma interaction data. This will
probably be the normal distribution recommended by CSEWC. However, for those
users requiring them, other types of data may be included in the ENOF system

with a minimm of modification to formats and processing codes.



