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0. ENDF/B - IV PREFACE

These revisions to Data Formats and Procedures for the ENDF Neutron Cross

Section Library, ENDF-102, pertain to the latest "er .ion of ENDF/B-IV. The

descriptions of the formats have been brought up to date and important proce-

dural matters have been explained. Other explanations of formats will be made

at a later time. Users of this manual who note deficiencies or have suggestions

arc encouraged to contact the National Neutron Cross Section Center at Brook-

haven National Laboratory.

Three new appendices have been added. Appendix P contains a checklist of

the most important rules for or misunderstandings about ENDF formats and proce-

dures. Appendix Q summarizes the dimensions of important ENDF variables. Ap-

pendix R describes a new trial format approved for Files 62-76 that is now be-

ing tested for non-neutron reaction data.

Some of the data in the 1974 version of ENDF/B will contain files of data

variances, sometimes called error files. Formats and procedures for the error

files will be supplied at a later date.

The authors have been helped in these revisions by several people. Much

material is based on an April 1973 draft memo entitled "Clarification of Exist-

ing Formats and Procedures" by M. K. Drake. The formats for radioactive decay

data were largely constructed, clarified, and implemented by 0. Ozer, C. W.

Reich, and R. E. Schenter. Numerous people, in the U.S. ard abroad, submitted

suggestions and ideas, many of which were included in this edition.
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1. IJJTKUJDUCTIUN

0.1.1. ENDF System

This report describes the philosophy, of the Evaluated Nuclear Data File

(ENDF) * 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 exchange of cross section information between various

laboratories. The initial systom 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, photf.n 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 foi a wide range

of incident neutron energies (10 " 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
8381 and in BNL 50066 (ENDF 102).
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V1.2. KNDF Documentation

The purpose of this report is to describe the data formats and tht> pro-

cedures to be used for entering data into the L'NDF library. In addition, this

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 used to generate secondary data libraries (for exam-

ple, fine group-averaged cross section libraries) is also described. The pro-

cessing codes connected with the ENDF libraries are summarized here, but the

codes themselves are described in separate documents.

This report is organized in the following manner. The first section de-

scribes the general features of the ENDF libraries, the relationship between

ENDF and CSISRS, and the relationship between ENDF and its secondary libraries.

Section 0.5 describes the standard formats used in all record types. An under-

standing of Section 0.5 will facilitate understanding the data formats giv^n

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

The ENDF experience has prompted evaluation guidance to the evaluator in

some instances to cope with familiar situations but cannot always be followed

absolutely. Comments to the evaluators were primarily to improve data for

shielding.

0.1.3. A and B Libraries

Two different evaluated data libraries are maintained at the National

Neutron Cross Section 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

235
example, an evaluation of the fission cross section for U in the energy

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

evaluations of the cross sections for a particular nuclide. 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

recommended by the Cross Section Evaluation Working Group (CSEWG). The ENDF/B

library contains reference data sets with which other information may be com-

pared, as opposed to data sets 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.

0.2. 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 unique data s^t

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 data for all neutron-

induced reactions, covering the full range of incident neutron energies, for each

material in the system that he is analyzing. Also, the user expects that the

data rile will contain information such as the angular and energy distributions

for secondary neutrons. The EHDF/B library will contain only one representa-

tion (or interpretation) of the cross sections for a particular material at any

given time. ENDF/A may contain several alternative sets of evaluated data for

the materials on the ENDF/B library. The data sets that are contained on the

ENDF/A library may or may not be complete (for the purposes of reactor physics

or shielding calculations). The ENDF/A library is, in effect, a system for com-

piling evaluated data sets.

The formats used for these two libraries are basically identical; i.e.,

the codes that are used to read and process data from the ENDF/B library may

be used for the ENDF/A library. The dau..- formats for these libraries are given

in the following sections. The differences in the formats for the ENDF/A and

ENDF/B libraries are given in Appendix H.

0.2.3. Choices of Data

The data sets contained on the ENDF/B library are tho_.j chosen by the

CSEWG. The data set that represents the cross sections for a particular ma-

terial may change from time to time upon the recommendation of CSEWG. Such

a recommendation generally is made when (1) new and significant experimental

results become available, (2) integral data testing shows that the data set

gives erroneous 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. library iloues

The neutron cross section libraries comprise the central part of the EliDt"

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 modes are very similar. The data formats for a binary

tape are uefineu 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

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

cilitate understanding the particular formats described later on.

Since binary tapes generated with use of a particular computer may not be

easily read on another type of computer, a BCD card-image format was developed.

The card-image formats are described in Section 0.5.3 and are similar to those

used for binary records. Certain key data words (for example, material and cross

section type identifiers), which are given only at the beginning of each binary

record, are given at the end of each BCD card-image record. BCD card-image for-

mats are described in Appendix K along with examples of data sets.

0.2.5. Systematization of Data

The ordering of nuclear data for a particular material is described in

Section 0.4.2. Integral cross section data (for example, the total cross section)

may be represented by giving tabulated values of o vs. neutron energy. An

interpolation scheme is also specified to define the cross section at intermedi-

ate energy values. Also, resolved and/or unresolved resonance parameters may

be given. Note that if resonance parameters are given, then contributions to a

particular cross section from the resonance parameters must be added to the
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integral cross sections to obtain the complete cross section. In other words,

the integral cross sections and the resonance parameters are not redundant.

Note that the angular and energy distribution differential data are ex-

pressed is probabilities. Therefore these data must be combined with integral

(integrated) data to obtain absolute differential cross sections.

0.3 RELATIONSHIP OF THE ENDF TO OTHER DATA SYSTEMS

0.3.1. Experimental Data Libraries

NKCSC maintains a library for experimentally measured neutron cross sec-

tion data, known as CSISRS.

The CSISRS library is quite flexible, with many types of data stored.

Bibliographic information (a succinct abstract to a reference) is stored with

many details about each experiment (standard, renormaiizations, corrections,

etc.).

At the beginning of the evaluation process the evaluator generally requests

the available axperi.tiental cross sections that are stored in the CSISRS data li-

brary for a particular material. The retrieved information may be in the fol-

lowing forms:

(a) Listings of ail 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, energies, 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 obtain recommended cross sections. The recommended cross

sections are then converted to the ENDF formats for subsequent incorporation

into either the ENDF/A or the 2NDF/B library.
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1 2

A number of systems have been developed ' for automating much of the time-

consuming parts of the evaluation process. There systems, by permitting man/

computer interaction through computer graphics, shorten the time required for

t.he 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. Processing 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 neutronic;: and photonics cal-

culations. The existing codes that perform these calculations require data

libraries that are quite different from one another and from tue ENDF library.

Therefore a series oi 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 ne-tronics

calculations. The available processing codes are summarized in Appendix I.

Figure 0.3.2.1. shows thz flow of data for a particular set of codes.

The basic data formats for the ENDF library 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. Dun ford 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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Processing Code: MINX, ETOX, ETOG, etc.

• Secondary
. Library

Spectrum Generating Code: lDX, SPHINX, etc.

/Processed
jBroad Group
\Constants,

Neutronics Code: ANISN, DTF, etc.

Fig. Q.3.2-1: Schematic of the flow of nuclear data from compilation 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 riata on the tape allows the use of segmented

as well as ordinary programs.

Punched cards are a nuisance, particularly when required in vast numbers,

as is the case here. Unfortunately, it is not always possible to exchange data

on magnetic tapes, particularly oinary tapes. Therefore, two formats are pro-

vided, one for binary data and the ether 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 into the ENDF library.

0.4.1. Definitions and 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). Each 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 symbol MAT and they range from 1 to 9999. Two

235
different evaluated sets of cross sections for U 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 (Z,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 NWCSC, the Center assigns a MAT number to this material. This
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number will never be assigned to another set of evaluated cross sections. 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-

235
ing sequence of events. User X evaluates a set of data for U and assigns the

material number 2 78 to this set. Within his installation the data set is always

referred to as material 2 78. 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 received and available for distribution. User Y

reads the newsletter and requests material 1261 from the Center's files. 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 number. Should user Y subsequently alter

the data, he would assign a new material number between 1 and 999 „ The entire

process might then start anew.

The evaluated data set for each material is divided into Files. These

files are not physical files in the magnetic tape sense (i.e., there is no

End-of-File mark at the end of each file). Each file contains data of a certain

class.
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File Number (MF) Class of Data

1 General information

2 Resonance parameter data

3 Neutron cross sections

4 Angular distributions of secondary neutrons

5 Energy distributions of secondary neutrons

6 Energy-angular distributions of secondary neutrons

7 Thermal neutron scattering law data

12 Multiplicities for photons (from neutron reactions)

14 Angular distributions of photons (from neutron
reactions)

15 Energy distributions of photons (from neutron
reactions)

16 Energy-angular distributions of photons (from
ne utron reactions)

2 3 Photon interaction cross sections

24 Angular distributions of photons (from photon
reactions)

25 Energy distributions of photons (from photon
reactions)

26 Energy-angular distributions of photons (from
photon reactions)

27 Atomic form factors (for photon interactions)

33 Variance information (error files) Formats and
procedures to cone

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

ticular reaction type. The various reaction types are identified by the symbol

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

pendix B.
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The first record of each section contains a Z\ number that identifies

the specific material. ZA is the (Z,A) designation (charge, mass). ZA for

a specific material 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 A U. If the material is an element containing two

or more naturally occurring isotopes, A, in the above equation, is taken to be

0.0. The ZA designators for materials that are molecules or common mixtures

have been assigned certain values. These designators are given in Appendix C.

The first record of each section also contains a quantity that is pro-

portional to the nuclear mass of the material. This quantity symbol AWR, is

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

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

to be 1.008665 Un the carbon-12 system).

The data given in all sections always use the same set of units. These

are su'.nmarized below.

Parameters Units

energies electron volts

angles dimension less cosinev; of the angle

cross sections barns

temperatures "Kelvin

mass in units of the neutron mass

angular distributions probability per unit cosine

energy distributions probability per electron volt

energy-angle distributions probability per unit cosine per electron
volt
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U. 4.2 . structure of an KMDF Data Tape

Tin? structure of an EWDF tape is shown .schematically in Figure 0.4.2-1.

The structure of a card deck a BCD card image, tape or binary tape is exactly

tin; same.

The tape contains a single record at the beginning tnat identifies the

tape, and a sinyle record at the end that signals the end of the tape. The

major subdivisio i 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 divided into

records. The ccntviit of each record is different and depends on whether a binary

tape format or a BCD card-image format is used. Every record 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 known

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,&)]

dimensional arrays.

Consider how a simple function, y(x), which might be a cross section, o(E),

is represented, y(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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Tape
Material

MAT
Section

MT

Figure 4.2.1. Arrangement of an ENDF Tape
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ordered by increasing va! uus of x. There will be 1JF values of x and y(x) given.

Tiu/ complete region over which x is defined is broken into NK interpolation

rjnyu:;. An interpolation tange is defined as a sequential series of x in which

a specified interpoldtion scheme can be used; i.e., the same scheme can be used

to obtain interpolated values of y(x) for any value of x that as within this

range. To illustrate this, see Fig. 0.4.3-1 and the definitions below:

X(n) is the n value of x.

Y(n) is the n value of y.

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

Jiv'T(ra) is t"he interpolation scheme identification number used in the m
ranye.

NBT(n) ia the value of 1« separating the m and (m+1) ' interpolation
ranges.

The allowed interpolation scheme:; are

INT Description

1 y is constant in x (constant)

2 y is linear in x (linear-linear)

3 y is linear in S.n x (linear-log)

4 JCn y is linear in x (log-linear)

5 In y is linear in in x (log-log)

Interpolation code, INT = 1 (constant), implies that the

function is constant and equal 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 illustrated for the

case NP-10, NR-3
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repeutiui and a pair (X,Y) given for each of the two values at the discontinuity

(uui.> l-'iq. 0.4. 3-1).

Next consider a two-dimensional function of x and z. Again, the function

is represented by a serius of tabulated values of y{x) plus rules for interj)o-

lutiny between values of z. The function is thus considered to be a sequence

of onu-dimensional functions, y{x), each evaluated at a particular value of z.

The individual y (x) can be represented as illustrated abeve. 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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0•5• GENERAL DESCRIPTION OF THE DATA FORMATS

0.5.1. Nomenclature

An attempt has been made to use an internally consistent notation. We

list here some of the rules used.

a) Symbols starting with lettv-rs I, J, K, L, M, or N are integers.

All other symbols refer to floating point numbers.

b) The letter I or a symbol starting with I refers to an interpolation

code (see Appendix E ) .

c) Letters J, K, L, M, or N, when used alone, are indices.

d) A symbol starting with M is a control number. Example? are MAT, MT,

MF.

e) A symbol starting with L is a test number. Examples are LFI, LCT,

LTT.

f) A symbol starting with N is a count of items. Examples are Nl, NR,

NP, NFP.

g) Brackets [] denote one record on c. binary tape,

h) Brackets ( )> denote a group of records.

Several frequently used symbols are defined below.

MAT - Material number

MF - File number

MT - Reaction type number

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

AWR - The ratio of the mass of an atom (or molecule) to 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

1.1 - Cos:' le of an angle

LT - Temperature dependence (see Appendix F).

0.5.2. Types of Binary Records

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

by C0NT, LIST, TABl, and TAB2. A record always consists of nine numbers followed

(depending on the record type) by one or two arrays of numbers, h general de-

scription of these nine number:? 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 (integer).

MT is the reaction type number (integer).

Cl is a constant (floating point).

C2 is a constant (floating point).

LI 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 items in a second list to follow.

0.5.2.1. C0NT Records

The smallest possible record is a control (C0NT) record consisting of

the nim. numbers given above. For convenience, a C0NT record is denoted by

[MAT, MF, MT/C1, C2; LI, L2r Nl, N2]C0NT



- 0.20 -

The numbers within the brackets am symbolic of the numbers in a C0NT

record. The semicolon is used to mark the separation between floating point

numbers, test numbers, and counts. The slash is a reminder that the numbers

MAT, MF, and MT appear in a different iosition in BCD card-image records. The

BCD card-image format is described in Section 0.5.3.

There are five special cases of a C0NT record, denoted by HEAD, SEND,

FEND, MEND, and TEND. The HEAD record is the first in a section and has the

same form as a C0NT record. The numbers Cl and C2 are interpreted as ZA and

AWR, respectively, on a HEAD record.

The SEND, FEND, MEND, and TEND reco. s use only the first three numbers

in the C0NT record, and they are used to signal the end of a section, file,

material, and tape, respectively:

[MAT, MF, 0/0.0, O.Ot 0, 0; 0, OjSEND

[MAT, 0 , 0/0.0, 0.0? 0, 0; 0, OjFEND

i C , 0 , 0/0.0, 0.0; 0, 0; 0, 0]MEND

[-1 , 0 , 0/0.0, 0.0; 0, 0; 0, 0]TEND

A FORTRAN IV statement to read any C0NT record from Tape LIB would be:

READ (LIB) MAT, MF, MT, Cl, C2, Ll, L2 , Nl, N2

0.5.2.2. LIST Records

The se.:ond 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,

B(N), and there are Nl of them. A FORTRAN IV statement to read a LIST record

from Tape LIB would be

READ (LIB) MAT, MF, MT, Cl, C2, Ll, L2, Nl, N2, (B(N), N=l, Nl)
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For convenience, this record is denoted by

[MAT, MF, MT/C1, C2; LI, L2; Nl, N2/ S ]LIST

For example, to enumerate the particular items in a list (A, B, C, D, E ) ,

the record would be

[MAT, MF, MT/Cl, C2; Ll, L2; 5, N2/ A, B, C, D, E]LIST

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

0.5.2.3. TAB! Records

The third type of record is the TAB1 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, hi, L2, NR, NP,

(NBT(N), INT(N), M=l, NR), (X(N), Y(N), N=l, NP)

For convenience, the TABl record is denoted by

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

The term x. . means the interpolation table for interpolating between successive
int

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 a (E).

0.5.2.4. TAB2 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 mary values

of z are to be given and how to interpolate between successive value of z. Tabu-
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lated values of y(x) at each value of z are given in TAB1 or LIST records follow-

ing the TAB2 record, with the appropriate value of z in the ilold designated as

C2. The FORTRAN IV statement to read a TAB2 record is

READ (LIB) MAT, MF, MT, Cl, C2, Ll, L2, NR, N2, (NBT(N),

INT(N), N=l, NR)

where N2 in the number of values of z. For convenience, a TAB2 record is denoted

by

[MAT, MF, MT/C1, C2; Ll, L2; NR, N2/Z. ]TAB2
m t

For example, a TAB2 record is used in specifying angular distribution data. NZ

in the TAB2 record specifies the number of incident neutron energies at which

angular distributions are given. Each distribution is given in a TAB1 record,

and there will be NZ such records.

0.5.3. Card-Image (BCD) Formats

An alternative format is used when data are contained on punched cards or

BCD card-image tapes. Basically the data are stored 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. Also a card sequence number has been added to

the card-image format. In general, more than one BCD card-image record 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

Datum1
2
3
4
5
6
7

8
9

10

1-11
12-22
23-33
34-44
45-55
56-66
67-70

71-72
73-75
76-80

MAT
MF
MT
Sequence number, starting
with 1 for the first
card of a material
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Consider a TABl binary record that was denoted by

[HAT, MF, MT/C1, C2; LI, L2; NR, NP/x. /y(x)]TABl

This record would be punched on cards in the following way:

Field

1

Cl

NBT(l)

NBT(4)

X(l)

X(4)

2

C2

INT(l)

INT(4)

Yd)

Y(4)

3

LI

NBT(2)

NBT(5)

X(2)

X(5)

4

L2

INT(2)

INT(5)

Y(2)

Y(5)

5

NP.

NBT(3)

NBT(NR)

X(3)

X(NP)

6

NP

INTO)

INT(NR)

Y(3)

Y(NP)

7

MAT

MAT

MAT

MAT

MAT

MAT

MAT

8

MF

MF

MF

MF

MF

MF

MF

9

MT

MT

MT

MT

MT

MT

MT

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

READCINP, 10)Cl, C2, Ll, L2, NR, NP, MAT, MF, .MT, (NBT(N) , INT(N),

N = 1, NR)

10 F0RMAT (2E11.4, 4111, 14, 12, 13/(6111))

READ (INP, 20) (X(N), Y(N), N=l, NP)

20 F0RMAT (6E11.4)

A TAB2 record is the same as the TABl record, except that the list of x and

y values is omitted. The HEAD record consists of one card punched in Fields 1-9.

The SEND, FENP, MEND, TEND, and TPID 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.

The LIST record <?eno': °d by

iMAT. MF, MT/ Cl, C2; Ll, L2; Nl, N2/ B JLIST
n

is punched in the following way:
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Field

1

Cl

B(7)

2

C2

B(2)

3

LI

B(3)

B(9)

4

L2

B(4)

5

Nl

B(5)

6

N2

B(6)

7

MAT

MAT

MAT

8

MF

MF

MF

9

MT

MT

MT

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

READ (INP, 30) Cl, C2, LI, L2, Nl, N2, MAT, MF, MT, (B(N),

N=l, Nl)

30 F0RMAT (2E11.4, 4111, 14, 12, I3/6E11.4))

An exception occurs when the LIST record contains Hollerith information

(see File 1):

[MAT, MF, MT/ Cl, C2; LI, L2; NWD, N2/ H ]LIST
n

In this case the FORTRAN IV READ statements depend on the type of computer be-

ing used, but the cards should be machine independent. Define MWD as the number

of cards containing Hollerith information punched in Cols. 1-65. The READ

statements would be

READ (INP, 40), Cl, C2, LI, L2, NWD, N2, MAT, MF, MT

40 F0RMAT (2E11.4, 4111, 14, 12, 13)

NH = 17*NWD

READ (INP, 50) (H(N), N=l, NH)

50 F0RMAT (l«DA4, A2)

BCD card-image formats are given in Appendix N. Figure 0.5.3-1 illus-

trates how the four basic record types are punched. Fields 1-6 refer to the

card Cols. 1-66 with 11 columns per field. Fields 7-10 (MAT, MF, MT, and se-

quence \timbers) must also be punched but are omitted for convenience.
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When arrays of numbers art punched, the first element of the array is in

Field 1 (for example, X(l)]. The last element may fall in any field, depending

on how many values are in the array. Thus, the fact that X(NP) is shown in

Field 6 should not be taken literally-



01

in
•u
c
o

o
u

- 0.26 -

E-t q

2 <

u s

01

a.
2

a:

z at m

01
a.
>

41
•H

C2 S
H H ro zm
Z 2

r«l z

2
— F
0) I

•-<

o
o
0)

IN

E-"
Z
M

1
1
1

I N

>•

1
1
1

(N Z
M

1

1

T3

u

3

01

m i

o

-a
0) a;

oi 2 oj
o < u

<N

o z iZ fN
W U

(N
'—•

m

CO

u O X DC CO

Fig. 0.5.3-1 - A BCD Card-Image Record



-1.1-

1. FILE 1, GENERAL INFORMATION

File 1 is th'-- 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 dictionary 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 radio-

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 delayed 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 always 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, LI, L2, Nl, N2]HEAD

where ZA is the (Z,A) designation for a material (see Appendix C),

AWR is the ratio of the mass of the atom (or molecule) to

that of the neutron,

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

L2 is 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 follow.
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The symbolism used above to represent the HEAD record and to bv used in

the following format descriptions should be understood to mean that only data

contents of each record are specified in the binary format. BCD card-image

formats for Files 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 parts: (1) a brief documentation of the cross section data, and (2) a

dictionary.

In the first part, a brief description of the evaluated data sets is

given. This information should include the significant experimental results

used to obtain the evaluated data as well as other important features about

the evaluated data set. The descriptive information is given as a series of

Hollerith characters. The information is contained in an array H(N), H = 1,

2, ... NWD. Each element of the array, H(N), contains 66 Hollerith characters.

On cards the information is punched in Cols. 1-66, and NWD such cardt; arc? pro-

pared .

The first two cards of the Hollerith information should contain titling

information for the material. This information is used to provide titles for

listings and plots and, while part of the Hollerith, has been organized and

formatted. The following quantities are defined within the Hollerith and or-

ganized as shown in section 1.1.1.

(First BCD Card Image Record)

ZSYMA is a Hollerith representation of the material Z-chemical symbol

A with

2 right justified in col. 1 to 3

hyphen in col. 4
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ALAB

EDATF.

AUTH

chi-mical symbol left justified in col. 5 and 6

hyphen in col. 7

A right justified in 8 - 10 or blank

rn, etc. indication of motatitablc state in col. 11

Mnemonic of originating laboratory(s) (left adjusted'

date- of t-valuation EVAL - in cols. 23-27, three character month

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

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

(Second BCD-Card Image Record)

KEF reference 2-22

DDATK original distribution date (left adjusted DIST- fo'.lowed by

month-year as in EDATE

RDATE date and number of last revision F.EV1- followed by month-year

as in EDATE

Th<- following quantities are defined.

LRP is 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

ir, File 2.

LFI 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 number of cards in the section). NXC is the total number of auc-

tions for the complete material; i.e., it is equal to the sum of all

the sections in the different fil^s.

LDP is a flag to indicate whether induced reaction decay data are given

for this material:

LDD = 0, radioactive decay data not given for this material;

LDD = 1, radioactive decay dc"ta given.

LFP is a flag that indicates whether fission product yield data are given

for this material:

LFP = 0, fission product yields not given;

LFP = 1, fission product yields are given.

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

For BCD card image tapes, NWD is the number of card images used tr.

describe the data set for th-s material (NWD ;_ 294). For binary

tapes, NWD is the number of words containing the Hollerith •Infor-

mation, and it is understood that 17 words are required for each

card image (66 characters) and the forma'- is (16A4, A2). (NWD £_ 5000.)

H(M) is the ctrray containing the Hollerith information that describes

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

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

MF , MT , and NC are included in each of the NXC items in tbo dictionary.
n n_ __n_

MF is the MF of the n section.
n

MT is the MT of the n section.

NC is the number of BCD card images in a given section (the n section).
n

This card count does not include the SEND card. (Note that NC = NXC + NWD +2.)
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1.1.1. Formats

This suction always begins with a HE/>D record and -nds with a SEl'D record.

Its structure- is

[MAT, 1, 451 7.P , AV.'R, LPP, LFI, 0, NXC]HEAD

fVAT, 1, 451/0.0, C O , LDD, LFF, NWD, 0/ ZSYIIA, ALAB, EDATE, AUTH C'3

characters), REF (22 characters), DDATE, RDATE, fa, b,H{N)]LIST*

(MAT, 1, 451 0.0, 0.0. MF,, MT,, NC,, O]C0NT
1 x 1

[MAT, 1, 451 0.0, 0.0, MF , MT_, , O]C0NT

[MAT, 1, 451/0.0, 0.0, M-"t,xc'
 MTt..xc'

 N C- X-' ° 1 C 0 N T

(MAT, 1, 0 ,0.0, 0.0, 0 , 0 , 0 , OJSEND

*Note: ZSYMA to AUTH are part o-" H(N)

1.1.2. Procedures

The flaq LRP indicates whether resolved and/or unresolved resonance parameter

data are to be found 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 wi21 non-

tain resonance parameter data. File 2 for certain materials will contain &

scattering length (see sections 2.1. and 3.2.2.). For cases in which File 2 con-

tains information on the scattering lengch only, LRP will be set at zero.

The flag LFI = 1 indicates that this material is fissionable. In thj.s,

case, a section specifying the total number of neutrons per fission, v(F),

must be given, i.e., MT = 452. Sections may also be given that specify fission,

product yields (MT = 454) , the number of delaved neutrons per fission {.'•'•? = 455) ,

and the number of prompt neutrons per fission (MT = 456).
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The flag LDD indicates whether induced reaction is given in MT = 453.

Certain materials represent natural elements that contain more than one isotope

or they represent molecules, tor these cases radioactive nuclide production

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

laboratory preparing the evaluation, and a date). The remaining card images

should give a verbal description of the evaluated data sets for the material.

This should include mention of the important experimental results upon which the

recommended cross sections were based, the evaluation procedures, brief history

and origin of evaluation, resonance integrals and thermal values, and refer-

ences. Also, any limitations on the use of the particular data set should be

clearly pointed out, along with other remarks that will assist the user in un-

derstanding the data. The 2200-m/sec cross sections contained in the data set

should be given. This information is not always easy to find, since there may

be contributions from resolved resonance parameters. The infinite dilution reso-

nance integrals should be given for the radiative capture cross sections and the

fission rross section (if applicable).

If the material is an element containing more than one naturally occur-

ring isotope, the basis for establishing the reaction Q-values (given in File 3)

should be explained.

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

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

average 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

v may be found by tabulating v as a function of incident neutron energy or by

providing the coefficients for a polynomial expansion of v(E),

NC

n=l

where v(E) is the average total (prompt plus delayed) number of neutrons per

fission produced by neutrons of incident energy E(eV), C is the n coefficient,

and NC is the number of terms in the polynomial.

1.2.1. 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 by a

polynomial. The following quantities are defined:

LNU is a test that indicates what representation of v(E) has been used:

LNU = 1, polynomial representation has been used;

LNU = 2, tabulated representation.

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

(NC £ 4)

C are the coefficients of the polynomial. There are NC coefficients

given.

NR is the number of interpolation 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.)
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-Z_J-' t n e structure of the section is

[MAT, 1, 452/ ZA, AWR, 0, LNU, 0, 0]HEAD LNU = 1

[MAT, 1, 452/ 0.0, 0.0, 0, 0 , NC, 0/C^, C2, ... C

[MAT, 1, 0 / 0.0, 0.0, 0, 0 , 0 , OJSEND

If LNU = 2, the structure of the section is

[MAT, 1, 452/ ZA, AWR, 0, LNU, 0, 0]HEAD LNU

[MAT, 1, 452/ 0.0, 0.0, 0, 0, NR, NP/E. /\T(E)]TAB1
int

[MAT, 1, 0 / 0.0, 0.0, 0, 0, 0, OJSEND

1.2.2. Procedures

If a polynomial representation (LNU = 1) has been used to specify v(E),

this representation is valid over any range in which the fission cross section

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

the fit shall be limited to a third-degree polyn;..iial (NC = 4). If such a fit

does not reproduce the recommend values of v(E), a tabulated form (LNU = 2) should

be used.

If tabulated values of v are specified (LNU = 2), then pairs of energy-

v values are given. Values of v(E) should be given that cover any energy range

in which the fission cross section is given in File 2 and/or File 3.

The values of v(E) given in this section are for the average total number

of neutrons produced per fission event. Even though another section (MT = 455)

that specifies the delayed neutron from fission may be given, v,, the average
a

number of delayed neutrons per fission must be included in the values of v(E)

given in this section (MT = 452).
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1.3. Radioactive Nuclide Froduction (MT = 453)

When an evaluation represents the nucleav data for a single nuclide, then

a section (MT = 453) may ba given which specifies various radioactive product

nuclides produced by neutron interactions. This section is given if LDD = 1

in MT = 451 (see section 1.1.1. 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 1.7.1.).

Data are given in MT = 453 to specify the radioactive products resulting

from 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 quantities are defined:

ZA is the designation of the original nuclide (ZA = (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, ZA. (LIS = 0 means

the ground state, LIS = 1 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

of all product nuclide states formed by neutron interactions).

*A1though 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.
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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 (Z,A) designation of the product ;;uclide (ZAP = (1000.0*Z) + A).

DC is the decay constant (sec ) for the decay of a particular state of

the product nuclide (ZAP).

£ is the reaction Q-value (eV). Q = (rest mass of initial state - rest

mass of final state.)

F-S(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 ratios 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.

1.3.1. Formats

The structure for this section always starts with a HEAD record and ends

with a SEND record. The section is divided into subsections, each containing

the data for a particular reaction (MT number). The subsections are ordered

according to LIS; i.e., the data for the ground state (LIS = 0) of the original

nuclide is given first.

Each subsection contains two or moro LIST records; i.e., there will be

(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 r.TYP, then the LIST records are first ordered

by increasing values of ZAP (£A designation of the product nuclide) and then by

increasing values of LFE (product nuclide state designation).

The structure of a section is

[MAT, 1, 453/ZA, AWR; 0, 0; MS, OJHEAD

< subsection for LIS = 0 (ground state) >

< subsection for LIS = 1 (first excited state) -•

< subsection for LIS = NS - 1 >

[MAT, 1, 0/0.0, 0.0; 0, 0; 0, 0 J5FND

There will be NS subsections.

The structure of a subsection is

[MAT, 1, 453/ZA, AWP.; LIS, 0; NE, NPR/

ES(1), ES(2),

f ES(NE)JLIST

[MAT, 1, 453/0.0, Q; LFS, 0, ME + 3, 0/

RTYP, ZAP; DC, B R U ) , BR(2), BR(3)/

BR(4) , 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 ratios of all final states from the particular initial

state. Although this may lead to some 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.
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1.3.2. Procedures

1. Data should be given in MT = 453 for all isotopes for which radio-

active products are produced in neutron interactions. Data should not be given

i:or mixtures of elements, molecules/ or elements that have more tnan one naturally

occurring isotope.

2. All spontaneous decay modes of the ground state and important isomeric

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 neutron

energy the information should be consistent with that in File 3. For example,

10
the <n,a) reaction on B that are given as energy-dependent branching ratios

in File 1 should be consistent with the cross section information in Tile 3

for MT = 107, 780, and 781.

3. When data are given to specify the radioactive nuclides formed by

neutron reactions (RTYF must be > 0.0), they should not be given for reactions

like the total cross sections (RTYP - 1.0) or the fission cross sections (RTYP =

18.0). Branching ratio data refer to a particular reaction type (ETYP). There-

fore the sum of the branching ratios (at a particular energy point) is unity

only for a specified RTYP.

4. There will be a natural overlap of the same data (dec?.y of a par-

ticular nuclide) being given in two or more different materials. It is im-

portant that the data given in various materials be consistent.

1-4. Fission Product Yield Data (MT = 454)

This section (MT = 454) specifies the incident neutron energy-dependent

fission product yield data and may be given if LFP = 1 in the first section

{MT = 451). A complete set of fission product yield data is given for a par-
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incident neutron energy. Data sets should be given at sufficient in-

fidt-nt er.t.-rqies to completely specify yield data for the energy rar.ge given for

the fission cross section (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-

tijular incident neutron energy will be '• 2.0.

The fission products are specified by giving an excited state designation

(FPS) and a (charge, mass) identifier (?.AFP) . Thus, fission product nuclides

are given, not mass chains. More than one (Z,A) may be used to represent the

yields 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*Z) + A).

FPS 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 fractional yield for a particular fission product.

C (E.) is the array of yield data for the i 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 C (E.) array.
— n I

E. is the incident neutron energy of tha i point (eV).

LE_ is a test to determine whether energy-dependent fission product

yields are given:
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LE = 0 implies no energy-dependence (only one set of fission product

yield data given);

LE > 0 means that (LE + 1) sets of fission product yield data are

given at (LE + 1) incident neutron energies.

I. is the interpolation scheme (see Appendix E) to be used between the

E. and E. energy points.

1.4.1. Formats

The structure of a section always starts with a HEAD record and ends with

a SEND record. Sets of Mission product yield data are given for one or more

incident neutron energies. The sets are ordered by increasing neutron energy.

For a particular neutron energy the data are presented by giving three param-

eters (FPS, ZAFP, YLD) for each fission product state. The data are first

ordered by increasing values of ZAPF. If "lore than one yield is given for the

same (Z/A), the data are ordered by increasing value of the state designator

(FPS).

The structure for a section is

[MAT, 1, 454/ZA, AWR, LE + 1, 0, 0, 0]HEAD

[MAT, 1, 454/E,, 0.0, LE, 0, Nl, NFP/C (E,)]LIST
1 n 1

[MAT, 1, 454/E . 0.0, I . 0, Nl, NFP/C (E)]LIST
2 2 n 2

[MAT, 1, 454 /E , , 0 . 0 , I , , 0, Nl , NFP/C (EJJLIST
•i J n J

[MAT, 1, 0 / 0 . 0 , 0 . 0 , 0, 0 , 0 , 0]SEND

There a re (LE + 1) LIST r e c o r d s .
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1.4.2. 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 A- 2.0.

This format provides for the yields (YLD) to each excited state {FPS)

of the nuclide 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 ohould 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 interpolation of yield data between inci-

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

1.5. Delayed Neutron Data (MT = 455)

This section describes tne delayed neutrons resulting from fission events.

The average total number of delayed neutron precursors emitted per fission, v,
d

is given, along with the decay constants, \., for each precursor family. The

fraction of v, generated for each family is given in File 5 (section 5. of this
d

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 those used in this file, (MT = 452), to de-

scribe the average total number of neutrons produced per fission event (see

section 1.2.). The incident energy dependence may be specified by tabulating

v,(E) at a series of incident neutron energies or by providing the coefficients

of a polynomial expansion in energy.

The total number of delayed neutron 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 emitted for each of the precursor families,

NNF

v .(E) = y * v. (E) ,

where NNF is the number of precursor families. The fraction of the total, P.(E),

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

~. (E)
Pi(E) = —

1.5.1. Formats

The structure of a section depends on whether v,(E) is tabulated as
d

ti function of incident energy or given as coefficients of a polynomial ex-

pansion in energy. If a polynomial is used, v .(E) is defined as

NCD

v.(B) = y C D E
( m - i )

d / •> m

m=l

The following quantities are defined:
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LND is a teat that indicates which representation is used:

LND = 2 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. (NCD <_ 4)

CD are the coefficients for the polynomial.

NR is the number of interpolation ranges used. (MR _̂ 200)

NP is the total number of incident energy points used to represent

v.(E) when a tabulation is used,
d

F.. is the interpolation scheme {see Appendix E).

v (E) is the total average number of delayed neutron precursors formed
d

per fission event.

NNF is the number of precursor families considered.

\i_ is the decay constant (sec ) for the i precursor. The structure

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

[MAT, 1, 455/ ZA, AWR, 0, LND, 0, 0]HEAD LND = 1

[MAT, 1, 45V 0.0, 0.0, 0, 0, NNF, 0/^, X
2 ' • ' •

 X
N N F

] L I S T

[MAT, 1, 455/ 0.0, 0.0, 0, 0, NCD, 0/CD . CD_,...CD,, 1 LIST
1 2 NCD

[MAT, 1, 0 / 0.0, 0.0, 0, 0, 0, 0]SEND

The structure values of v, are tabulated (LND = 2 ) is
d

[MAT, 1, 455/ ZA, AWR, 0, LND, 0, OJHEAD LND = 2

!MAT, 1, 455/ 0.0, 0.0, 0, 0, NNF, 0/X. , X , . . . Ax 1 LIST
1 2 NNF

{MAT, 1, 455/ 0.0, 0.0, 0, 0, NR, NP/E /v (E)]TA31

[MAT, 1, 0 / 0.0, 0.0, 0, 0, 0 0]S2ND

1.5.2. Procedures

When the polynomial representation is used, the calculated values of v (E)
d

may be used over any range in which the fission cross section has been given in
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Files 2 and/or 3. When tabulated values of v.(E) are specified, they should be

given for the same energy range as that used to specify the fission cross section.

The probability of producing the precursors for each family and the energy

distributions of neutrons produced by each precursor family are given in File 5

(section 5 of this report). It is extremely important that the same precursor

families be given in File 5 as are given in File 1 (MT = 455), and the ordering

of the families should be the saw in both files. It is recommended that the

families be ordered by decreasing half-lives (A < A,, < ... < ^

1.6. Number of Prompt Neutrons per Fission, v / (MT = 456)

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

number of prompt neutrons per fission, v , (MT = 456) can be given using formats

identical to MT = 452. v is given as a function of incident neutron energy. The

energy dependence of v may be given by tabulating v as a function of incident

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

vp(E).

NCP

v (E) - Y CP B ^ "
P JLU n

n=l

where v (E) is the average number of prompt neutrons per fission produced by

neutrons of incident energy E(eV), CP is the n coefficient, and NCP is the

number of terms in the polynomial.

1.6.1. 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 by

a polynomial. The following quantities are defined:
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LNP is a test that indicate-s what representation of v(E) has been used;

LNP = 1, polynomial representation has been used;

LNP = 2, tabulated representation.

NCP is a count of the number of t«rms used in the polynomial expansion.

<NCP '_ 4)

CP are the coefficients of the polynomial. Therj are NC coefficients

given.

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

v (E). (See Appendix E.)

NF is the total number of energy points used to tabulate v(E).

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

If LNP = 1 (polynomial representation used), the structure of the section

is

[MAT, 1, 456/ZA, AWR, 0, LNP, 0, 0]HEAD LNP = 1

[MAT, 1, 456/0.0, 0.0, 0, 0, NCP, 0 'CP , CP , ... C? ]LIST

[MAT, 1, 0/ 0.0, 0.0, 0. 0, 0, 01SEND

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

[MAT, 1, 456/ZA, AWR, 0, LHP, 0, 0]HEAD LNP = 2

[MAT, 1, 456/0.0, 0.0, 0, 0, NR, Ni-/E. /v (E)JTABl
int p

[MAT, 1, 0/0.0, 0.0, 0. 0, 0, O]SEtiD

1.6.2. Procedures

If a polynomial representation (LNP - 1) has been used to specify v (E),

this representation is valid over any range in which the fission cross section

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

the fit shall be limited to a third-degree polynomial (NCP = 4). If such a fit
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does not reproduce the recommended values of v (E), a tabulated form (LNP = 2)

should be used.

If tabulated values of v (E) are specified (LNP = 2), then pairs of energy-

v values are given. Values of v (E) should be given that cover any energy range

in which the fission cross section is given in File 2 and/or File 3.

The values of v (E) given in thi-̂  section are for the average number of

prompt 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 v , 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) = v, (MT = 455) + ~v (MT = 456) .
d P

1.7. Radioactive Decay Data (MT - 457)

The spontaneous radioactive decay data are given in section 457.* This

section is given for materials that are single nuclides in their ground state or

an isomeric state (an isomeric state is defined as one having a hal'-life >0.1

sec.) The main purpose of MT = 457 is to describe absolutely the energy

spectra resulting from radioactive decay and give average parameters useful

for applications such as decay heat studies. The information in this sec-

tion can be divided into three parts:

I. General information about the material

g,\ = Designation of the original (radioactive) nuclide (=1000*8 + A)

LIS = Isomeric state flag for original nuclide (LIS = 0, ground

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

*The section MT = 453 is renamed Induced Reaction Branching Ratios.
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T = Half-life of the original nuclide (seconds).
1/ <..

AT .„ = 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 3fY 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 a energy includes the recoil nucleus energy.

II. Decay mode information for each mode of decay:

NDK = total number of decay modes given.

RTYP = Indicates the mode of decay.

Dtcay modes defined

Variable Mode of decay

0.0 y Gamma decay (not used for mode of decay)

1.0 3 Beta decay

2.0 3 Positron and/or 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 3 /n Neutron emission (generally given for

delayed neutrons)

6.0 SF Spontaneous fission
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RFS = Isomeric state flag for daughter nuclide. (Fixed point number.)

Q = Total decay energy (eV) available in the corresponding decay

process. (This is not necessarily the same as the maximum energy

of the emitted radiacion. In the case of an isomeric transition

Q will be the difference in energy between the initial state and

the isomeric state. For both 8 and 8 , Q equals the energy

corresponding to the mass difference between the initial and

final atoms

T" 3 (E )
"•-* m a x

AQ = 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 <;xcited, then BR = 1.0 for 6 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 (E , E +, E , ' ; t c ) .

I and AI = 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.
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i.7.1. Formats

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/ 2A AWR LIS b b NSP ] HEAD

[MAT,1/457/ T
1/2 A T l/2

b 2*NAV NAV

LE E /\E J LIST

[MAT,1/457/ ZA AWR b b

RTYP RFS, Q, AQ,

6*NDK NDK

BR, ABR,

RTYP RFS
NDK NDK

3RNDK NDK
', LIST

[MAT,

[MAT,

1

!

,457/

,0/

STVP

F

E

b

b

AF

AE

b

b

b

I

b

b

b

LI

b

6MNE+1) NE/ Repeat NSP times

b b [omit if NSP=O)

ICC ilCC ) LIST

b b ] SEND

1.7.2. Procedures

1. The initial state of the parent nucleus is designated by LIS, which

equals 0 for the ground state and n for the n isomeric state. Only isomeric

states are included in the count of LIS. {In other files isomeric and non-

iseineric states may be included in tiie count of levels.) Radioactive decay

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



-1.24-

2. The average energy E and its uncertainty AE is presently given for

three types of ra; :.ation although the format does not limit the number. The

average decay energy and its uncertainty for 6, y, and a radiation must be

specified in that order, with space reserved for zero or unknown information.

The average a energy also includes the recoil energy/ but the a energy alone

can be separated out by multiplying by the usual M /(M + M ) factor, where M

R R A K
and M are the masses .">f the recoil nucleus and a particle, respectively. The

rt

5 radiation includes the contribution from g, positron, and conversion electron

decay, and presently includes the average delayed neutron energy as well.

3. The symbol RTYP indicates the mode of decay as determined by the in-

itial event. A nucleus undergoing 8 decay to an excited state of the daughter

nucleus, which subsequently decays by y emission, is in the 8 decay mode. In

general, an RTYP = 0, indicating y mode cf decay, will not be used, since decay

initiated by y emission is classified as an isomeric transition requiring

RTYP = 3 . An isomeric state of the daughter nuclide resulting from the decay

of parent nuclides is designated by RFS (floating point integer) following the

procedures used for LIS. Q represents the total energy available in the decay

process and is equal to the energy difference available between the initial

and final states (both may be isomeric). The branching ratio BR for each de-

cay mode is given as a fraction, and the sum over all decay modes must equal

unity.

4. The energy spectra should be specified, if known. The decay type

STYP should be specified using the RTYP variable list, y spectra are described

using STYP = 0. Relative intensities can be specified and normalized abso-

lutely by multiplying by F. If absolute spectra are given, F must equal unity.

The intensity I should be the total of the contributions from all decays lead-
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ing to radiation 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 qualitatively how

well the parameter is known.

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

ANCR-1157 (1974), Radioactive-Nuclide Decay Data for ENDF/B, by C.W. Reich,

R.G. Helmer, and M.H. Putnam.



-2.1-

2. FILE 2, RESONANCE PARAMETERS

2.1. General Description

File 2 contains data for both resolved and unresolved 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), fission

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

must be added to corresponding 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

specify the effective scattering radius for the material. This scattering

radius (to be used to 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. Normally two energy ranges will be

specified for each isotope. The first will contain resolved parameters, and

the c^cond, unresolved resonance parameters.
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Several representations are allowed for specifying the resolved reso-

nance parameters. The particular representation used for a particular energy

range is indicated by a flag, LRF.

The allowed representations for the resolved resonance parameters are

LRF = 1, single-level Breit-Wigner parameters 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):

LRF = 3; R-matrix (Reich-Moore) multilevel resonance parameters are given;

LRF = 4, Adler-Adler multilevel resonance parameters are given.

The data formats for each of the above representations are basically the

same, except for LRF = 4.

Each energy r=nge contains a flag, LRU, that indicates whether the param-

eters in this energy range aie resolved or unresolved resonance parameters.

LRU = 1 means that the data are for resolved resonance parameters. LRU = 2

means that the data are for unresolved resonance parameters.

Only one representation is allowed for the unresolved resonance param-

eters, e.g., average single-level Breit-Wigner resonance parameters. However,

several options exist for specifying the unresolved parameters. With the first

option, LRF = 1, only the average fission width is allowed to be specified as

a function of incident neutron energy. The second option, LRF = 2, allows the

following average parameters to be given as a function of incident neutron en-

ergy: level spacing, fission width, reduced neutron width, radiation width,

and a width for an unspecified competitive reaction.

The data formats for the various resonance parameter representations are

given in Sections 2.2.1 (resolved) and 2.3.1 (unresolved). The formulae for
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<:alculating cross sections for the various resonance region theories are given

in Appendix D.

Several quantities; 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).

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

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

LFW 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;

LFW = 1, average fission widths are given.

NER is the number of energy ranges given for this isotope (NER _̂ 2).

EL 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 = 0,

NLS = 0, LFW = 0 required)

LRU = 1, means resolved resonance parameters are given;

LRU = 2, means unresolved resonance parameters are given.

LRF 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 LRU = 1 (resolved parameters), then

I..RF - lf single-level B-W parameters

LRF = 2, multilevel B-W parameters

LRF = 3, Reich-Mo^re parameters

LRF = 4, Adler-Adler parameters

*These energies are the limits to be used in calculating cross sections from the
parameters. Resolved resonance levels e.g., bound levels will of necessity be
outside the limits.



-2.4-

If LRU = 2 (unresolved parameters), then

LRF = 1, only average fission widrhs are energy dependent;

LRF = 2, average level spacing, competitive reaction widths,

reduced neutron widths, radiation widths, and fis-

sion widths are energy dependent.

The general structure of a section is as follows:

[MAT, 2, 151/ ZA, AWR, 0, 0, NIS, 0]HEAD

[MAT, 2, 151/ 2AI, ABN, 0, LFW, NER, O)C0NT (isotope)

[MAT, 2, 151/ EL, EH, LRU, LRF, 0, O]C0NT (range)

<Subsection for the first energy range for the first isotope (depends

on LRU and LRF)>

[MAT, 2, 151/ EL, EH, LRU, LRF, 0, O]C0NT (range)

<Subsection for the second energy range for the first isotope

depends on LRU and LRF)>

[MAT, 2, 151/ EL, EH, LRU, LRF, 0, O]C0NT (range)

<Subsection for the last energy range for the last isotope for this

material>

[MAT, 2, 0 / 0.0, 0.0, 0, 0, 0, 0]SEND

The data are given for all ranges for a given isotope, and then for all isotopes.

The data for each range start with a C0NT (range) record; those for each isotope,

with a C0NT (isotope) record. The specifications for the subsections are given

in Sections 2.2.1 and 2.3.1, below.

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-

rameters are given for this material):
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IMAT, 2, 1V>1/ ZA, AWP, 0, 0, NIS, OJHEAD NIS = 1

(MAT, 2, 151/ ZAI, ABN, 0, LFW. NER, O]C0NT LFW = 0, NER = 1

IMAT, 2, 151/ EL, EH, LKU, LRf, 0, O]C0NT LKD = 0, LRF = 0

IMAT, 2, 151/ SPI, AF, 0, 0, NLS, OJC0NT NLS = 0

(MAT, 2, 0 / 0.0, 0.0, 0, 0, 0, O]SEND

[MAT, 0, 0 / 0.0, 0.0, 0, 0, 0, 0]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 C0NT

(range) record, indicates that resolved resonance parameters are given for a

particular energy range. Another flag, LKF, in the same record specifies which

resonance formulation has been used.

The structure of a subsection is the same for LRF = 1 fsingle-level Breit-

Wignor parameters) as it is for LRF = 2 (multi-level Breit-Wigner parameters).

The following quantities are defined for use wh'in LRF = 1 and 2 (see Appendix D

for formulae):

Resolved Resonance Parameters if LRF = 1 (SLflW) and LKF = 2 (MLBW?

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

pendence. AP is defined in the relation a = 4E (AP) .
pot

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

down) . (AM = 0.0 for spin independence is presently required).
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NLS is the number of t states in this onurgy region. A set of param-

eters is given for each {.-state (r.euU1;:, r»raular momentum quantum

number) . (NLS <_ 3.)

L is the value of the i-state (neutron angular momentum quantum 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 .-state. (NRS <_ 500.)

ER is the resonance energy (i:i the laboratory system).

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

GT is the resonance total width I' evaluated at the resonance energy ER.

GN is the neutron width T evaluated at the resonance energy ER.
•—- n

GG is the radiation width T evaluated at the resonance energy ER.

GF is the fission width I' evaluated at the resonance energy CR.

The structure of a subsection containing ;1̂ ta for (LRLJ = 1 and LRF = 1)

or (LRU = 1 and LRF = 2) is

[MAT, 2, 151/ SPIr AP, 0, 0, NLS, OJC0NT

[MAT, 2, 151/ AWRI, AM, L, 0, 6*NRS, NRS/

ER2, AJ0, GT2» GN.,, GG^ GF2,

ERNRS' M N R S ' G \ R S ' GNNRS' ^NRS' G F
N R S

l L I S T

The LIST record is repeated unr.il each NLS x-state has been specified (ii5

order of increasing value of I). The values of ER for each i-state shall be

ordered by increasing neutron energy.

The structure for a subsection, when R-Matrix (Reich-Moore) multilevel

parameters are given (LRF = 3), is similar to that given above. The major
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diffort-nce is that the total resonance widths ate not gi'/en and two fission

widths are allowed for each resolved resonance. The quantities for use when

LRF = 3 are defined below.

Resolved Resonance Parameters

If LKF = 3 (Reich-Moore multilevel parameters)

SPI is the spin of the target nucleus I.

AP=A is the spin-up effective scattering radius in units of 10 cm.

AM=A_ is the spin-down effective scattering radius in units of 10 cm.

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

KLS is the number of H-states considered. A set of resolved resonance

parameters is given for each £-state. (NLS ^3.)

L is the value of the i-state (neutron angular momentum quantum number).

AWRI is the ratio of the mass of a particular isotope to that of a neutror..

NRS is the number of resolved resorances for a given i-state. (NRS f_ 500.)

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

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

GN is the neutron width T evaluated at the resonance energv.
— n

GG is the radiation width Ty 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 patametsrs) and LRF = 3

(Reich-Moore multilevel parameters) is

• < &
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[MAT, 2, 151/SPI, AP, 0, 0, NLS, O]C0NT

[MAT, 2, 152/AWRI, AM, L, 0, 6*NRS, NRS/

ER , AJ , GN , GG1,

ERNRS' ^NRS' G NNRS'

The LIST record is repeated until each of the NLS i-states has been speci-

fied in order of increasing value of I. The values of ER for each £-state are

ordered by increasing value of ER.

Resolved Resonance Parameters

If LRF = 4 (Adler-Adler multilevel parameters)

LI is a flag to indicate the kind of parameters given:

If LI - 1.. total widths only*

= 2, fission widths only*

~ 3, total and fission widths*

= 4, radiative capture widths only*

= 5, total and capture widths

*= 6, fission and capture widths*

= 7, total, fission, and capture widtns.

NX is the count of the number of sets of background constants to be given.

There are six constants per set. Each set refers to a particular cross

section type. The background correction for the total cross section is

calculated by using the six constants in the following manner:

o m (background) = JL (AT. + AT /E + AT_/E2 + A T 7 E 3

+ BT *E + BT *E )

•Reserved for use in ENDF/A only.
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and k = 2.19677 x 10where C = T* =

The background terms for the fission and radiative capture cross

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.

AJ is the f loatmg-Foint value of J (the spin of the resonance) .

L is the value of the £-state (neutron angular momentum quantum

number).

NLS is the count of the number of H-statas for which parameters will

be given (NLS < 3).

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

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

NLJ is the count of the number of levels for which parameters will be

given (each level having a specified AJ and L).

SPI is the spin of the target nucleus.

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

neutron.

AP is the spin-dependent effective scattering radius, A (for spin-

up) in unirs of 10 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.

AT , AT , AT , AT , BT , BT are the background constants for the total

cress section.
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AF , AF0, Ai
? , AF , BF , BF are the background constants for the fission

cross section.

AC., AC.,, A C , AC , BC., BC? are the background constants for the radia-

tive capture cross section.

DET is '.he resonance energy for the total cross section. Here and

below, the subscript n denotes the n level.

DEF is the resonance energy for the fission cross section.

DEC is the resonance energy for the radiative capture cross section.

DWT is the value of F/2, (v), used for the total cross section.
n

DWF is the value of IY2, (v), used for the fission cross section.
n

DWC is tho value of F/2, (v), used for the radiative capture cross
n

sect;on.

Note: DET = DEF = DEC and DWT = DWF = DWC .
n n n n n n

GRT is related to the symmetry ,al total cross section parameter.

GIT is related to the asymmetrical total cross section parameter.

GRF is the symmetrical fission parameter.

GIF is the asymmetrical fission parameter.

GRC 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 constants). For the most general case (NX = 3) the structure is

[MAT, ?, 151/SPI, AP, 0, 0, NLS, OJC0NT)

[MAT, 2, 151/AWRI, 0.0, LI, 0, 6*NX, NX/

ATX. AT2, AT3, AT 4, BT]L, BT.,

AF1, , BF2

3C2)LIST]



-2.11-

[MAT. 2, 151/0.0, 0.0. L. 0, NJS, O)OJNT(i)

(HAT, 2, lril/AJ, AM, 0. 0, 12*NLJ, NLJ/

DET. , DWT, , GRT , GIT,, DEF , DWF,,
<L i 1 1 *• 1

GRF . GIF , DEC , DWC , GRC , GIC ,

DWT.,, —

G I C 2 '

OET ,

The last LIST record is repeated for each J-state (there wj.ll be NJS such LIST

records). A new C0NT {%) record will be given which will be followed by NJS

LIST records. Note that if NX = 2 then the quantities AF , , BF will not

be given in the first LIST record. 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 scatterir , cross-section, this is obtained by subtracting the sum of

capture and fission cross sections from the total cross section.

2.2.2. Procedures

For certain resonances the value of 1. 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 p = —— = <v (2J+1) where p is the density of compound nu-
J D_ J

J
cleus levels of spin J and D their spacing- The statistical weiqht factors

J
g corresponding to resonances of spin J are such that / . g = (2H+1) where
J J,S J

the summation is over the different spin states J and the channel spins S.
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Th e resonance spins if not measured should not be set equal to the target nu-

cleus spin.

Th* upper (EH) and lower (EL) energy limits of an energy range indicate

the energy range of validity for the given parameters for calculating cross

sections. Outside this energy range the cross sections must be obtained from

the parameters given in another energy range and/or from data in File 3.

Therefore, it is sometimes necessary to give parameters whose energies lie

outside a specified energy range in order to accurately give the cross sec-

tion for neutron energies that are within the energy range. (For example, the

inclusion of bound levels may be required to predict the correct cross section

at low energies, and resonances will usually be needed above EH to compensate

the opposite, positive, bias at the high energy end.

For materials that contain more than one isotope, it is recommended that

the lower energy limit of the resolved resonance region be the same for all

isotopes. It is also recommended that the upper energy limit for the unre-

solved resonance range be the same for all isotopes. If resolved and/or unre-

solved resonance parameters are not given for all the naturally occurring iso-

topes, some data should be given for the other isotopes. In particular, AP

should be given for each of these isotopes.

3f more than one energy range is used to describe the resonance param-

eters for any given isotope, the energ/ ranges must be contiguous and must not

overlap. It is further required that the data for each isotope be divided into

no more than two energy ranges, one for resolved and the other for unresolved

resonance parameters.

With single-level Breit-Wigner parameters it is sometime;s possible for

negative cross sections to be calculated. Negative cross sections are not
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physically possible 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 Appendix 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-squared distribution with a specified number of degrees of freedom. This

number may be different for neutron an^ fission wjiths and for different (£,J)

states.

The following quantities are defined for use in specifying unresolved

resonance parameters (LRU = 2):

SPI is the nuclear spin I of the target nucleus.

Â  is the effective scattering radius in units of 10 cm.

NE is the number of energy points at which energy-dependent widths are

tabulated. (NE <_ 250.)

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

- % • * •
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ES(N) is the energy of the N point used to tabulate energy-dependent

widths.

L_ is the value of I (neutron angular momentum quantum number).

AWRI is the ratio of the mass of the particular isotope to that of the

neutron.

NJS is the number of J-states for a particular £-state. (NJS <_ 6.)

AJ is the floating-point value of the J-state.

D_ is the mean level spacing for a particular J-state.

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

AMUX 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.)

AMUN is the number of degrees of freedom used in the neutron width dis-

tribution. (AMUN <_ 2.0.)

AMUG 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.)

AMUF is the number of degrees of freedom used in the fission width dis-

tribution. (AMUF <_ 4.0.)

MUF is the integer value of the number of degrees of freedom for fis-

sion widths. (MUF <_ 4.)

INT is the interpolation scheme to be used for interpolating between

the cross-sections obtained from average resonance parameters

(normally, INT =1.)

GNO is the average reduced neutron width. It is energy dependent if

LRU = 2.
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I
GG is the average radiation width. It is energy dependent if LRU = 2.

GF is the average fission 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 a 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 r.eutron width, radiation width, and fission

widths. Therefore, three different formats are considered:

If LFW = 0 (fission widths not given),

LRU = 2 (unresolved parameters),

LRF = 1 (all parameters are energy-independent),

the structure of a subsection is

[MAT, 2, 151/SPI, A, 0, 0, NLS,

[MAT, 2, 151/AWRI, 0.0, L, 0,

D , AJ , AMUN , GNO , GG ,

O]C0NT

6*NJS, NJS/

0.0

0.0

DHJS' ' GN°NJS' GGNJS' °-°] LIST

The LIST record is repeated until data for all ^-states have been specified.

If LFW = 1 (fission widths given),

LRU = 2 (unresolved parameters),

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

energy-independent).
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the structure of a subsection is

(MAT, 2, 151/SPI, A, 0, 0, NE, NLS/

ES ,

[MAT, 2, 151/AWRI, 0.0. L,

[MAT, 2, 151/0.0, 0.0, L,

D, AJ,

G F 1 '

•'

L,

L,

AMUN,

GF

• f

0,

MUF,

GNO,

. ,

E SNE

NJS,

NE+6,

GG,

• t

]LIST

O]C0NT(i.)

0/

0.0,

• /

GF,
NE

]LIST

In the above section, interpolation is assumed to be log-log.

If LFW = 0 or 1 (does not depend on LFW).

LRU = 2 (unresolved parameters).

LRF = 2 (all energy-dependent parameters).

The structure of a subsection is:

[MAT, 2, 151/SPI, A, 0, 0,

[MAT, 2, 151/AWRI, 0.0, L 0,

[MAT, 2, 151/AJ, 0.0, INT, 0,

NLS,

NJS,

O]C0NT

O]C0NT

(6*NE)+6, NE /

0.0, 0.0, AMUX, AMUN, AMUG, AMUF,

E , D_ , GX , GNO , GG., GF ,

ENE' °NE' G XNE' GN°NE' G GNE' GFNB

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

a given Jl-state. A new C0NT U ) record is then given, and all data for each

J-state for that £-state are given. The structure is repeated until all l-

states have been specified.
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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 cx'oss sections that show any gross

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 tc at least 20 keV.

VJhen preparing data for the unresolved resonance region, it is important

to use a consistent set of definitions in obtaining unresolved resonance param-

eters. These definitions are given in the Glossary (Appendix A) and the reso-

nance region formulae (Appendix D). In particular, note that the neutron

penetrability, V (p), is defined as

V (p) = 1 for Z = 0 neutrons (s-wave)

V (p) = p /(I + p ) for H = 1 neutrons (p-wave)

4 2 4

V (p) = o /(9 + 3p + p ) for 1=2 neutrons (d-wave)

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

-3

p = ka.

k - 2-196771 \lKmi\ x.o)) VE(eV) - 10

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

sphere phase factors,

a = [1.23 A 1' 3 + 0.8] x lo"1

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

m
n
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Th e Greebler-Hutchins* scheme for evaluating the width-fluctuation fac-

tor should be used in order to have uniformity between evaluators and users.

*P. Greebler and B. Hutchins. Physics of Fast and Intermediate Reactors. Ill,
121 (1962) International Atomic Energy Agency, Vienna, 1962.
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3. FILE 3, NEUTRON CROSS SECTIONS

3.1. -ocnvral Description

Neutron cross sections, such as the total cross section, elastic scat-

tering cross soction, and radiative capture cross section, are given in File 3.

Certain derived quantities are aj.so given. These data are given as a function

of energy, E, where E is the incident neutron energy (in *V) 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 neutron energies between a given energy point, and the next higher en-

ergy point.

File 3 is dividnd into sections, each containing *rhe 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 HEAD record and ends with a SEND record.

The common variables used in this other file are defined in Section 0.5.1

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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is an indicator that specifies the final excited state of the resid-

ual nucleus produced by a particular reaction.

JLFS = 0, the final state is the ground state.

= 1/ th-y final state is the first excited state.

- 2, the final stste is the excited state.

= 98, an unspecified range of final states.

= 99, all final states.

2, is the reaction Q-value (eV).

Ŝ  is the temperature (°K). NOTE: If the LR flag is used, S becomes

Q for the reaction corresponding to LR.

LT 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.

LR is a flag to be used in the reactions MT = 51, 52, 53,...., 90,

and 91, to define x in (n,n'x). (Ses Section 3.24.4.)

NR is the nuitiber of energy ranges that have been given. A different

interpolation scheme may be given for each range. (NR <_ 2C0, but

normally £ 20).

NP is the total number of energy points used to specify the data.

(NP <_ 5000) .

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

see Section 0.4.3.).
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o(K) is the cross section (barns) for a particular reaction type at

incident energy point, ,E, in (eV) . Da<-a are given in energy-cross

section pairs.

The structure of a section is

[MAT, 3, MT/ZA , AWR, LIS, LFS, 0 , OjHEAD

[MAT, 3, MT/S , Q , LT, LR , NR, NP/E /c(E)]TAB1

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

3.3 Procedures

3.2.1. Reaction Types to be Included

A complete list of possible reaction types and their definitions can be

found in Appendix B, Cross sections for all reaction types that are not zero

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 scattering cross section

4 Inelastic scattering cross section (total)

16 (r. ,2n) cross section

17 (n,3n) cross section

18 Fistic- cross section

51 Inelastic excitation cross section for +"he 1st level

52 " " " " " " 2nd level

'continued on the next page)
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MT Reaction

9Q Inelastic excitation cross section for the 40th level

91 " " " " " " continuum

102 (n,y1 radiative capture cross section

103 <n,p) cross section

104 (n,d) " "

105 (n,t)

106 (n,He3) "

107 (n,a)

108 in ,2a) "

251 v

Lab
252 f

253 y

3.2.2. General Procedures

1 Ail jignif.icant cross sections must be given in this file using the

reaction types (MT numbers) that have been defined. Appendix B summarizes all

currently defined reaction types. If new MT numbers are needed, the National

Neutron Cross Section Center at Brookhaven National Laboratory should be con-

tacted.

Select the most appropriate MT number to represent the reactions. In

many cases different 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 neutrons on light tar-

gets fall into this category. It ib 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. In

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 generalized to specify data for excited states of

the target (initial) and residual (final) nucleus using the LIS and LFS flags.

If the initial state is isomeric and has a half-life > 1 sec, current ENDF

procedures require data to be given as a separate ENDF Material. Keaction data

producing known final states are given within the Materia1. associated with the

initial nucleus.

Where several final states are produced by a reaction, the stimulation,

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 hT number by LFS = 99. Data for an unspecified range of final

states is given by using the same MT number with LFS - 98.

For the (n,p), (n,d), (n/t), (n. He), and (n,a) reactions, the summation

cross sections must be given in the MT = 103, 104, 105, 106, and 107 sections,

respectively. Use of LFS = 99 in these cases is redundant. The cross sections

to the ground and the first 17 discrete excited levels of che 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
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in the MT = 16 section. Use of LFS = 99 is redundant. The (n,2n) cross sec-

tion to isomeric states should be given in the MT = 26 section, using the LFS

flag to indicate the isomeric states (counting all states) designated.

3.2.4. Procedures for Specific Reactions

IndeK for Section 3.2.4.

3.2.4. Subsection

1

2

3

4

5

6

7

8

9

10

11

12

Relevant MT Nos. (See Appendix B)

1

2

3

4

6-9, 16, 17, 26, 46-49

18, 19, 20, 21, 38

27

51-91

101

120

102-114

700-799

3.2.4.1 Total Cross Sections

1. If resolved or unresolved resonance parameters 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 Section 3.3.)

2. The total cross section is generally the most important cross section

in a shielding material. Considerable care should be exercised in evaluating

this cross section and in deciding how 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 energy

meshes used for the partial 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 c* MT = 2 (elastic) and MT = 3 (nonelastic). If

MT = 3 is not given* then the elastic cross section plus all nonelastic com-

ponents must sum to the total cross section.

3 4 2.4.2, Elastic Scattering 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 to the

same accuracy as the total cross section. Frequently 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 generally measured with the same energy resolution that the total cross

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

section is subtracted from the total cross section, much of the structure (at
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times very unrealistic) is placed in the elastic scattering cross section.

Second, if the observed structure in the nonelastic cross seccion is improp-

erly correlated with the structure in the total cross section, an unrealistic

structure is generated in the elastic scattering cross section.

3. Frequently the experimentally measured elastic scattering cross section

is obtained by integrating angular distribution data. Thase data may contain

contributions from neutrons producing nonelastic reactions. This contamination

is generally due to contributions from inelastic scattering to low lying levels

that are not resolved in the experiment. Care must be taken in using such re-

sults to obtain integrated cross sections. Such angular distribution data can

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

3.3.4.3. Nonelastic Cross Section (MT = 3)

The nonelastic cross section is not required unless any part of the photon

production cross section data given in Files 12 and/or 13 uses MT = 3 to 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 union 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 of the

partials are given, i.e., discrete level excitation cross section, MT = 51, 52,

53, , 90, or continuum inelastic scattering, MT = 91.

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

section (MT = 4) must be a union of all the sets used for the partials.
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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 obtained from

experimental measurements. At other tidies, 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 and 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 energy. 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 zero value at 20 MeV. This

will positively show that the cross section has bean 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 = y 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 > 0 then S is

the Q-value for the combined reaction specified by the LR value.
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When the LR flags are used, the following reactions take on slightly dif-

ferent meanings. MT = 4 means the reaction is (n,n' everything). MT = 51-91

means the reaction is (n,n' something), where "something" is defined by the LR

flag. When MT = 91 is a composite of several de-excitation modes, then LR = 4.

This system has been established to facilitate accurate descriptions of

the energy and angular distribution of these neutrons {the angular distributions

are given in File 4).

If a particular level, which has been left in an excited state, decays by

emission of particles of more than one type, then several sections must be given

in File 3. Consider the case in which an excited state decays by emission of a

proton and an a particle. That part of the reaction that represents (n,n'a)

would use LR = 22, and the other part would be given in the next section (next

higher MT number) and would use LR = 28 (n,n'p). The angular distribution for

the neutron would have to be given in two different MT numbers in File 4, even

though they represent the same neutron. Competition for the de-excitation of a

level should be considered only if it is at least 10% of the total de-excitation

cross section for that level. The section must be ordered by increasing Q-values,

i.e., increasing values of S in the TAB1 records.

3.2.4.5. (n,2n), fn,3n), (n,4n? Cross Sections

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

2. If the (n,2n) cross section reaction produces an isomeric state, then

in addition to the total (n,2n) cross section (given .n MT = 16), the iso^ric

state production cross section 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 .sequential re-

action.

In the time-sequential (n,2n) reaction A(n,n )A*(n )(A-l)*, the "first"

neutron (n ) is essentially an inelastic scattering event that may leave the

nucleus A* in one of several excited states. the "second" neutron (n ) 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-sequential (n,2n) reaction for each level. The second neutron lab

system angular and energy distributions can be drastically different for each

level and must be described separately. In addition to the time-sequential

(n,2n) reaction there may be a direct (n,2n) reaction, which proceeds without

going through 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 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 energy 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 = 46-4 J would be used to represent the second

neutron from individual levels. Reaction type MT = 16 is to be used for the

representation of both neutrons when time-sequential (n,2n) reactions do not

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

*This format is not restricted to Be.
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is the sum of reaction types MT = 6-9 and 16 and does not include reaction

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

first neutron from an (n,2n) reaction by an inelastic level (MT = 51-90).

3.3.4.6. Fission Cross Sections

1. The total fission cross section must be given in MT = 18 for fission-

able materials. Every attempt must be made to break this cross section into its

various parts: first chance fission (n,f), MT = 19; second chance fission (n,n'f),

MT = 20; third chance fission (n,2nf), MT = 21, and fourth chance fission (n,3nf),

MT = 38.

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

The set of energy points used for MT = 18 should ba the union of all sets for the

partials.

3. If resolved or unresolved resonance parameters are giver, in File 2, the

contributions to the total fission cross section in the resonance region are the

sum calculated from 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 cross section can be calculated from the reso-

nance parameters to be added to File 3 values for MT = 18, the resonance region

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

given in File 3, to prevent inconsistency between the total fission cross section

and its partials. If MT = 20 data are present, MT = 19 must exist and cover the

full range of MT = 18 data.

3.3.4.7. Absorption Cross Sections {MT = 27)

The absorption cross section is not required. It is defined as the sum

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

The cross sections 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. In cases in which

there are several reactions like (n,n'x), it is better to enter the reactions

separately in File 3 under their regular MT numbers.

3.3.4.9. Neutron 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 taxget destruction cross section will depend on the various reaction

mechanisms present. In general, it i:; the nonelastic cross section minus the

total (n,n'Y) cross sections.

3.3.4.11. (n,x) Reaction Cross Sections (MT = 102, ..., 114)

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

should be given, if present.

3. Partial cross sections such as n,p ; n,p ; ..., etc., should be given

using the MT = 7C0 series for materials in which particJe heating is important.

The (n,p) cross section MT = 103 is equal to the sum of MT = 700 through MT = 718.
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3.3.4.12. Reaction Cross Sections to Discrete and Continuum Levels

(MT = 700 series)

For studies of radiation damaqe and/or long-lived activation in fission

and fusion reactors, additional information about exit particles is natural.

Exit protons will be used for illustration, although the same arguments hold

3 4

for deuterons, tritons, and He and He particles. The MT = 700 series allows

the cross sections and the energy and angular distributions for protons leaving

the final nucleus in the ground through the 13th excited state to be described

by using MT = 700 to MT = 718.

Data in sections MT = 700 to MT = 718 for {n,p ) through (n,p ) must add

o lo

up to MT = 103. In some cases cross section information about the exit proton

is needed that has already been included in the ENDF/B files. For example, the

(n,n'p) cross section is usually found under MT = 51-91. It may be, however,

that this proton energy distribution is more important for radiation damage

studies than the energy of the neutron. In this case, a so-called redui.dunt

cross section that is already part of a is included in Section MT = 719 so
tot

that this section would refer to protons from both the (n,p) continua.
Similar procedures are used to describe the exit deuteron, triton, and

3 4
He and He particles in Sections MT = 720 through MT = 799.

3.4. Relationship Between File 3 and Other Files

If File 2 (Resonance Data) contains resolved and/or unresolved resonance

parameters, then in order to obtain the total cross section (MT=1) the radiative

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 appropriate data given in File 3. Any contribution
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from File 2 to radiative capture or fission must also be included in the File 3

ronelastic 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

er.erqy ranges specified for the resolved and/or unresolved 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 adequately 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.

Some materials wil] not have resonance parameters. However, they will

have a scattering length, giver 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

mattering cross section, since the File 3 data for these materials comprise the

entire scattering cross section.

Double-valued points (discontinuities in the cros=; sections) are allowed

anywhere in File 3. They must always be given at the upper and lower energy

limits of the resolved and unresolved resonance regions.

To obtain absolute values for differential (in angle) scattering cross

sections, the data in File 4 have to be combined with the cross sections for

the corresponding MT number given ir. File 3. The File 4 date (see Section 4)

nay be given as either tabulated normalized probability distributions, p(u,E),

or I.egendre polynomial f.xpansion coefficients, f (E) .
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Note that the derived quantities u , f,, and y are entirely from File 4

angular distribution data for elastic scattering. These data are included in

File 3 for convenience and must be consistent with File 4 data.

Secondary energy distributions are expressed as normalized probability

distributions and are given in File 5. The differential (in secondary energy)

cross sections for a reaction of a particular type are obtained by multiplying

the normalized probability distribution by the corresponding (same MT number)

cross section, o(E), given in File 3. An exception is the data for inelastic

scattering to various levels and the continuum; only the secondary energy dis-

tribution for the continuum is to be found in File 5. The excitation cross

sections for discrete levels are given in File 3r and the angular distributions

for these secondary neutrons are given in File 4; therefore, the secondary neu-

tron energies are uniquely defined.

Absolute values for the double differential (in secondary energy and angle)

scattering cross sections may be obtained by combining the data in File 6 and the

cross sections in File 3.

3.5. General Suggestions for Preparing Data for File 3

The limit on the number of energy points (NP) to be used to represent a

particular cross section is 5000. The evaluator should not use more points 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 interpolation

regions (NR).

Cross section data for nonthresl". i '.d reaction types should cover the energy

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

section data should start at the reaction threshold energy (with a value of 0.0)



-3.17-

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 E , is given by
th

(AWR 1 \
AWR J

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

For a material that is a mixture of several isotopesf the Q-vslue 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 i;a Section 3.2.2.2.

The total cross 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 <_o 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 required 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 partial

cross sections should be specified on the same energy mesh above the respective

thresholds. Linear-linear interpolation (INT=2) or linear-log (INT=3) should

be used for these cross sections.

In general, care must be used in specifying cross sections and the inter-

polation scheme to be used to determine the cross sections between input energy

points. 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 problem will

be created if a log-linear or a log-log interpolation scheme is used.



-4.1-

4. FILE 4, ANGULAR DISTRIBUTIONS OF 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 jn,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 typeo (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(p,E)dy = 1 ,

•'-I

where p(u,E)dy is the probability that a neutron of incident energy E will be

scattered into the interval dp about an angle whose cosine is u. The units oir

p(p,E) are (unit cosine) . Since the angular distribution of scattered neutrons

is generally assumed to have azimuthal symmetry, the distribution may be repre-

sented as a Legendre polynomial series,

NL

.1=0
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whure u = cosine of the scattered angle in either the laboratory or the

center-of-mass system;

E = energy of the incident neutron in the laboratory system;

or (E) = the scattering cross section, e.g., elastic scattering at energys

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

2, = order of the Legendre polynomial;

—(ft.E) = differential scattering cross section in units of barns per

steradian;

f. * the £ Legendre polynomial coefficient and it is understood that

f ~- 1.0.
o -•••

The anqular distributions may be given in one of two representations,

and in either the CM or LAB systems. In the first method the distributions are

given by tabulating the normalized probability distribution, p(w,E), as a function

of incident neutron energy, rising the second method, the Legendre polynomial

expansion coefficients, f.(E), are tabulated as a function of incident neutron

energy.

Absolute diffential cross sections are obtained 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

. a <E)

— <fi,E) = - f ^ - P(y,E)

where a (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 Legendre polynomial

coefficients, the absolute differential cross sections are obtained by

NL
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where a^(E) is given in File 3 (for the same MT number) and the coefficients

f„ (E) are given in File 4.

Also, a transformation matrix may be given in File 4 that can be used to

transform a set of Legendre expansion coefficients, whi(' iu-e given to describe

elastic scattering angular distributions, from one frame of •. ~e to the

other. The Legendre expansion coefficients f. (E) in the tv»; •%••:•'- .is are related

through an energy-independent transformation matrix, Uo , and its inverse, U. :

NM

ffb (E) - Y „_ f «(B)
m=0

and

NM

m=0

Expressions for the matrix elements of U and U may be found in papers

by Zweifel and Hurwitz and Amster . Transformation matrices for nonelastic

reactions are not incident energy independent and are not given in File 4.

The transformation matrices should be square, with the number of rows equal

to NM + 1 where NM is the maximum order of the Legendre polynomial series used to

describe any elastic angular distribution in this file. The transformation matrix

is given as an array of numbers, V , where K = 1, .,.,., NK, and NK = (NM + 1) ,
K.

and where K = 1 + I + m (NM + 1). The values of K indicates how the (Jl,m) ele-

ment of the matrix may be found in array V . This means that the elements of the
K.

matrix U. or U. are given column-wise in the array V :
x m Jtm —»-^—^———— JQ

1. P.F. Zweifel and H. Hurwitz,- Jr., J. Appl. Phys. 25̂ , 1241 (1954).
2. H. Amster, J. Appl. Phys. 2 % 623 (1958).
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U0,0 U0,l UO,NM

Ul,0 Ul,l V N M

u u . u u
NM,0 NM,1 NM, NM

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. Each section al-

ways starts with a HEAD record and ends with a SEND record. If the section

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.

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,

f,(E);

LTT = 2, the data are given as normalized probability distributions,

g is a flag to specify the frame of reference used:

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

LCT = 2, the data are given in the CM system

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

elastic scattering:
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LVT = 0, a transformation matrix is not given (always use this value

for all non-elastic scattering reactions);

LVT = 1, a transformacion 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 Legendre polynomial that is given at each

energy (NL <̂  20) .

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

NK = (NM + 1) .

NM 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.

V are the matrix elements of the transformation matrices:
K

V = un if LCT = 1 (data given in LAB system); and

V = U if LCT = 2 (data given in CM system).
K Kfin

NP 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, f (E) or p(p,E)), and LVT (transformation matrix given?), but it always

starts with a HEAD record of the form

[ZA, AWR, LVT, LTT, 0, 0]HEAD.
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4.2,1. Legendre Polynomial Coefficients and Transformation Matrix Given;

LTT = 1 and uvv « 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, O,O]HEAD LTT = 1, LVT = 1

[MAT, 4, MT/O.O, AWR, 0, LCT, NK, NM/V lLIST
K

[MAT, 4, MT/0.0, 0.0, 0, 0, NR, NE/E. ]TAB2
int

[MAT, 4, MT/T , Ê ^ , LT, 0 , NL, 0/f% (E.^ ]LIST

[MAT, 4, MT/T , Ej ( IT, 0 , NL, 0/f% (E^ ]LIST

[MAT, 4, MT/T , E ^ , LT, 0 , NL, 0/f £ (E^) LIST

[MAT, 4, 0 /0.0, 0.0, 0 , 0 , 0 , 0]SEND

Note that T and LT refer to temperature (in °K) 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.

4.2.2. Legendre Polynomial Coefficients Given and the Transformation Matrix

Not Given; LTT - 1 and LVT = 0

If LT1? = 1 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, 0, LCT, 0, 0] C0NT.

This form is always used for angular distributions of nonelastically scattered

neutrons when Legendre polynomial expansion coefficients are used.
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4.2.3. 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, 0, OJHEAD LVT = 1, LTT = 2

[MAT, 4, MT/0.0, AWR, 0, LCT, NK, NM/V 1LIST
K

[MAT, 4, MT/0.0, 0.0, 0 , 0 , NR, NE/E. 1TAB2
int.

[MAT, 4 , MT/T , E, , LT, 0 , NR, NP/y . . /p(y ,E_)1TAB1
1 int 1

[MAT, 4, MT/T , E_ , LT, 0, NR, NP/y. ./p(u,E_)]TAB1
2 int 2

[MAT, 4, MT/T , E ^ , LT, 0 , NR, NP/y^/p (p .E^) JTAB1

[MAT, 4, 0 /0.0, 0.0, 0 , 0 , 0 , OJSEND

T and LT are normally zero. See Appendix F for details on temperature depend-

ence.

4.2.4. Tabulated Probability Distributions Given and 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, 0, LCT, 0, O]C0NT.

This form is always used for angular distribution of nonelastically scattered

neutrons when tabulated angular distributions are given.
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4.3. Procedures

The angular distributions for elastic scattering should be given as

Legendre polynomial coefficients, f.(E)'s (LTT = 1), and they should be given

in the CM system (LCT = 2). It is recommended that the angular distributions

of neutrons from 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 distribution data should be given at the minimum

number of incident energy points that will accurately describe the energy vari-

ation of the distributions.

When the angular distributions are represented as Legendre polynomial

coefficients, certain procedures should be followed. Enough Legendre coeffi-

cients should be used to accurately represent the recommended angular distri-

bution at a particular energy 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 used

to obtain coefficients at intermediate energies. This is required to ensure

that the interpolated distribution is positive over the cosine interval from

-1.0 to + 1.0; it is also required because some coefficients may be negative.

In no case should NL exceed a value of 20. If more than 20 coefficients ap-

pear to be required to obtain 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 angular distributions are represented as tabulated data, certain

procedures should be followed. Sufficient angular points (cosine values)

should be given to accurately represent the recommended distribution. 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 interpolation scheme for p(u,E)

vs. M should be ].og-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 problem. Either free-atom or bound-atom 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 Legendre polynomial coefficients

and 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 Specific Reactions

4.4.1. Elastic Scattering (MT = 2)

1. 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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be for CM to LAB conversion. The parameter NM should be even, and it must be

equal to or greater than I used in any of the angular distributions (if
max

Legendre coefficients are given). The parameter NK is equal to (NM + 1) .

2. Legendre polynomial representations should be used for elastic scat-

tering angular distributions and discrete channel scattering and must be given

in the CM system. When this representation is given, the maximum order of the

polynomial for each incident energy should be even and I must be < 20.
max

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 known

structure in the elastic scattering cross section to the energy dependent vari-

ations in the angular distributions. These two features of the cross sections

cannot be analyzed independent of one another. Remember, processing codes op-

erate 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 bet-

ter to maintain consistency in any structure effects between File 3 and File 4

data than to introduce structure in one file and ignore it in the other.

4. Consistency must be maintained between angular distribution data

given for elastic and inelastic scattering. This applies not only to struc-

tural effects but also to how the distributions were obtained. Frequently, the

evaluated elastic scattering angular distributions are based on experimental

results that at times contain contributions from inelastic scattering to low-

lying levels (which in turn may contain direct interaction effects). If in-

elastic contributions have been subtracted from the experimental angular dis-

tributions, this process must be 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 contributions are included in



-4.li-

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 angular distributions are not iso-

trcpic or symmetric about 90° but they are generally forward peaked.

5. Do 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 energy point must be given at 10 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 relationship exists between the total cross section and the dif-

ferential cross section at forward angles (Wick's limit or optical theorem).

&r (0) > a = (3.0560 x 10"8 E ) L
dQ. — w o (1 + AWR)2 T steraaian

where E is in eV and a in barns. Care should be taken to observe this in-

equality, especially at high energies.

4.4.2. Inelastic Scattering Cross Sections

1. 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, ..., 91.

3. Discrete level data should be given in the CM system, if possible.

Some reactions, like MT = 91, must be given in the LAB system.

4. Discrete channel angular distributions (e.g., MT - 2, 5i - 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 system.

5. Isotropic angular distributions should be given (at two energy points)

unless the degree of anisotropy exceeds 5%. If any level excitation cross sec-

tions contain significant direct interaction contributions, angular distribu-

tions are very important.

6. Use the precautions outlined above when dealing with level excita-

tion cross sections that contain a large amount of structure.

7. Do not overcomplicate the data files. Restrict the number of dis-

tributions to the minimum required to accurately represent the data.

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

MT = 700 series, and for photons in Pile 14.

4.4.3. All Other Neutron Producing Reactions

Angular distribution data roust be given for all neutron producing re-

actions. Make sure, giving these data, that they are realistic. Tabulated

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

5,1. General Description

File 5 contains data for the energy distributions of secondary neutrons,

expressed as normalised 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, ..., 90). 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 1 ) , are normalized so that

E1

f max

/ p(E -> E') dE1 = 1 ,

where E1 is the maximum possible secondary neutron energy and its value depends
max

on the incoming neutron energy E and the analytic representation of p(E •*• E 1 ) . The

secondary neutron energy E1 is always expressed in the laboratory system.
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The differential cross section is obtained from

where a(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 -> E1) can be broken down into partial energy

distributions, f (E -* E')f where each of the partial distributions can be de-

scribed by different analytic representations;

NK

k=l

and at a particular incident neutron energy E,

NK

E
k=l

Pk<E> = 1.

where p (E) is the fractional probability that the distribution f (E -> E1) can

be used at E.

The partial energy distributions f (E -> E1) are represented by various

analytical formulations. Each formulation is called an energy distribution law

and has an identification number associated with it (LF number). The allowed

energy distribution laws are given below.

Secondary Energy Distribution Laws

LF = 1, Arbitrary tabulated function;

f (E -* E1) = g(E •* E 1 ) .

A set of incident energy points is given, E. and g(E. •> E') is

tabulated as a function of E'.
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LF = 3, Excitation of discrete levels:

f (E -* E1) = <5 E1 - A- * *• • ' E + — ~ 6 .

A - AWR (the ratio of the mass of the target nucleus tc that

of the neutron);

6 = excitation energy of the energy level in the residual r.ucleus.

LF = 5, General evaporation spectrum:

f (E -> E') = g[E76(E)].

6CE) is tabulated as a function of incident neutron energy, E;

g(x) is tabulated as a function of x, x = E'/6(E).

LF = 7, Simple fission spectrum (Maxwellian):

71 -E'/e(B)

I is the normalization constant,

,3/2
I = \~~ erf (\(E-U)/9'J - •(E-u)/ej

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.

LF = 9, Evaporation spectrum:

I is the normalization constant,

,2
I = 1 - e

•(E-U)/6 /

6 is tabulated as a function of incident neutron energy, Ef

U is a constant introduced to define the proper upper limit for

the final neutron energy that 0 ^.E1 <_E - U.
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LF » 10, Watt spectrum;

f(E - E') -Vv^ST e"^ 4 e "E>/a

a and b are constants.

NOTE: Distribution laws are not presented for LF = 2, 4, 6, or 8.
These laws are no longer used.

The data are given in each section by specifying the number of partial

energy distributions that will be used. The same energy mesh should be used

for each one. The partial energy distributions may all use the same energy

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

5.2. Formats

Each 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 one partial energy distribution. The structure

of a subsection depends on the value of LF (the energy distribution law).

The following quantities are defined

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

subsection for each partial distribution.

Û  is a constant that defines the upper energy limit for the secondary

neutron so that 0 < E' < E - U (given in the Lab system).

6_ is a parameter used to describe the secondary energy distribution.

The definition of 6 depends on the energy distribution law (LF)

given; however, the units are always eV.

If LF = 3, 9 is the excitation energy, |Q| , of a level in the

residual nucleus.

If LF = 5, 7, or 9, 9 is an effective nuclear temperature.

IM'llri*rii'j*'i'Vf"''liirf'*J "','
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LF 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.).

p (E ) is the fractional part of the particular cross section that

can be described by the k partial energy distribution at

the N incident energy point.

NK

NOTE: \ "* Pk-^EKl' = 1 - 0

k=l

f (E -* E1) is the k partial energy distribution. The definition depends

on the value of LF.

NR is the number of interpolation ranges.

NJP is the number of incident energy points at which p (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.)

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/ZA, AWR, 0, 0, NK, 0]HEAD

<subsection for k = 1>

<subsection for k = 2>

<subsection for k = NK>

[MAT, 5, 0 /0.0, 0.0, 0, 0, 0, OJSEND
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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

one subsection contains data using the same LF, these subsections should ba

ordered by increasing values of 8. The formats for the various values of LF

are given below.

LF = 1, Arbitrary tabulated function

[MAT, 5, MT/T , 0.0 , LT , LF=1 , NR , NP/E /p(E)]TAB1

[MAT, 5, MT/0.0 , 0.0 0 , 0 , NR , NE/E. . ]TAB2

int
[MAT, 5 , MT/T ' E

1 LT 0 NR

EJ , g (E 1 -E^) , E^ , g t E ^ E ^ ) , E^ ^

, E ^ , g t E ^ E ^ ) 1TAB1

[MAT, 5 , MT/T ' E
2 ' L T ' ° , NR , N P / E i n t /

E l ' g ( E
2 " > E i ) ' E 2 ' g ( E 2 ' * E 2 ) ' E 3 ' <3iE

2~*E3)f

, EJ-F , g « 2 ^ p ) 1TAB1

[MAT, 5, MT/T , EM_ , LT , 0 NR NF/E.1 . /
Nhi int

Ei ' ̂E
NE-

Ei) ' E2 • ̂ V*? ' E3 ' ^m^'

, ^ , g ( E N E ^ F , ]TAB1

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 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 , 6 , LT,LF«3, NR, NP/E. ./p(E)jTABl
int

Only one record is given for each subsection.

If = 5, General evaporation spectrum

[MAT, 5, MT/ U , 0.0 , 0 , LF=5, NR, NP/E. Vp(E)]TAB1

m t
[MAT, 5, MT/0.0 , 0.0 , 0 , 0 , NR, NE/E. V

int6(E 2) ,

6 ( E N E )

[MAT, 5, MT/0.0 , 0.0 , 0 , 0 , NR, NF/x. . /
int

E1

x * ^ ^

N F N F) ] T A B 1

LF = 7, Simple fission spectrum (Maxwellian)

[MAT, 5, MT/ U , 0.0 , 0 , LF=7 , NR, NP/E. /p(E)]TABl

[MAT, 5, MT/0.0 , 0.0 , 0 , 0 , NR , NE/E. ̂ /6(E)]TABl

int

LF = 9, Evaporation spectrum

[MAT, 5, MT/ U , 0 .0 , 0, LF=9,NR, NP/E. /p(E)]TABl

[MAT, 5, MT/0.0 , 0.0 , 0, 0 , NR, NE/E. VefEJjTABl

int
LF = 10, Watt spectrum

[MAT, 5, MT/0.0 , 0.0, 0, LF=10 NR, NP/E. /p(E)]TABl
int

[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 defined.
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5.3. Procedures

As many as three different energy meshes may be required to describe the

data in a subsection (one partial distribution). These are the incident energy

mesh for p (E), the incident energy mesh at which secondary distributions are

given, f, (E-+E1), and the secondary energy mesh for f, (E-*-E')» It is recommended

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 mesh.

Double energy points must be given in the incident energy mesh whenever

there is a discontinuity in any of the Pk(
E)'s (this situation occurs fairly

frequently). This energy mesh must also include threshold energy values for all

reactions being described by the p (E)'s. Zero values for p must be given for
K K.

energies below the threshold (if applicable).

Two nuclear temperatures may be given for the (n,2n) reaction. Each

temperature, 6, may be given as a function of incident neutron energy. In this

case p (E) = p_(E) = 0.5. A similar procedure may be followed for the (n,3n)

and other reactions.

A constant, U, is given for certain distribution laws (LF = 5, 7, or 9).

Constant, U, is provided to define the proper upper limit for the secondary energy

distribution so that 0 < E1 < E - U. The value of U depends on how the data are

represented for a particular reaction type. 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 For the energy range considered, the first three levels are described

explicitly (either in File 3, MT = 51, 52, and 53, or in File 5,
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LF = 3), and the rest of the inelastic cross section is treatec

as a continuum. 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 10 eV to -30. x 10 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

cros3 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.r 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 cutoff energy, and it will not become the total inelastic cross

section until several MeV above the cutoff energy.

It is recommended 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 neutrons

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 Comments

1. 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 • 91 must be given in File 5. A section must also be given in File 5

for all other neutron producing reactions. Energy distributions for exit pro-

tons, etc., are given in the MT « 700 series, and for photons, in File 15.

2. Care must be used in selecting the distribution law number (LF) to

be used to represent the data. As a rule, use the simplest law that will ac-

curately represent the data. Use only tabulated distributions (LF * 1) when

the data cannot be represented by an evaporation spectrum (UP « 9) or a Max-

well ian (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 probabilities for all

laws used must be equal to unity for all i: jident energy points.

4. If the incident neutron energy exceeds several MeV, pre-equilibrium

particle emission can be important, as illustrated from high resolution neutron

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. LF " 1 (Tabulated Distributions)

Use only tabulated distributions to represent complicated energy dis-

tributions. Use 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 muse be unity to
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within four significant figures. All interpolation 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 •* F.').

5.4.3. LF = 3 (Approximate 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. LF = 5 (General Evaporation Spectrum)

This law is recommended for File 5 (MT = 455). Otherwise, LF * 1, 7, or

9 should be used.

5.4.5. LF = 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. LF = 9 (Evaporation Spectrum?

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

1. 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* « E - U, where E is the incident neutron energy. U is a constant
max n n

for the complete energy range covered by a subsection in File 5 and is given in

the LAB 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 conmonly occur in data files; procedures

are given for obtaining U values.

Case A: The complete reaction is treated as a continuum.

_> 1 + AWR

where Q is the reaction Q-values, AWR is the ratio of the target mass to the

neutron mass.

Case B: The reaction is described by excitation of three levels (in File 3

as MT = 51, 52, 53) and a continuum part where Q' is the known or estimated

Q-value for the fourth level.

Case C: The reaction is described by excitation of the first three levels

(in File 3 as MT = 51, 52, 53) for neutron energies from the level thresholds

up to 20 MeV, excitation of the next five levels (in File 3 as MT = 54, ..., 58)

from their thresholds up to 8 MeV, and by a continuum part that starts at 5 MeV.

In this case two subsections should be used, one to describe the energy

ranga from 5 to 8 MeV and another to describe the energy region from 8 to 20 MeV.

In the first subsection ( 5 - 8 MeV),

and the second ( 8 - 2 0 MeV),
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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. 0(E) should be given for each neutron in the exit

channels; this is done by using more than one subsection for a reaction. The U

value is the same for all subsections. The upper energy limit is determined

by the threshold energy and not by level densities in the residual nuclei.

5.4.9. Average Energy for a Distribution

The average energy of a secondary neutron distribution must be 1ess than

the available energy for the reaction:

B - E +
 1 + A W R O

Eavail ~ E + AWR Q '

The mean energy should be calculated from the distribution at each value of

E. This mean is analytic in the three cases given below.

LF IT

(AWR)2 -I- 1 _ AWR

(AWR + 1 ) 2 E " AWR + 1

5 / 2 / E - U \ 3 / 2 - < E - U ) / O

3 / \ 2

• ~ r w e"E9 26

1 = 1 m a x f (E -»- E') dE'

the normalizing denominator (see 5.3). Thus E ^^E) > multiplicity * E.
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6. FILE 6, ENERGY-ANGULAR DISTRIBUTIONS FOR SECONDARY NEUTRONS

6.1. General Description

The use of File 6 is discouraged but the formats and procedures are pre-

sented here in case the File should be activated.

This file is provided to represent energy-angular distributions of sec-

ondary neutrons. Data are giver 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 ruclei.

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-

tribution are expressed as normalized probability distributions, p(E •+ E 1, u) .

E1

/

max f '

p(E -> E 1, p) dy = 1 .

~-l

The differential cross section (in barns per steradian per eV) is obtained from

,2
iTdi- <E - E',p> = 2-ISL m p(E-E', u) ,

where a(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(E -»• E 1, V) • ^ ] - — ^ — p^ (E •+ E') pft (vO .

In this case, the zeroth coefficient, p (E -> E 1 ) , is not unity (as in File 4 ) ,

but for a particular incident neutron energy, E,

p (E -> E1) dE" = 1 .

The incident neutron energies and secondary angles and energies must be

given in the laboratory system.

If distributions p(E ->• E 1, \i) are tabulated at a series of angles, a set

of secondary angles (cosines of the scattex 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 probability

distributions p(E ->• E1 , vO are given for a set of incident neutron energies;

i.e., a subsection of data is given for each angle and the format of a subsec-

tion resembles the format of a section in File 5. The secondary energy dis-

tribution laws (LF numbers) defined in Section 5.2 are used in this file.

When the distributions are represented by Legendre polynomial expansion

coefficients, then a subsection is given for each coefficient, p (E ••»• E'). Its

format is similar to that for a section in File 5 (Section 5.2). The first

subsection contains data for the zeroth coefficient, p (E •*• E 1 ) . The subsec-

tions are then ordered by increasing &-value of the coefficients.

The following quantities are defined.

LCT is a flag indicating which reference frame is used for both secondary

angles and energies.

LCT = 1: The data are given in the LAB system.

LCT = 2: (CM) 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 s 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 & (for the £ coefficient).

NA is the number of angles (cosines) at which the secondary distributions

are given. (NA <_ 101.)

v_ 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 5, Section 5.2.)

LF is a flag that indicates which secondary energy distribution law is

used for a particular partial probability distribution. (See Sec-

tion 5.2) .

6.2. Formats

Each section of the file gives the data for a particular reaction type.

The structure of a section depends on the value of LTT (representation used).

The structure of a section for LTT = 1 (Legendre polynomial expansion) is

[MAT, 6, MT./ZA , AWR, 0, LTT, 0, 0]HEAD LTT = 1

[MAT, 6, MT/0.0, 0.0, 0, LCT, NL, 0] C0NT

<Subsection for Pn(E •* E')>

<Subsection for p.^ (E -> E') >
NL

[MAT, 6, 0/0.0, 0.0, 0, 0, 0, 0]SEND
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The structure of a subsection is identical to that of a section for sec-

ondary energy distributions in File 5 (Section 5.2) 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, 0.0, LA, 0, WK, O]C0NT

The following is the structure for a typical section, where LTT = 1 (Legendre

expansion coefficients given), NK = 1 (one partial probability distribution,

and LF = 1 (an arbitrary tabulated distribution).

[MAT, 6, MT/ZA, AWR, 0, LTT, 0, 0]HEAD LTT = 1

[MAT, 6, MT/0.0, 0.0, 0, LCT, NL, OJC0NT

[MAT, 6, MT/0.0, 0.0, LA, 0, NK, O]C0NT LA = 0, NK = 1

[MAT, 6, MT/T, 0.0, LT, LF, NR, NP/E. ./p (E)]TABl
m t o

[MAT, 6, MT/0.0, 0 . 0 , 0 , 0 , NR, NE/Ein1_]TAB2

LF

[MAT, 6 , MT/T, E . , LT, 0 , NR, NF/E', / p (E. -> E')]TAB1
1 m t o 1

[MAT, 6, MT/T, E_, LT, 0 , NR, NF/E! , / p (E_ •*• E')TAB1
2 i n t o 2

[MAT, 6, MT/T, E ^ , LT, 0, NR, ̂ /^nt/Po^NE + E')]TAB1

[MAT, 6, MT/0.0, 0.0, LA, 0, NK, O]C0NT LA = 1, NK = 1

[MAT, 6, MT/T, 0.0, LT, LF, NR, NP/E^^Pj (E) JTAB1 LF = 1

Subsection for
PQ(E -> E

1)

[MAT, 6 , MT/0.0, 0 . 0 , 0 , 0 , NR, NE/E. JTAB2
int

[MAT, 6, MT/T, E. , LT, 0, NR, NF/2! Vp, (E, •*• E')]TAB11 int 1 1

[MAT, 6, MT/T, E . LT, 0, NR, NF/E! /p (EM_ -> E')lTAB2

Subsection for

<Subsection for p»(E -*• E')>

<Subsection for p (E •*• E')>
NL

[MAT, 6, 0 /0.0, 0.0, 0, 0, 0, 0]SEND

T and LT refer to possible temperature dependence (see Appendix F for format).
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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, 0, LTT, 0, 0]HEAD LTT-2

[MAT, 6, MT/0.0, 0.0, 0, LCT, NR, NA/u . ]TAB2
int

<Subsection for p(E -»• E 1, U..)>

<Subsection for p(E -*• E', u )>

<Subsection for p(E -* E 1, vtl. )>
NA

[MAT, 6, MT/0.0, 0.0, 0. 0. 0. 0)SEND

Again the structure of a subsection is identical to that of a jection 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, v, 0, 0, NK, OJC0NT

The structure of a typical section with LTT = 2 (tabulated distributions at

a series of u's), NK = 1 (one partial probability distribution) and LF = 1 (an

arbitrary tabulated distributions) is

[MAT, 6, MT/ZA, AWR, 0, LTT, 0, 0]HEAD LTT * 2

[MAT, 6, MT/0.0, 0.0, 0, LCT, NR, NA/u. JTA&2

m t
[MAT, 6, MT/0.0, i^ , 0, 0, NK, O]C0NT NK = 1

[MAT, 6, MT/T, 0 .0 , LT, LF, NR, NP/E i n t /p(E, IJ^lTABl LF - 1

[MAT, 6, MT/0.0, 0 .0 , 0, 0, NR, NE/E. JTAB2
int

[MAT, 6, MT/T, E. ,LT, 0, NR, NF/E! VpfE, •* E \ u.)]TABl
1 int l x

[MAT, 6, MT/T, E. ,LT, 0, NR, NF/E! ./p(E_ -* E f, U.)JTAB1
2 int 2 1
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[MAT, 6 , MT/T, E ^ , , LT, 0 , NR, N F / E j n ( / p ( E ^ •* E ' , Uj

[MAT, 6 , MT/0.0, U , 0 , 0 , NK, OJC0NT NK * 1

[MAT, 6 , MT/T, 0 . 0 , LT, LF, NR, N P / E . n t . / p ( E , U2>]TAB1 LF * 1

[MAT, 6 , MT/0.0 , 0 . 0 , 0 , 0 , NR, NE/E. JTAB2

m t
[MAT, 6, MT/T, E. , LT, 0, NR, NF/Ef Vp(E, •*• E1 , U.)]TAB11 int 1 2

[MAT, 6 , M T / T , E . L T , 0 , NR, N F / E ! V p < E M _ •> E 1 , V O J T A B I
NE mt NE Z

< S u b s e c t i o n f o r p ( E •* E ' , U - ) >

<Subsection for p(E -*• E', wNft)>

[MAT, 6, MT/0.0, 0.0, 0, 0, 0, 0]SEND

Again T and LT refer to possible temperature dependence.

6.3. Procedures

All interpolation schemes used in this section should be linear-linear to

ensure that the probability distributions will have the proper normalization

everywhere. It is strongly recommended that an arbitrary tabulated distribution

lav (LF = 1) be used for secondary energy distribution for 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 by the thermal neutron scattering

law, S(a,B,T), and is defined (for a moderating molecule) by

NS

s(E - E'.u.T) - > - j - ~ W f - e w'~ S (a,e,T) ,

n*0

where there are (NS + 1) types of atoms in the molecule (i.e., for H O , NS * 1)

and

M is the number of atoms of the n type in the molecule,
n

T_ is the moderator temperature (°K),

E_ is the incident neutron energy (eV),

E' is the secondary neutron energy (eV),

_6 is the energy transfer, 6 = (E' - E)/kT,

a is the momentum transfer, o = (E* + E - 2 U V E E ' ) / A kT,
~ o

A is the mass of the n type atom, A is the mass of the principal

scattering atom in the molecule,

a, is the bound atom scattering cross section of the n type atom,

bn fn I A /

cf is the free atom scattering cross section of the n type atom,

k_ is Boltzmann's contant, and

V 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 scattering

law for the principal scatterer, S (ct,f$,T) , i.e., the 0 atom in the molecule.

These data are given as an arbitrary tabulated function. The scattering properties

for the other atom types (n = 1, 2, ..., NS) are represented by analytic functions.

Note that the scattering properties of all atoms in the molecule may be

represented by analytic functions. In this case there is no principal scatter-

ing atom.

The constants required for -he scattering law data and the analytic

representations for the nonprincipal scattering atoms are given in an array,

B(N), N = 1, 2..., NI, where MI = 6*(NS + 1). Six constants are required

for each atom type (one BCD card-image record). The first six elements pertain

to the principal scattering atom, n = 0. The elements of the array B(N) are

defined as

B(l) = M o_ , the total free atom cross section for the principal
o to

scattering atom. 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 atom type in this

material.

B(2) = E, 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 Piles 2 and 4 of the appropriate

materials).

B(3) = A , the ratio of the mass of the atom to that of the neutron that
o

was used to compute a (a = (E1 + E -2uvEE')/A kT).
o

B(4) = E , the upper energy limit for the constant o._ (upper energy
max ru

limit in which S (a,8,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 atom,

(n = 1); i.e., for H O , this atom would be oxygen if the principal atom was

hydrogen.

B(7) = a , a test indicating the type of analytic function used for this

atom type.

a. =1.0, use a free gas scattering law.

a = 2.0, use a diffusive motion scattering law.

B(8) • M c-., the total free atom cross section for this atom type.

B(9) = A , effective mass for this atom type.

B(10)= 0.0, B(10) is not used.

B(ll)= 0.0, B(ll) is not used.

B(12)= 0.0, B(12) is not used.

The next six constants, B(13) through B(18), 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(13) is the same type of constant as B(7).

The scattering law is given by tabulating S(ot,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 for

details). The data are presented at given values of 6. The B's are ordered by

increasing values. For each value of 6, pairs of S(a,8) are given. (The data are

given in this form only for the first temperatures see Appendix F for the formats

for temperature dependent data.) Three interpolation schemes are given tc

interpolate between values of B»ot, and T.
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In certain cases a more accurate temperature interpolation may be obtained

by replacing the value of the actual temperature, T, that is used in the defi-

nition of a and 6 with a constant, T (T • 0.0253 eV or the equivalent depending

on the units of Boltzmann's constant). A flag (LAT) is given for each material

co indicate which temperature has been used in generating the S(a,6) data.

7.2. Formats

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 temperature has been used to compute a

and S.

LAT » 0, the actual temperature was used.

LAT » 1, the constant T » 0.0253 eV has been used.
o

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 a»ole-

cule (NS <_ 3).

N£ is the total number of items in the B(N) list. NL * 6*(US + 1).

B(N) is the list of constants. Definitions are given above (Section 7.1).

NR is the number of interpolation ranges for a particular parameter,

either S or a.

NjB is the total number of 8 values given.

NP is the number of a values given for each value of 6 for the first

temperature described, NP is the number of pairs, a and S(a,6), given.

0. and a. are the interpolation schemes used (see Appendix E for

interpolation formats).
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The structure of a section is

IMAT, 7, MT/ZA, AWB, 0, LAT, 0, OJHEAD

[MAT, 7, MT/0.0, 0.0, 0, 0, MI, NS/B(l), B(2), ...B(NI)JLIST

[MAT, 7, MT/0.0, 0 . 0 , 0, 0 , NR, NB/B. JTAB2
i n t

[MAT, 7, MT/T, S, , LT, 0 , NR. NP/a. /S (a, B.) ]TAB1
1 int l

[MAT, 7, MT/T, Bo, LT, 0, NR, NP/a. VSfa.B.)]TAB1
2 m t 2

[MAT, 7, MT/T, 8M_, LT, 0 , NR, NP/a. /S(a,6M O)JTAB1
No int No

[MAT, 7, 0 / 0 . 0 , 0 . 0 , 0, 0, 0, OJSEND

T and LT refer to possible temperature dependence. If the scattering law data

are completely specified by analytic functions fno principal scattering atom

type, as indicated by B(l) = 0], tabulated values of S (a,S) are omitted 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

cress 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, SQ(a,6). The scattering law data should cover the energy range in which

thermal inelastic effects are important. The recommended energy range is

10 eV to 3.0 eV; however, it may not be possible to obtain scattering law

data for every moderating material for this energy range. The 8 mesh for

S(:>(B) should be selected in such a manner as to accurately represent the

scattering properties of the material with a minimum of 6 points. The a

mesh at which S(ct,6) is given should be the same for each value of 6 and for

each temperature.

Note that the differential scattering cross 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 atom of any

component can be obtained by replacing N a. by a. .
n t>n bn
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11. PHOTON PRODUCTION

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

16 Photon energy-angle distributions

With the exception of File 12, all the files are closely analogous to

the corresponding neutron data files with the same number (modulo 10}. The

purpose of File li! is to provide additional methods for representing the en-

ergy dependence of photon production cross sections. The allowed reaction

type (MT) numbers are the same as those assigned for neutron reactions. Files

1 through 7. However, they may have somewhat different meanings for photon

production that require additional explanation in some cases:

(1) MT = 3 should be used in Files 12 through 16 to represent composite

cross sections, that is, phor.or. production cross sections from more

than one reaction type that have been lumped together.

(2) 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 others.

(3) Let us consider how one might represent the inelastic Y~*ay produc-

tion data. The differential cross section for producing a y-tay

of energy E resulting from the excitation of the m level of the
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residual nucleus and the subsequent transition between two definite

levels (j •*• i), including the effects of cascading from the m - j

levels higher than j. is

-1
V3 Vl

do , t j ^T""^

where

a (E) = neutron cross sections for exciting the m level with neu-
o

tron energy E,

6(E - e. + e.) = delta function with e., e. being energy levels of the resid-

ual nucleus,

TP . = probability of the residual nucleus having a transition to

the I level given that it was initially in the excited

state corresponding to the k level, and

\
0 = probability of emission of a y ray of energy E = e - e. as

a result of the residual nucleus having a transition from the

k to the H level.

We are at once beset 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 m level and the j level. To avoid this problem, we can

sum Eq. (1) over m :
N

do ^ ^ .
-r— (E ,E,i,j) = } -r=r (E ,E,m ,i,j) , (2)
dE

Y Y £ <* dEv Y °

where N is the highest level that can be excited by a neutron of incident energy

AWR
E {i.e., eM <_ llM-- -+' t 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 j level. Alternatively, we can sum Eq. (1) over i and j:

m j-1

j=l i=0

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 cross section is identified with the m level. If Eq. (2) is

summed over i and j, or if Eq. (3) is summed over m , then

N N j-1

• ^ da > ' ̂  ^~^ do'

I T <V E> = 2 ^ « ; (EY'E'mo) s 2 ^ 2-r ̂  (VBfl'3) * (4)

m =1 j=l i=0
o

This gives a cross section for all possible excitations and transitions and

thus corresponds to the total inelastic neutron cross section for discrete

levels.

It is recommended that MT = 4 be used for the data represented by

Eq. (4), as well as for the continuum. If, however, it is expedient

or useful to use MT = 51 through 91, then one must use either the

de-excitation cross sections of Eq. (2) or the excitation cross

sections of Eq. (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 proba-

bilities. Then, for MT = 51 through 90 in File 12 to, be used for

the remaining neutron energy range, a representation by excitation

multiplicities must be used.
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The integrated cross sections of File 13 are obtained by integrating

Egs. (1) through (4) over E .

(4) The remarks in Item (3) apply for discrete rays from (n,pv)» (n,dY)r

(n,ty), (n, Hey), and (n,ay) reactions, and the use of MT = 103,

104, 105, 106, and 107 is recommended for these ^ases.
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12. FILE 12: MULTIPLICITIES AMD TRANSITION PROBABILITY ARRAYS

File 12 can be used to represent the neutron energy dependence of photon

production cross sections by means of either multiplicities or transition proba-

bility arrays. Both methods rely upon processing codes th«t 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 File 12 designate the particular neutron cross sections (File 2

and/or File 3) to which the multiplicities are referred. The use of multi-

plicites 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 (L0 = 1) or as transition probability

arrays (L0 = 2). Each section always starts with a HEAD record and ends with

a SEND record.
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12.1.1. Option 1 (L0 = 1): Multiplicities

The neutron energy dependence of photon production cross sections is

represented by tabulating a set of neutron energy and multiplicity pairs

[E,y (E)] for each discrete photon and for the photon energy continuum.*

The subscript k designates a particular discrete photon or a photon continuum,

and the total number of such sets is represented by NK.

The multiplicity or yield Yk(E) is defined by

°k(E)

yk(E) = ~ p (photons) ,

where E designates neutron energy and o(E) is the neutron cross section in File

2 and/or File 3 to which the multiplicity is referred (by the MT number). For

discrete photons/ a7(E) is the photon production crosd section for the discrete
K

v
photon designated by k. For photon continua, a/(E) is the cross section for the

photon continuum integrated over photon energy. In the continuum case.

E)dEy

a(E)

jam yk(E,y * E) dEy t= ~ a(E) J
Emax

•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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where E designates photon energy (eV), TJ7~(E. * E) is the absolute photon

energy distribution in barns/eV, and y (E ••- E) is the relative energy distri*
X Y

bution in photons/eV. The quantity y (E «- E) can be broken down further as
k Y

yR(E^ - E) = yk(E) fk(Ey * E) ,

which results in the requirement that

Any tine a continuum representation is used for a given MT number in either

File 12 or 13, then the normalized energy distribution f (E *• E) must be given

in File 15 under the same MT number.

As a check quantity, the total yield

NK

Y(E) = y y (E) (photons)

k=l

is also tabulated for each MT nuni>er if NK > 1.

The structure of a section for 10 = 1 is

(MAT, 12, MT/ZA, AWR; L0=1, b; NK, b]HEAD

[MAT, 12, MT/ b, b; b, b; NR, NP/E. J\(E)]TAB1*
int

<subsection for k = 1>

<subsection for k = 2>

*If the total number of discrete photons and photon continua is one (NK = 1),

this TAB1 record is omitted.
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<subsection for k * NK>

[MAT, 12, 0/ b, b; b, b; b, b]SEND ,

and the structure of each subsection is

[MAT, 12, MT/EG. , ES.; LP, LF; NR, NP/E. /y (E)]TAB1 ,K K inc K

where

ES the energy of the level from which the photon originates. If the

level is unknown or if a continuous photon spectrum is produced,

then ES = 0.0 should be used.

EG the photon energy for LP • 0 or 1 or Binding Energy for LP = 2.

For a continuous photon energy distribution, EG. = 0.0 should be used.

LP 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 EG ;

LP = 1, for nonprimary photons where the photon energy is again

simply EG ; and

LP = 2, for primary photons where the photon energy EG' is given by

E Gk EGk + AWR+1 En"

LF 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.

12.1.2. Option 2 (L0 = 2)t Transition Probability Arrays

With this option, the only data required are the level energies, de-

excitation transition probabilities, and (where necessary) conditional photon

emission probabilities. Given this information, the photon energies and their

multiplicities can readily be calculated. Photon production cross sections can
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then be computed for any given level from the excitation cross section 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 photons originating at that level only; any further cas-

cading is determined from the data for the lower levels.

Now define the following variables.

LG = 1, simple case (all transitions are -y emission).

= 2, complex case (internal conversion or other competing processes

occur).

NS number of levels below the present one, including the ground state.

(The present level is also uniquely defined by the MT number and by

its energy level.)

NT number of transitions for which data are given in a list to follow

(i.e., number of nonzero transition probabilities), NT <_ NS.

ES. energy of the ith level, i = 0,1,2.., NS. (ES = 0.0, the ground

state.)

TP. TP ,„ . , the probability of a direct transition from level NS to
â  NS, l

level i, i = 0,1,2... (NS-1).

GP. GP..,, ., the probability that, given a transition from level NS
i NS, i

to level i, the transition is a photon transition (i.e., the condi-

tional probability of photon emission).

A. (TP.) (GP.).

Note that each level can be identified by its NS number. Then the energy of a

photon from a transition to level i is given by E = ES - ES., and its multi-
Y NS i

plicity is given by y(E + E) = (TP.) (GP.). It is implicitly assumed that the

transition probability array is independent of incident neutron energy.
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The structure of a section for L0 * 2 is

[MAT, 12, MT/ ZA, AWR; L0-2, LG; NS, b]HBAO.

[MAT, 12, MT/ESM_, b> LP, b; (LG+1)*NT, NT/B.JLIST.
No 1

[MAT, 12 0/ b, b; b, b; b, bJSEND.

If LG = 1, the array B. consists of NT doublets (ES.,TP.); if LG - 2, it con-

sists of NT triplets (ES.,TP.,GP.). 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 ES..

12.2. File 12 Procedures

1. Under Option 1, the subsections are given in decreasing magnitude

of EGk.

2. Under Option 1, the convention is that the subsection for the con-

tinuum photons, if present, is last. In this case, the last value of EG (EG )

is set equal to 0.0, and logical consistency with Procedure 1 is maintained.

3. Under Option 1, the values of EG should be consistent to within four

significant figures with the c rresponding EG values for the File 14 photon

angular distributions. This allows processing and "physics" checking codes to

match photon yields with the corresponding angular distributions.

4. Under Option 1, ES. is the energy of the level from which the photon

originates. If ES. is unknown or not meaningful (as for the continuous photon

spectrum), the value 0.0 should be entered.

5. If capture and fission resonance parameters are given in File 2,

photon production for these reactions should be given by using Option 1 of
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rile 12, instead of using photon 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 y (E). Within that

range,

NX

V(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 Files 12 and 13.

9. If only one energy distribution is given under Option 1 (NK » 1), the

TAB! record for the Y(E) table is deleted to avoid repetitive entries.

10. Data should not be given in File 12 for reaction types that do not

appear in Files 2 and/or 3.

11. Under Option 2, the level energies, ES., 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

omitted.
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13. The energies of photons arising from level transitions should be

consistent within four significant figures with the corresponding EG values

in File 14. Therefore, care must be taken to specify level energies to the

appropriate number of significant figures.

14. Under Option 2, the sum of the transition probabilities (TP.) 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 y (E) is 1000. This is an upper limit that will rarely be approached

in practice because yields are normally smoothly varying functions of incident

neutron energy.

16. The limit on the number of interpolation regions is 10.

17. Tabulations of nonthreshold data should normally cover at least the

energy range 10 eV _< E <_ 2 x 10 eV, where practical. Threshold data should

be given from threshold energy up to 2 x 10 eV, where practical.

18. Transition Probability Arrays for (n,n*>) photons.

a. The use of transition probability arrays (File 12, L0 = 2)

is a convenient way to represent a portion of the rays produced

by de-excitation of discrete levels populated by (n,n*) rind other

reactions.

b. Several conditions must be met before this representation can

be used. Level excitation cross sections (given in File 3 «s MT ~

SI,...) must be given from threshold energies up to the sat*? maxinum

energy (no exceptions). Decay properties of all n levels must be

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 MeV.
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13. FILE 13t 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 vhere is no need to refer to the neutron files.

13.1. File 13 Format

As in File 12, each 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,o^(E)J

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, o'{E) is the photon produc-

tion cross section (b) for the photon designated by k. For the photon con-

y
tinuuxn, 0/(E) is the integrated (over photon energy) cross section for the

photon continuum* designated by k. In the continuum case,

Emax

OY(E) = I — — (E *• E) dE (b) ,
k I dE Y Y

•'o y

where E designates photon energy (eV), and "J7T~(E *" E) is the absolute photon

energy distribution in b/eV. The energy distribution can be further broken

down as

-jr--(E <- E) - oJ(E) f (E * E) ,
y y K Y

•There should be no more than one energy continuum for each MT number used. If
the decomposition of a continuum into several parts is Je*ired. this can be ac-
complished in File 15.
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which obviously requires that

f, {E * E) dE « 1 .
k Y Y

Y

0

Any time a continuum representation is used for a given MT number in File 13,

the normalized energy distribution, f (E •*• E), must be given in File 15 under
K y

the same MT number.

As a check quantity, the total photon production cross section,

NK
Y ^^^ Va' (E) - > a; (E) (barns) ,TOT JaaJ k

k-1

is also tabulated for each MT number, unless only one subsection is present

(i.e., NK « 1).

The structure of a section in File 13 is

[MAT, 13, MT/ZA, AWRj b, b; NK, b]HEAD

[MAT, 13, MT/ b, b? b, b; NR, NP/E.._4./<j
Y
wl)(E) JTABl*

<subsection for k = 1>

<subsection for k = 2>

<subsection for k • NK>

fMAT, 13, 0/ b, b; b, bf b, blSEND

*If the total number of discrete photons and photon continua is one (NK * 1),
this TAB1 record is omitted.
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and the structure of each subsection is

[MAT, 13, MT/EG , ES » LP, LF? NR, NP/E,_ya3(E) JTAB1 ,

where

ES. the energy of the level from which the photon originates. If the

level is unknown or if a continuous photon spectrum is produced.

ES. =0.0 should be used.

EG the photon energy for LP = 0 or 1 or Binding Energy for LP = 2.

For a continuous photon energy distribution, EG =0.0 should be

used.

LP 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 EG.;

LP = 1, for nonprimary photons where the photon energy is again

simply EG ; and
K

LP = 2, for primary photons, where the photon energy is given by

p r + ftWR
E Gk + AWR + 1 V

LF the photon energy distribution law number, which presently has

only two values defined:

LF = 1, a normalized tabulated function (in File 15), and

LF = 2, a discrete photon energy.

13.2. File 13 Procedures

1. The subsections are given in decreasing magnitude of E G .

2. The convention is that the subsection for the continuum photons, if present,

is last. In this caser EG = 0.0.
NK

3. The values of EG. should be consistent to within four significant figures

with the corresponding EG. values in File 14.
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4. ES. is the energy of the level from which the photon originates, if known.

Otherwise ES, = 0.0.

5. If capture and fission resonance parameters are given in File 2, the cor-

responding photon production should be given by using Option 1 of File 12,

instead of using photon production cross sections.

6. The total photon production cross section table, arpOT(
E'» should exactly

span the same energy range as the combined energy range of all the a?(E).

Within that range,

NK

°k(E)

should hold within four significant figures. If only one energy distri-

bution is given, either discrete or continuous (NK = 1), the TAB1 record

for the aIOT(E) is deleted.

7. The join of all sections in Files 12 and 13 combined should represent the

photon production data with no redundancy. For example, MT = 4 cannot in-

clude any photons given elsewhere under MT = 51 through 91.

8. The limit on the number of energy points in a tabulation for any photon

production subsection is 1000. This is an upper limit; in practice, the

minimum number of points possible should be used. If there is extensive

structure, the use of File 12 should be seriously considered, because

yields are normally much smoother functions of incident neutron energy

than cross sections.

9. The limit on the number of interpolation regions is 10.

10. Tabulations of nonthreshold data should normally cover at least the energy

range 10 eV <_ E <_ 2 x 10 eV, where practical. Threshold dai.a should be

given from threshold energy up to 2 x 10 eV, where practical.

L



-13.5-

13.3. File 13 Preferred Representations

1. The recommended representation for (n,n'Y) reactions is photon pro-

duction cross sections (File 13) using MT « 4. All discrete and continuum

y 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 • 4 eliminates confusion about whether the data repre-

sent an excitation or de-excitation cross section.

4. If for any reason MT « 51, 52 ... is used, it is understood 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. Above 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 outlined above should be used.



- 14.1 -

14. FILE 14t PHOTON ANGULAR DISTRIBUTIONS

The purpose of Vile 14 is to provide a means for representing 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 ranoe covered should be the same as that

for the data given under the corresponding reaction 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,

c p (UfE)du = 1 ,

where p (v>iE) is the probability that an incident neutron of energy E will re-

suit in a particular discrete photon or photon energy continuum (specified by k

and MT number) being emitted into unit cosine about an ang.le whose cosine is v.

Because the photon angular distribution is assumed to have azimuthal symmetry,

the distribution may be represented as a Legendre series expansion,

NL

5
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where

y = cosine of the reaction angle in the lab system.

E = energy of the incident neutron in the laboratory system, and

a'(E) = photon production cross section for the discrete photon or photon con-

tinuum specified by kf as given in either File 13 or in Files 2, 3,

and 12 combined.

£ » order of the Legendre polynomial.

-—-• » differential photon production cross section in barns/steradian.
CldG

a.(E) * the i. Legendre coefficient associated with the discrete photon or

photon continuum specified by k. (It is understood that a (E) = 1.0.)

• / ,

Pk(y,E)

Angular distributions may be given in File 14 by tabulating as a function

of incident neutron energy either the normalized probability distribution func-

tion, p (y,E), or the Legendre polynomial expansion coefficients, a.(E). Pro-

vision is made in the format for simple flags to denote isotropic angular dis-

tributions, either for a block of individual photons within a reaction type or

for all photons within a reaction type taken as a group.

Note that File 14 assumes separability of the photon energy and angular

distributions for the continuum spectrum. 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 distribution 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 (K) = 1.0 is
o

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 some photons.

= 1, distribution is isotropic for all photons from this reaction type.

NS number of neutron energy points given in a TAB2 record.

NI numoer of isotropic photon angular distributions given in a sec-

tion (MT number) for which LI = 0, i.e., a section with at least

one anisotropic distribution.

NL. highest value of SL required at each neutron energy E..

a. LI = 1: 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 card, as

follows:

[MAT, 14, MT/ZA, AWR; LI=1, b; NK, b]HEAD

[MAT, 14, 0/ b, b; b, bf b, b]SEND .

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, AWRj LI=0, LTT; NK, NIJHEAD .
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i. LTT * 1: Legendre Coefficient Representation

[MAT, 14, MT/2A, AWRj LI«0, LTT=lj NK, NI]HEAD

<subsection for k = 1>

<subsection for k = 2>

<subsection for k = NK>

[MAT, 14, 0/ b, b; b, b; b, b]SEND .

The structure of each record in the first block of NI subsections, which

is for the NI isotropic photons, is

[MAT, 14, MT/EG , ESk; b, b; b, b]C0NT .

There is just one C0NT record for each isotropic photon. (The set of C0NT

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 EG = 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 EG . The continuum,

if present and anisotropic, appears last, with EG = 0.0. The structure for

the last NK-NI subsections is

[MAT, 1 4 , MT/EG , ESk>- b , b ; NR, NE/E.nt;]TAB2

[MAT, 1 4 , MT/ b , E^, b, b; NI^, b / a * ( E ^ ] LIST

[MAT, 1 4 , MT/ b , E 2 ; b , b ; NL2 , b /a^(E 2 >]LIST

[MAT, 1 4 , MT/ b , Ej^,; b , b; NL N E ,b /a^ ( E ^ ) ] LIST .
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k k

Note that lists of the a (E) start at I = 1 because a (E) s 1.0 is always

understood.

ii. LTT = 2: Tabulated Angular Distributions

The structure of a section for LI = U and LTT = 2 is

[MAT, 14, MT/EA, AWR; LI=0, LTT=2; NKf NI)HEAD

<subsection for k = 1>

<subsection for k = 2>

<subsection for k = NK>

[MAT, 14, 0/ b, b; b, b; b, b]SEND .

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 C0NT record for each of the NI isotropic photons in decreasing

magnitude of EG. . The continuum, if present and isotropic, appears last,

with EG = 0.0.

The structure of the first NI subsections is

[MAT, 14, MT/EG , ES ; b, b; b, b]C0NT .
K -K.

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

EG. / with the continuum, if presert and anisotropic, appearing last, with

EG = 0.0. The structure of the last NK-NI subsections is

[MAT, 14, MT/EG , ES ; b, b; NB, NE/E. JTAB2

[MAT, 14, MT/ b, Ex» b, b; NR, NP/Mint/pk(UiE1)]TAB1

[MAT, 14, MT/ b, E ; b, bf NR, WP/u. /p {u,Eo)]TAB1
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fMAT, 14 , MT/ b , EN E; b , bj NR, N p / V |
l n t / P k < » l ' E

N E
) J T A B 1 •

14.2. File 14 Procedures

1. The subsections are given in decreasing magnitude of EG within each

of the isotropic and anisotropic blocks.

2. The convention is that the subsection for the continuous photon spec-

trum, if present, appears last in its block. In this case, EG = 0.0.
Ntv

3. The values of EG. should be consistent within four significant figures

with the corresponding EG values in File 12 or 13. File 12, Option 2 (transi-

tion probability arrays), the values of EG are implicitly determined by the

level energies.

4. ES is the energy of the level from which the photon originates, if

known. Otherwise, ES H o.O (as is always the case for the continuum).

5. Data should not appear in File 14 for photons that do not have pro-

duction data given in File 12 or 13. Conversely, for every photon appearing in

File 2.2 or 13 an angular distribution must be given in File 14. The neutron

energy range for which the angular distributions are given should be the same

as that for which the photon production data are given in File 12 or 13.

6. For LTT = 1 (Legendre coefficients), the value of NL should be the

minimum number of coefficients that will reproduce the angular distribution with

sufficient accuracy and be positive everywhere. In all cases, NL should be an

even number, < 20.
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7. The TAB1 records for the p (u,E.) with*n a subsection are given in

increasing order of neutron energy, E .

8. The tabulated probability functions, p (u,E.), should be normalized

within four significant figures (to unity).

9. The interpolation scheme for p (u,E) with respect to E must be linear-

linear or log-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 ir 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 u and E.

12. If all photons for a reaction type (MT number) are isotropic, ths LI =

1 flag 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 a,(E) = 0, £ >. 1.

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 dictributions

should be specified unless the anisotropy is > 20%.

•Donald J. Dudzi&k and John F. Romero, "VIXEN, A Physical Consistency Checking
Code for Photon Pio'.uction Data in Revised ENDF Format," a Los Alanos Scientific
Laboratory code LA-<7.">9 (ENDF-155).
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15. FILE 15: CONTINUOUS PHOTON ENERGY SPECTRA

File 15 provides a means for representing continuous energy distributions

of secondary photons, expressed as normalized probability distributions. The

energy distribution of each photon continuum occurring in Files 12 and 13 should

be specified in File 15 over the same neutron energy ranga 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(E * E ) , are in units of eV and are norma-

lized so that

I ' f(Ey - E) dEv = 1 ,
Jo

where E m a x 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 (E •*• E) can be broken down into the weighted sum of sev-

eral different normalized distributions in the following manner:

NC

E) =^P Pj{E) qj(E^ * E)

where

NC s the number of partial distributions used to represent f(E •*• E ) ,

q.(E *• E) H the j normalized partial distribution in the units eV , and

p.(E) ~ the probability or weight given to the j partial distribution,

q j (Ey <- E).

*Note that the subscript k used in describing Files 12 and 13 has been dropped
from f(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 MR*11 subsection in File 12 or 13 that contains the production data for the
continuum.
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The following normalization condition is imposed.

/ q j (Ey + E)

Jo

Thus,

NC

p.(E) « 1 ,

Y

The absolute energy distribution cross section, a (E •<- E ) , can be constructed

from the expression

0 Y (E +• E) = ay (E) f (E <- E) (b/eV),

where oY(E) is the integrated cross section for the continuum given either di-

rectly in File 13 or through the combination of Files 2, 3» and 12.

The system used to represent continuous photon energy distributions in File

15 is similar to that used in File 5. At present, however, there is only one

continuous distribution law activated for File 15, i.e.,

q (E •*- E) = g (E •<- E ) ,

where g(E -*- E) represents an arbitrary tabulated function. In the future, new

laws (for example, the fission gamma-ray spectrum) may be added.

15.1. File 15 Format

The structure of a section is

[MAT, 15, MT/ZA, AWR; b, bj NC, b]HEAD

<subsection for j • 1>

<subsection for j « 2>
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<subsection for j = NC"»

[MAT, 15, 0/ b, b; b, b; b, b]SEND .

For LF «• 1, the structure of a subsection is

tMAT, 15, MT/b, b; b, LF=1; NR, NP/Eint/p.. (E) ] TAB1

(MAT, 15, MT/b, b; b, b; NR, NE/E. JTAB2

tMAT, 15, MT/b, Exf b, b; NR, NP/E^ int/<3&y "*" E ^

JMAT, 15, MT/b, E ; b, b; NR, NP/E^, . h/g(E «- E )]TAB1
£, y 111 C J *

fMAT, 15, MT/b, E ^ ; b, b? NR, NP/E^

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 probably closely parallel those in File 5

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 recoimnended for File 5 data (tabulated

distribution).

15.2. File 15 Procedures

1. Photon energies, E , within a subsection are given in order of in-

creasing magnitude.
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2. The TAB1 records for the q(E «- E.) within a subsection are given in

increasing order of neutron energy, E..

3. The tabulated functions, g(E -<- E.), should be normalized to unity

within four significant figures.

4. The interpolation scheme for p.(E) must be either linear-linear or Ing-

linear (INT • 1, 2, or 3) to preserve probabilities upon interpolation. Like-

wise, the interpolation scheme for g(E «- E) must be linear-linear or log-linear

with respect to E.

5. The neutron energy mesh should be a subset of that used for the y^tBi

tabulation in File 12 or for the o?L<E) tabulation in File 13, and the energy

ranges must be identical. However, the neutron energy mesh for p.(E) need not

be the same as that for g(E *• E), as long as they span the same range.

6. For an MT number appearing in both File 12 and File 13, a continuous

photon 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 uniquely

associated with a corresponding multiplicity or production cross section.

7. Use the minimum amount of data that will accurately represent the

energy distribution as a function of both E and E. However, do not use too

course a mesh for E, even if the distributions are slowly varying functions of

E, since the interpolated distribution will always have a nonzero component up

to the maximum energy at which either of the original distributions has a non-

zero component.

8. The limit on the number of neutron energy points for either p.(E) or

g(E •«- E) is 200. The limit on the number of photon energy points for g(E •*• E)

is 1000.
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16. FILE 16t PHOTON ENERGY-ANGLE DISTRIBUTIONS*

If the photon-energy and angular dependences of the cross section for

production of the continuous spectrum ere not separable, then a file analo-

gous to Pile 6 is required instead of Files 14 and 15. The energy-angle distri

butions 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 nonnormalized energy-angle distribution function F(E *• E,y),

where the angular dependence is normalized so that

I
•'-I

«• E)

Then the multiplicity (yield) can be separated out, leaving a function,

h(E -- E, u), normalized in both E and u:

^ «- E,u) = y(E) h(EY *- E,u) •

The differential photon production cross section is then obtained from

o(E *• E,v)

9 E '3>j = o(E) y(E) h(E_, -- 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, r\ (E *- 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.
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NL

S 2£ + i
h(E *• E

ft-0

16.1. File 16 Format

Two options are allowed, corresponding to the options in File 14: the

angular distribution can be represented by either Legendre coefficients (LTT » 1)

or by tabulated angular distributions (LTT = 2).

LTT » 1; Legendre Coefficient Representation. In this option, the Legendre

coefficients are tabulated as functions of both incident neutron energy and

photon energy. The structure of a section for LTT = 1 is

[MAT, 16, MT/ZA, AWR> b, LTT-lj b, bjHEAD

[MAT, 16, MT/ b, b; b, b; NL, b]CONT

<subsection for i. * 0>

<subsection for I = 1>

<subsection for I = NL>

[MAT, 16, 0/ b, b; b, b; i, b]SEND .

The subsections contain the energy distributions, and are identical in structure

to a section for a continuous energy distribution (File 15), with the following

exceptions:

a. The SEND record i s de l e ted .

b. The HEAD record i s changed to read

[MAT, 16, MT/b, b; b , bj NC, b]C0NT.

c. g(E +• E) i s replaced by n.(E •*• E) .
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LTT - 2: Tabulated Angular Distribution. In the option, the sub-

sections consist of tabulations for h(E +• E,u ), m « 1,2...NA. The structure
Y m

of a section for LTT = 2 is

[MAT, 16, MT/ZA, AWR; b, LTT=2j b, b]HEAD

[MAT, 16, MT/ b, b; b, bj NR, NA/w. .]TAB2

mt

<subsection for m = 1>

<subsection for m = 2>

<sob&.jction for m • NA>

[MAT, 16, 0/ b, b; b, b; b, b]SEND .

As with the Legendre 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, y ; b, b? NC, b]C0NT .
m

c. g(E •*• E) is replaced by g(E •*- E,^ ), where each subsection is for a

particular value of v , m = 1,2...NA.
in

16.2. File 16 Procedures

The procedures for this file are the same as those for Files 14 and 15,

where applicable.
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22. GENERAL COMMENTS 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

processing codes for photon interaction data (as in CHECKER). For Compton

scattering at higher energies (£1 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 energy and angular 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 INTERACTION 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

515 Pair production, electro;) field

516 Pair production, nuclear and electron field
(i.e., pair plus triplet production)

517 Pair production, nuclear field

518 Photofission (y,f)

532 Phot.oneutron (y,n)

533 Total photonuclear

602 Photoelectric

Photon cross sections, such as the total cross section, coherent elastic

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, E , where E 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.
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the interpolation scheme is unchanged. The interpolation scheme may change from

one to another energy range.

Each section in File 23 contains the data for a particular reaction type

(MT number). The sections are ordered by increasing MT number.

23.1. File 23 Format

The format is almost identical to that of File 3, as follows.

[MAT, 23, MT/ZA, AWR; b, b; b, b]HEAD

[MAT, 23, MT/ b, b; b, b; NR, NP/E /o (E )]TAB1

[MAT, 23, 0/ b, b; b, b; b, b]]SEND .

23.2. File 23 Procedures

1. Values are usually for elements; hence, except for monoisotopic elements,

ZA = 2 x 1000; also, AWR should be for the naturally occurring element.

2. Photoelectric edges will not be multivalued. The edge will be defined

by two energies differing in the fourth or fifth significant figure.

3. The total pair production values are given for reaction type MT = 516.

Reaction type 517 is reserved for the portion of the pair production cross section

due to the nuclear field, i.e., excluding triplet production.

4. Interpolation is normally log-log (INT = 5).

5. Kerma factor (energy deposition coefficients) libraries will normally

be local because there is no universal definition. The application will de-

termine whether annihilation or other radiation fractions are subtracted.
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24. FILE 24J SECONDARY ANGULAR DISTRIBUTIONS

The structure of File 24 is identical to that for File 4, so the pertinent

discussion from Section 4 of this report is reviewed here for convenience.

Secondary angular distributions are expressed as probability density func-

tions, p(ii,E ). These functions can be represented either as a tabulation or

as the Legendre coefficients, fp(E ), in

. .„ , NL
do(E ,y)

£=0

f (E ) = 1.0 .
O y

Here, u = cosO, where 6 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 Format

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. LVT = 0, transformation matrix is not given.
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25. FILE ?5: SECONDARY ENERGY DISTRIBUTIONS

The structure of the analogous File 5 appears to be entirely adequate

(see Section 5). Thus, the format will not be reproduced htue, but will be

adopted by reference to File 5.
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26. FILE 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.



-27.1-

27. FILF 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 cos9, and the other is by Legendre coefficients. Actually, neither of

these is a "natural" method for photons. The natural method would be atomic

form factors or incoherent scattering functions. These are discussed briefly

below.

a. Incoherent Scattering. The cross section for incoherent scattering

is give», by

do. de

dp clu

where da /dp is the Klein-Nishina cross section, which can be written in closed

form. The factor S(q?Z) is the incoherent scattering function. At high (£l

MeV) energies, S approaches Z. In the other limit S(O,Z) • 0. The quantity q

is the momentum of the recoil electron (in inverse angstroms*).

1/2

where

a = E /m c ,

E' = scattered photon energy, and

U = COS© .

*In ENDF, q is given in inverse angstroms as customarily reported in the litera-
ture. The above equations show q in "natural" i^C units. Inverse angstroms,
sin(6/2)/A, can be converted to m C units by the factor 2 x 12398.1/511006
= 0.0048524. °
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The angular distribution can then easily be calculated, given a table of s(q;Z).

Because S is a smoothly varying function of q, it can be represented by a rea-

sonably small array of numbers. The quantities S(q»Z) are tabulated as a func-

tion of q in Pile 27. The user presumably will have subroutines available for

calculating q 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 q's, looking up the appropriate values of S,

and substituting tham in the above formula.

b. Coherent Scattering. The coherent scattering cross section is given

by

^ TtT
2 22(1 + v2) PicrsZ) ,o

where
1/2

q = a[2(1 - u)l ' t the recoil momentum of the atom (in inverse ang-

stroms, see note on previous page), and
2 2r = e /m c , the classical radius of the electron,o o

The quantity F(qjZ) is a form factor. This quantity is also easily tabulated.

At high (£l MeV) energies, P approaches zero. In the other limit F(O,Z) = z.

An alternative way of presenting the photon scattering data, then, would

be to tabulate incoherent scattering functions and font factors. Users could

then provide processing codes to generate the cross sections from 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/5SA, AWR; b, b; b, b]HEAD

[MAT, 27, MT/ b, Zj b, b; NR, NP/q^/H(q;Z) ] TftBl

[MAT, 27, 0/ b, b; b, b; b, b]SEND.

The general symbol H(qjZ) is used for either F(qjZ) or S(q;Z) for coherent and

incoherent scattering, respectively.

27.2. FILE 27 Procedures

1. Values of F(qjZ) should be entered in each case for the entire energy

range for which integrated coherent 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.
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APPENDIX A

Glossary

Section

A the effective scattering radius. 2

A ( T P . M G P . ) the probability of a photon transition. 12
i i i

A the mass of the n type atom, A is the mass of

the principal scattering atom in the molecule. 7

A probability of emission of a Y ray of energy

E - e. - c. as a result of the residual nucleus
Y K K . *̂  . ̂

having a transition from the k to the I level. 11

a (E) i. Legendre coefficient associated with the

discrete photon or photon continuum specified by k. 14

a,b constants used in the Watt spectrum. 5

ABN the abundance (weight fraction) of an isotope in

this material.

ACw AC_, AC f AC.? BC., BC_ the background constants for the

Adler-Adler radiative capture cross section.

AF., AF., AF , AF., BF , BF the background constants for the

Adler-Adler fission cross section.

ALAB Mnemonic of laboratory originating evaluation.

AJ the compound nucleus spin, J (the spin of the

resonance)(floating point).

AH the spin-dependent effective scattering radius

for spin-down, A_.
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Section

AMUf the number of degrees of freedom used in the

fission width distribution. 2

AMUG the number of degrees of freedom used in the

radiation width distribution. 2

AMUN the number of degrees of freedom used in the

neutron width distribution. 2

AMUX the number of degrees of freedom used in the

competitive width distribution. 2

AT., AT., AT r AT., BT., BT the background constants for

the Adler-Adler total cross section. 2

AP the spin-dependent effective scattering radius

A (for spin-up). 2

AUTH author of evaluation. 1

AWR the ratio of the mass of the atom (or molecule)

to that of the neutron. 1

AWRI the ratio of the mass of the particular isotope

to that of the neutron. 2

B(N) the list of constants. 7

BR Fraction of the decay which proceeds by the

corresponding decay mode. 1

AfeR Uncertainty in BR. 1
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Section

BR(N) 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.

the coefficients of a polynomial. There are NC

coefficients given.

**hthe ar.ay of yield data for the i energy point.

This array contains NFP sets of three parameters

in the order ZAFP, FPS, YLD.

CD
m

CP

the coefficients for a polynomial.

the coefficients of a polynomial. There are NC

coefficients given.

DC

the mean level spacing for a particular J-state.

the decay constant (sec ) for the decay of a

particular state of the product nuclide (ZAP).

DDATE original distribution date of the evaluation.

DET

DEP

the Adler-Adler resonance energy for the total

cross section. Here and below, the subscript n

denotes the n"n level.

the resonance energy for the fission cross section.

DEC the resonance energy for the radiative capture

cross section.
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Section

DWT the value of V/2, (v), used for the total cross
n

section.

DWF the value of P/2, (v), used for the fission
n

cross section.

DWC the value of T/2, (v), used for the radiative
n

capture cross section. 2

da
—(n,E) differential scattering cross section in units of
dfi

barns per steradian. 4

k
T T — differential photon production cross section in

barns per steradian. 14

d0coh
— - j - — differential photon coherent scattering. 27

dp

E energy of the incident neutron. 4,7,14

E and AE Energy (eV) or radiation produced (Eo_, E +, E ,
p p Y

etc.). 1

E' the secondary neutron energy (eV). 7

E. the incident neutron energy of the i point (eV). 1

E ., Available Energy. 5

avail '-

E. the interpolation scheme for each energy range.

(Appendix E). 3
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Section

"th

E ,AE
x x

the threshold energy.

Average decay energy (eV) of radiation of type x

and its uncertainty (eV). Ihe B,y and a energies

are given in that order, wich space reserved for

zero 6 or y entries. All non-y and non-a energies

are presently included as 3 energy. The a energy

includes the recoii nucleus energy.

EDATE date of evaluation.

EG, the photon energy or Binding Energy. 13

EL the lower limit for a resonance region energy range.

EH the upper limit for a resonance region energy range.

ER

ES.

ES,

the resonance energy (in the laboratory system)

energy of the i" level.

the energy of the level from which the photon

originates.

12

13

ES(N)

ES(N)

the energy of the Nth incident energy (eV) at which

branching ratios are given.

the energy of the N point used to tabulate energy-

dependent widths.

F and AF Normalization factor (absolute intensity/relative

intensity).
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Section

F(qjZ) The form factor for coherent photon scattering. 27

F(E •*• E,y) An energy-angle distribution function for photon

production (photons/eV). 12-15

f. (E •*• E1) the k partial energy distribution. The definition

depends on the value of LF. 5

f <E •*• E) A normalized (to unity) photon energy distribution

(or probability density) function at incident neutron

energy E for the kth subsection within a reaction

type (eV"1). 12-15

f. I Legendre polynomial coefficient. 4

FPS the state designator (floating-point number) for a

fission product nuclide. 1

GRT related to the symmetrical total cross section
n

parameter.

GIT related to the asymmetrical total cross section
n

parameter.

GRF the symmetrical fission parameter..

GIF the asymmetrical fission parameter.

GRC the symmetrical capture parameter.

GIC the asymmetrical capture parameter.

GG the average radiation width. It is energy dependent

if LRU = 2.
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Section

GF the average fission width. This value may be

energy dependent.

GX the average competitive reaction width.

GNO the average reduced neutron width. It is energy

dependent

GP. . = GP, The conditional probability of photon emission in
3 ii i

a direct transition from level j to level i, i < j. 12

GT the resonance total width T evaluated at the

resonance energy ER.

GN the neutron width r evaluated at the resonance
n

energy ER. 2

GG the radiation width Fy evaluated at the resonance

energy ER. 2

GF the fission width V evaluated at the resonance
energy ER.

g(E •*• E) A particular class of the functions q.(E •*• E) in

File 15; those which are tabulated (ev"1). 15

H(q;Z) A general symbology for a form factor or incoherent

scattering function; either F(q;Z) or S(q;Z),

respectively. 27

H(N) the array containing the Hollerith information that

describes the particular evaluated data set. 1
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Section

h(E -*- E,u) A normalized (to unity) energy-angle distribution

function for photon production (eV ). 16

I and AI Intensity of radiation produced. 1

I the normalizing denominator (see 5.3). 5

I. the interpolation scheme (see Appendix E) to be

used between the E . , and E. energy points. 1

ICC and AICC Internal conversion coefficient. 1

INT the interpolation scheme to be used for inter-

polating between the cross-sections obtained from

average resonance parameters. 2

INT(m) the interpolation scheme identification number

used in the m range. 0

k Boltzmann's contant. 7

i. order of che Legendre polynomial. 1

L the value of the £-state (neutron angular momentum

quantum number). 2

LA the value of I (for the Jtth coefficient). 6

LAT a flag indicating which temperature has been used

to compute ct and B. 7
LCT a flag indicating which reference frame is used for

both secondary angles and energies. 4,6
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Section

LDD a flag to indicate whether induced reaction decay

data are given for this material. 1

LE a test to determine whether energy-dependent

fission product yields are given. 1

LF a flag that specifies the energy distribution law

that is used for a particular subsection (partial

energy distribution). 5,16

LFI a flag that indicates whether this material is

fissionable. 1

LFP a flag that indicates whether fission product

yield data are given for this material. 1

LPS an indicator that specifies the final excited

state of the residual nucleus produced by a

particular reaction. 1,3

IiFW & flag indicating whether average fission widths

are given in the unresolved resonance region for

this isotope. 2

LG The transition probability array flag for dis-

tinguishing between doublet and triplet arrays in

File 12. 12

LI a flag to indicate the kind of Adler-Mler parame-

ters given. The isotropy flag in File 14. 2,14

LIS an indicator that specifies the initial state of

the target nucleus (for materials that represent

nuclides). 1»3
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Section

LND a test that indicates whether polynomial or

tabular representation is used. 1

LHP a test that indicates what representation of v(E)

has been used. 1

UJU a test that indicates what representation of v(E)

has been used. 1.2

L0 The option flag to determine whether multiplicities

or transition probability arrays are to be given in

File 12. 12

LP Indicator of whether or not the particular photon

is a primary. 13

LR a flag to be used in the reactions MT = 51, 52,

53,...., 90, and 91, to define x in (n,n'x). (See

Section 3.24.4.) 3

LRF 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 for

this energy range. 2

LHP a flag that indicates that resolved and/or unresolved

resonance parameters are given in File 2. 1

LRU a flag indicating whether an energy range contains

data for resolved or unresolved resonance parameters. 2.1

LT a flag to specify whether temperature-dependent data

are given. 3
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Section

LT Temperature dependence (see Appendix F). 0

LTT a flag to specify whether Legendre or probability

representation is used. 4,6,14

LVT a flacj to specify whether a transformation matrix

is given for elastic scattering. 4

LI an integer to be used as a flag or a test. 1

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

M the number of atoms of the n type in the molecule. 7

MAT Material number. 0

MF File number. 0

MT Reaction type number. 0

MUF the integer value of the number of degrees of freedom

for fission widths. 2

MF the MF of the n section. 1
n

MT the MT of the n section. 1
n

NA the number of angles (cosines) at which the secondary

distributions are given. 6

NAV Total number of decay modes for which average

energies are given. 1
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Section

MB the total number of 8 values given.

NBT(n) the value of N separating the m and (m+1)

interpolation ranges.

NC the number of partial distributions used to represent

f(E <- E). 15

NC a count of the number of terms used in the polynomial

expansion. 1

NC the number of BCD card images in a given section (the
n th .. , ,

n section). 1

NCD the number of terms in the polynomial expansion. 1

MCP a count of the number of terms used in the polynomial

expansion. 1

NDK total number of decay modes given. 1

NE number of neutron energy points 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 distributions are given. Also the number

of points at which 8(E) is given. 4,5
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Section

NER the number of energy ranges given for this isotope 2

NF the number of secondary energy points in a

tabulation. 5

NFP the number of fission product nuclide states to be

specified at each incident energy point. 1

Nl the total number of items in the B(N) list.

NL = 6* (NS + 1). 1

NI number of isotropic photon angular distributions

given in a section (MT number) for which LI = 0,

i.e., a section with at le&st one anisotropic

distribution. 14

NIS the number of isotopes in this material. 2

NJS the number of sets of resolved resonance parameters

(each having the same J state) for a specified

Jl-state. 2

NK the number of partial energy distributions. There

will be one subsection for each partial distribution. 5,6

NK the number of elements in the transformation matrix

NK = (NM + I ) 2 . 4

NL the highest order Legendre polynomial that is given

at each energy. 4,6

NL, highest value of I required at each neutron energy

Ei- 14
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Section

NIT the count of the number of levels for which

parameters will be given. 2

NLS the number of ^-states considered. A set of

resolved resonance parameters is given for each

d-state. 2

NM the maximum order Legendre polynomial that will.

be required to describe the angular distributions. 4

NNF the number of precursor families considered. 1

NP the number cf points in a tabulation of y(x) that

are contained in the same record. 0.5

NP the total number of energy points used to tabulate

v(E). 1

NP the number of angular points (cosiness) used to

give the tabulated probability distributions for

each energy. A

NP the number of incident energy points at which

P <E) is given. 5

NP the number of a values given for each value of 3

for the first temperature described, NP is the

number of pairs, a and S(oc,$), given. 7

NPR the number of product nuclides and/or product

nuclide states for which data are given for one

state of the original nuclide. 1
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Section

NR the number of different interpolation intervals

in a tabulation of y(x) that are contained in the

same record. 0.5

NRS the number of resolved resonances for a given

a-state. 2.2

NS the integer number of states of the original

nuclide for which reaction product data are given. 1

NS the number of non-principal scattering atom types.

For most moderating materials there will be (MS + 1)

types of atoms in the molecule. 7.2

NS number of levels below the present one, including

the ground state. 12

NSP Total number of spectra. 1

NT number of transitions for which data are given in a

list to follow. 12

NWD the count of the number of elements in the Hollerith

section. 1

NX the count of the number of sets of background con-

stants to be given. 2

NXC an integer count of all the sections to be found in

the dictionary; 1

Nl an integer to be used as a count of items in a list

to follow except for MT 451. 1
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Section

N2 an integer to be used as a count of items in a

second list to follow. 1

P.(E) the probability or weight given to the j t h partial

distribution, q . (E «• E). 15

P. (E ) the fractional part of the particular cross section
th

that can be described by the k partial energy

distribution at the N incident energy point. 5.2

2TT dcr /r.
o (E) dH '
s

Q the reaction Q-value (eV). Q = (rest mass of

initial state - rest mass of final state.) 1

Q Total decay energy (eV) available in the correspond-

ing decay process. (This is not necessarily the

same as the maximum energy of the emitted radiation.) 1.7

'£
AQ Uncertainty in Q value (eV). ' 1

q = a[2(1 - y) ] the recoil momentum of the atom (in inverse

angstroms. 27

q.(S •*• E) the j normalized partial distribution in the units

ev"1. 15

RDATE date and number of last revision REVI- followed by

month-year as in EDATE 1.1

BEF reference to evaluation 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
r = e /m c the classical radius of the electron. 27
o c

S the temperature (°K). NOTE: if the LR flag is

used, S becomes Q for the reaction corresponding

to LR. 3

s(a,6,T) defined (for a moderating molecule) by the relation

n=0

SPI the nuclear spin of the target nucleus, I (positive

number).

STYP Decay type (Use mode of decay variable list) .

T the moderator temperature (°K).

T Half-life of the original nuclide (seconds).

AT Uncertainty in the half-life (should be considered

as one standard deviation).

TP. TP . the probability of a direct transition from level NS
X NS /1

to level i. 12
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Section

TP probability of the residual nucleus having a
th

transition to the I level given that it was

initially in the excited state corresponding to

the kth level. 11

U a constant that defines the upper energy limit for

the secondary neutron so that 0 < E1 < E - U (given

in the Lab system) . 5

V the matrix elements of the transformation matrices. 4

X(n) the nth value of x. 0.1

Y(n) the n value of y. 0.1

YLD the fractional yield for a particular fission

product. 1

ZA the designation of the original nuclide (ZA =

(1000.0*Z) + A) 1

ZA the (Z,A) designation for a material (see Appendix

C). 1

ZAI the (Z,A) designation for an isotope. 2

ZAFP the (Z,A) identifier for a particular fission

product. (ZAFP = (1000.0*Z) + A). 1

ZAP the (Z,A) designation of the product nuclide (ZAP =

(1000.0*Z) + A). 1

ZSYMA a Hollerith representation of the material Z-chemical

symbol. 1
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Section

the momentum transfer, a = (E1 + E - 2y"\/i¥')/A kT. 7

the energy transfer, B = (E* - E)/kT. 7

8. . and a. ,_ the interpolation schemes used (see Appendix E
int int

for interpolation formats).

Ai the decay constant (sec ) for the i precursor.

(E - E. + e. delta function with c., e. being energy levels

of the residual nucleus. 11

v (E) the total average number of delayed neutron

precursors formed per fission event. 1.4

6 a parameter used to describe the secondary energy

distribution. The definition of 9 depends on the

energy distribution law (LF). 5

a(E) the cross section {barns) for a particular reaction

type at incident energy point, E, in (eV). 3

o the bound atom scattering cross section of the n

type atom,

bn fn I

o- the free atom scattering cross section cf the n

type atom. 7

o (E) photon production cross section for the discrete

photon or photon continuum specified by k. 14

o (E) neutron cross sections for exciting the m level
m o
o i ̂

with neutron energy E. 11
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o (E) the scattering cross section, e.g., elastic
s

scattering at energy E as given in File 3 for

the particular reaction type (MT).

o (background) - (AT + AT /E + AT /E 2 + AT /E 3

f BT *E + BT,*E ).
1 4

o , wick's limit cross section in units of barns per

steradian.

cosine of the sca£1fe«rj!d angle in either the

laboratory or the center-oS-mass system.

Section
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APPENDIX B

Definition of Reaction Types

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 partxcles 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 information

201-450 Quantities derived from the basic data

451-699 Miscellaneous quantities

700-799 Excitation cross sections for reactions that emit charged
particles

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 cf all partial

cross sections)

2 Elastic scattering cross section

3 Nonelastic cross section (redundant, equal to the sum of all
partial cross sections except elastic scattering)

4 Total inelastic cross section (redundant, equal to the sum of
MT = 51, 52, 53, .... 90, 91)
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MT Description

5 (to be assigned)

6 (n,2n) cross section for first excited state (describes first
neutron)

7 (n,2n) cross section for second excited state (describes first
neutron)

8 (n,2n) cross section for third excited state (describes first
neutron)

9 (n,2n) cross section for fourth excited state (describes first

neutron)

10-15 (to be assigned)

16 direct (nr2n) cross section [total (n,2n) cross section is sum

of MT = 6, 7, 8, 9 and 16]

17 (n,3n) cross section

18 Total fission cross section (sum of MT = 19, 20, 21, 38)

19 (n,f) cross section (first chance fission)

20 (n,n'f) cryss section (second chance fission)

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

22 (n,n'a) cross section

23 (n,n'3a) cross section

24 (n,2na) cross section

25 (n,3not) cross section

20 (n,2r.) isomeric state cross section

27 Absorption cross section (sum of MT = 18 and 101) (includes

particle reactions)

28 (n,n'p) cross section

29 (n,n'2ct) cross section

30 (n,2n2a) cross section
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MT _______ Description _<i___ _

31 to be used as LR flag only*

32 (n.n'd) cross section

33 (n,n*t) cross section

34 (n,n'3He)

35 (n,n'd2u) cross section

36 (n,n*t2u) 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 from (n,2n)
reaction for third excited state

•The following MT numbers are used only as LR flags in order to indicate the
mode of decay of the residual nucleus:

LR Description

31 Indicates that ir-emission is the mode of decay of the residual jj
nucleus formed in the. primary reaction. f)

I
39 Indicates that internal conversion is the mode of decay of the s

residual nucleus formed in the primary reaction. i

40 Indicates that electron-positron pair formation is the mode of
decay of the residual nucleus formed in the primary reaction.

(The "primary" reaction could be, for example, an (n,n*), (n,p), (n,ot), (n,np),
etc., reaction.)
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MT Description

49 cross section for describing the second neutron from (n,2n)
reaction for fourth excited state
(Note: MT • 46, 47, 48 and 49 should not be included in the

sum for the total (n,2n) cross section}

50 (to be assigned)

51 (n.n1) to the first excited state

52 (n,rs") to the second excited state

90 (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). -4

MT = 101 is > ^ (MT-100+i)

i=2

102 (n,y) radiative capture cross section

103 (n,p) cross section

104 (n,d) cross section

105 (n,t) cross section

106 (n, He) cross section

107 fn,a) cross section

.108 (n,2a) cross section

109 (n,3a) cross section

110 (to be assigned)

111 (n,2p) cross section

112 (n,pa) cross section

113 (n,t2a) cross section

114 (n,d2a) cross section
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MT Description

115-119 (to be assigned)

120 Target destruction * nonelastic less total (n,n'y)

121-150 (to be assigned)

151 General designation for resonance information

152-200 (to be assigned for specific resonance information)

201-250 (to be assigned)

251 v,i the average cosine of the scattering angle (laboratory system)
for elastic scattering

252 £, the average logarithmic energy decrement for elastic scattering

253 y, the average of the square of the logarithmic energy decrement
for elastic scattering, divided by twice the average logarithmic
decrement for elastic scattering

254-300 (to be assigned)

301-450 Energy release rate parameters, E*c, 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

451 Heading or title information (givenonly in Pile 1

452 \>, average total (prompt plus delayed) number of neutrons released

per fission event

453 Radioactive nuclide production

454 Fission product yield data

455 Delayed neutrons from fission

456 Prompt neutrons from fission

457 Radioactive decay data

458-500 (to be assigned)

501 Total photon interaction cross section

502 Photon coherent scattering

503 (to be assigned)

504 Photon incoherent scattering

\
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MT Description

505-534 (to be assigned)

515 Pair production, electron fi<;ld

516 Pair production, nuclear and electron field (i.e., pair plus

triplet production)

517 Pair production, nuclear field

518 Photofission (y,f)

51&-531 (to be assigned)

532 Photoneutron (Y,n)

533 Total photonuclear

534-601 (to be assigned)

602 Photoelectric

603-699 (to be assigned)

700 (n,p } cross section (cross section for leaving the residual

nucleus in the ground state)

701 (n,p ) cross section for 1st excited state

702 (n,p2) " " " 2nd " "

703 (n,p3) " " " 3rd

704 (n,p4) " " " 4th

718 (n,p ) " " " continuum excited state
c

719 (n,p ') cross section for continuum specifically not included in
a total (redundant, used for describing outgoing proton)

720 ^n'dn^ c r o s s section for ground state

721 (n,d ) cross section for 1st excited state

722 <n'd
2
J " " " 2 n d "
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MT Description

738 (n,d ) cross section for continuum excited state
c

739 (n,d ') cross section for continuum specifically not included

inccr total (redundant, used for describing outgoing deuteron)

740 (n,t ) cross section for ground state

741 (n,^) " " " 1st excited state

742 (n,t_) " " " 2nd " "

750 (n,t ) " " " continuum excited state
c

759 (nft ') cross section for continuum specifically not included in

a ?otal (redundant/ used for describing outgoing triton)

760 (n, He ) cross section for ground state

761 (n, He.) cross section for 1st excited state

778 (n/ He ) cross section for continuum
c

779 (n, He ) cross section for continuum specifically not included in

a total (radunclant. used for describing outgoing He)

780 (n,aQ) cross section for ground state

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

798 (n,a ) cross section for continuum
c

799 (n,a ') cross section for cor.tinuum specifically not included
in a (redundant, used to describe outgoing a)

800-999 (to be assigned)
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APPENDIX C

ZA Designation of Materials

A floating point number, ZA, is used to identify materials. If Z is the

charge number and A the mass number, then ZA is computed from

ZA <= (1000.0*Z) + A

For example, ZA for *38U 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 to 0.0. For example, ZA for the element

tungsten is 74000.0.

(2) For all other types of material, Z is set to zero, and the appro-

priate ZA is given in the following table. For example, ZA for H?O is

given as 100.0. The following classifications apply.

ZA (range) Class of Materials

1-99 Hypothetical materials

100-199 Liquid moderators and coolants

200-299 Solid moderators

300-399 Metal alloys, cladding, and
structural materials

400-499 Lumped fission products

Table of Appropriate ZA Designations

ZA Material

1 Pure 1/v absorber, o . (2200 m/sec) • 1.0
abs

2 Pure scatterer. o (E) • 1.0
s

3-99 (to be assigned)
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ZA Material

100

101

102

103

104

105

106

107-199

200

201

202

203

204

205

206-300

301

302

303

304

305-309

310

311-314

315

316-399

400

401

402

Water, H O

Heavy water, D O

Biphenyl, C 1 2H 1 Q

Sodium hydroxide, NaOK

Santowax R, C--H

Dowtherm A

Benzene

(to be assigned)

Beryllium oxide, BeO

Beryllium carbide, Be C

Beryllium fluoride, BeF,

Zirconium hydride, ZrH
X

Polystyrene, (CH)

Polyethylene (CH.)
2 n

(to be assigned)

Zircalloy 1

Zircalloy 2

(to be assigned)

304-type stainless steel

(to be assigned)

Uranium dioxide, UO

(to be assigned)

Uranium carbide, UC

(to be assigned)

233
U fission products (r,

* 3 5 J J ii „

239 „
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ZA Material

423

424

241
403 Pu fission products (rapidly saturating) for thermal reactors

404 2 3 2Th " " " " " " "

4QC IT " " " " " " "

406 Pu " " " " " " "

407-409 (to be assigned)

410 U fission products (slowly saturating) for thermal reactors

I! " " " " n M "

423

232
42.4 Th " " " " " "

416

417-419

233
420 U fission products (nonsaturating) for thermal reactors

2 3 9 Pu

2 4 1 Pu

2 3 2Th

2 3 8 u

240,,
Pu

(to be

2 3 3 u
2 3 5 u

Pu

2 4 1 Pu

2 3 2Th

2 3 8 u
240nPu

(to be

2 33..

t l

M

I I

M

assigned)

fission pi

••

»

I I

i t

I I

I t

assigned)

" "

426

427-429

233
430 U fission products (rapidly saturating for fast reactors

2 39
432 Pu

433 2 4 1Pu

2 32
434 Th
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ZA Materials

23S
435 U fission products (rapidly saturating) for fast reactors

240
436 Pu " " " " " " "

437-439 (to be assigned)

233
440 U fission products (slowly saturating) for fast reactors

441
2 3 5u
2 3 9Pu

2 4 1Pu

232Th

2 3 8u
240_

Pu

(to be

2 3 3u
2 3 5u
239,,

Pu

2 4 1Pu

232Th

2 3 8u
2 4 0Pu

»

11

It

II

II

11

assigned)

fibdion pi

ii

•I

II

II

1*

II

II M

" »

443

444

445

446

447-449

450 " J u fission products (non-saturating) for fast reactors

451

452

453

454

455

456

457-499 (to be assigned)
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APPENDIX D

Resonance Region Formulae*

D.I. THE RESOLVED RESONANCE REGION

D.I.I. Single-Level Breit-Wigner Formula: LRU=1, LRF-1

The formulae appearing in Gregson et a!., which omit the resonance-

resonance interference terms, are adopted. These formulae, written in the

laboratory system for all I-values and without Doppler broadening» are (for

a particular isotope)

1. Elastic Scattering Cross Section

NLS-1

°« n(E) " ^ °! Jn. n Aarf n, n
1=0

where

E

sin2

NR
r cos24.-2r <r + r. )
nr I nr yr fr( E E P + 1/4 rr

•Several processing codes have been developed ro 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. Morton, "MLBW - A Multilevel Breit-Wigner
Computer Programme", UKAEA Report AEEW-M-517, March 1965.
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2. Radiative Capture Cross Section

NLS-1

a (E) » N ^ o * (E) ,
n y L ny '

1*0

where

a ( E )

nor k2 4-r J Z-r (B.B-,2 + f

J r=l r r

3. Fission Cross Section

NLS-1

°n.f{B) ' S V ( E )

where

NRJ

°nV E ) = Hf > • ̂

where

2J+1
9J * 2(21+1)

I is the spin of the target nucleus and J is the spin of the compound

nucleus for the resonance state.

I ° SPI, as given in File 2 data for each isotope.
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The summation on 2 extends over all H-states described. There will be

NLS terms in the summation.

NLS is given in File 2 for each isotope.

The summation on J extends over all possible J-states for a particular

H-state. NR is the number of resorances for a given pair of i. and J values.
J

MRS = > NR

NSf is given in File 2 for each H-value.

r (|E |) " GN is the neutron width, for the r resonance for a

particular value of I, evaluated at the resonance energy E . For bound levels,

the absolute value |E | is used.

r = V E )

nr —

r (E) + r + r is the total width.

The following quantities are given in File 2 for each resonance:

E = ER, the resonance energy ;

J = AJ, the spin of the resonance state ;

r (|E 1) = GN, the neutron width

T = GG, the radiation width

Tf = GF, the fission width
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S.(|B I) - S (E)
V • Er + aP.(|B_|)

where k is the neutron wave number and AWRI is the ratio of the mass of the

particular isotope to that of the neutron.

AWRI is given in File 2 data for each isotope.

E is the incident neutron energy (Laboratory system);

S is the shift factor,

S Q = 0

s 2 9 + 3P
2
 + P

4

P is the penetration factor,
Jb

777
p 2 9 • 3p2 + p4

where p = ka and "a" is the channel radius (in units of 10 cm) and is

defined as

a * II.23(AWRI)1/3 +0.8] x 10"1 ;
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is the phase shift,

= p - tan" p

K = p - tan"1 -2£- '
2 3-p2

where p = ka and a is the effective scattering radius.

a = AP, as given in File 2 data.

D.I.2. Multilevel Brr-' t-Wigner Foraula; LRU=1, LRP=2

The equations are exactly the same as above, except that a level-

level interference term is included in the equation for elastic scattering:

^S
NR, r-1
J

D.I.3. Reich-Moore Formulae

A detailed derivation of these formulae is to be found in Reich and

Moore. Neutron cross sections with an exit channel c are given by*

°nc " '*n
J

where * is calculated in the center-of-mass system; and

•These formulae are to be used for the 0°K case (no Ooppler broadening terms
given) .

(2) C.W. Reich and M.S. Moore, Phys. Rev. Ill, 929 (1956).
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~ = Jc = 2.196771 k^H 0 * 10 /E(eV) , (2)
n n

where AWRI is the mass of the target nucleus in units of neutron mass. The

statistical factor

g j

where J is the spin of the compound nucleus resonance and I is the target

nucleus spin.

In terms of the Reich-Moore approximation one m?./ write

-nc - "- - r C ( I - K ) ] n c " 6 n c ' (4)

r 1/2Xc K ' {5)
where (I-K) , - « , - i

where the summation in Eq. (5) is over the resonance levels X? E^ is the
A

resonance energy; T. , the corresponding radiation widths; and I\ and r,
AY AC AC

are the widths for the X-th level and channels c and c*, respectively.

If we define

1 m

p = 6 [(I-K) ] = 5 - ~ ,
nc nc nc nc A

where L = II-KI is the determinant of the matrix I-K and m is the cofactor
' ' nc

of the element (I-K) of the matrix I-K, we obtainnc



D-7

nT

= 2TT fc 2 9J R e
2^ pj • (6)

o = n J»2
r.n n

gT ii-uJ |2 .
J ' nn'

°nT " °nn n / ^ VJ I \
nn nn ] •

• " •2 S ) -
<»)

ny nAbs nFiss
(10)

For s-wave neutrons $ = +k a where k has been defined by Eq. (2) and "a" is

the channel radius. For p and d-wave resonances * is defined in Section D.I.I.

D.I.4. Adler-Adler 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 Ttechnology, Vol. II,
873 (1967)

(4) D.B. Adler and F.T. Adler, ANL-6792, 695 (1963).
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1. Total Cross Section

2Ca (E) = — r — (1 - cosu)

cos.
1 / T \

+ H sinuI + I y - E 1
R J \ R J

R=l

(AT + AT /E + AT /E +

(•:-)•• (•;)

+ BT * E + BT *
1 2

T
H.. COSU!

. R

T 1- G* sinwj

2. Capture Cross Section

a (E>

+ H^ sinwj + \HR " E )

R=l (
H' cosu - G' smti1

+ AC2/E + AC3/E
2 + AC4/E

3 + BCX * E + BC2 *

3. Fission Cross Section

n,f

i LGR
NRS

R=l

(AF + AF /E + AF

IH cosu - G sinu

(<•)••(<)'

+ AF /E3 + BF * E + BF *

J . . . , . - - . . . — .-
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In all three formulae,

u = 2 ka,

where k is the neutron wave number,

AWRI

and

AWR! f 1.0

— 1 ?
a = AP = effective scattering radius (in units of 10 cm)

C ,2 ir

i- •» • ? •
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D.2. THE UNRESOLVED RESONANCE REGION; LRU=2, LRF<=1 or 2

Average resonance parameters are provided in File 2 for the unresolved

region. Parameters are given for possible SL- and J-states (up to d-wave,

I - 2) and the following parameters may be energy dependent: Do # r ,

*'J nJl,J
T i Tf Ihe parameters are for a single-level Breit-Wigner formula
y9.,J 1,3

with interference. The widths are distributed according to a chi-squared

distribution with a designated number of degrees of freedom. Ihe number of

degrees of freedom may be different for neutron and fission widths and for

different (I, 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 unresolved resonance region

are given below.

a. Level Spacing

•Hie experimental value of mean spacing between resonances for a given SL

state is determined as
AE

(1)£, observed No. of resonances of given i. '

where AE is the neutron energy interval and I is the angular momentum of the
n

incident neutron. In using the above equation it is assumed that corrections

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 nvanber is linear has been used.

For most of the nuclei this quantity is determined by looking at the s-wave

resonances.

If we assume that

P . ̂  (2J + 1) ,
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where P is the density of compound nucU;us levels of spin J and given I,
J,«.

then.

D . e,obs
obs

Note: all allowed H values label the same set of resonances.

If in addition I is the spin of the target nucleus, one can show that

D*,obs

w h e r e

and u i f *
 = ITTT f o r

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 . Thes

ambiguities, however, do not effect the results for s-wave neutrons (£ = 0)

or reactions on targets of spin zero (T. = 0).

A microscopic strength function S(H,J,s) can be defined, however, what

is referred to in the literature as measurable is S(£). Ihe assumption is

always made that S(H,J,s) is independent of J and s. Two treatments which

~(5) M. Gyolassy, S.T. Perkins, Nuc. Sci. Eng. 53̂ , 482 (1974).
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relate Sn to S. are found in the literature and appear to differ in whether

an explicit sum over s is included . Except for the cases cited this can

yield a factor of two difference.

The strength function is defined here as

C I 0 \ —

7 7 + 1
where the statistical weight factor g = _• "/2I"V l)

 f o r n e u t r o n s-

where w is defined above
1/ X-

and u. is the number of ways to form a given J state of given i
X f J

(i.e. the multiplicity, either 1 or 2).

Note that the strength functions for a given l-state but different spin states

J. r J_r . . . J would all be equal. For more detail see ref. 5.

We define the neutron width T ._ for I-wave neutrons and spin J - states

as

2
where r _ is the reduced neutron width, E is the neutron energy in eV, V. is

defined below, and n is the number of degrees of freedom for the neutron width

distribution

Vp)
V.(p) = - •• , where p = kr (k is the neutron wave number and r the nuclear

radius}.
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For f = 0 v
0<>">

2
I. = 1 V (r ) = — - — r

1 1 «• c

,, 2 v „„ , L!

In ENDK instead of summing over S a value of ... is introduced. If S
* i J

has one or two values, u. , 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

1-1/2, and hence the corresponding neutron width could be thought of as fol-

lowing a Chi-squared distribution of \. « 2 degrees of freedom.)
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c. Gamma Widths

In the limited energy range of a few keV usually covered by the unre-

solved resonance region, the gamma widths may be assumed to be constant and

equal to that obtained from an analysis of the resolved resonances. If,

however, the energy range is rather wide, an energy dependence as given by

(6)
some of the well-known theoretical models has to be built in. Since the

observed gamma width is a sum of a large number of primary gamna transitions,

each assumed to have a chi-squared distribution of y = 1, it is found to have

a v > 20. In effect this implies that the gamma width is a constant, since

a chi-squared distribution with a large number of degrees of freedom approxi-

mates a 6-function.

D.2.2. Cross Sections in the Unresolved Region

a. Elastic Scattering Cross Section

MLS

a=o
n,n (E) '

°n r (E) = ^T (2)1+1) sin2*.n,n . <e x.

NJS,

t,J

(6) J-E- Lynn, "The Theory of Neutron Resonance Reactions," Chapter VII,
Clarendon Press, Oxford, 1968.
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b. Radiative Captive Cross Section

NLS

0 (E) = 3 " * 0 * (E) ,
n,Y ' ' ny

O (E)
n.Y

c. Fission Cross Section

NLS

o . (E) = > * a \ (E) ,
n,f ^«rf n(f

4=0

£ 2TT^
3r, e ^ = — 7n,t 2.

The summation over £ , in the above equations, extends up to H z 2

or to MLS (the number of {.-states for which data are given). For each value

of 2. , the summation over j-states extends to NJS (the number of J-states

for a particular I-state).

NLS and NJS are given in File 2.

m, • (HH -
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where R , R , and R are fluctuation integrals for capture,

fission, and elastic scattering, respectively. A sociated with each integral

is the number of degrees of freedom for each of the average widths.

Data given in File 2 eor each U , J) state

u » AMUN, the number of degrees of freedom for neutron widths

Uf * AMUF, " " " " " " " fission widths
«.,J

ux = AMUX, " " ' ' " competitive

u « AMUG, " " " " " " " radiation widths

F = GX, the average competitive reaction width

7° = GNO, the average reduced neutron width

F - GG, the average radiation width

I" = GF, the average fission width

D. _ - 0, the average level spacing

The average neutron widths are

r - f* vE v
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whore t'he penetrabilities, V, , are

V = 1 for a-wave neutrons, I » 0

2

V = —-—=- for p-wave neutrons, i. * 1
1 + a

V = ?-• for d-wave neutrons, i. * 2
9 + 3p + p

The statistical weight factor, g > is
J

2J+1
yJ 2(21+1) '

The average total width, at energy E, is

F, = F + F + F + F

where all widths are evaluated at energy E.

J = AJ as given in File 2

I = SPI as given in File 2

t = L as given in File 2

P • ka,

where k is the neutron wave number.

AWRI+1.0
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and

"a" is the channel radius (in units of 10" cm),

a « 1.23 (AWRI)1/3 + 0.8 * lo"1.

AWRZ is the ratio of the mass of the particular isotope to that of the

neutron.

AWRI is cjiven in File 2.

$2 is the phase shift and

$ » p I * 0

$. • p - tan p 4 w 1

$2 « o " tan"1 f-^y | I - 2

where

p * ka

and a Is the effective scattering radius (in units, of 10 en)

a « A as given in File 2.
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APPENDIX B

Interpolation 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 &n

interpolation scheme might be

(MAT, MF, MT/Ci, C2> Ll, L2; MR, NP/Eint/Y(E)3TAB1

where E. 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, Cl, C2, U , L2, NR, NP, NBT(l), INTU}, NBT(2), INT(2J,

NBT(3), INTO), ..., NBT(NR), INT(NR) , S(l), Y d ) , 5(2), E(3) ,

Y{3), ..., EiNP), Y(NP)]

NP is the number of pairs, E and Y, that are given. NR is the number of in-

terpolation ranges given. NBT (1) is defined to mean that a particular inter-

polation scheme is to be used between point number one and the point number

given by NBT(l). The interpolation srheme to be used in this range is specified

by the value of INT(l). Likewise in the second interpolation region, between

the point number given by NBT(l) and that c|iven 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 obvious that the value

of NBT(NR) is equal to the number NP. An illustration is shown in Figure E.I.

Interpolation schemes for a two-dimensional function y(E',E) are similar.

The function is represented by a series of tabulated values and interpolation

schemes. In this case two interpolation schemes must be given, on* for E and
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and another for E'. This is specified by a TAB2 record followed by several

^ or LIST records. An example might be

[MAT, MF, MT/C1, C2> LI, L2; NR, NE/Eint]TAB2

[MAT, MF, MT/C1, E(l); LI, L2; NR, NF/E! t/g(E*,2^)JTAB1

[MAT, MF, MT/C1, E(2)j LI, L2; NR, NF/E! /g(E', E )] TAB1

[MAT, MF, MT/C1, E(NE)j LI, L2; NR, NF/E! Vg(E', Exra)]TABl
int ME

In this case NR, in the TAB2 record, indicates the number of interpolation

ranges for (E). There will be NE TA61 records, each will contain a value of E.

E. is the interpolation scheme used for the E mesh. NF in each TAB1 record

indicates the number of pairs, E' and g(E',E) that will be given in the par-

ticular record. E! is the interpolation scheme to be used. The allowed

interpolation schemes are given below.

INT Description

1 y is constant in x (constant)*

2 y is linear in x (linear-linear)

3 y is linear in An x (linear-log)

4 An y is linear in x (log-linear)

5 in y is linear in iln x (log-log)

•Note: INT = 1 (constant) implies that the function is constant and equal

to the value given at the lower limit of the interval.
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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 interpolate the data between temperatures. LT is a flag that indicates

whether or not temperature-dependent data are given.

The following quantities are defined.

T is the m t h temperature (°K).
m

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.

I is the interpolation scheme used between T , and T . The values of
m m-1 m

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 TAB1 record, consider

a TAB1 record for a function y(x). In this case the functions must be y(x,T).

'.'.he function at the first temperature y(x,T ) is given in a TAB1 record. The

functions for the remaining temperatures are given in LIST records. The number

of LIST records will be LT. An example might be

[MAT, MF, MT/ T ^ C2j LT, L2j NR, NPj/ X ^ / Y ( X , ^ ) ] TAB1

[MAT, MF, MT/ T_, C2; I _ , L2; NP , 0 / Y (T_)]LIST
£ * *• n £

[MAT, MF, MT/ T^ C2; I 3 , L2; NPy 0 / Y^T

[MAT, MF, MT/ T ^ , C2, ^ j , L2, N P ^ , 0/ Y ^ T ^ ) ]LIST
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The LIST records must be given in order of increasing value of the tem-

perature T . Note that the interpolation scheme I is given in the same record

position in the LIST record as LT in the TAB1 record. Also note that in the

TAB1 record tfor the first temperature) pairs of values are given, X(N) and

Y(X,T ), while in the LIST record only values of Y(X,T ) are given. It is

implied that Y(X,T ) given at the Nth point is for the same value of X(N) as

is given for Y(X,T..). This means that the X mesh is given only once, for first

temperature.

If a cross section exhibits a temperature dependence, it will generally

occur only at low neutron energies, and the high energy data will be independ-

ent of temperature. Therefore, the LIST records for the second and higher

temperatures may contain NP's that are less than the NP given on the TAB1 rec-

ord. If the subscript n denotes the temperature, the following condition is

defined:

For example, consider the fission cross section for a particular material

where resonance parameters are not given. cr_(E) may be described by 1000

—5 6

energy points (NP = 1000) that cover the energy range from 10 eV to 15.0 x 10

eV for a temperature of 293.0°K. These data would be given in a TAB1 record.

If the fission cross section is given at 600.0°K and temperature effects are

not important for neutron energies above 1.0 x 10 eV (described in the TAB1

record by the first 500 points), then a LIST record 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/ T^ , C2; LT , L2? M^ , 0/ B ^ T ^ JLIST

fMAT, MF, MT/ T_ , C2; I L2; NP , 0/ B (T ) JLIST

[MAT, MF, MT/ C2,- L2; 0/ ]LIST

[MAT. MF. MT/ T ^ , C2f 1 ^ , L2, N

The same rules apply as for NP, i.e.,

, 0/ ]LIST

The above mechanism is used in File 1 to describe the variation of fission

product yields with incident neutron energy. In this special case, the

neutron energy replaces the temperature in the above illustration, and the

interpolation code I refers to neutron energy,
m
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APPENDIX G

Alternative Structure for ENDF Data Tapes

The standard structure of an ENDF tape was described in Section 0.4.2

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.I, 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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Tap*

Figure G.I. Alternate Arrangetnenc of an ENDF Tape
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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 code?, such

as CHECKER. RIGEL, and E1J9E, will be able to 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, 4S1/0.0, 0.0, LDD, LFP; NMD, 0/

AID, ALAB, DATE1, AUTK /

REF, DATE2, DATE3, EMIN, EMAX/H (N)]LIST

[MAT, 1, 4S1/0.0, 0.0; M F ^ M ^ , N C ^ O]C0NT

[MAT, 1, 451/0.0, 0.0, M F ^ , M T ^ ; N C ^ , O)C0NT

[MAT, I, 0/0.0, 0.0, 0, 0, 0, 0]SEND
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where

NTV is flag to indicate the type of data tape.

If NTY = 0 or blank •• ENDF/B tape,

= 1 - ENDF/A tape,

= 2 - ENDF/A tape (translated from UKAEA library),

= 3 •• ENDF/A tape (translated from KEDAK library) .

The first pat of the Hollerith information (first two BCD card-image records)

has the structure:

Description

Material name (left adjusted)

Originating laboratory (left adjusted)

Date of evaluation (left adjusted)

Author of evaluation (left adjusted)

Field

1

2

3

4

1

2

3

4

5

Col.

2-11

12-22

23-33

34-66

2-22

23-33

34-44

45-55

56-66

Name
(First Card)

AID

ALAB

DATE1

AUTH

(Second Card)

REF

DATE 2

DATE 3

EMIN*

EMAX*

Reference (left adjusted)

Original distribution date- (left adjusted)

Date of last revision (left adjusted)

Lower limit of energy range (format is £11.4)

Upper limit of energy range (format is Ell.4)

NWD has the same meaning as an ENDF/B 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 include? .he

count of the first two BCD card images. An example follows.

•Given only for materials that contain cross section data for one reaction type.
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Appendix I

Cross Section Processing Codes Using
ENDF/B-IV Data as Input

Code

AMPX

CAREN

CHEKER

ENDRUN

ETOE-2/

Org. Custodian

ORNL N. Greene

ETOG3

ETOJ

ETOM

ETOM/
ETOG

ETOMX

ETOT

BNL

BNL

GE

ANL

BNL

SRL

ANC

WMES

NNCSC

NNCSC

C. Cowan

H. Henryson

A. Aronson

D. Finch

R. Grimesy

M. Raymond

BAPL J. Hardy

WNES 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 TOOWN code.

Prepares broad group neutron
cross sections for fast reactor
calculations. Also used to pre-
pare fine group neutron cross
section libraries for use in the
SDX code.

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 nevtron cross sections
for use in the MUFT and GAM codes.
NO Adlcr-Adler capability.

Same as Above.

Prepares pointwise thermal neutron
crops sections from Files 2 and 3
of ENDF/B format data, No Adler-
Adler capability.
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Code

ETOX

ETOX

FLANGE

Org.

HEDL

LASL

SRL

R.

R.

0.

Custodian

Schenter

MacFailand

Pinch

GAMLEG

GFE4/
GAND3

INTEND/
INTER

LAPHANO

LISTFC

PUFF

RESEND

MINX

MINX

NJOV

PLOTFB

RIGEL

LASL R. Labauve

GA D. Mathews

BNL NNCSC

LASL R. Labauve

BNL NNCSC

ORNL C. Weisbin

BNL NNCSC

LASL R. MacFarland

ORNL C. Weisbin

LASL R. MacFarland

BNL MNCSC

BNL NNCSC

Comments

Prepares neutron cross sections
and shielding factor tables for
use in the 10X code.

iiame as above.

Prepares thermal neutron cross
sections from ENDF/B data in-
cluding S(a,B) data in file 7.
No Adler-Adler capability.

Prepares photon interaction cross
sections for shielding analysis.

Prepares neutron cross sections
for use in the (SGC-4, GGC-5 arid
MICROX codes.

Computes a variety of integral
quantities from a pointwise SNDF
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 OCK
pointwise cross sections from
File 2 + 3 information.

Prepares neutron cross section and
shielding factor tables in the
SPHINX code.

Same as above.

Extension of MINX t. • provide a
coupled neutron/gar*"* ray capa-
bility for SPHINX.

Automatic plotting cede, for ENDF.

ENDF file Editing cod*. Creates
ENDF binary file formatted tapes.
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Code

SUPERTOG

SUPERTON

SAMX

Org.

ORNL

GE

Magi

R.

C.

M.

Custodian

Q. Wright

Stewert

Beers

SCOPEL

SIGMA1

VIM

BNL

LLL

ANL

NNCSC

D. Cullen

V. Prael

Comnents

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.

VIXEN BNL NNCSC Checking code for photon files.
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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 H2O, D20, Beryllium,BeO,
Graphite,Polyethylene,Benzene, H in ZrH, and H in
ZrH.

Additional materials such as a charged particle
starter library are also available.
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UKGCT •Al TILE CONTENT • RCCI LAI

O«ll NtUTRON C*OSS SECTION OATA ONLT 41 NCOL

RC'CUNCC DAU AUTHOR

0CT73 R.E.ieHCNTCR tit

27-CO- »» »!»' NtUTHON CROSS SECTION DATA ONL» 22' INLiANL

IT-CO- I* ill* WUY..6AH.M00. DATA 2111 INU.ANL

17-CQ- 72 1 **Q1OACT|VC DCCAV OATA ONLY 22 HEDL

J'-CO- '3 2 RADIOACTIVE OECAV OATA ONLY 21 HEOL

J7-C0- '« 3 RAOJOACTiVE DECAY DATA ONLY 22 MEOL

I ' - C O - n * »AoiojCT|yt DECAY DATA ONLY it NCOL

JAN74 T.KllCGEDIINLIA.SMtTlt.O.IMITM 41!

JAN74 T.KRICBER(INM,A.|NtTM.O.I«lTH 4)1

APRT* R.E.ICNENTCR 414

APR74 R.E.SCHENTER 414

AM74 R.C.ICNENTEK 41«

AM74 R.E.ICNENTE* 414

1H-N1 lit! t«EuT.«C«M.M00. OATA 5AM INL

2H-N1- SI •«!« NEUTRON C<CU SECTION OATA ONL* 12* INL.HEOL

2«-N|- II *42I NEUTRON CROSS SECTION OATA ONLT 41 INL

Jd-NI- ?2 » RADIOACTIVE DECAY OATA 0M.V 22 HEDL

ID-MI- »3 ' RADIOACTIVE DECAY OATA ONLY 22 HEDL

M - M - »4 7 RAOIOACT|VE OICAY OATA ONLY 21 HEDL

JS-NI- TS I RADIOACTIVE DECAY SATA ONLY 21 HEOL

2»-K|- ?4 * RADIOACTIVE DECAY CATA ONLY 22 HEOL

2«>M- " II RADIOACTIVE OCCAY OATA ONLY 22 HEOL

Jd-NI- 71 11 MOIOACTIVE DCCAV OATA ONLY 22 HEDL

0EC73 H.R.lHAT 4fS

AUC73 M.lH»T(»Nt),R,SCHCNT£R(HEOLI 41}

N0V7Z H.R.lHAT 41!

ARR74 R.E.teMENTER 41<

AM74 R.E.ICHENTER 414

APR74 R.E.ICHENTER 414

AM74 R.E.tCHENTEK «14

AM74 R.E.IeweNTER 414

*PR74 R.E.ICHENTER 414

APR74 R.E.ICHINTER 41«

I»-Cu »»» NtuT.*CAH.M00> DATA 3331 IAI

II-CU- A3 »«ll NEUTRON CROtt SECTION OATA ONL* 111 At

I»-CU- II »4}2 NEgTRON CROII SECTION OATA OI.L* '1 Al

2»-CU- TI 12 RAOIOACTIVE OCCAY OATA ONL* tt HtDL

1*-CU- '1 IS RADIOACTIVE DICAY OATA ONI' 22 HEOl

»»-CU- 74 I* RAO>OACT|VE DCCAV DATA ONLY 21 HEOk

N0V7I II.K,DRAKE.

APR72 H.«lTIR,C.

AM72 H.»lT|R,R.ROIE

ARR74 R.E.ICHENTER

ARRT4 R.E.leNENTEN

ARR74 R.E.teHENTCR

411

«12

4U

414

414

414

2»-Cu- 7S l» RADIOACTIVE DECAY DATA ONLY 22 HEDL

2«-CU- '6 1« RADIOACTIVE DECAY DATA ONLY 22 HEOL

19-Cu- 77 17 RADIOACTIVE OECAY OATA ONLY 21 HEDL

JO-CU- 7t IS RADIOACTIVE OCCAY OATA ONLY 22 HEOL

2»-CU- 7t 19 R»OIOAC1|VE DECAY OATA ONLY 22 HEDL

2«-CU- II II RAOIOACHVE DECAY OATA ONLY 22 HEOL

3.9-cu- II II RADIOACTIVE DECAY DATA ONLY 2? HEOL

ARR74 R.E.ieHCNTER

A»R74 R.E.ICHENTER

ARR74 R.E.1CHENTER

R,E.*CHCNTER

R.E.ICHENTER

AM74 R.E.SCHCNTCR

APR74 R.E.ICHENTEil

414

• 14

414

414

414

414

414

JI>-*N- 72

3V-ZN- 7]

3H-IN- 7A

3C-JN- »»

3P-1N- 74

3I>-IN- "

3K-2N- 71

3flN- 7t

ir-tH- ii

SD-iN- II

3P-IN- 12

If-IN- 13

12 RADIOACTIVE

IS RADIOACTIVE

24 R«O!OACT|VE

IS RADIOACTIVE

ft RAOIOACTJVE

|7 RAOIOACT|VC

It RAOIOACTIVE

t* RAOIOACMVC

31 RAOICACTIVE

31 RAOIOACMVE

32 RAOIOACTIVE

33 RADIOACTIVE

OeCAV OATA ONLY

OECAV OATA ONLY

OECAY OATA ONLY

DECAY DATA ONLY
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OCCAY OATA ONLY
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21 HEOL

21 HEDL

APR74

APR74

APR/4

APR74

ARR74

APR 7 4

APR74

APR74

APR74

APR74

APR74

APR74

R.E.IeHENTER

R.E.ICHENTER

R.E.ICHCNTCR

R.C.ICHCNTEI

R.E.ICHENTER

R.E.tCHENTER

R.C.ICHCNTCR

R.C.ICHCNTER

R.E.ICHCNTCR

'.C.ICHENTC*

R.C.ICHENTER

R.E.ICHENTCR

414

414

414

414

414

414

414

414

414

414

414

414

31-CA- 72 J4 RADIOACTIVE OCCAY DATA ONLY 21 HCOL

31-C4- »3 IS RADIOACTIVE DECAY DATA ONLY 21 HEDL
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31-0*- 92

Sl-G*. IS

Jl-GA- 14

SI-GA- is

s« RADIOACTIVE

«t «*oto*crjvt
41 RADIOACTIVE

4? S*D1O*CT|«

43 RADIOACTIVE
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45 RA010ACMVE

4ft RAOIOACTlyC

•' RADIOACTIVE

OCCAYOATA ONLY

OCCA* OATA O M »
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OECAV PATA ONI"

OCCAY OAT* ONI*

OCCAV DATA ONLT

OCCAV OATA ONLT

DECAY OATA ONI*

OCCAY DATA ONLT

u NCOL

II HCOL

U NCOl

21 MEOb

It HCOL

21 MCOL

II HCOk

II HEDL

21 HCDL

4MT4

4M74

414

414

414

414

414

414

414

414

414
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3?-CE- T5 12 MOIOtCrfVE 0CC4V 0*T4 0W.1 21 HEOL

K-GE- ?5M IS RADIOACTIVE OICA* DATA ONL* If HCOL

3J-6C- '» *4 NCUTKON CftOM SECTISN 0*T4 ONLT 111 HCOL

J?-GE- " IS KAC104CTJVE OtCAV OATA ONLT If HCOL

!?»&(• »'H I* »AOIO*CT1VE OCC«y OAT* ONI? 14 NCOL

«-Gt- Tl 17 R*DIO*CT|VC OCCAV DATA ONL» ft MCOL

si-cc- r* ii MDIOACTIVC ore*» OAT* ONLT a* »NC

SJ-St- II I* NAOIOACTIVE OCCAV OATA ONLT U HCSL

Jt-Ct- II i» MO!0*CT|VE OtCAT D»T» ONLT »1 NCOL

32-Gt- II II AAOtOACTtyC OtCAy 0AT4 ONL* H HCOL

3?-SE- 13 12 MD104CTJVE DCCAy DATA ONLT II

0C?4 »

ocm r

AMT4 ft.C.ICMCNTC*

0CTJ4 R.C.ICNCNTCK<f.ICKMtTTHOTH

«»K>4 R

«»«T4 N.E.ICHCNTCft

« M f 4 ff.C.teXCNTC*

»M»4 d.C.leHCNTC*

»'CtT4 CM.niCM

D.C.ICMCNU*

AMT4 R.

4M74 *.E.ieMCNTC*

414

414

414

414

414

414

414

414

414

414

414

414

414

414

414

3?-CE- S4 R«0t04CrtvE DECAY OtTA

37-GE- 15 »4 R4D10ACHVE DECAY DATA ONLT

3J-SE- 16 45 **B"O»CT]VE OCCAY DATA ONLT

J?-GE- 17 46 R40!0«CT!VE DECAY OATA ONLY

J?-OE- 81 47 RADtDACT|VE OECtY OATA ONLY

21 HCOL

It »£0L

22 HEOL

21 HEDL

22 HtOL

4MT4 « ,

4MT4 R.E.ICHCNTC*

4M74 *.C,ICHEMT[R

• • • ? « R.E.SCHENTC*

4M74 R.E.ICMCNTC*

414

414

414

414

414

3S-«I- TS «» NEUTRON S»O^S SECTION DATA ONLT 344 HCDL

33-AI- 76 49 RAOIOACTIVE DECAY OtTA ONLT 22 HCOL

3J-««- 77 7f RAOtOACTtVE DECAY DATA ONLY 21 HEDL

33-41- 71 71 RADIOACTIVE DECAY OATA ONLT 22 HEBl.

3.WS- 71 72 RADIOACTIVE OCCAY OATA ONLT If NEOL

33-41- II 73 RAOIOACTIVE OCCAY CATA ONLY 41 ANC

33-41- II 74 RADIOACTIVE DCCAY OATA ONLY 24 ANC

33-4J- 12 TS RA010ACT|V£ DECAY OATA DNLT 3» ANC

33-41- M X 76 RADIOACTIVE OECAY OATA ONLT 4| ANC

33-AS- 13 77 RAOtOACTtVC OCCAY OAT* ONLT I* HCDL

33-4S- 14 71 RAOIOACTIVC OCCAY OATA ONLT II HCOL

33-AS- IS TV R«O|O*CT]V£ OCCAV OATA ONLT II HCOL

3J-«I- ** •• RA010ACTIVE OCCAT DATA ONLT M HCOL

3J-«I- 17 II MOZOACTJvc OCCAY OAT* ONLT II MCOL

S3-4I- II 12 RADSO»CT|VE DCCAY OAT* ONI.Y M HCDL

3J-*»- I* 13 R*OIOACT|YC OCCAY OATA ONLT II NCOL

I3-4I- U 14 RA0|OACT|VE OCCAY OATi ONLY 21 NtO;

0CT74 R.E.le«CNTC»,r.SC"4>«!TTR0T- 114

AM74 R.C.ICHCNTCR 414

4M74 (.CSeMCNTCR 414

AM74 R.E.teHCNTC* 4(4

AM74 R.t.leHtNTCR 414

TCI74 C.M.DCICM 414

fEi74 C.H.RCICN 41«

rCI74 e.M.RCICN 414

Ff(74 C.N.MtteM 414

A»R74 4J.C.ICNC4JTC* 414
APR74 R.C.IeHCNTC* 414

4M74 R.E.ICHCNU* 414

AM74 R.E.ICHCNTCR 41«

44*74 t.r.lCMCNTCR «14

AM74 •.C.HNCNU* 4(4

4M74 R.C.ICHCNTCR 414

ARR74 R.E.ICHtNTC* 4i«

34-SC- 7* IS NfUTRON C*O*t JCCTION DATA ONLT M l NCOL 0CT74 R,C. 414
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t«»i£T »»' r|U( CONTENT • RECJ LAI «C»t«(iNCt

1»-S«- •• )74 MATRON C»O«S SECTION OATA ONLY Hi HEDL

3K-SR- •* It* Mu».»0ECA» 0*TA 34' HEQ»

3«-SR- »» 1 " Ni.uT,.OlC»Y DATA ill ANC.HIOI

3H-SK- »1 ]»l RADIOACTIVE 01'CAY OATA ONI" 79 ANC

3f-SR- 12 }7» «»DtO«C'!»£ C£C»Y OATA ONLY 31 ANC

J*-SR- 13 111 RADIO4CTJVE OfCAV OATA ONLY tt ANC

3I»-S«- 14 111 RA0I04CHVE OtCAY OATA OKI* 37 ANC

3O-SH- 14 ]«2 «AO|OACT|VE OtCAY DATA ONLY 29 MEOu

3»-SR- ft 1IJ RADIOACTIVE DECAY DATA ONLY 23 MEDL

3*-SR- *7 ll« RADIOACTIVE OECAV OATA ONLY 2» HEDL

3»-s«- ii us RAOIOACTIVE DECAT DATA ONLY ZI MCOI.

3K-SR- »« lit I>AOIOACT|VE DECAY DATA ONLV tt NEOl

3H-SR-1II II? RAOIOACTIVE OtCAY OATA ONI.T 21 NEOL

II-SR-ltl 111 SAOIOACTtVt OCCAV OATA ONLY SI NEOL

3V-SR-1I2 II* RAOIOACTIVE CECAY DATA ONL* II MEDL

3CSR-1I3 ] ! • RADIOACTIVE DECAY DATA ONLY 21 NEOL

3«-SR-U« 1*1 RAOIOACTIVE OECAY DATA ONLY ti MEOL

st'i AUTHOR

OCTT4 R,

OCr?« R.

FEIT< C.n.REICH

TEI74 C.H.REICH

TIT« C.H.REIC*

FEI74 C.H.REICM

'EI74 CM.REICH

AP*>4 R.E.tCHENTER

4M74 R.E.ICHENTER

ARR74 R.E.ICHENTER

ARR74 R.E.tGHENTER

AM74 K.E.fCliCttTeX

ARR74 R.E.teHENTER

AM74 R.E.ICMENTER

ARR74 K.E.ICHENTER
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'»»:
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3»- Y> If >I4 NIUT.•DECAY 0»T* *|7 ANCtNtOL

3»- V- M N 115 RADIOACTIVE OECAY OATA ONLY 31 ANC

3*- V--I1 111 N(UT.*OECAY O»TA 313 MEDL.ANC

3*- Y- till II' RADIOACTIVE DECAY DAT* ONLY II ANC

3»- Y- 12 1*1 RAOIOACTIVE OECAY DATA ONLY II ANC

*3»- Y- 13 II* RADIOACTIVE OtCAY OATA ONLY ' It ANC

3*- Y- I3N 211 RAOIOACTJVE OECAY DATA ONLY 21 HEOL

3*- Y- 14 211 RAOIOACTIVE DECAY DATA ONLY 3* ANC

3«- V- IS 212 RADIOACTIVE DECAY OATA ONLY II ANC

3<- V- *« 213 RADIOACTIVE OECAY OATA ONLY 23 HEOL

3t- Y- 17 2 M RADIOACTIVE OECAY DATA ONLY 31 ANC

!*• Y- II 2f» RAOIOACTIVE OECAY DATA ONLY II NEOL

3«- Y- f* 2IA RADIOACTIVE OECAV DAT* ONLY II MEDL

3«- Y-lll £17 RADIOACTIVE DECAY OATA ONLY 21 NEDL

3»- Y-lll 211 RADIOACTIVE SECAY DATA ONLY II HEOL

3»- Y-lll 2I< RADIOACTIVE DECAY DATA ONLY 21 NEOL

3*- V-113 211 RADIOACTIVE OCCAV OATA ONLY 21 HCOL

3»- V 114 211 RAOtOACTtVE OECAY DATA ONLY II HEDL

!•• Y-1IS 212 RAOIOACTIVE OECAY OATA ONLY II HEOL

3*- Y-114 213 RAOIOACTIVE DECAY DATA ONLY tl HEOL

3«- Y-117 214 RADIOACTIVE OCCAY OATA ONLY It HEOL

0CT74 R.E.ICHENTERir.lCNNITTROTM 414

ARR74 R.E.ICHENTER «14

JUL74 C,N.REICH 114

JUL74 f.K.REICH 414

0Cr74 R.C.ICNENTER.r.lCHHITTROTH 41<

rtl74 C.H.REICH 414

TEI74 C.N.REICH 414

ii74 e

APR 74 R

JUL74 C

FEI74 C

APR74 R

FEBT4 C

AM74 *

APR74 R

AM74 R

ARR74 *

ARR74 R,

APR74 R,

ARR74 R,

APR74 R,

ARR74 R,

APR74

.H.REICH

.E.IeHENTCR

.H.REICH

.REICH

,E. ICHENTER

,M.REICH

,C.ICHENTER

E.ltHENTEH

E.tCHENTCR

E.ICHCNTCR

E.ICHENTER

E.ICHCNTCR

t.ICHENTER

E.ICHCNTCR

E.ICHCNTER

E.ICHtNTER

41*

414

4 U

415

419

415

415

415

415

415

415

415

415

415

415

415

4I-1R- II 2l» NlUTRON CROSS SECTION OATA ONLY 221 HEOL

4I-IR- M N ?14 MDI0ACT|VE DECAY DATA ONLY 14 ANC

4I-IR- II 217 NtUTRON C«OII SECTION OAtA ONLY 111 HEOL

4»-«R- 11 211 NlUTRON CNOIt SECTION OATA ONLY 447 NEOL

4H-IR- 13 211 NlUT. .OECAY OAT* 331 HCDt

4H-IR- 14 III NlUTRON CROII SECTION DATA ONLY t|7 MEOL

4P-IR- II 111 NtUT..OECAY OATA III HCOL

4I-IR- I* tit NtUTRON CROII SECTION OAT* ONLY 111 HCOL

0CT74 R.C.ICMENTER.r.ieHHITTROTH «15

JUL74 C.H.REICH 415

0CT74 R.t.leHENTERir.lCHHITTROTH 415

0CTT4 R.E.ICHENTERi'.ICMHITTROTK 415

0CT74 r.lCNNITTROTH.R.I.ICNCNTER 413

0CT74 R.E.ISHENTER.r.ieHKITTROTH 4t5

0CTT4 f.leHtltTTROTH.R.I.leHCNTER 413

06T74 r.lONNITTROTH.R.C.IeNfHTER 411
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•'•«;tT *»i rtut CONTENT • RECS LAI
4MiR- f7 fiJ RADIOACTIVE DECAY 04YA ONLY * »« ANC

4I«-«R- *• ?J4 RAOIOACMvE OtCiV DATA ONLY I> NEOL

4»-M- »« ?»» RADIOACTIVE OECAV OATA OM» Ji ANC

4l>-tR-ll« ?«» RAOIOACUVE OCC*K OATA ONL» 2* HEOL

4P-i»-iei 21? RAOI0ACT|VE OECAY OATA ONLY 2) HtOL

4»-M-l|2 ?J« RAOIOACMVE OECAY DATA ONL* 12 HCOL

4«-lR-l*3 ?1« RAOIOACUVE OECAY O«r« ONLY 21 HtOL

«»-H-ie« 23* R40I0ACTJVE O'iiY DATA ONLY 22 HEOL

if-in-its fji mtotOtcrivE DECAY Dtri ONLY 22 HCSt.

«l»M-if» 292 <U0!0*CUve OCC«T O*Ti ONLY if HEOL

4f-M-iC 2 K »»t)lC»CTtVE DCC«y O»T« ONL^ 22 HEDL

4(t-i»-ioe ?j« KtotoicrivE OCCAV O*T» ONL» at MCOL

4C-JH-K9 ?J5 fUOtOtCTtVE DCC«V f«T« ONLV 22 HCOL

4C- I I9C2 l?»4 NiUTRON C'OSS SECTION OAT* ONL» 1C»J tNH

U'CHNCi Oi't

t.E.«CHENT£»

4MT4 H.E.tCXINTEK

AM74 «.E.»CMENTt»

*M74 R.E.tGMtNTER

415

«:*

41»

415

«1»

419

4U

«15

415

415

• 19

415

415

411

41-M- *S

4l-N(- *3

41-NI- tSN

41-NI- »4

41-NI- »4N

41-NI- «S

41-NI- •»«

41-NI- »«

41-NI- »'

41-NI- t7M

*41-NB- 98

41-NB- 9eN

41-N3- »9

41-NS- «««

41-tiB-iPE

41"NB-ie*H

41-NB-iei

4J-NB-IB2

41-NB-1J3

41-NB-K4

41-NB-1CS

41-NI-1I6

41-NI-1C7

41-NI-Ke

41-NI-1B9

41-K8-11*

41-NB-lll

41-NB-U2

217 N*DIOACT|VE

211 NC«T.«OEC»Y

2}* RADIOACTIVE

24* NtUT.*DECAy

241 RAOIOACTIVE

242 R»O!OACT|¥E

243 KAOtSACTIVE

244 RAOIOACTIVE

?45 RADIOACTIVE

?46 RAOIOACTIVE

?47 RADIOACTIVE

248 RADIOACTIVE

£49 RAOIOACT1VE

2S8 RADIOACTIVE

212 RADIOACTIVE

tit RAOIOACT1VE

?»« RAOIOAC'IVE

S>»» RADIOACTIVE

tit RADIOACTIVE

?»7 RADIOACTtVE

Ht RAOIOACTIVE

2t« RADIOACTIVE

2«> RAOIOACMVE

2*1 RADIOACTIVE

Hi RADIOACTIVE

2*3 RA0I3ACTIVE

DECAY DATA ONCY

SATA

DECAY DATA SNLV

DECAY DATA DNL^

OtCAY DATA ONLY

DECAY DATA DNLT

DECAY DATA ONLY

DeC»Y*OATA ONLY*

DECAY DATA ONLY

DECAY OATA ONLY

DECAY OtTA ONLY

DECAY DATA ONLY

OECAY DATA ONLY

DECAY DATA ONLY

OECAY DATA ONLY

DECAY OATA ONLY

OECAY OATA ONLY

DECAY DATA ONLY

OECAY DATA ONLY

DECAY DATA ONLV

OECAY JATA ONLY

O£CAY DATA ONLY

OECAY OATA ONLY

OECAY OATA ONLY

DECAY DATA ONL?

21«S i'Ji.Li-t

2143 ANL.LUL

21 HEDL

2tr HEOL

14 HEOL

1*1 HEDL.ANC

21 *«C

21 HEOL

4* ANC

23 ANC

44 ANC

51 ANC

«6 ANC

94 ANC

69 ANC

24 HCOL

31 ANC

23 HEDL

22 HEOL

23 HEOL

23 HEOL

22 HEOL

22 HEOL

22 HEDL

22 HtOL

22 HEOL

22 HEDL

22 HEDL

HAY74 R.HOMtHTONtLLLI.A.tNITH

HAT74 R,HONERTONILLL)>A.|MITH

APR74 R.E.SCHENTE*

0eT74 R,E.ICHENTE«,f.«8HMITT»OTH

AM'4 R,E.»eHtNTE»l

OCT74 f.leHHITTROTH.R.

PII74 :,«,REICH

AMT4 R.t.lCHENTER

FEB74 CM.REICH

F£»74 :.».REICH

415

411

415

IH

4U

41S

419

4'5

419

419

413

415

41$

415

415

415

415

419

415

415

415

•19

415

415

415

415

415

415

FEB74
FEB74

F£874

FEB74

FEB74

APR74

FE874

APR74

APR74

ARR74

»P»74

APR74

A»R74

APR74

A.R74

APR74

ARR74

C

C

C

c

c
R

c
R,

s,

R,

Ri

R.

R.

R.

R.

R.

R.

.w
»w
,u

.N

>U

,E

• H

,E.

,E,

• E ,

E,

E.

C.

E.

E.

E,

E.

.REICH

.REICH

.REICH

.REICH

.REICH

.SCHENTER

•REICH

.SCHENTER

.SCHENTER

.SCHENYER

, SCHENTER

. SCHENTER

SCHENTER

SCHENTER

SCHCNTER

SCMENTER

SCHENTER

42-MO 1217 NtUT.«GAH.PROO. OATA 1311 LLL

42-NQ- »4 2*4 NEUTRON CROSS SECTION QATA ONI' 24* HtOL

42-H0- *S 2t9 NtUTRON C*0H SECTION DATA ONLY 517 HtOL

4S-H0- *« Ht NtUTRON CROSS SECTION OATA ONLY 241 HEOL

4J-H0- 97 2*7 MUTRON CROSS SECTION DATA ONLV » l HCOL

42-HO- 96 2*« NEUTRON CROSS SECTION OATA ONL* 34f HtOL

4PRJ4 R,J.HO«CRTON 419

OCT74 R.E.ICHENTERir.SSHNZTTROTH 415

OCT74 f.SCHHITTROTM.R.E.SCMCNTCR 415

OCT74 R.E,leHENTER,F.SCH«lTT«OTH 419

0CT74 '.SCHHITTRflTH.R.E.SCHtNTtR 419

OCT74 r.SCHHITTROTH,R.t.SCHtNTtR 419
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•»' flLt CO.YFNT

?•» N{uY.«OCCAV DAT*

?7I NEgYRON CROSS SECTION 3ATA O

?>1 RADIOACTIVE OCCAY OATA ONLY

?»2 RADIOACTIVE OCCAY 0>T* ONl*

?'3 RADIOACTIVE OCCA» OATA ONLY

? « RAOJOACUVE DECAY DATA ONtY

?7S RA0I04CMVE DECAY DATA ONLY

?r« RADIOACTIVE DECAY DATA OM.Y

?" RADIOACTIVE DECAY OATA ONLY

?»B R«3!0tCr:vE OECtv O»T» ONtV

?'» «»Dl0»crivc oectv O»T» ONLY

2I« fUOtOkCTIVE OEC<« D»T» ONL'

? n RtoiotcTivE PEC»Y DATt ONLY

St2 RADIOACTIVE OECA* DATA ONf

?»3 RADIOACTIVE OECAT DATA ONI*

214 RADIOACTIVE OECAV DATA ONLY

?»5 RADIOACTIVE QECAV OATA QNLy

• RECS LAI

17» ANC.HlDL

IS* HCDL

II? ANC

It ANC

23 HCDL

23 HCDL

23 HCOL

It HCOL

23 HEOL

22 HCOL

22 HEOL

i! HEOL

22 HCOL

22 HCOL

ii HCDL

22 HEDL

DATE

4J-N0-JH

4?-»O-lM

4?-»8-»*«

4?-»0-l»5

4?-Ho-ia»

«?-"0-m

4!-N0-tt9

C,«.«E!CM

f.teNNlTr

'tl»« C.h,REICH

AM74 ».E

APR74 R.E

AM?4 R.E

IHTI H.E

4PR74 «,E

«»»74 R.E

AfR74 R.e

AM74 R.E

»HIJ« R.E

APR74 R.E

»»R74 R,E

4PH74 R.E.

APR74

.leMENTE«

.ICMCNtEl

.ICHENTER

leHENTE«

ICNENTCR

fCNENTE*

SCHENTER

SCHENTER

tCHENTER

$eHENTE»

ICHENTER

«S9

<H

4t!

41*

41»

tit

419

415

415

415

415

415

415

415

415

4J-TC- *«H 717 RAOIOACTJVE OECAV DATA ONLY J« AtC

«J-TC-lfi ;•« RADIOACTIVE DCCAV DATA ONL* £1 HtOl

4J-TC-1C1 ?•« RAOtCACrtVC OfC*r DAfA ONLr V MC

4^-TC-ltJ ?»B RAOICACTIVE OCCAV OATA ONLT 39 ANC

45-Te-iejH ?fl RADIOACTIVE OeCAV CATA ONLV 41 ANC

4J-TC-1C3 2*2 R«O1OACT|VE OCCAV OATA ONLV 23 HCOL

4J-TC-1K J«3 RADIOACTIVE OECAV DATA ONL* *3 ANC

«J-TC-1« ?t* RADIOACTIVE DECAY DATA ONLY " 23 HCOL

4J-TC-106 ?»S R»B1C»CI:VE DECAY OATA ONLV 23 HCDL

4J-T£-ie7 ?»6 RADIOACTIVE DECAY DATA ONI.? 23 HEDL

43-TC-ieS 29? RADIOACTIVE DECAY OATA ONLY 23 HEDL

«J-TC-1!9 ?ta RAOIOACTIVE DECAY DATA i«JL» it HEDL

43-TC-lll 2*9 RADIOACTIVE OECAV DATA ONLV 29 HEDL

43-TC-lll 3M RADIOACTIVE OCCAY DATA 0NI.Y 22 HCDL

4J-TC-112 311 RADIOACTIVE DECAY DATA ONLY 2S HCOL

•J-TC-113 ^(2 RADIOACTIVE DECAY DATA ONLY 21 HEOL

4J-TC-11* JB3 RADIOACTIVE DECAY DATA ONLY 2! HCOL

43-TC-11S 314 RADIOACTIVC DECAY DATA ONLY 22 HEDL

4J-TC-114 Jf5 RADIOACTSVE DECAY DATA ONLY 22 HCDL

43-TC-U? 316 RADIOACTIVE DCCAY DATA ONLY 2! HEDL

43-TC-lie 31? RADIOACTIVE DECAY DATA ONLY 22 HEOL

4J-*e-»» 296 NEUTRON CROSS SECTION OAT* 0M.Y 7 « BAH

4J-TC-S1' 1137 NEUTRON CROSS SECTION OATA Otl' 7«1 BAri

C.N.NCICH

APR74 R.C.IeHENTCR

CH.HEICN

C.K.RCICH

APR74 R.C.ICHENTER

fEI?« C>.REICH

APR74 R.E.BCHENTER

APR74 R.E.ICHENTER

APR74 R.E.SCHENTER

APR74 R.E.SCHENTER

APR74 R.E.SCHENTER

APR74 R.E.SCHCNTCR

APR74 R.E.SCHCNTCR

APR74 R.E.SCHCNTED

APP74 R.E.SCHENTER

APH74 R.C.SCHCNTCR

APR74 R.E.SChENTER

APR74 R.E.SCHCNTER

APR74 R.E.SCHCNTCR

APR74 R.E.SCHCNTCR

0CT71 i.LIVOKI

OCT71 i.LIVOLSI

415

41!

415

415

41$

419

415

*415

413

415

415

415

415

415

41S

415

415

413

415

415

415

415

4(3
BAH.1367

44-RU- 19 318 NCUTHON CROSS SECTION DATA ONLV Zt* HEOL

44-RU-ie« lf> NEUTRON CROSS SECTION DATA ONLY 241 HCOl

44-RU-1H 3ie NEUTRON CROSS SECTION DATA ONLY 9M HCOL

«4-RU-tf2 311 NEUTRON CROSS SECTION OATA ONLT *** HEOL

44-RU-1H 312 NCUT.»OECAY QATA 4*2 HEDL

44-RU-1C4 313 NEUTRON CROSS SECTION DATA ONLY 213 HEDL

4»-«U-l«5 31« NEUT.«OCCAY DATA 317 ANC.HtOL

44-»y-lf6 St> NlUT.»OEC4Y O'TA W HCDL.ANC

OCT74 R.

0CT74 R.C.BCHENTER^r.sCHMITTROTH

0CT74 r.SCHHITTHOTH,R.E.SCHENTER

0CT74 r.SCHHlTTKOTH.N.E.SCHCNTE*

0CT74 f.SCMHITTROTN.R.C.SCMCNTCR

0CT74 r,SCNHtTT*OTN(R.C.SCMCNrc«

FCIT4 C.U.REICH

0CT74 r.SCHHlTTROTH<R,t.SCHCNTC«

415

415

415

415

415

41<

415

415
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• «ccs u s
44 ANO

2t APHC

24 **COb

II HCOL

22 HCDL

21 HEDl

22 HEOL

22 HCOL

22 HtBt

22 HCOl

22 HEOl

22 NCOt

22 MEOt.

22 HCOL

44-Ry.«7

44-Ru-UI

44-»u-il#

311

3J»

*«-«U-»iS JSt

4«-R|;-;i7

4«-au-ll8

4«-RU-ll»

'24

S2i

JJ6

3f

92S

RAOIOACTIvC

R40I04CMVE

»»O!OkC'lvt

RAOtOACUVE

RADIOACTIVE

RAOIOACTIVE

RAO!OAC»|VE

*40!04CrivC

H40I04CTIVC

R40t04CT;VC

R«0t04CrivE

K4DIO4CT1VC

N4DI04CMVE

DECAY DATA OM,»

DECAY OATA ONf

OCCAt OATA ONLY

DECAY OAYA ONt"

occ«* OATA ONL*

OECAV OATA ONU"

OECAV o»T4 ONL»

DECAY DATA ONLY

OCC4T O4T4 ONLy

DCC4V O4T4 ONL'

OCCtV O4T4 ONt*

CCCtv 04T4 ONLV

DCC4* 04T4 ONLY

DCC4f O»T4 ONL»

•C«»« C.N.HCICM

c.tt.*(i:«

4**74

»M»4

40*?4

4*1174 R.

4**74 K.E.ICHtNTE*

•u
41»

415

415

415

41*

413

415

415

41S

415

415

45-RN-UJ 1129 NtUTXON C'OSS SECTION O*T1 ONLY 1121 I4N

4!-*H-l«J 33t StU'KON C«OSS SEC ION 04T4 ONL* U K ••«

4«.-RH-lS3H JS1 *4DtO4CT(VE OCCAV 04T4 ONf 21 *NC

45-lH-il« : « *»D|O4CT|VC OIC.Y O»T4 ONl» ft 4NC

4!I-«H-1«4N JJJ R*O|O*CT|VC BtCtV DAT* ONf »• A**C

4<l-«H-18S Si* MU'<*0C(4Y O4T« 231 ANC.HlDL

4?-«H-il5» 3 » *A0!04CTiVE OIC4V O»T* ONI." 21 *NC

4 S - » M - ; « si» MOIOACUVC ote«y o«r« ONLY • ' **c

4S-«N-1I«N 337 R40!0*CIJV£ OtC»Y DATA ONLT »* ANC

4S-RH-1I7 3JB HA310ACT|VE OtCAY 04TA ONLY 71 ANC

(4N>19«7 (CNOr.144)

••N.1J47 (ENOf.1441

OC'71 I.L1V8H!

OC'Tl i,L!V8L$!

FE«74 C.U.RIICM

FEI74 C.N.MICN

FCI74 e.M.NflCN

rCI74 C.H.IICICM

'£•74 dH.HCICN

W 4 C.N.MICH

rc«74 c.tt.ttiCM

413

419

41»

419

41J

419

415

415

41)

415

4?-RKif8 .139 RAO1OACTIVE DECty 04T4 Ouf 34 ANC

45-RH-1S8M 342 AAOtOACTIVE OCCAV C4T4 ONLY 43 AK'C

4f-RH-ie» 341 RAOJOACTIVE DECAY D»T» ONLY t* MEDL

4f:-OH-10?H 342 RACIOACTIVE DECiY DATA ONLY 21 HEOL

4^-RN-lie 343 BADrOACTlVE DECAY DATA ONLY S3 ANC

45-RH-1K" 344 RADIOACTIVE DECAY DATA ONLV 2* ANC

45-RH-lll 345 RADIOACTIVE OECAY OATA ONI* 24 HEOL

45-HH-112 346 AAOIOACTJVE DECAY DATA ONLY 23 HEDL

4?-«*-l» 347 RA0I04CMVC OECAY OAT4 ONLY 23 HEDL

4S-BM-H4 348 DADtOACTJVE OECAY DATA ONLY 23 MEOL

45-9H-115 349 RADIOACTIVE DECAY DATA ONLY 22 HEOL

45-KH-U* W RADIOACTIVE DECAY DATA OMY 22 HEDL

45-HH-117 3«1 RADIOACTIVE OECAV OATA ONLY 22 MEDL

45-BH-llB 3D2 RADIOACTIVE OECAY OATA ONLY 22 HEOL

45-SH-119 3J5 RADIOACTIVE DECAY OATA ONLY 22 HEOL

4S-RH-12I 394 RADIOACTIVE DECAY DATA ONLY 22 HEOL

45-0H-121 39S RADIOACTIVE DECAY DATA ONLY 22 HEOL

45-BH-122 3*6 RADIOACTIVE OECAY OATA ONLY 22 HCDL

45-HM-W3 3*7 KADZOACTIVE OECAY DATA ONLY 22 HEDL

TEB74

FEB74

A*R74 R

A*D74 R

FEB74 C

FEB74

4FR7« R

AM74 R

APO74 R

APR74 R

APR74 R

AFR74 R

AM74 K

AM74 R

4M74 R

A*«74 R.

AM74 *,

AM74 R.

AM74

H.HE1CH

.E.tEHENTER

.E.9GHENTER

.H.RCICM

E.ICHENTE*

E.SCHENTER

E.SCHENTER

E.SCHENTER

E.fCHENTC*

E.»CHCNTC»

E.SCHENTER

E.ICHCNTER

E.1CHENTER

E,ICHENTER

E.SCHENTER

41!

415

419

415

415

415

419

415

415

415

41!

419

41!

419

415

419

415

419

415

4 3ia NEUTRON CROSS SECTION OATA OML* 291 HEOL

4«**0-US 3f« NEUTRON CROSS SECTION DATA ONL* 412 HEDL

46-R0-U6 3»( NtUTRON C«O«I SECTION OATA ONLY 32* HCDL

4«-*D-l(7 3»1 NtUT.(DECAY DATA 44f HCDL

46-«0-lB7H Uti RAOIO4CT|VE OEf.»Y OATA ONLY 21 HtOL

0CT74 R.C.teHCNTER AND r.SCHXITTROTH 413

OCT74 r.SeHHITTROTH AND R.C.SCHCNTE* 419

0CT74 r.SGHHITTROTH ANB R.C.SCHCNTC* 419

SGT74 f.lCHHITTRCTM «ND R.E.SCMENTER 419

AM74 R.E.ICHE«TER 419



It*

It*

ft*

«t*

st»

tt*

«t»

tt*

tt*

tt*

tt*

tt»

st»

tt*

<t»

st»

«tt

(It

tt*

• 3 I * 3 K 3 } ' 3 ' «

OUNlMlt'J'tt

it*

tt*

«3iN3H3l'3'«

M3ih]H3S'l'li

l3iN3N3t'3'«

•Mftltfl'l'M »i»#v

«3iN3H3t'3'»

•3iN3H3l'3'«

«3iN3H3C'3'v H I M

H3I3»'N'3 t i ! 3 j

MIJ»'* '3

N3IJ«'R'3

103H

101M

101M

103M

103N

10SM

1Q3H

103H

103N

10,*

103H

1Q3N

103H

1Q3H

tz
«

(I

tt

(t

tt

*Z

tz

ti!

tz

tz

tz

*z
tz

»i»0 A¥3I0

<t»T-J0N3lt*MC"iN«

»4t3j

93NI MM' * 'iVM!"*'*

•3iN3N3t'3'k

3MV »«

H"3S» tie

1Q3H »Z

1O3M CZ

INS » •

3h» »Z

INI (ft

103M »Z

AiNO

AlNQ

AiNO

AiNO

AiNO

AiNO

AINO

AiNO

AiNO

A'INO

6I> tJT~9»-i»
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AM74 R.E.IeHCKTCR 417

JUN72 !<.*.|MAT, S.r.HUtHAISNAI 4t2

JUNTI N.tt.lUAT, l.r.ML'lHAIIMAI 417

JUNtJ H.R.lMAT, S.r.HUtNAIIH*! At?
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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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APPENDIX L

Sample of Interpreted Data Set

The following is an interpreted listing of the
ENDP data set for Helium-4. This listing was obtained
using the LISTFC code (See Appondix I). Since this
is an example, not all of the angular distributions
have been listed.
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eo«t »»u MOK[« ( »t lo t fmi f - i n t i i M I >t*rM«(c
> o«t« itf IMUH sxckuxe no< O«L« »-C ••••-t o»t« tut
VC» MCClm **«H| OtTt, >LL TKt t«ll|,<(kC ••«>( »3 x
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APPENDIX M

Sample Graphical Display

The following is a sample graphical display
of the cross sections for Helium-4. A number of
codes (see Appendix I) prepare graphical display
of materials in the ENDF format. The examples
shown here are taken from ENDF-200, ENDP 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. Hie 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.
When 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.
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Examples of Record Format and Notation used in Appendix A

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

by C0NT, LIST. TABl, 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 depend on its usage.

MAT is the material number (integer).

MF is the file number (integer).

MT is the reaction type number (integer).

Cl is a constant (floating point).

C2 is a constant (floating point).

LI is an integer generally used as a test.

L2 is an integer generally used as a test.

HI is a count of items in a list to follow.

N2 is generally a count of items in a second list to follow.

O.S.3. Caid-Image (BCD) Formats

An alternative format is used when data are contained on punched cards or

BCD card-image tapes. Basically the data are stored 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. Also a card sequence number has been added to

the card-image format. In general, more than one BCD card-image record will be

required to contain the data in a binary record.

A standard SO-column card is divided into the following ten fields:

ield

1
2
3
4
5
6
7
e
9
10

Columns

1-11
12-22
23-33
34-44
45-5S
56-66
67-70
71-72
73-75
76-80

Description

Datum

n

MAT
MF
MT
Sequence number, starting
with 1 for the first
card of a material



Examples of Record Format and Notation used in Appendix

TABl Records

The third type of record i s 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/C1, C2j LI, L2; NR, NP/X^/y (x) ]TAB1

This record would be punched on cards in the following way:

Field

! 4_

Cl C2 LI L2 NR NP

KSTil) INT(l) NBT(2) INT(2) NBT(3) INTO)

NBT(4) INT(4) NBT(5) INT(5)

NBT(NR) INT(NR)

X(l) Y(l) X(2) Y(2) X(3) Y(3)

X(4) Y(4) X(5) Y(5)

X(NP) Y(NP)

7

MAT

MAT

MAT

MAT

MAT

MAT

f!AT

8_

MF

MF

MF

MF

MF

MF

MF

9_

MT

MT

MT

MT

MT

MT

MT

The term * i n t means the interpolation table for interpolating between successive

values of the variable x. y(x) means pairs of x and ytx) . x i s generally used

as the incident neutron energy E, and y(x) i s generally a parameter such as the

cross section a(E).

A TAB2 record i s the same as the TABl record, except that the l i s t of x and

y values i s omitted.
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C0NT Records

The smallest possible record is a control (C0NT) record consisting of

the nine numbers given above. For convenience, a C0NT record is denoted by

[MAT, MF, MT/C1, C2; Ll, L2; Nl, N2JC0NT

There are five special cases of a C0NT record, denoted by HEAD, SEND,

FEND, MEND, and TEND. The HEAD record is the first in a section and has the

same form as a C0NT record. The numbers d 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 C0NT record> and they are used to signal the end of a section, file,

material, and tape, respectively:

(MAT, MF, 0/0.0, 0.0; 0, 0; 0, OJSEND

[MAT, 0 , 0/0.0, 0,0; 0, 0; 0, 0]FEND

[ 0 , 0 , 0/0.0, 0.0; 0, 0; 0, 0]MEND

[-1,0, 0/0.0, 0.0; 0, 0; 0, 01TEND

The HEAD record consists of one card punched in Fields 1-9.

The SENu, FEND, MEND, TEND, and TPID 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.
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LIST Records

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

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

B(N), and there are NX of them.

The LIST record denoted by

[MAT, MF, MT/ Cl, C2) LI, L2; Ml, N2/ B ]LIST
n

is punched in the following way:

Field

1

Cl

B<1)

B(7)

2

C2

B(2)

B(8)

3

U

B(3)

B(9)

4

L2

B(4)

5 6

Nl N2

B(5) B(6)

7

MAT

MAT

MAT

MAT

8

MF

MF

MF

MF

9

MT

MT

MT

MT

\ \



Examples of Record Format and Notation used in Appendix
N-i
D

TAB1 Records

The third type of record is the TAB1 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 TAB1 binary record that was denoted by

[MAT, MF, MT/C1, C2; LI, L2; NR, NP/x. /y(x)]TABl

This record would be punched on cards in the following way:

Field

Cl C2 LI L2 NR NP

NBT(l) INT(l) NBT(2) INT(2) NBT(3) INT(3)

NBT(4) INT(4) NBT(5) INT(5)

NBT(KR) INT(NR)

X(l) Y(l) X(2) Y(2) }((3) Y(3)

X(4) Y(4) X(5) Y(5)

X(NP) Y(NP)

7

MAT

MAT

MAT

MAT

MAT

MAT

HAT

8_

MF

MF

MF

MF

MF

MF

MF

9_

MT

MT

MT

MT

MT

MT

MT

The term x. 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).

A TAB2 record is the same as the TABl record, except that the list of x and

y values is omitted.
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UtF is a flag that indicates Thai resolved and/ov unresolved reionance

parameter* are given in File 2.

LM> - 0, no- rc-s^rumc* paraneter data given;

LilP « ], resotvmi and/or unresolved resonance parameter data given

in FU« 2.

LFI is a flag 'hat indicates whether this material is fissionable;

LFI - 0, this is not a fissLunable material)

LFI - 1, this material is fissionable.

NXC is ,in integer count of all the sections to be found in the diction-

ary. Each section oi this material is represented by a s.ngle card

unagH that, contains MF. KT, (reaction number), and NC (a count oE the number of cards

in the section). NXC is th« total number of sections for the complete material;

i.*., it is equal to the sum of all the sections in the different files.

t ĵ n is A flag to l ndiQi&te whe the r induced react ion decay data are g i v**n for x n 15 ma ten al.

LDD » 0, radioactive decay data not given fr-r this material;

U P is A flag that indicates whether fission product yield data axe given

for this material:

LFP » 0, fission product yields not qivent

LFP • 1, fission product yields are given.

NWD is the count of th* /umber of elements in the Hollerith section.

For_BCD card imagrt tapos, NWD is the number of card images used to

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

mation, and it i3 understood that 17 words are required fer each

card image (£6 characters! and the fom&t is U6A4, A2). (NWD <̂  'JOOO.)

HIM) is the array containing the Hollerith information that describes

the particular evaluated data set. :"or a BCD card-image tape.

each elep^nt of the array is contained on one card image.

(First BCD Card Image Record)

ZSYMA is a Hollerith represer-tation of the raaterial Z-cbemical symbol -

A with

Z right justified in col. 1 to 3

hyphen in col. 4

chemical symbol left justified in col. 5 end 6

- hyphen in col. 7

A right justified in 8 - 10 or blank

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

ftLAB Mnemonic of originating laboratory(s) (left adjusted)

EDATE date of evaluation £VAL - in cols. 23-27, three character month

in 28-30. followed by two character year 31-32 (...e. EVAX-DEC74*

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

(Second BCD-Card Image Record)

RLF reference 2-22

DDATE original distribution date (left adjusted DIST- followed by

month-year as in ED7VTE

RDATE date and number of last revision WV1- followed by Month-year

as in EDATE

The following quantities are d«t-ned.

KF , MY , and NC are included in each of the NXC itewi in the dictionary.
n n n_

MFR ts the MF of the 11
th section.

MT is the MT of the n 0 1 aection.
n

NCn ia the number of BCD card images in a given section (the n** section.

This card count doys r>ot Include the SEND card. (Note that NC. - NXC + EWD • 2.)
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This section always begins with a HEAD record and ends with a SEND record.

Its structure is

[MAT, 1, 451/ZA , AWR, LRP, LFI, 0, NXC]HEAD

[MAT, 1, 451/0.0, 0.0, LDD, LFP, NWD, 0/ 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]C0NT

[MAT, 1, 451/0.0, 0.0, MF , MT , NC , O]C0NT

[MAT, 1, 451/0.0, 0.0, M F ^ , ^mc>
 NC

mc

[MAT, 1, 0 /0.0, 0.0, 0 , 0 , 0 , 0]SEND

•Note: ZSYMA to AUTH are part of H(N)
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9.22350+ 4 2.53025+ 2 1 '. 0 821261 1451 1
0.00000+ 0 0.00000+ 0 t ! 263 0126! 1451 2
92-U -23S LASL.AI EVAL-MAR74 L.STEWART, H.ALTER , R.HUNTER 1261 1451 3

DIST-.nil.74 R£V-.'UN75 126) 1451 4
PRINCIPAL I'VALUATORS- L.STEWAKT LASL, H.ALTEH Al , R.HUNTER LASL 1261 1451 5

126.1 1451 6
CONTRIBUTING EVALUATORS 1261 1451 7

1261 1451 8
NU-BAR—B.R. LEONARD BNW, I. SIEWART AND RAY HUNTER LASL, 1261 1451 9
HUMMEL ANL. 1261 1451 10

F.P.YIELDS— R.SCHENTER HEDL, F.'SSION PROD. SUBCOMMITTEE 1261 1451 11
DELAYED NEUTRON DATA-- S.A.COX(ANl) 126! 1451 12
RADIOACTIVE DECAY DATA—C.W.REICH ADC 1261 1451 13
RESOLVED RESONANCE DATA—J.R. SMITH ANC, R. GVIM, R. PEELE, AND 1261 1451 14
G.DESAUSSURE ORNi. 1261 1451 15

UNRESOLVED RESONANCE DATA— R.PEELLE(ORNL) AND M.BHAT(BNL) 1261 1451 16
1261 K.51 17

SMOOTH DATA 1261 1451 18
1261 1451 19

THERMAL AANGE C.LUBITZ KAPL, J.HARDY BAPL, B.R.LEONARD ENW 1261 1451 20
B2 EV - 2 5 KEV—R.GU1N, C.DESAUSSURE ORNL, R.BLOCK RPI , 1261 1451 21

J . R . SMITH /LNC 1261 1451 22
25 KEV-1 MEV A.CARLSON NBS, W.POENITZ ANL, L.STEWART 1261 1 4 5 i 2 3

LASL, H.ALTER 1261 1 4 5 ! 24
1 HEV-20 MEV—R.HUNTER, L.STEWART LASL, H.ALTER 1261 1451 25
INELASTIC SCAT—L.STEWART, R.HUNTER LASL 1261 1451 26
SECONDARY NEUTRON DIST.—L.STEWART. R.HUNTER LASL 1261 1451 2 7
CAMMA PRODUCTION—R.HUNTER, L.STEWART LASL 1261 <451 28

1261 1451 2'i

(MISSING LINES)

1261 1451 172
MF • 3 1261 1451 173

1261 1451 174
SMOOTH DATA 1261 1451 175

THERMAL DATA-—THERMAL TASK FORCE 1261 1451 176
1 EV TO 82 EV J. R. SMITH 126). 1451 177
82 EV TO 25 KEV PEELLE, DHAT 1261 1451 178
25 KEV TO 100 KEV BIG THREE PLUS TWO TASK FORCE 1261 1451 179
lOOKSV TO 1 MEV FISSIUN CROSS SECTION TAKEN AS CURVE 1261 1451 I8J

SUGGESTED BY U-235 TASK FORCE AND CSEWG STANDARDS AND 1261 1451 '.81
NORMALIZATION SUBCOMMITTEE. IN THIS ENERGY R£GI0S DATA TAKEN 1261 1451 182
FROM REFERENCES 1 THROUGH 9. DATA OF Rf.F.4 SZABO (71) RAISED 1261 1451 183
BY 1.04. BETWEEN 1 AND 6 MEV CURVE DRAWN THROUGH DATA OF 1261 1451 184
REFERENCES 3, 5, AMI 7 THROUGH 11, WITH HEAVY WEIGHT GIVEN TO1261 1451 185
REF. 11. ABOVE 6 MEV CURVE DRAWN THROUGH DATA OF REFERENCES !2G1 1451 186
7, 8, i2 AND 13. DATA OF REFS. 12 AND 13 NORMALIZED TO 2.152 1261 1451 187
BARNS AT 14.0 MEV. ALPHA CURVE BETWEEN 10 KEV AND 10 MEV 1261 1451 188
BASED ON REFERENCES 1 AND 14 THROUGH 19 AS RECOMMENDED BY 1261 1451 189
U-235 TASK FORCE. ABOVE 1 MEV ALPHA CURVE SMOOTHLY 1261 1451 190
EXTRAPOLATED TO 20 MEV. CAPTURE CROSS SECTION DERIVED AS 1261 K51 191
THE PRODUCT OF THE FISSION CROSS SECTION WITH ALPHA A30V2 1261 1451 192
0.5 MEV TOTAL CROSS SECTION TAKEN FROM SPLINE FIT TO DATA OF 1261 1451 193
REFERENCES 20 AND 21. BETWEEN 25 KEV AND 0.5 MEV A SMOOTH 126! M51 194
CURVE WAS FIT TO THE TOTAL CROSS SECTION OF ENDF/B-3. 1261 1451 195

1261 1451 196

(MISSING LINES)

REFERENCES 1261 1451 228
1261 1451 229

1. GWIN, R., ET.AL. PRIVATE COMMUNICATION (ORNL,1973) 1261 !451 230
2. KAFFELEU,F.SYMPOSIUM NEUT.STDS., (ANL) COHF.701002, 272(1970) 1261 1451 231
3 . SZABO,I., ET.AL., (AS REF.5) CONF-701002, 257(1970) 1261 1451 232
4. SZABO,I., ET.AL., KNOXVILLE CONF. VOL.2 573(1971) 1261 1451 233
5 . KAPPELER.F., 2ND IAEA PANEL STANDARD X-SECTIONS,VIENNA(1972) 1261 1451 234
6. GAYTHER, D .B . , ET.AL., 'AS REF.8) (1972) 1261 1451 235
7. HANSEN, G., ET.AL., PRIVATE COMMUNICATION,L.STEWART(LASL 1970)1261 1451 236
8. WHITE, P . H . . , J.NUCL.ENERGY 19,325(1965) 1261 1451 237
9 . D1VEN, B . C . , PHYS.REV.105,1350(1957) 1261 1451 238

10. POENITZ, W.N PRIVATE COMMUNICATION (ANL,1973) 1261 1451 239

(MISSING LINES)

32 . R. V. PEELLE, ORNL, LETTER TO CSEWG, 9 - 2 4 - 7 3 . 1261 1451 264
1261 1451 265

1 451 347 1261 1451 266
1 452 6 126) 1451 267
1 453 9 1261 1451 268
1 454 1699 1261 1451 269
1 455 8 1261 1451 270
1 456 6 1261 1451 271
1 457 60 1261 1451 272
2 151 871 1261 1451 273
3 1 388 1261 1451 274
3 2 339 1261 1451 275

(MISSING LINES)

15 3 136 1261 1451 345
15 18 54 1261 1451 346
15 102 58 1261 1451 347
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I.NU is a test that indicates what representation of v(E) has been used:

LNU = 1, polynomial representation has been used;

LNU = 2, tabulated representation.

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

(NC <. 4)

C are the coefficients of the polynomial. There are NC coefficients
n

given.

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

v(E). (See Appendix E.)

NP is the tota3 number of energy points used to tabulate v(E).

E. is the interpolation scheme (see Appendix E for details.)

i
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The s t r u c t u r e of t h i s sec t ion depends on whether values of v(E) are tabu-

l a t ed as a function of inc iden t neutron energy or whether v i s represented by a

polynomial.

I f I.NU = 1, the s t r u c t u r e of the sec t ion i s

[MAT, 1, 452/ ZA, AVTR, 0 , LNU, 0, 0]HEAD LW'

[MAT, 1, 452/ 0 .0 , 0 .0 , 0, 0 , NC, O/i^, C^, . . . C ^ L I S T

[MAT, 1, 0 / 0 .0 , 0 .0 , 0, 0 , 0 , OJSEND

If LKJ = 2, the s t r u c t u r e of the sec t ion i s

[MAT, 1» 452/ ZA, AWR, 0, LNU, 0, OJHEAD LNU

[MAT, 1 , 4 5 2 / 0 . 0 , 0.0, 0, 0, NR, Ni>/E. . /v ' (E))TABl

i n t
i'MAT, 1, C / 0 .0, 0 .0, 0, 0, 0, 0]SEND
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9.
0.
2 ̂

22 340+ 4
00000-r 0
37000+ 0

2.
0.
1.

32029+
00000+
25000-

2
0
7

0
0

1
0

C
2

01043
01043
1043
1043

1452
1452
1452
1 0

81
82
83
84

9.22350+ 4 2.330*15+ 2 0 2 0 01261 1452 349
0.00000+ 0 0.00000+ 0 0 0 1 71261 1452 350

7 2 1261 1452 351
1.00000- 5 2.41880+ 0 ) 20000+ 6 2.57130+ 0 3.00000+ 6 2.78010+ 01261 1452 352
'4.00000+ 0 2.94430+ 0 7.00000+ 6 3.42930+ 0 7.85D0O+ 6 3.56890+ 01261 14.52 353
2.00000+ 7 5.19620+ 0 1261 1452 354

1261 ] 0 355
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The energy dependence of

v may be found by tabulating v as a function of incident neutron energy or by

providing the coefficients for a polynomial expansion of v(E),

NC
— . X "" _{n-l)v(E) = J c E '

n=l

where v(E) is the average total (prompt plus delayed) number of neutrons per

fission produced by neutrons of incident energy E(eV) , C is the n coef f icier.*:,
n

and NC is the number of terms in the polynomial.
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ZA is the designation of the original nuclide (ZA = (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, ZA. (US = 0 means

the ground state, LIS = 1 means the first excited state, etc.)*

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

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 (Z,A) designation of the product nuclide (ZAP = (1000.0*Z) + A).

DC is the decay constant (sec ) for the decay of a particular state of

the product nuclide (ZAP).

2 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 ratios 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.

. \
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The structure of a section i s

(MAT, 1, 453/ZA, AWR; 0, 0; NS, OJHEAD

< subsection for LIS » 0 (ground state) >

< subsection for LIS = 1 (f irst excited state) >

< subsection for LIS = NS - I >

(MAT, 1, 0 /0 .0 , 0.0; 0, 0; 0, 0 1SEND

There wi l l be NS subsections.

The structure of a subsection i s

[MAT, 1 , 453/ZA, AWR,- LIS, 0; NE, NPR/

ES(1) , ES(2> ,

, ES(NE)]LIST

[MAT, 1 , 4 5 3 / 0 . 0 , Qj LFS, 0 , NE + 3 , 0 /

RTYP, ZAP; DC, BR(1) , BR(2), BR(3) /

BR(4) , BR(NE) ]LIST

NPR such LIST records (of the second type).
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9

1

0

1

Cl

1

0

,:MV>
. 1KJOOO-

. ouoo(>+

. 1)0000+

. 00000+

.70000+

.00000+

1.OJOUO+

•i 2

4 2

5 1

0-5

1 9

0 - 1

1 9

0 b

2 9

.33025+

.3 3025+

.00000+

.23000+

.22340+

.18500+

.22330+

.54510+

.32360+

2
2
7

b

;

4

6

It

0 0 1
0 0 2

0 0 5
8.85890-14 1.00000+ 0 1.00000+ 0

0 0 5
1.61540-13 1.00000+ 0 1.00000+ 0

0 0 5
9.19250-16 1.UD000+ 0 1.00000* 0

01261
31261

1261
01261

1261
01261

1261
01261

126!
)261

K 5 3

1453
1453
1453
1453
1453
1453

1453

1453

1 0

356

357

358
359

.?&0

361
362
36?

364

365
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_ FILE 1 _

MT = 453

Radioactive Decay Data

For a specified original nuclide
state (LIS) and reaction type(RTYP)
the branching ratios are

BR(N) =1.0

at each incident energy point. N.
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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*Z) + A'•

FPS 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 fractional yield for a particular fission product.

C (E.) is the array of yield data for the i 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 C (E.} array.

E. is the incident neutron energy of the i point (eV).

US is a test to determine whether energy-dependent fission product

yields are given:

IE = 0 implies no energy-dependence (only one set of fission product

yield data given)?

LE > 0 means that (LE + 1) sets of fission product yaeld data are

given at (LE + 1) incident neutron energies.

1^ is the interpolation scheme (see Appendix E) to be used between the

E. and E. energy points.
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The structure for a section is

[MAT, 1, 454/ZA, AWR, LE + 1, 0, 0, 0]HBAD

[MAT, 1, 454/E., 0.0, LE, 0, HI, NFP/C (E,)]LIST
1 n 1

IMAT, 1, 454/E2, 0.0, 1^ 0, HI, NFP/C^E^JLIST

[MAT, 1, 454/E., 0.0, I , , 0, Nl, NFP/C (E,)]LIST
j 3 n 3

[MAT, 1, 0/0.0, 0.0, 0, 0, 0, OJSEND

There are (LE + 1) LIST records.
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N-5

S.22350+
2.53000-
2.406&O+
2.40680+
2.50660+
2.50680+
2.50700+
2.60660+
2.60680+

4
2
4
4
4
4
4
4
4

2.33025+
0.00000+
0.00000+
0.OO0CO+
0.00COO+
0.00000+
0.00000+
0.00000+
0.00000+

(HISSING LINES)

6.71690+
6.71700+
6.71720+
6.81620+
6.81640+
6.81660+
6.81670+
6.81690+
6.81710+
5.00000+
2.40660+
2.40680+
2.50660+
2.50680+
2.30700+
?.60660+
2.60680+
2.60731^

4
4
4
4
4
4
4
4
4
5
4
4
4
4
4
4
4
4

0.00000+
1.00000+
0.M00O+
0.00000+
0.0C10O+
0.00000+
1.00000+
0.00000+
0.00000+
0.00000<
0.00000+
0.00000+
0,00000+
0.00000+
0.00000+
0,00000+
0,00000+
0.00000+

(MISSING LINES)

6.71690+
6,71700+
6.71720+
6.81620+
6.81640+
6.81640+
6.81670+
6.8J690+
6.81710+
1.40000+
2.40660+
2.40680+
2.50660+
2.50680+
2.50700+
2.60660+
2.60680+
2.60700+

4
4
4
4
4
4
4
4
4
7
4
4
4
4
4
4
4

0.00000+
1.0000O+
0.00000+
0.00000+
0,00000+
0.00000+
1.00000+
0.00000+
0.00000+
0.00000+
O.00POO+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+

(MISSING LINES)

6.71670+
6.71690+
6.71700+
6.71720+
6.81620+
6.81640+
6.81660+
6.81670+
6.81690+

4
4
4
4
4
4
4
4
4

0.00000+
0.00000+
1.00000+
0.00000+
0.00000+
0.00000+
0.00000+
1.00000+
0.00000+

2
0
0

a
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

3
2

2.51136-13
0.00000+ 0
2.74149-11
6.99379-12
1.29070-13
3.&3208-10
8.37454-10

4.26231-11
1.03356-11
5.79314-12
0.00000+ 0
0.00000+ 0
8.93485-14
3.95214-14
1.15062-12
.1.1>4192-l2

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-U
2.38039-U
0.00000+ 0
0.00000+ 0
5.62091-14
3.42055-13
6.32102-12
1.9J031-1J

3
1.59889-10
5.88591-13
4.09715- 8
1.58890- 9
8.36419-12
1.24913- 6
4.43692- 7
2.39833- 8

5.57613- 8
2.01860- ?
7.80458- 8
7.12505- ft
0.00000+ 0
7.43483-14
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+
6.8N.TO+
6.81700*
6.81720+

2.40670+
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+

0
0
4
4
4
4

4
4
4

4
/.
4
4
4
4
4
4
4
0
4
4
4
4
4
4
4
4

4
4
4
4
4
4
4
4
4
0
4
4
4
4
4
4
4
4

4
4
4
4
4
4
4
4
4

0
3350

0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.C00OO+
0.00000+

0.00000+
0..3000+
0.00000+
0.00000+
0,00000+
0.00000+
0.00000+
0.00000+
0.00000+

0
0
0
0
0
0
0

0
u
0
0
0
0
0

c
0

3390
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+

0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+

0
0
0

c
0
0
0
0

0
0
0
0
0
0
0
0
0

3390
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
O.OOOCtH
0.00000+

0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

01261
11301261

7.69417-141261
0.00000+ 01261
2.65144-111261
1.16063-121261
1.00054-141261
1.06058- 91261
4.3I234-I01261

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- 912H
3.38055-101261

7.83127-111261
8.38136-111261
0.00000+ 01261
0.00000+ 01261
0.00000+ 01261
3.41055-131261
2.71044-12H61
1.28021-111261
1.45023-111261

113C1261
1.59BS9-111261
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
1.63872-101261
2.31839- 91261
2.66815- 81251

1261

1454
1454
1454
1454
1454
1454
1454
1454
1454

1454
1454
1454
1454
1454
1454
1454
J.454
1454
1454
1454
1454
1454
1454
1454
1454
1454
1454

1454
1454
1454
1454
1<554
1454
1454
'454
1454
1454
1454
145-'>
1454
1454
1454
1454
1454
1454

1454
K 5 4
1454
1454
1454
K 5 4
1454
1454
1454
1 f.

366
367
368
365
370
371
372
373
374

924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941

U 9 0
1491
1492
1493
1494
J495
1496
1497
1498
1499
1500
1501
1502
1503
1504
1505
1506
1507

2055
2056
2057
2058
2059
2060
2061
2062
2063
2064
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FILE 1

m = 454

Fission Product Yield Data

At each incident energy point

NFP

YLD. ^2.000
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LND is a test that indicates which representation is used*

LND « 1 means thav a polynomial expansion is usedj

LND = 2 means that a tabulated representation is used.

NCD is the number of terms in the polynomial expansion. {NCD <_ 4)

CD are the coefficients for the polynomial.

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

NP is the total number of incident energy points used to represent

v, (E) when a tabulation is used,
a

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

\> (E) is the total average number of delayed neutron precursors formed

per fission event.

NNF is the number of precursor families considered.

Xi is the decay constant (sec ) for the i precursor.
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structure of a section when a polynomial representation has been used (LND » 1) is

[MAT, 1, 455/ ZA, AWR, 0, LND, 0, 0]HEAD IJHD « 1

[MAT, 1, 455/ 0.0, 0.0, 0, 0, NNF, 0/^, A ^ .. .A^^JLIST

[MAT, 1, 455/ 0.0, 0.0, Or 0, NCD, O/CD,, Cr> ,-...CDM/,_3LIST

[MAT, 1, 0 / 0.0, 0.0, 0, 0, 0, 01SEND

The structure when values of v, are tabulated (LND » 2) is
d

(MAT, 1 , 4 5 5 / ZA, AWR, 0 , LND, 0 , 0]HEAD LND

[MAT. 1 , 4 5 5 / 0 . 0 , 0 . 0 , 0 , 0 , NNF, O / A j , X^.. . X ^ ^ l L I S T

[MAT, 1, 455/ 0.0, 0.0, 0, 0, NR, ^

[MAT, 1, 0 / 0.0, 0.0, 0, 0, 0 OJSEND



File 1 Delayed Neutron Data (MT=455)
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l.J'l? -HI ?.«4
3.9(3-1

6 -"? 4,?5?1 -2} 1.5JJ2 -fl J.5363 -»l 1,5*67

l l l!2
l i e ?
llflS
11C2
l i t :
11112
1122

HS5
14SS
149S
14S»
145S
1 •

111
112
i t s
1*4
I t 5
lit
1(7

9.22350* 4 2.33025+ 2
0.00000+ 0 0.00000+ 0

0)261
01J61

1455 2066
1455 2067

1.27200- 2 3.17AOO- 2 1.16000- I 3.11000- 1 1.40000+ 0 3.87000+ OUti 1455 2068
0.00000+ 0 Q.00000+ 0 0 0 1 71261 1455 2069

7 2 J261 1455 2070
1.00000- 5 1.67000- 2 1.20000+ b 1.67000- 2 2.00000+ 6 1.67000- 21261 1455 2071
4.00000+ 6 1.67000- 2 7.00000+ 6 9.00000- 3 7.85000+ 6 9.00000- 312bl 14S5 2072
2.00000+ 7 9.00000- 3 1261 1455 2073

1261 1 0 2074
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File 1 Delayed Neutron Data (MT=455) D

The total number of delayed neutron 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 emitted for each of the precursor families,

NNF

Vd(B)

i-l

where NNF is the number of precursor families. The fraction of the total, t>. (E),

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

v (E)
Pi(E)

vd{E)

The structure of a section depends on whether v,(E) is tabulated as
a

a function of incident energy or given as coefficients of a polynomial ex-

pansion in energy. If a polynomial is used, v, (E) is defined as

a

V

NCD
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WP is a test that indicates what representation of v(E) has been used;

LNP = 1, polynomial representation has been used;

LNP • 2, tabulated representation.

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

(NCP <_ 4)

CP are the coefficients of the polynomial. There are NC coefficients

given.

NR is the number of interpolation 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.)
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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 by

a polynomial.

{polynomial representation used), the structure of the section

is

[MAT, 1, 456/ZA, AWR, 0 , LHP, 0 , OJHEAD UIP « 1

[MAT, 1, 4 5 6 / 0 . 0 , 0 . 0 , 0 , 0 , NCP, 0/CP , CP,, . . . CJ> JUST

[MAT, 1, 0 / 0 . 0 , 0 . 0 , 0 , 0 , 0 , 0]SEND

I f 3U»P - 2 ( tabulated va lues of v ) , the s tructure of the s e c t i o n i s

(MAT, 1 , 4S6/ZA, AMR, 0 , LNP, 0 , 0)HEAD UP

[MAT, 1, 456/0.0, 0 .0 , 0, 0, NT., NP/E. / 7 (E)]TAB1

int p
[MAT, 1, 0 /0 .0 , 0 .0 , 0, 0, 0, OJSEND
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NO EXAMPLE IN ENDF-IV

9.22350+ 4 2.J3O2H 2 0 2 0 0126) 1456 2075
0 .00000 0 0.00000* 0 0 0 1 71261 1456 2076

'I 1 1261 K.56 2077
1.00000- •> 2.40210* 0 I.2O00O+ 6 2.55460+ 0 J.00000* 6 2.76340+ 0126) )45t 2078
4.00000+ 6 2.92760+ 0 7.00000+ 6 3.42030+ 0 7.85000+ 6 3.55990+ 01261 1456 2079
2.00000+ 7 3.18720+ 0 1261 1456 2080
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Number of Prompt Neutrons per Fission, v , (MT • 456)

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

number of prompt neutrons per fission, v , (MT = 456) can be given using formats

identical to MT = 452. v is given as a function of incident neutron energy. The

energy dependence of v may be giver, by tabulating v as a function of incident

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

vp(E).

NCP

v <E) = Y CP E1"""
P ' A n

n=l

where v (E) is the average number of prompt neutrons per fission produced by

neutrons of incident energy E(eV), CP is the n coefficient, and NCP is the

number of terms in the polynomial.

The values of \ (E) given in this section are for the average number of

prompt 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 v , the number of prompt neutrons per fission,

."mist be included ii. the values of v(E) given in the section (MT = 452): i.e.,

\J(MT = 452) = v\(MT = 455) + \T (MT « 456).
d p
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I. General information about the material

BA = Designation of the original (radioactive) nuclice (=1000*0 + A)

LIS = Isomeric state flag for original nuclide (LIS « 0/ ground

state) L1S « 1, first isomeric state; etc.).

T = Half-life of the original nuclide (seconds).

ATl/2 = U n c e r t a i n t y 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
X'

AE
X = Average decay energy (eV) of radiation of type x and its uncer-

tainty (ev) for decay heat applications. The 6»Y and a energies

are given in that order, with space reserved for zero 8 or y en-

tries. All non-v and non-a energies are presently included as

8 energy. The a energy includes the recoil nucleus energy.

II. Decay mode information for each mode of decay:

NDK = total number of decay modes given.

RTYP = Indicates the mode of decay.

RFS = Isomeric state flag for daughter nuclide. (Fixed point number.)

Q = Total decay energy (eV) available in the corresponding decay

process.

AQ = Uncertainty in Q value (eV).

BR = Fraction of the decay which proceeds by the corresponding decay

mode. {e.g., if only 8 occurs .ind no isomeric states in the

daughter nucleus are excited, then BR = 1.0 for 6 decay.)

ABR = Uncertainty in BR (should be given as one standard deviation)

III. Resulting radiation spectra

STYF = Decay type (Use mode of decay variable list).

NSP = Total number of spectra. (NSP may be zero.)

F and AE = Energy (eV) or radiation produced (E._, E_+, E , etc.).— — — — — B ts y

I and AI = 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 Radioactive Decay Data
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Formats

The structure of this section always starts with a HtAD record and ends

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

[MAT, 1/457/ ZA AWR LIS b b NSP J HEAD

[MAT,1/457/
1/2 AT

1/2
2*NAV

AE,, AE

NAV

AE LIST

[MAT,1/457/ ZA AWR

RTYP, RFS,

6*NDK NDK

BR, ABR.

[MAT,

[MAT,

1,457/

1.0/

STYP

F

E

b

b

AF

AE

b

b

b

I

b

b

b

AI

b

6*(NE+.T) JJE/ Repeat NSP times

b b [omit if NSP=0]

ICC AICC ] LIST

b b } SEND
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9.22350+ 4 2.13025+ 2 0 0 0 21261 1457 2082
2.2?Oi3+!6 3.15360+13 0 0 6 31261 1457 2083
0.0000O+ 0 0.00000+ 0 1.61310+ 5 0.00000+ 0 4.46800+ 6 0.00000)- 01261 1457 2084
9.22350+ 4 2.33025+ 2 0 0 12 21261 1457 2085
4.00000+ 0 0.00000+ 0 4.67880+ 6 2.50000+ 3 1.00000+ 0 0.00000+ 01261 1457 2086
6.0000C+ 0 0.00000+ 0 0.00000+ 0 0.00000+ 0 4.00000- 9 0.00000+ 01261 1457 2087
4.00000+ i: 0.00000+ 0 0 0 102 161261 1457 2088
1.00000+ 0 0.00000+ 0 0.00000+ 0 0.00000+ 0 0.00000+ 0 0.00000+ 01261 1457 2089
4.1460OS 6 3.00000+ 3 5.000CO- 1 0.00000+ 0 0.00000+ 0 0.00000+ 01261 1457 2090
4.19000+ 6 3.00000+ 3 1.30000+ 0 0.00000+ (• 0.00000+ 0 0.00000+ 01261 1457 2091
4.21600+ 6 3.00000+ 3 6.00000+ 0 0.00000+ 0 0.00000+ 0 0.00000+ 01261 1457 2092
4.27100+ 6 5.00000+ 3 4.00000- 1 0.00000+ 0 0.00000+ 0 0.00000+ 01261 1457 2093
4.32500+ 6 3.00000+ 3 3.00W0+ 0 0.00000+ 0 0.00000+ 0 0.00000+ 01261 1457 2094
4.34500+ 6 4.00000+ 3 1.00000+ 0 0.00000+ 0 0.00000+ 0 0.00000+ 01261 1457 2095
4.36S00+ 6 3.00000+ 3 1.20000+ 1 0.00000+ 0 0.00000+ 0 0.00000+ 01261 1457 2096
4.37400+ 6 5.00000+ 3 6.00000+ 0 0.00000+ 0 0.00000+ 0 O.C/0000+ 01261 K57 2097
4.39800+ 6 3.00000+ 3 5.60000+ 1 0.00000+ 0 0.00000+ 0 0.00000+ 01261 1457 2098
4.41700+ 6 5.00000+ 3 2.00000+ 0 0.00000+ 0 0.00000+ 0 0.00000+ 01261 1/(57 2099
4.43000+ 6 5.00000+ 3 1.5000O+ 0 0.00000+ 0 0.00000+ 0 0.00000+ 01261 1457 2100
4.44400+ 6 3.00000+ 3 1.50000+ 0 0.00000+ 0 0.00000+ 0 0.000C0+ 01261 1457 2101
4.48400+ 6 3.00000+ 3 1.60000+ 0 0.00000+ 0 0.00000+ 0 0.00000+ 01261 1457 2102
'1.50200+ 6 3.00000+ 3 1.40000+ 0 0.00000+ 0 0.00000+ 0 0.00000+ 01261 1457 2103
4.55600+ 6 3.00000+ 3 3,0i/000+ 0 0,00000+ 0 0.00000+ 0 0.00000+ 01261 1457 2104
/i..'.9800+ t 3.00000+ 3 4.0C00O+ 0 0.00000+ 0 0.00000+ 0 0.00000+ 0126? 1457 2105
0,00000-i 0 0.00000+ 0 0 0 210 341261 1457 2106

1.0000O+ 0 0.00000+ 0 O.PO00O+ 0 0.00000+ 0 0.00000+ 0 0.00000+ 01261 1457 2107
3.16000+ 4 1.00000+ 2 0.00000+ 0 0.00000+ 0 0.00000+ 0 0.00000+ 01261 1457 2108
4.21000+ 4 2.00000+ 2 5.00000- 2 0.00000+ 0 0.00000* 0 0.00000+ 01261 1457 2109
5.12000+ 4 0.00000+ 0 0.00000+ 0 0.00000+ 0 0.00000+ 0 0.00000+ 01261 1457 2110
7.49000+ 4 1.0000O+ 2 1,30000- 1 0.00000+ 0 0.00000+ 0 0.00000+ 01261 1457 2111
1.09120+ 5 5.00000+ 1 1.50000+ 0 2.00000- 1 9.70000- 2 0.00000+ 01261 1457 2112
1.J520O+ 5 5.00000+ 2 1.10000- 1 3.00000- 2 0,00000+ 0 0.00000+ 01261 1457 2113
1.40750+ 5 1.00000+ 2 1.70000- 1 2.00000- 2 0.00000+ 0 0.00000+ 01261 1457 2114
1.43780+ 5 2.00000+ 1 9.70000+ 0 5.000CJ- 1 2.07003- 1 0.00000+ 01261 1457 2115
) 5P96O+ 5 3.00000+ 1 1.1000O- 1 3.00000- 2 0.00000+ 0 0.00000+ 01261 1457 2116
1.63360+ 5 2.00000+ 1 4.60000+ 0 3.00000- 1 1.54000- 1 0.00000+ 01261 1457 2117
1.73400+ 5 1.O000O+ 2 1.50000- 2 0.00000+ 0 0.00000+ 0 0.00000+ 01261 1457 2118
1.82720+ 5 2.00000+ 2 -,.00000- 1 4.00000- 2 0.00000+ 0 0.00000+ 01261 1457 2119
1.35720+ 5 2.G000O+ 1 5.4000O+ 1 0.00000+ 0 1.14000- 1 0.00000+ 01261 1457 2120
1.94940+ 5 2.00000+ 1 6.50000- I 5.00000- 2 0.0000O+ 0 0.00000+ 01261 1457 2121
1.93910+ 5 6.00000+ I 3.00000- 2 0.00000+ 0 0.00000+ 0 O.00O00H 01261 1457 2122
2.02130+ 5 3.00000+ 1 1.05000+ 0 5.00000- 2 2.58000+ 0 0.00000+ 01261 1457 2123
2.05310+ 5 2.O000O+ 1 4.90000+ 0 3.00000- 1 9.30000- 2 0.00000+ 01261 1457 2124
2.15310+ 5 5.00000+ 1 3.00000- 2 3.00000- 3 0.00000+ 0 0.00000+ 01261 1457 2125
2.21370+ 5 3.00000+ 1 1.20000- 1 1.00000- 2 0.00000+ 0 0.0000O+ 01261 1457 2126
.'.'.25700+ 5 2.00000+ 2 2.00000- 3 2.00000- 4 0.00000+ 0 0.00000+ 01261 1457 2127
2.28800+ 5 1.0000O+ 2 8.00000- 3 1.00000- 3 0.00000+ 0 0.00000+ 01261 1457 2128
2.33530+ 5 4.00000+ 1 4.00000- 2 4.00000- 3 0.00000+ 0 0.00000+ 01261 1457 2129
2.40930+ 5 4.00000+ 1 7.50000- 2 8.00000- 3 0.00000+ 0 0.00000+ 01261 1457 2130
2.46830+ 5 4.00000+ 1 f.00000- 2 6.00000- 3 0.00000+ 0 0.00000+ 01261 1457 2131
2.66440+ 5 8.00000+ i 8.00000- 3 1.00000- 3 0.00000+ 0 0.00000+ 01261 1457 2132
2.75400+ 5 1.00000+ 2 2.00000- 2 2.00000- 3 0.00000+ 0 0.00000+ 01261 1457 2133
2.8310O+ 5 2.00000+ 2 3.00000- 3 3.00000- 4 0.0000O+ 0 0.00000+ 01261 1457 2134
2.91600+ 5 1.00000+ 2 2.00000- 2 2.00000- 3 0.00000+ 0 0.00000+ 0126! 1457 2135
3.11600+ 5 6.00000+ 2 5.00000- 3 5.00000- 4 0.00000+ 0 0.00000+ 01261 1457 2136
3.45910+ 5 0.00000+ 0 0.00000+ 0 0.00000+ 0 0.00000+ 0 0.00000+ 01261 1457 2137
3.56000+ 5 2.00000+ 2 3.00000- 3 3.00000- 4 0.00000+ 0 0.00000+ 01261 1457 2138
3.87650+ 5 0.00000+ 0 0.00000+ 0 0.00000+ 0 0.00000+ 0 0.00000+ 01261 1457 2139
4.10200+ 5 2.00000+ 2 1.60000- 3 2.00000- 4 0.00000+ 0 0.00000+ 01261 1457 2140
4.47500+ 5 2.00003+ 2 1.60000- 3 2.00000- 4 0.00000+ 0 0.00000+ 01261 1457 2141

1261 1 0 2142
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Decay modes defined

Variable Mode of decay

0.0 y Gamma decay (not used for mode of decay)

1.0 6~ Beta decay

2.0 6 Positron and/or 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 S ,n Neutron emission (generally given for

delayed neutrons)

6.0 SF Spontaneous fission
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(General Structure)

Several quantities 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).

2AI is the (Z,A) designation for an isotope.

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

LFW 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;

LFW = 1 , average fission widths are given.

NER is the number of energy ranges given for this isotope {NER <̂  2) .

EL 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 eff&ctive scattering radius is given (LRF = 0,

NLS = 0, LFW = 0 required)

LRU = 1, means resolved resonance parameters are given;

LEU = 2, means unresolved resonance parameters are given.

LRF 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:

Ij- LRU - 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-Mler 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.
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(General Structure)

The general structure of a section is as follows:

[MAT, 2, 151/ ZA, AWR, 0, 0, HIS, 0]HEAD

[MAT, 2, 151/ ZAI, ABN, 0, LFW, NER, O]C0NT (isotope)

[MAT, 2, 151/ EL, EH, LRU, LRF, 0, O1C0NT (range)

<Subsection for the first energy range for the first isotope (depends

on LRU and LRF)>

[MAT, 2, 151/ EL, EH, LRU, LRF, 0, OJC0NT (range)

<Subsection for the second energy range for the first isotope

depends on LRU and LRF)>

[MAT, 2, 151/ EL, EH, LRU, LRF, 0, O]C0NT (range)

<Subsection for the last energy range for the last isotope for this

material>

[MAT, 2, 0 / 0.0, 0.0, 0, 0, 0, 0)SEND

The data are given for all ranges for a given isotope, and then for all isotopes.

The data for each range start with a C0NT (range) record; those for each isotope,

with a C0NT (isotope) record.



N-9
File 2 Resonance Parameter Data C

(General Structure)

1
2
0

01261
01261
01261

2151
2151
2151

2I«
5U5
.'146

9.22350+ 4 2.33015+ 2 0 0
9.22350*- 4 i.0CJi/O+ 0 0 1
1.00000+ 0 8.2OOOO+ 1 1 1

(SUBSECTION OF RESOLVED RESONANCE PARAMETERS)

8.20000+ 1 2.50000+ 4 2 2 0 0)261 215) 2279
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File 2 Resonance Parameter Data D
{General Structure)

FILE 2

Resonance Parameter Data

General S t ructure

NIS

ABNi = 1.000
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File 2 Resonance Parameter Data A

(Special Case, LRP=O)

Tht following quantities arc defined

SPI 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 10 cm. AP is also givon for the case of spin inde-

pendence. AP is defined in the relation a » 4V. (API .

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 t states in this energy region. A set of param-

eters is given for each i-state (neutron angular •ooentum quantum

number). (NLS < 3.)



N-10
F i l e 2 Resoitiice Parameter Data B

(special Case, LRP«O)

The structure of Fi1» 2 for the special case, in which just the effective

scattering radius i s specified, i s given below (no resolved or unresolved pa-

raaee<»-rs ar# given for this material):

[HAT, 2, 151/ ZA, AWR, 0 , 0 , NIS , OlHEAD NIS - 1

(HAT, 2 , 1 5 1 / ZAI, ABN, 0 , LFW, HER, O]C0XT LFW « 0 , NER » I

(MAT, 2 . 151 / Et , EH, LRU, UW, 0 , O1C0HT LRU - 0 , LOT - 0

(MAT, 2 , 1 5 1 / SPI» AP, 0 , 0 , NLS, OJC0NT MLS * 0

[MAT, 2, 0 / 0.0, 0.0, 0, 0, 0, OjSEND

(WAT, 0, 0 / 0.0, 0.0, 0, 0, 0, OJFEND
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File 2 Resonance Parameter Data C

(Special Case, LRP=O)

l.OOiOO* 3 4.00150+ 0
2.00400* j 1.00000* I.
1.00000- S 1.00000+ 5
0.00000* 0 2.4SJ90- I

0
0
0
0

0
0
0
0

1
1
0
0

01270 2151
OI27O 2151
01270 2151
01270 2,151

63
S«
85
86



N-10
Pile 2 Resonance Parameter Data D

(Special Case, LRP=O)

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

where

y l .o

E in electron volts,

and



N-ll
Pile 2 Resolved Resonance Parameter Data A

(Single or Multilevel Dreit-Wigner)

The following quantities arc defined for use when Z.RF » 1 and 2 (see Appendix D

for formulae):

Resolved Resonance Parameters if LRF - 1 (SLBW) and LRF « 2 (HLBW)

SPI i'i 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 10 cm. AP is also given for the case of spin inde-

pendence. AP is defined in the relation o • AT. (AP> .

pot

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 I states in this energy region. A set of param-

eters is given for each t-state (neutron angular momentum quantum

number). (NLS < 3.)

I, is the value of the i-state (neutron angular momentum quantum number).

AWP.I 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 I-state. (NRS <_ 500.)

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

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

GT is the resonance total width F evaluated at the resonance energy ER.

GK is the neutron width I' evaluated at the resonance energy Eft.
——" n

GG is the radiation width Ty evaluated at the resonance energy ER.

<£• is the fission width r, evaluated at the resonance energy ER.
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File 2 Resolved Resonance Parameter Data B

(Single or Multilevel Breit-Wigner)

The structure of a subsection containing data for (LKU • 1 and LRF - 1)

or (LRU • 1 and LRF « 2) is

(MAT, 2, 151/ SPX, AP, 0. 0, UTS, O1C0NT

{MAT, 2, 151/ AWRI, AM. V, 0, 6»UPS, NRS/

ER_, AJ , GT,, GN,, GG,. GF ,

The LIST record is repeated until ea< ft HIS t-stat^ has been specified (in

order of increasing value of t). The values of ER for each t-«tate shall be

ordered by increasing neutron energy.



File 2 Resolved Resonance ParaiTieteir Data
(Single or Multilevel Breit-Wigner)
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File 2 Resolved Resonance Parameter Data D

(Single or Multilevel Breit-Wigner)

FILE 2

Resonance Parameter Data

LRU = 1, resolved parameters
LRF = 1 or 2, single or multilevel Breit-Wigner parameters

2*AJ. , „
1 + 1.0

S L " 2 ( 2 * S P I + 1 . 0 )

G T J
 =

 GNJ + GGJ + (
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File 2 Resolved Resonance Parameter Data A

(Reich-Moore Parameters)

Resolved Resonance Parameters

If LRF = 3 (Reich-Moore multilevel parameters)

SPI is the spin of the target nucleus I.

AP=A is the spin-up effective scattering radius in units of 10 cm.

AM=A_ is the spin-down- effective scattering radius in units of 10 cm.

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

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

parameters is given for each JJ-state. (NLS <̂  3.)

L is the value of the I-state (neutron angular momentum quantum 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 i-state. (NRS <_ 500.)

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

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

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

GG is the radiation width Ty 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

arid GFB are signed quantities, their signs being determined by the

relative phases of the width amplitudes in the two fission channels.



File 2 Resolved Resonance Parameter Data
(Reich-Moore Parameters)

N-12
B

The structure of a subsection when LRU - 1 (resolved parameters) and LRF • 3

(Reich-Moore multilevel parameters) is

[MAT, 2, 151/SPI, AP, 0, 0,

[MAT, 2, 151/AWRI, AM, L, 0,

NLS, O]C0NT

6*NRS, NRS/

ER,2' GN?, G F B 2 '

MU*S' G\'RS' GGNRS'

The LIST record is repeated until each of the NLS 2—states has been speci-

fied in order of increasing value of I. The values of ER for each JJ-state are

ordered by increasing value of ER.



File 2 Resolved Resonance Parameter Data
(Reich-Moore Parameters)

N-12
C
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File 2 Resolved Resonance Parameter Data 0

(Reich-Moore Parameters)

FILE 2

Resonance Parameter Data

LRU = 1 , resolved parameters
LRF = 3, Reich-Moore multilevel parameters

2*AJi +1.0

2(2*SPI + 1.0)

r = GNi + GGi + jGFA.j + JGFBj
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File 2 Resolved Resonance Parameter Data A

(Adler-Adler Parameters)

U I K F ' 4 tAdler-Adlwr multilevel parameters)

U I S I flag to indicate the kind of parameters given:

tf u > 1, total widths only*

• 2, fission widths only*

- 3, total *nd fission widths* _ _ _ _ _ ^ _
•Reserved for use in ENDF/A o_nly.

• 4. radiative capture widths only*

- *>, total and capture widths

» 6, fission and capture widths*

- ?, total, finsion, and capture widths.

NX is the count of the number of sets of background constants to be -jiven.

There are six constant* per set. Each set refers to a particular cross

section type.

It MX - 2, background constants are given for the total and capture

cross sections.

- }, background constants are given for the total, capture, and

fission cross sections.

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

L is the value of the t-state (neutron angular momentum qyantt*

numoer).

N1.S is the count of the numz>er of t-it«»F iot which parameters will

be given (NLS <_ i) .

H~S \% the number of sets of resolved resonance parameters (each having

the some J state) for a specified I-state.

WLJ is the count of the number of levels for which parameters will be

given (each level having a specified AJ and Li.

SPI is the spin of the target nucleus.

AMW1 is the ratio of the mass of a particular isotope to that of the

neutron.

AP is the spin-dependent effective scattering radius, A (for spm-

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

independence.

AM is the spin-dcpenden. effective scattering radius. h_ (for spir.-

dovn). AM • 0.0 for spin independence.

AFj, AF^, AFj. AF4, BF^. BF^ «re the background constants for the fission

cross section.

ACj. AC^, Ky AC4- BC^. BC^ are the background constants for the radia-

tive capture cross section.

OLT 19 the resonance energy for the total cross section. H^re andn

below, the subscript n denotes the n level.

DEP^ is the resonance energy for the fission cross section.

DEC is the resonance energy for the radiative capture cross section.

OVT is the value at T..2, [v>, used for the total cross section.n

OHF is the value of t'2. Iv), used for the fission cross section.

WC is the value of T/2. (v), used for the radiative capture cross

section.

Notef DET * DEF * DEC and OUT - DHF - DWC .

GRT is related to the symmetrical total cross section parameter.

GIT is lelated to the asymmetrical total cross section parameter.

CRT is the symmetrical fission parameter.

GIT is the asymmetrical fission parameter.

GRC is the symetrical capture parameter.

GIC is the asymmetrical capture parameter.



File 2 Resolved Resonance Parameter Data
(Adler-Adler Parameters)

N-13
B

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 constants). For the most general case (NX - 3) the structure is

[MAT, 2, 151/SPI, AP, 0, 0, NLS, O]C0NT|

IHAT, 2, 151/AWRI. 0.0, LI. 0, 6»NX, NX/

"V BF2

BC2)LIST)

(MAT, 2, 151/0.0, 0.0, L, 0. NJS, O)G0NT(t)

[MAT, 2, 151/AJ, AM, 0, 0, 12*NLJ, NLJ/

DWT^

,̂ 0ECl, DWC,, GRCj,

The last LIST record is repeated for each J-state (there will be NJS such LIST

records). A new C0NT (i) record will be given which will be followed by NJS

LIST records. Note that if NX • 2 then the quantities AF,, , BF will not

be given in the first LIST record. 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.



File 2 Resolved Resonance Parameter Data
(Adler-Adler Parameters)
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(Adler-Adler Parameters)

The background correction for the total cross section is

calculated by using the six constants in the following mannert

aT (background) « =. (ATX + AT2/E + ATj/E
2 • AT4/E

3

+ BT *E + BT *E2)

where C - **2 - "A* and k - 2.19677 x ">" 3( M r of^
I
1 > 0) ^E(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.
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(Parameters are Biergy Independent)
(Fission Widths not given)

The following quantities are defined for use in specifying unresolved

resonance parameters (LBV * 2):

SP£. is the nuclear spin I of the target nucleus.

A is the effective scattering radius in units of 10 cm.

NE is the number of energy points at which energy-dependent widths are

tabulated. (NE <_ 250.)

NLS is the number of i-states given (NLS £ 3.)

ES(N) is the energy of the N point u=ed to tabulate energy-dependent

widths.

L is the value of t (neutron angular momentum quantum number).

AWR1 is the ratio of the mass of the particular isotope to that of the

neutron.

NJS is the number of J-states for a particular t-state. INJS £ 6.)

W 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.)

AMUX is the number of degrees of freedom used in the competitive width

distribution. (If an actual value is not known or is extrsmely

large, set AMUX = 0.0.)

AMUN is the number of degrees of freedom used in the neutron width dis-

tribution. (AMUN <_ 2.0.)

SMUG is the number of degrees of freedom used in the radiation width

distribution. (If this value is not known or is extremely large,

i«et AMUG » 0.0.)

AHUF is the number of degrees of freedom used in the fission width dis-

tribution. (AMUF <, 4.0.)

HUF is the integer value of the number of degrees of freedom for fis-

sion widths. (MIT <_ 4.)

INT is the interpolation scheme to be used for interpolating between

the cross-sections obtained from average resonance parameters

(normally, INT - 1.)

GNO is the average reduced neutron width. It is eneryy dependent if LRD * 2.

GG is the average radiation width. It i.s energy dependent if LRU « 2.

GF is the average fission width. This value may be energy dependent.

GX is the average competitive reaction width.



File 2 Unresolved Resonance Parameter Data
(Parameters are Energy Independent)
(Fission Widths not given)

N-14
B

If LFW - o (fission widths not giver,) ,

LRU » 2 (unresolved parameters),

UHF • 1 (all parameters are energy-independent),

the structure of a subsection is

[MAT. 2, 151/SP1, A. 0, 0,

[KAT, 2. 151/AWRI. 0.0. L, 0,

V
Da«

GNO .

AMUN .

• W

NLS, OlOSffT

6*NJ5. NJS/

GG , 0.0

GG,, 0.0

- °-01"ST

The LIST record is repeated until data for all i-st*tes have been specified.



File 2 Unresolved Resonance Parameter Data
(Parameters are Energy Independent)
(Fission Widths not given)

N-14
C

2

1
4
*
1
I
4

2
1

- OUtHKH
.500<K>+
. 9 W 7 4 +

.y:oao*

.59000*

.95274+

.29600+

.12000+

.59000+

.85000+

3
0
2
1
1

2

i
1
1

1.
9 .
0 .
1.
2 .
0 .
0 .
1.
7 ̂

3.

00000+
*>ouoo-
00000+
00000+
00000+
0OUOO+
00000+
00000+
00000+
00000+

4

1
0

c
u
0
0
0
0
0

1
1

I
2
2
1

.00000+

.00000+

.00000+

.0OJ0O+

.00000+

. 0 0 0 0 0 +

2
0
0
0
0
1
Q

0
0
0

9.07200-
5.4 3900-

5 .18400-
1.72800-
1.03600-
7.40000-

1
0
0
3
3
0
3
3
3
4

1.25000-
.25000-

.25000-

.25000-

.25000-

.25000-

0
2

12
1
1

24
1
1
1
1

0
0

0
0
0
0

.00000+

.00000+

.00000+

.00000+

.00000+

.00000+

01283
01283
21283
01283
O12H3
412B3
01283
01283
01283
01283

2151
2151
2151
2151
2151
2151
2151
2151
2151
2151

299
300
301
102
303
304
305
306
307
308
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(Parameters are ESiergy Independent)
(Fission Widths not given)
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(Fission Widths are given)
(Only Fission Widths are Energy Dependent)

The following quantities arc defined for us*" in specifying unresolved

resonance parameters (LRU ° 2):

SPI is the nuclear spin I of the target nucleus.

£ is the effective scattering radius in units of ]0 cm.

NE is the number of energy points at which energy-dependent widths are

tabulated. (NE *_ 250.)

NLS is the number of 8.-state& given (NLS £.3.)

ES(N) is the energy of the N point used to tabulate energy-dependent

widths.

L is the value of I (neutron angular momentum quantum number).

AWFI is the ratio of the mass of the particular isotope to that of the

neutron.

NJS is the number of J-states for a particular S-state. !NJS f_ 6.)

AJ 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.)

AMUX 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.)

AMUN is he numbur of degrees of freedom used in the neutron width dis-

tribution. (AMUN £2.0.)

AMl'G is the number of degrees of freedom used in the radiation width

distribution. (If thi value is not known or is extreriely large,

set AMUG » 0.0.)

AMUF is the number of degrees of freedom used in the fission width dis-

tribution. (AMUF <_ 4.0.)

MUF is the integer value of the number of degrees of freedon tor fis-

sion widths. (MUF ^.4.)

INT is the interpolation scheme to be used for interpolating fcetween

the crass-sections obtained from average resonance parameters

(normally) INT = 1.)

GNO is the average reduced neutron width. It is energy dependent if

LRU - 1.

GG is the average radiation width. It is energy dependent if LRU = 2.

GF is the average fission width. This value may be energy dependent.

GX is the average competitive reaction width.



File 2 Unresolved Resonance Parameter Data
(Fission Widths are given)
(Only Fis-sion Widths are Energy Dependent)

N-15
3

If LFW - X (fission widths given),

LRU « 2 (unresolved parameters),

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

energy-independent).

the structure of a subsection is

[MAT, 2, 151/SPI, A, 0, 0. NE, NLS/

ES., ES , .. .,

E S ^ ILIST

[MAT, 2 , 151/AWRI, 0 . 0 , L, 0 , NJS, O1C0NTU)

fM«T, 2 , 1 S 1 / 0 . 0 , 0 - 0 , L, KUF, NE+6, 0/

D, AJ, AMUN, GNO, GG, 0.0,

2' • / • #

GF.NE
]LIST

In the above section, interpolation is assumed to be log-log.
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(Fission Widths are given)
(Only Fission Widths are Energy Dependent)

0.00000+ 0 9.22500- 1
5.00000+ 2 1.00000+ 4
2.42133+ 2 0.00000+ 0
0.00000+ 0 0.00000+ 0
'..82000+ 1 5.00000- 1
1.30300- 3 1.62700- 2
2.42133+ 2 0.00000+ 0
0.00000+ 0 0.00000+ 0
1.42000+ 1 5.00000- 1
1.30300- 3 1.62700- 2
0.00000+ 0 0.00000+ 0
9.10000+ 0 1.50000+ 0
6.51500- 4 8.13500- 3

0

0
0

1.00000+ 0 3.

1
1

1.00000+ 0 1.

1
1.00000+ 0 9.

0

0
3

70700- 3

0
3

5S300- 3

3
35000- «

2

1
8

3.90000- 2

2
8

3.90000- 2

8
3.90000- 2

21162
1162

01162
01162

0.00000+ 01162
1162

01162
01162

0.00000+ 01162
1162

01162
0.00000+ 01162

1162

Z1SS
2151
2151
2)51
2151
2151
2151
2151
2151
2151
215]
2151
2151

261
262
26J
264
265
266
267
268
269
270
271
272
273
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(Fission Widths are given)
(Only Fission Widths are Energy Dependent)
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File 2 Unresolved Resonance Parameter Data A

{All Parameters are Energy Dependent)

The following quantities are defined for use in specifying unresolved

resonance parameters (LRU » 2):

SPI is the nuclear spin I of the target nucleus.

A is the effective scattering radius in ur.its o;" 10 cm.

NE is the number of energy points at which energy-dependent widths are

tabulated. (tIS £ 350.5

NLS is the number of i-states given (NLS £ 3.)

5S(N) is the energy of the N point used to tabulate energy-dependent

widths .

L. is the value of I (neutron angular momentum quantum number).

AHRI is the ratio of the mass of the particular isotope to that of the

neutron.

NJS is the number of J-states for a particular i-state. (NJS <_6.)

AJ is the floating-point value of :.he J-state.

0 is the mean level spacing for a particular J-state.

(This value is energy dependent if LFR « 2.)

AMUX 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.)

AHUN is the number of degrees of freedom used in the neutron width dis-

tribution. (AMUH <_ 2.0.)

AMUG is the number of decrees of freedom used its the radiation width

distribution. (If this value is not known or is extremely large,

set AMUG » 0.0.)

AMUF is the number of degrees of freedom used in the fission width dis-

tribution. (AMUF <_ 4.0.)

WJF is the integer value of the nuntber of degrees of freedom for fis-

sion widths. (MUF <_ 4.)

IHT is the interpolation scheme tc be used for interpolating between

the cross-sections obtained from average resonance parameters

(normally, INT - 1.)

CNO is the average reduced neutron width. It is energy dependent if

LRU - 2.

GG is the average radiation width. It is energy dependent if LRU - 2.

GF is the average fission width. This value may be energy dependent.

GX is the averaga competitive reaction uidth.



File 2 Unresolved Resonance Parameter Data
(All Parameters are Energy Dependent)

N-16
B

If LFW » 0 or 1 (does not depend on LFW).

LRU - 2 (unresolved parameters).

LRF - 2 (all energy-dependent parameters).

The structure of a subsection is:

[MAT, 2. 151/SPI, A, 0, 0, NLS.

(HAT, 2, 151/AWRI

[MAT.- 2, 151/AJ,

0.0,

V
V

OJC0NT

0.0, L 0, NJS, O1C0NT

0.0, INT, 0, (6*NE)+6, NE /

0.0, AMUX, AHUN, AMUG, AMUF,

G F1'

E,NE' G X NE' GF^JLIST

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

a given (.-state. A new C0NT (£) record is then given, and all data for each

J-state for that a-state jure given. The structure is repeated until all 4-

states have been specified.
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File 2 Unresolved Resonance Parameter Data C

(All Parameters are Energy Dependent)

3.50000+ 0 9.56630- 1 0 0 2 01261 2131 2280
2.33025+ 2 0.00000+ 0 0 0 2 01261 2151 22B1
3.00000+ 0 0.00000+ 0 2 0 726 1201261 2151 2282
0.00000+ 0 0.00000+ 0 0.00000+ 0 1.00000+ 0 0.00000+ 0 2.00000+ 01261 2151 2283
8.20000+ 1 1.00000+ 0 0.00000+ 0 9.32780- 5 3.50000- 2 3.25080- 11261 2151 2284
8.65000+ ) 1.00000+ 0 0.00000+ 0 8.44860- 5 3.50000- 2 3.40560- 11261 2151 2285
9.10000+ 1 1.00COO+ 0 0.00000+ 0 8.59390- 5 3.50000- 2 2.63940- 11241 2151 2286
9.55000+ l 1.00000+ 0 0.00000+ 0 8.73180- 5 3.50000- 2 2.05980- 11261 2151 2287
1.00000+ 2 1.00000+ 0 0.00000+ 0 9.94340- 5 3.50000- 2 8.46200- 21261 2151 2288
1.10000+ 2 1.00000+ 0 0.00000+ 0 8.66200- 5 3.50000- 2 1.32250- 11261 2151 2289

(MISSING UNRESOLVED RESONANCE PARAMETERS)

2.42000+ 4 1.00000+ 0 0.00000+ 0 9.41230- 5 3.50000- 2 3.13230- 11261 2151 2400
2.44000+ 4 1.00000+ 0 0.00000+ 0 9.97630- 5 3.5O00O- 2 5.69080- 11261 215i 2401
2.46000+ 4 1.00000+ 0 0.00000+ 0 7.95710- 5 3.50000- 2 5.86170- 11261 2151 2402
2.50000+ 4 1.00000+ 0 0.00000+ 0 8.55930- 5 3.50000- 2 4.71280- 11261 215] 2403
4.00000+ 0 0.00000+ 0 2 0 726 1201261 2151 2404
0.00000+ 0 0.00000+ 0 0.00000+ 0 1.00000+ 0 0.00000+ 0 1.00000+ 01261 21S1 2405
8.20000+ I 1.00000+ 0 0.00000+ 0 9.32780- 5 1.50000- 2 1.61550- 11261 2151 2406
8.65000+ 1 1.00000+ 0 0.00000+ 0 1.03340- 4 3.50000- 2 1.169C0- 11261 215; 2407
9.10000+ 1 1.00000+ 0 0.00000+ 0 1.05120- 4 3.50000- 2 9.05980- 21261 2151 2408
9.55000+ 1 1.00000+ (1 0.00000+ 0 1.06810- 4 3.50000- 2 7.07030- 21261 2151 2409
1.00000+ 2 1.00000+ 0 0.00000+ 0 9.97820- 5 3.50000- 2 8.46440- 21261 2151 2410

(MISSING UNRESOLVED RESONANCE PARAMETERS)

2.34000+ 4 1.00000+ 0 0.00000+ 6 8.62980- 5 3.50000- 2 1.49700- 11261 2151 252i
2.42000+ 4 1.00000+ 0 0.00000+ 0 9.46010- 5 3.50000- 2 1.54750- 11261 2151 2522
2.44000+ 4 l.gfl000+ 0 0.00000+ 0 1.00270- 4 3.50000- 2 2.81160- 11261 2151 7.523
2.46000+ 4 1.0000O+ 0 0.00000+ 0 7.99750- 5 3.50000- 2 2.89600- 11261 2151 2524
2.50000+ 4 1.00000+ 0 0.00000+ 0 8.55930- 5 3.5OOOO- 2 2.35080- 11261 2151 2525
2.33025+ 2 0.00000+ 0 1 0 4 01261 2151 2526
2.C000O+ 0 0.00000+ 0 2 0 726 1201261 2151 2527
0.00000+ 0 0.00000+ 0 0.00000+ 0 1.00000+ 0 0.00000+ 0 2.00000+ 01261 2151 2528
8.200OO+- 1 1.16000+ 0 0.00000+ 0 2.32000- 4 3.50000- 2 3.32000- 11261 2151 2529
8.65000+ 1 1.16000+ 0 0.00000+ 0 2.32000- 4 3.50000- 2 3.32000- 11261 2151 2530
9.10O0O+ 1 1.16000+ 0 0.00000+ 0 2.32000- 4 3.50000- 2 3.32000- 11261 2151 2S31

(MISSING UNRESOLVED RESONANCE PARAMETERS)

'.46000+ 4 1.16000+ 0 0.00000+ 0 2.32000- 4 3.50000- 2 3.32000- 11261 2151 2647 ] '
Z.50000+ 4 1.16000+ 0 0.00000+ 0 2.32000- 4 3.50000- 2 3.32000- 11261 2151 2648 : ' '" '.,.
j.00000+ 0 0.00000+ 0 2 0 726 1201261 2151 2649
0.00000+ 0 0.00000+ 0 0.00000+ 0 2.00000+ 0 0.00000+ 0 1.O0000+ 01261 2151 2650
8.20000+ 1 1.00000+ 0 0.00000+ 0 2.00000- 4 3.50000- 2 1.27000- 11261 2151 2651 •
8.65000+ 1 1.00000+ 0 0.00000+ 0 2.00000- 4 3.50000- 2 1.27000- 11261 2151 2652

(MISSING UNRESOLVED RESONANCE PARAMETERS)

2.46000+ 4 1.00000+ 0 0.00000+ 0 2.00000- 4 3.50000- 2 1.27000- 11261 2151 2769
2.50000+ 4 1.00000+ 0 0.00000+ 0 2.00000- 4 3.50000- 2 1.27000- 11261 2151 2770
4.00000+ 0 0.00000+ 0 2 0 726 1201261 2151 2771
0.00000+ 0 0.00000+ 0 0.00000+ 0 2.00000+ 0 0.00000+ 0 2.00000+ 01261 2151 2772
8.20000+ 1 1.00000+ 0 0.00000+ 0 2.00000- 4 3.50000- 2 2.86000- 11261 2151 2773 t
8.65000+ 1 1.00000+ 0 0.00000+ 0 2.00000- 4 3.50000- 2 2.86000- 11261 2151 2774 >

<M1SSING UNRESOLVED RESONANCE PARAMETERS) ••

2.46000+ 4 1.00000+ 0 0.00000+ 0 2.00000- 4 3.50000- 2 2.86000- 11261 2151 2891 i
2.50000+ 4 1.00000+ 0 0.00000+ 0 2.00000- 4 3.50000- 2 2.86000- 11261 2151 2892 i
5.00000+ 0 0.00000+ 0 2 0 726 1201261 2151 2893 (
0.00000+ 0 0.00000+ 0 0.00000+ 0 1.00000+ 0 0.00000+ 0 1.00000+ 01261 2151 2894 '
8.20000+ 1 ;.12000+ 0 0.00000+ 0 2.24000- 4 3.50000- 2 1.43000- 11261 2151 2895

(MISSING UNRESOLVED RESONANCE PARAMETERS)
i

2.32000+ 4 1.12000+ 0 0.00000+ 0 2.24000- 4 3.50000- 2 1.43000- 11261 2151 3009 '•
2.34000+ 4 1.12000+ 0 0.00000+ 0 2.24000- 4 3.50000- 2 1.43000- 11261 2151 3010 ;'
2.4200O+ 4 1.12000+ 0 0.00000+ 0 2.24000- 4 3.50000- 2 1.43000- 11261 2151 3011 ' 4
2.44000+ 4 1.12000+ 0 0.00000+ 0 2.24000- 4 3.50000- 2 1.43000- 11261 2151 3012 - .*.
2.46000+ 4 1.12000+ 0 0.00000+ 0 2.24000- 4 3.50000- 2 1.43000- 11261 2151 3013 f;
2.50000+ 4 1.12000+ 0 3.00000+ 0 2.24000- 4 3.50000- 2 1.43000- 11261 2151 3014 , ST
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(All Parameters are Biergy Dependent)
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For File 3 the following quantities are defined:

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.

LFS 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).

Ŝ  is the temperature (°K). NOTE: If the LR flag is used, S becomes

Q for the reaction corresponding to LR.

LT 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.

LR 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 3.24.4.)

NR 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) .

NP is the total number of energy points used to specify the data.

(NP < 5000).

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

see Section 0.4.3.).

g(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.
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The s t r u c t u r e of a s e c t i o n i s

[MAT, 3 , MT/ZA , AWR, LIS, LFS, 0 , 03HEAD

(MAT, 3 , MT/S , Q , LT, LR , NR, NP/E. Aj(E)]TABl

int
[MAT, 3, 0 / 0 . 0 , 0.0, 0, 0, 0 , 0]SEND



File 3 Neutron Cross Sections
N-17
C

9.22 150+
0.00000+

4 2.J3O25+
0 0.00000+

J39
1,00000-
7.04690-
1.91750-
5.00000-
1.00000-
1.71880-
2.62500-
3.50000-
5.00000-
6.00000-
9.00000-

5 1.67479+
5 1.18382+
4 8.34719+
4 5.19931 +
3 3.07965+
3 2.80078+
3 2.26326+
3 1.95857+
3 1.63751+
3 1.49115+
3 1.21126+

(MISSINC LINES)

9.29920-
9.58670-
9.77540-
9.94 340-
1.0360O+
1.09100+
1.21800+
1.36400+
1.63600+
1.90900+
2.3640O+

I 7.93507+
1 8.27784+
1 8.55817+
1 8.90252+
0 9.41382+
0 7.19610+
0-2.44459+
0-1.28195+
0-5.25670+
0-2.66550+
0-1.15200+

(MISSING LINEi)

7.39910+
7.47890+
7.48980+
7.5043O+
7.34420+
7.6023O+
7.69660+
7.76190+
7.85440+
7.90880+
7.98140+
8.02490+
8.08660+
8.13380+
8.18100+

1-8.04900-
1 1.60120+

8.24280+
1 2.06360+
-3.07539+
-9.47000-
-8.99400-
-1.060*0+

5.93180+
2.50940+

-1.11300+
-1.52470+

1.86650+
-1.68580+

5.80600-
1.00000+ 3 0.0000O+
1.30553+ i
1.42000+ i
1.48000+ 4
1.55000+ ..
1.63000+ i

3.24728-
1.239 70-
1.88930-
2.64720-
3.51330-

(MISSING LINES)

6.60000+
7.00000+
7.40000+
7.70000+
8.00000+
8.50000+
9.00000+
9.50000+
9.80000+
1.10000+

5 7.56674+
5 7.4 3829+
5 7.32534+
i 7.24947+
5 7.18012+
5 7.07647+
S 6.98542+
5 6.90733+
> 6.86703+
j 6.75603+

(HISSING LINES)

1.00000+
:.i5000+
1.21988-r
1.35000+
1.50000+
1.65000+
1.80000+
1.95000+

7 5.81839+
1 5.73066+
' 5.74215+
J 5.80645+
' 5.93400+
1 6.02200+
1 6.08700+
1 6.13600+

2
0

5
4
4
3
3
3
3
3
3
3
3
3

0
0

822
2 . 1 2 5 0 0 -
1..TOO0O-
2.70310-
6.25000-
1.25000-
2.00000-
•». ooooo-
4.00000-
5.50000-
7.00000-
9.00000-

5
4
t

4
3
3
3
3
3
3
3

2.52034+
1.16168+
7.06804+
».6vl49+
3.28818+
2.59508+
2.11631+
1.83154+
1.55928+
1.37775+
1.21126+

(THERMAL REGION)

I
1
1
!
0
0
1
1
0
0
0

9.44920-
9.65230-
9.84920-
1,00000+
1.05500+
1.18200+
1.23600+
1.45500+
1.72700+
2.00000+
2.45500+

1
1
1
0
0

8.07723+
8.37463+
8.66940+
9.04507+
9.29550+

0-1.91285+
0-2.44662+
0-8.88020+
O-4.15B2O+
0-2.56000+
0-1.47840+

99
0
2
4
4
3
3
3
3
3
3
3
3
3

1
1
1
1
0
1
1
0
0
0
0

0
3

1154
4.09380-
1.50000-
3.85160-
8.12500-
1.43750-
2.25000-
3.00000-
4.50000-
6.00000-
8.00000-
1.00000-
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For a reaction having a threshold, the threshold energy E is given by

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.
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(Lecjendre Coefficients and Transformation)

Thv 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,

LTT = 2, the data are given as normalized probability distributions,

p(u.E).

LCT is i. flag to specify the frame of reference used:

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

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

LVT is a flag to specify whether a transformation matiHx 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.

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

tions are given (NE <_ 500) .

NL is the highest order Legendre polynomial that is given at each

energy (NL ̂  20).

NK is '.he number of elements in the transformation matrix CMC < 441).

«TK -• (NK • i ) 2 .

Wl is the maximum order Legendre polynomial that vill be required

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

ing in either the center-of-mass or the laboratory system. »! should

be an even number.

v are the matrix elements of the transformation matrices:
K

\' = U~l if LCT = 1 (data given ii; LAB system); and
x x ,m

V = u. if LCT = 2 (data given in CM system).
K L#m

Other commonly used variables ar<; jiven in the Glossary (Appendix A)
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(Legendre Coefficients and Transformation)

Formats

File 4 is divided into sections, each containing data f w i j^

reaction type (MT number) and ordcreu by increasing KT number. Each section al-

ways smarts with a HEAD record and ends with a SEND record. If the section

contains * 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 Legendt'e polynomial

coefficients) and LVT = 1, the structure of a section is

(MAT, 4, MT/ZA, AWR, LVT, LTT, O,O]HEAD LTT = 1, LVT = 1

tMAT, 4, MT/O.O, AWR, 0, LCT, NK, NM/V JLIST
K

(MAT, 4, fflVO.O, 0.0, 0, 0, NR, NE/E. ]TAB2
m t

(MAT, 4, MT/T , E , LT, 0 , NL, 0/f <E >}LIST

[HAT, 4, MT/T , E , LT, 0 , NL, 0/f (E )]LIST

[MAT, 4, MT/T , E ^ , LT, 0 , NL, 0/f t K^)LIST

[MAT, 4, 0 /0.0, 0.0, 0 , 0 , 0 , 0]SEND

Note that T and LT refer to temperature (in °K) 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.
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(Legendre Coefficients and Transformation)

If the angular distributions are represented as Legendre polynomial

coefficients, the absolute differential cross sections are obtained by

NL

p(U,E) = ~~. |§ <fl.E) = / A
 2l •* -1 f <E)P <p) .

s ™~
£=0

where u = cosine of the scattered angle in either the laboratory or the

center-of-irass system;

E = energy of the incident neutron in the laboratory system;

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

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

Z = order of the Legendre polynomial;

da
•r^{Q,E) = differential scattering cross section in units of barns per
a it

steradian;

f » the I Legendre polynomial coefficient and it is understood that

f = 1.0.o

The Legendre expansion coefficients f.(E) in the two systems are related

through an energy-independent transformation matrix, Uo , and its inverse, U :
xm Jun

NM

(E) = V" «Cm ra
m=0

and

NM

f™ (E) = y u~i f L

m=0
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(Only Legendre Coefficients given)

The following quantities are defined.

LTT i s a flag to specify the representation used and i t may have the

following values:

LTT = 1, the data are given as Legendre expansion coeff ic ients ,

LTT = 2, tl.e data are given as normalized probability distributions,

p(w.E) .

LCT is a flag to specify the frame of reference -ised:

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

LCT = 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.

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

tions are given (NE <_ 500) .

NX. is the highest order Legendre polynomial that is given at each

energy (NL <_ 20) .

MB 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).



N-19
File 4 Angular Distributions of. Secondary Neutrons B

(Only Legendre Coefficients given)

hegendre Polynomial Coefficients Given and the Transformation Matrix

Mot Given: LTT = 1 and LVT « 0

File 4 is divided into sections, each containing data fur 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 section

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.

[MAT, 4, WT/ZA, AWR, LVT, LTT, 0,0]HEAD

(MAT, 4, MT/0.0, AWR, 0, LCT, 0, 0) C0NT.

IMAT, 4, WT/0.0, 0.0, 0, 0, NR, NE/E. JTAB2
m t

[MAT, 4, MT/T , E% , LT, 0 , NL. 0/f£ (E^ JLIST

[MAT, 4, MT/T , E2 , LT, 0 . NL, O/f^l

(MAT, 4, MT/T , E ^ , LT, 0 , NL, 0/f^(E^

(MAT, 4, 0 /0.0, 0.0, 0 - 0 , 0 , 0]SEND

Note that T and LT refer to temperature (in *K) 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.
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(Only Legendre Coefficients given)

If the angular distributions are represented as Legendre polynomial

coefficients, the absolute differential cross sections are obtained by

NL

4=0

NL

1=0

where u = cosine of the scattered angle in either the laboratory or the

center-of-mass system?

E = energy of the incident neutron in the laboratory system;

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

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

i. = order of the Legendre polynomial}

-rjr(ft,E) = differential scattering cross section in units of barns per

steradian;

f - the I Legendre polynomial coefficient and it is understood that

f = 1.0.
o
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A

The following quantities are defined.

LTT ir. a flag to specify the representation used and it may have the

following values:

LTT = 1, the data are given as Legendre expansion coefficients,

V E ) f

LTT = 2, the data are given as normalized probability distributions,

p(y,E).

LCT is a flag to specify the frame of reference used:

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

LCT = 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 af which angular distribu-

tions are given (NE <_ 500) .

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

NK = (NM +1) .

V are the matrix elements of the transformation matrices:
K

V = u" if LCT = 1 (data given in LAB system); and

V = U,, if LCT = 2 (data given in CM system).
K t ,m

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

probability distributions for each energy (Nf <_ 101).

Other commonly used variables are given in the Glossary (Appendix A).
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(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, 0, OJHEAD LVT = 1, LTT = 2

[MAT, 4, MT/0.0, AWR, 0, LCT, NK, NM/V 1LIST
K

[MAT, 4, MT/0.0, 0.0, 0 , 0 , NR, NE/E. 1TAB2
int

[MAT, 4, MT/T , E, , LT, 0, NR, NP/y. /p(u,E,)JTAB1
1 int 1

[MAT, 4, MT/T , Eo , LT, 0, NR, NP/y. /p (u ,E_) ]TAB1
2 int 2

[MAT, 4, MT/T , E ^ , LT, 0 , NR, NP/y^/p (U.E^,) ]TAB1

[MAT, 4, 0 /0.0, 0.0, 0 , 0 , 0 , 0]SEND

T and LT are normally zero. See Appendix F for details on temperature depend-

ence.
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(Tabulated Distribution and Transformation)

The angular distributions are expressed as normalized probability dis-

tributions, i.e. i

1

/ p(p,E)du = 1 ,

where p(ii,E)d(j is the probability that a neutron of incident energy E will be

scattered into the interval dw about an angle whose cosine is y.

Absolute diffential cross sections are obtained 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

do ° (E)

- (fl.B) = — - plv.x)

where a (E) is given in File 3 (for the same MT number) and p(u,E) is given in

File 4.

NM

(E) =

m=0
tf j Jim m

and

NM

m=0
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(Only Tabulated Distributions given)

The following quantities are defined.

LTT is a flag to specify the representation used anJ it may have the

following values:

LTT = 1, the data are given a*! Legendre expansion coefficients,

V E > ?

LTT = 2, the data are given as normalized probability distributions,

P(M,E) .

LCT is; a flag to specify the frame of reference used:

LCT = 1 , the data are given in the LAB system:

LCT = 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.

HE is the number of incident energy points at which angular 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 f_ 101).

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

tabulated Probability Distributions Given and Transformation Matrix

Not Given: LTT = 2 and LVT = 0

If the angular distributions are given as tabulated probability distri-

butions, LTT = 2, the structure of a section is

(MAT, 4, MT/2A, AWR, LVT, LTT, 0, 0]HEAD

[MAT, 4, MT/0.0, AWR, 0, LCT, 0, O)Cf»NT.

[HAT, 4, MT/0.0, 0.0, 0 , 0 , NR, NE/E. JTAS2
int

[MAT, 4, MT/T , E, , LT, 0, NR, NP/u . V p (l< ,E, ) JTAB1
1 int 1

(MAT, 4, MT/T , E , LT, 0, NR, NP/u. f/p(u,E )]TAB1

[MAT, 4, MT/T , E N E, LT, 0 , NR, NP/yint/p (u.E^) 1TAB1

(MAT, 4, 0 /0.0, 0.0, 0 , 0 , 0 , 0]SEND

T.and LT are normally zero. See Appendix F for details on temperature depend-

ence.
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(Only Tabulated Distributions given)

!';-.'.> angular distributions are expressed as normalized probability d i s -

tributions > i e . ,

/ p(u,£)du = 1 ,

-1

where p(u,£)dii is the probability that a neutron at incident energy E will be

scattered into the interval du about an angle whose cosine is u-

Absolute diffential cross sections are obtained by combining data .Tom

files 3 and 4. If tabulated distributions are given, the absolute differential

cross section (in barns per steradia.o) is obtained by

- a 03)

where o (E) is given in File 3 (for the same MT number) and p(y,E) is given in

File 4.



N-22
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.

U is a constant that defines the upper energy limit for the secondary

neutron so that 0 ' E1 < E - U (given in the Lab system).

ô  is a parameter used to describe the secondary energy distribution.

The def-.nition of 6 depends on the energy distribution law (LF)

qiven; however, the units are always eV.

If LK = 3, 0 is the excitation energy( |Q| , of a level in the

residual nucleus.

If if = 5, 7, ^r ?• 6 is an effective nuclear temperature.

LF is a flag that specifies the «nergy distribution law that is

used for a particular subsection (partial energy distribution).

(The definitions for LF are given in Section 5.1.).

p (E ) is -he fractional part of the particular cross section that
K N

can be described by the k partial energy distribution at

the N incident energy point.

NK

NOTE: \~* p (E ) = 1.0

k=l

r (E -» E1) is the k partial energy distribution. The definition depends

on the value of LF.

NR is the number cf interpolation ranges.

NP is the p.urfjer of incident energy points at which p (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 0(E)

is given. (NE <_ 200.)

NF is the number of secondary energy points in a tabulation. (NF <_ 1000.)
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File 5 Energy Distributions of Secondary Neutrons B

(General Structure)

The structure of a section has the following form:

[MAT, 5, MT/SA, AWR, 0, 0. NK, OJHEAD

<subsection for k = 1>

<subsection for k = 2>

'subsection for k = NK>

[MPT, 5, 0 /0.0, 0.0, 0, 0, 0, )>SEND

The structure of a subsection depends on f.he value of LF. Subsecticis

should be ordered by increasing valuer of LF. For cases in which more than

one subsection contains data using the satce LF, these subsections should be

ordered by increasing values of 6.



Pile 5 Energy Distributions of Secondary Neutrons
(General Structure)
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File 5 Energy Distributions of Secondary Neutrons D

(General Structure)

The energy d i s t r i b u t i o n s , p(E - £ ' ) , are normalized s o that

E'
max

p(E - E') dE1 - 1 .

where E' is the maximum possible secondary neutron energy and its value depends
max

on the incoming neutron energy fc* and the analytic representation of p{E •» E 1). The

secondary neutron energy E* is always expressed in the laboratory system.

The differential cross section is obtained from

wherfi o(E) is the cross section as given in File 3 for the sane 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 •+ £') can be broken down into partial energy

distributions, f. (E -> E*), where each of the partial distributions can be de-

scribed by different analytic representations;

MK

p(E * E1) - / J pk(E) fk(E • E
1).

and at a particular incident neutron energy E,

NK

where P.IE) is the fractional probability that the distribution f.(E •* E1) can

be used at E.

The partial energy distributions f (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).
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File 5 Qiergy Distributions of Secondary Neutrons A

(Tabulated Distributions)

The following quantities are defined

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

subsection for each partial distribution.

U is <i constant that defines the upper energy limit for the secondary

neutron so that 0 < E' < E - U (given in the Lab system).

G_ is a parameter used to describe the secondary energy distribution.

The definition of 9 depends on the energy distribution law (LF)

given; however, the units are always eV.

If LF = 3, 8 is tho excitation energy, \Q\ , of a level in the

residual nucleus.

If LF = 5, 7, or 9, 0 is as\ effective nuclear temperature.

LF 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.) .

p. (E ) is thp fractional part of the particular cross section that

can be described by the k partial energy distribution at

the N incident energy point.

t)K

NOTE: N * Pv'V = 1"°
k=l

f (E • E') is tne k partial energy distribution. The definition depends

on the value of LF.

NR i.s the number of interpolation ranges.

HP is the number of incident energy points at which Pfc(E) is given.

fL'i a r e 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(EJ

is given. (NE <_ 200.)

NF is the number of secondary energy points in a tabulation. (NF <_ 1000.) ;

i

i '•
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File 5 Energy Distributions of Secondary Neutrons B

(Tabulated Distributions)

LF • 1 , Arbi trary t a b u l a t e d f u n c t i o n

[MAT, 5 , MT/T , 0 . 0 , hi , LF=1 , NR , NP/E int/p<E>JTAB1

[MAT, 5, MT/0.0 , 0 . 0 , 0 0 NR , NE/E i n f c )TAB2

[MAT, 5 , MT/T • E j , LT , 0 MR

[MAT, 5 , MT/T E_, LT , 0 , NR , NF/E! /
t, m e

]TAB1

1TAB1

tMAT, 5 , MT/T E LT , 0 HR , NF/E.1 /
«*i int.

E i ' ^^NE^i 5 ' E2 ' q(ENE-*E2> ' E3 ' ' " W 1 ^ '

1TAB1

Note that the incident energy mesh for p (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 points, E',

should be linear-linear. T and LV refer to possible temperature (physical)

dependence.



File 5 Energy Distributions of Secondary Neutrons
(Tabulated Distributions)
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File 5 Energy Distributions of Secondary Neutrons D

(Tabulated Distributions)

LF - 1, Arbitrary tabulated function:

f (E •* E1) = g(E •• E1) .

A set of incident energy points is given, E. and g(E. -»•£') is

tabulated as a function of E',
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Pile 5 Energy Distributions of Secondary Neutrons A

(Discrete Level & General Evaporation)

The following quantities are defined

HK is the number of partial energy distributions. There will be one

subsection for each partial distribution.

IJ \s a constant that defines the upper energy limit for the secondary

.ieutron so that 0 < E' < E - U (given in the Lab system) .

Q_ is a parameter used to describe the secondary energy distribution.

The definition of 9 depends on the energy distribution law (LF)

given; however, the units are always e;V.

If LF - 3, 6 is the excitation energy/ |Q| , of a level in the

residual nucleus.

If LF = 5, 7, or 9, 8 is an effective nuclear temperature.

LF 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.).

p. >E ) is the fractional part of the particular cross section that

can be described by the k partial energy distribution at

the N incident energy point.

NK

NUTE: £ V V = 1"°
k=l

f (E •* E') is the k partial energy distribution. Ine 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 8(E)

is given. (NE <_ 200.)

NF is the number of secondary energy points in a tabulation. (NF <_1000.)



N-24
File 5 Qiergy Distributions of Secondary Neutrons B

(Discrete Level & General Evaporation)

IF « 3 , Discrete l e v e l e x c i t a t i o n

[MAT, b, MT/ T , 6 , LT,LF«3, NR, N P / E ^ / p ( E ) ]TAB1

Only one record i s given for each subsect ion .

LF = 5 , General evaporation spectrum

[MAT, 5, MT/ U , 0 .0 , 0 , LF=5, NR, NP/E. /p(E)]TABl

[MAT, 5, MT/0.0 , 0,0 , 0 , 0 , NR, NE/E, /

f etE^,) ]TAB1

[MAT, 5, MT/0.0 , 0.0 , 0 , 0 , NR, NF/x jJ2t/

^ » gfXj) , x 2 , g ( x 2 ) , x3 , g(x3) x r

X NF' « ( i Vr ) 1 T A B 1



FiJe 5 Energy Distributions of Secondary Neutrons
(Discrete Level fi General Evaporation)
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File 5 Energy Distributions of Secondary Neutrons

(Discrete Level & General Evaporation)

LF = 3, Excitation of discrete levels:

f (E •* E') = <

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'/6(E)] .

9(E) is tabulated as a function of incident neutron energy, E;

g(x) is tabulated as a function of x, x = E'/9(E).
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File 5 Energy Distributions of Secondary Neutrons A

(Maxwellian, Evaporation, & Watt Spectrum)

The following quantities are defined

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

subsection for each partial distribution.

Û  is a constant that defines the upper energy limit for the secondary

neutron so that 0 < E1 < E - U (given in the Lab system).

3̂  is a parameter used to describe the secondary energy distribution.

The definition of 8 depends on the energy distribution law (LF)

given; however, the units are always eV.

If LF = 3, 8 is the excitation energy, |Q| I of a level in the

residual nucleus.

If LF = 5, 7, or 9, 9 is an effective nuclear temperature.

LF is a f.lao that specifies the energy distribution law that is

used fcr a particular subsection (partial energy distribution).

(The definitions for LF are given in Section 5.1.).

p, vfc- ) is the fractional part of the particular cross section that

can be described by the k partial energy distribution at

the N incident energy point.

NK

p (E ) =1.0

k=l

f. (E •* E') is the k partial energy distribution. The definition depends

on the value of LF.

NR is the number of interpolation ranges.

NP is the number of incident enerqy points at which p (E) is given.

a,b are constants used in che Watt spectrum. (LF = 10.)

WE is the number of i.nc .dent energy points at which tabulated dis-

tributions are givt i. Also the number of points at which 9(E)

is given. (NE <_ 200.)

NF 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 B

(Maxwellian, Evaporation, & Watt Spectrum)

LF = 7. Simple f i s s i o n spectrum (Maxwellian)

[MAT, S, MT/ U , 0 .0 , 0 , LF=7 , NR, N P / E ^ / p t E ) ]TAB1

[MAT, 5 , MT/0.0 , 0 .0 , 0 , 0 , NR , NE/E. _ /6(E)]TAB1

int

If = 9, Evaporation spectrum

[MAT, 5, MT/ U , 0.0, 0, LF=9,NR, NP/E. ./p(E)]TABl
int

[MAT, 5, MT/0.0 , 0.0 , 0, 0 , NR, NE/E. V 8 (E) 3TAB!
int

LF = 10, Watt spectrum

[MAT, 5, MT/0.0 , 0.0, 0, LF=10 NR, MP/E. /p(E)]TABl

[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 defined.
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File 5 Energy Distributions of Secondary Neutrons
{Maxwellian, Evaporation, & Watt Spectrum)

N-25
D

LF = 7, Simple fission spectrum (Maxwellian):

f(E -> E1) =

1 is the normalization constant/

9 is tabulated as a f-inction of energy, E;

D is a constant introduced to define the proper upper limit for

the final neutron energy that 0 <̂  E' <_ E - 0.

LF = 9, Evaporation spectrum;

f (E-EM - f e - E V 9 .

I is the normalisation constant

-(E-U)/e
= 0' 1 - e

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 jj_ E1 <_ E - U.

LF = 10, Watt spectrum:

a and b are constants.

NOTE: Distribution laws are not presented for LF = 2, 4, 6, or
These laws are no longer used.
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File 7 Scattering Law Data A

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 temperature has been used to compute a

and B.

LAT = 0, the actual temperature was-; used.

LAT = 1, the constant T = 0.0253 eV has been used.

o

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 <_ 3) .

Nl. 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 7.1).

MR is the number of interpolation ranges for a particular parameter,

either B or a.

NB is the total number of B values given.

NP is the number of a values given for each value of B for the first

temperature described, NP is the number of pairs, a and S(a,B), given.

B. and a. are the interpolation schemes used (see Appendix E for

interpolation formats).



N-26

Scattering Law Data B

The structure of a section is

[MAT, 7, MT/ZA, AWR, 0, LAT, 0, 0]HEAD

[MAT, 7, MT/0.0, 0.0, 0, 0, NI, NS/B(1), B(2), . . .B(NX) ]LIST

[HAT, 7, MT/0.0, 0 .0 , 0. 0, NR, NB/BlntlTAB2

[MAT, 7, MT/T, 6j_r LT, 0, NR, N P / a ^ / S ( a ^ ) ]TAB1

[MAT, 7, MT/T, Sj , LT, 0, NR, K P / a ^ ^ S ( a , g j ) 1TAB1

[MAT, 7, MT/T, B ^ , LT, 0, NR, NP/o /I. Ca, S^ ) JTABl

[MAT, 7, 0 / 0 . 0 , 0 .0 , 0, 0, 0, 0]SEND

T and LT refer to possible temperature dependence. If the sca t te r ing lav; data

are completely specified by ana ly t ic f-jnctions [no pr inc ipa l sca t te r ing atom

type, as indicated by B(l) = 0 ] , tabulated values of S (a,B) are omittec1 and

the TASZ and TAB1 records a re not given.
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File 7 Scattering Law Data C

8.0160O+ 3 1.58580+ 1 0 0 0 01276 7 4 4761
0.00000+ 0 0.00000+ 0 0 0 12 U276 7 4 476?
0.000004- 0 0.00000+ 0 0.00000+ 0 0.0000O+ 0 O.OOOOOt 0 0.00000+ 01276 7 4 4763
1.00000+ 0 3.74810+ 0 1.58580+ i 0.00000+ 0 C.O00OO+ 0 O.OOOOCH- 01276 7 4 4764

U 7 6 7 0 4765
1276 0 0 4766



F l l e 7 Scattering Law Data R

Inelastic scattering is represented by the thermal neutron scattering

law, S(a,3,T), and is defined (for a moderating molecule) by

MS

n=0

where there are (NS + 1) types of atoms in the molecule (i.e., for H O , NS = 1)

M is the number oc atoms of the n type in the molecule,
n

T? is the moderator temperatvre (°K) ,

E_ is the incident neutron energy (eV) ,

E' is the secondary neutron energy (eV),

§_ is the energy transfer, B = (£" - E)/kT,

ct is the momentum transfer, a = (E1 + E - 2uVEE')/A kT,

A is the mass of the n type atom, A is the mass of the orincpal
n o

scattering atom in the molecule,

a, is the bound atom scattering cross section of the n type atom,
bn

°bn
/A +i\:

= •'• ("V
a, is the free atom scattering cross section of the n type atom,in

k_ is Boltntiann's contant, and

V is the cosine of the scattering angle (in the lab systera).
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File 12 Multiplicities and Transition Probabilities A

(Fhoton Multiplicities)

ES the energy of the level from which the photon originates. If the

level is unknown or if a continuous photon sptctrum is produced,

then ES, 5 0.0 should be used,
k

EG; the photon energy for II = 0 or 1 or Binding Energy for LP •= 2 .

For a continuous photon energy distribution, EG = 0.0 should be used.

LP 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 EG ;

LP = 1, for nonprimary photons whsra the photon energy is again

simply EG ; and

LP = 2, for primary photons where the photon energy EG' is given by

E Gk = E Gk

LF the photon energy distribution law number, which presently has only

two values defined:

LF = 1, a normalized tabulated function (in File lb), and

= 2, a discrete photon energy.



File 12 Mult ipl ic i t ies and Transition Probabi l i t ies
(Photon Mult ipl ic i t ies)

N-27
B

The structure of a section for L0 = 1 is

[MAT, 12, MT/ZA, AWR; L0=1, bi NK, b]HEAD

[MAT, 12, MT/ b, b,-

<subsection for k = 1>

<subsection for k = 2>

b, b; NR, NP/E. /Y!E)]TABl*
int

<subsection for k = NK>

[MAT, 12, 0/ b b; b, b; b, b]SEND ,

and the structure of each subsection i s

[MAT, 12, MT/EGk, ESfc; LP, LF; NR, (E) ]TAB1

*If the t o t a l number of d iscre te photons and photon continua is one (NK = 1).

this TAB1 record is omitted.



File 12 Multiplicities and Transition Probabilities
(Photon Multiplicities)
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File 12 Mul t ip l ic i t ies and Transition Probabi l i t ies D

(Photon Mul t ip l ic i t ies )

The multiplicity or yield y (E) is defined by

yk(E) = g ( E ) (photons) ,

where E designates neutron energy and a IB) is the neutron cross section in File

2 and/or File 3 to which the multiplicity is referred (by the MT number).

yk(Ey * E, = yk(E) fk(Ey * E) .

which results in the requirement that

Emax
Y

f, (E <- E)dE = 1 .
K y y

As a check quantity, the total yield

NK

Y(E) = / j Vv'
E' (photons)

k=l

is also tabulated for each MT numfcer if NK > 1.
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File 12 Multiplicities and Transition Probabilities A

(Photon Transition Probability Arrays)

1*1=1, simple case (all transitions are Y emission).

= 2i complex case (internal conversion or other competing processes

occur).

NS number of levels below the present one, including the ground state.

(The present level is also uniquely defined by the MT number and by

its energy level.)

NT number of transitions for which data are given in a list to follow

(i.e., number of nonzero transition probabilities), NT <_ NS.

ES. energy of the ith level, i = 0,1,2... NS. (ES i 0.0, the ground

state.)

TP. TP . , the probability of a direct transition from level NS to

level i, i = 0,1,2... (NS-1).

GP. GP ., the probability that, given a transition from level NS
i_ NS ,i

to level i, the transition is a photon transition (i.e., the condi-

tional probability of photon emission).

h± (TPJ (GPJ.

Note that each level can be identified by its NS number. Then the energy of a

photon -/om a transition to level i is given by E = ES - ES., and its multi-
Y NS 1

pl ic i ty is given by y(E •*- E) = (TP.) (GP.). I t is implicit ly assumed that the

transition probability array is independent of incident neutron energy.
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File 12 Multiplicities and Transition Probabilities B

(Photon Transition Probability Arrays)

The structure of a section for L0 = 2 is

[MAT, 12, MT/ ZA, AWR; L0=2, LGi NS, b]HEAD.

[HAT, 12, MT/ES.,_, b; LP, b; (LG+1)*NT, NT/B.lLIST.
No 1

[HAT, 12 0/ b, b; b, b; b, b]SEND.

If LG = 1, the array B. consists of NT doublets (ES.,TPi); if DG = 2, it con-

sists of NT triplets (ES.,TP.,GP.). Here the subscript i is a running index

over the levels below the level fcr 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 ES..
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File 12 Multiplicities and Transition Probabilities D

(Photon Transition Probability Arrays)

The differential cross section for producing a y-ray

of energy E resulting from the excitation of the n\Q level of the

residual nucleus and the subsequent transition between two definite

levels (j •>• i) , including the effects of cascading from the m - j

levels higher than j , is

Vj V:"1

| f - ( E Y , E , V i o ) = S(EY - z. + e . ) A . f . o ^ B ) "

1=3 n.j,=j

where

a (E) = neutron cross sections for exciting the m level with neu-in o
o

tron energy E,

4(E - e . + e . ) = <l5lta function with E., e. being energy levels of the resid-

ual nucleus,

TP = probability of the residual nucleus having a transition to

the I level given that it was initially in the excited

jtate corresponding to the k level, and

\ = probability of emission of a. y ray of anergy E = E - E as
i *, Y K Jo

a result of the residual nucleus having a transition from the

k t h to the IIth level.
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•*G the energy of the level from which the photon originates. If the

level is u-.known or if a continuous photon spectrum is produced.

ES = 0 . 0 should be used.

FG the photon energy for If = 0 or 1 or Binding Energy for LP = 2.

For a continuous photon energy distribution, EG = 0.0 should be

used.

LP Indicator of whether or not the particular photon is a primarv:

LP = 0, origin of photons is not designated or not known, and the

photon energy is EG ;

LP = 1, fcr nonprimary photons where the photon energy i3 again

simply EG ; and

LP = 2, ror primary photons, where the photon energy is given by

E Gk AWR

LF the photon energy distribution law number, which presently has

only two values defined:

LF = 1, a normalized tabulated function (in File 15), and

LF = 2, a discrete photon energy.
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The structure of a sect ion in P i l e 13 i s

[MAT, 13, MT/ZA, AWRf b, b; NK, b]HEAD

(MAT, 13, MT/ b , bs b, b; NR, NP/E int/<J^0T(E) ]TAB1*

<subsection for k -• 1>

<subsection for k = 2>

and the s-ructu."'-j of each subsection is

[MAT, 13, MT/E3 , ES s LP, LP; NR, NP/E.
1C n. XX

<svtosection for k = NK>

[M,\T, 13, 0/ b, b; b, b; b, b]SEND

*If the total number of discrete photons and photon contir.ua is one (NK = 1) ,
this TAB1 record is omitted.
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9.22350+ 4 2.33025+ 2 0 0 1 0126113 3 6436
0.0OOCO+ 0 0.00000+ 0 0 1 1 12126113 3 6437

12 2 126113 3 643B
1.00000- 5 0.00000+ 0 1.00000- 1 0.00000+ 0 1.09000+ 6 0.00000+ 0126113 3 6439
1.09000+ 6 i.382OO+ 1 2.10030+ 6 1.4820O+ 1 3.000QO+ 6 1.4b20O+ 1126113 3 6440
4.00000+ 6 1.47700+ 1 5.000JO+ 6 1.70000+ 1 6.00000+ 6 1.80000+ 1126113 3 6441
7.5O00O+ 6 2.16300+ 1 1.48000+ 7 2.5020O+ 1 2.00000+ 7 2.82100+ 1126113 3 6442

126113 0 644J
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which obviously requires that

y
£ (E *• E) dE = 1 .
k Y Y

0

flny time a continuum recesen ta t ion is used for a given MT number in File 13,

the normalized energy d is t r ibut ion , f (E •• E), must be given in File 15 under

K Y
the same MT number.

As a check quantity, the total photon production cross section,

NK

aTOT(E) = ] C 0k<E) (^rns) ,
k=l

is also tabulated for each MT number, unless only one subsection is present

(i.e., NK = 1) .
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(Isotropic Distribution for a l l photons)

For LI = 1 (isctropic 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.
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(Isotropic Distribution for all photons)

LI = 1: Isotropic Distribution

IE 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 c.vrd, as

follows:

[MAT, 14, MT/ZA, PSTR-, LI=1, bi NK, b]HEAD

[MAT, 14, 0/ h, b; b, b; b, b] SEND
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(Isotropic Distribution for all photons)

,.«,«» * 2.33023, 2 01261.4 * 6«7



File 14 Photon Angular Distributions
(Isotropic Distribution for all photons)

N-30
D

LI = 1 ( Isotopic Distributions)

P_(U.E) = 0.5

aK (E) 5 0.0 for a l l K
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(Legendre Coefficient Representation)

LTT = 1, data are given as Legendre coefficients, where a"(E) = 1.0 is

understood.

= 2i data are given as a tabulation.

LI = 0i distribution is not isotropic for all photons from this reac-

tion type, but may be for some photons.

= 1, distribution is isotropic for all photons from this reaction type.

ME number of neutron energy points given in a TAB2 record.

NI number of isotropic photon angular distributions given in a sec-

tion (MT number) for which LI = 0. i.e., a section with at least

one anisotropic distribution.

NL. highest value of £ required at each noutron energy E..



N-31
File 14 Photon Angular Distributions B

(Legendre Coefficient Representation)

LTT = Is Legendrq Coefficient Representation

[MAT, 14, MT/ZA, RWRi LI=O, LTT=1; NK, NUHEAD

<subsection for k = 1>

<subsection for k = 2>

The structure ol: each record in the first block of NI subssctions, which

is fo_- the NI isotropic photons, is

[MAT, 14, MT/EG , ES ; b, b; b, b]C0NT .

There is just one C0KT record for each isotropic phoi>n. (The set of C0NT

records is empty if NI - 0.) The subsections are ordered in decreasing

magnitude of EG, (photon energy), and the continuum, if present and isotropic,

appears last, with EC = 0.0.

Ttjis block of NI subsections is then followed by a block of NK-NI subsections

for the anisotropic photons in decreasing magnitude of EG . The continuum,

if present and anisotropic, appears last, with EG = 0.0. The structure for

the last NK-NI subsections is

[HAT, 14, MT/EG. . ES ; b. b; NR, NE/'E. JTAB2
K K int.

[MAT, 14, MT/ b, E1; b, b< NL, , b/a^Ej^) JLIST

[MAT, 14, HT/ b, E2J b. b; NL2, b/a^(E2)

[HAT, 14, MT/ b, E ^ ; b, b;

k k
Mote that lists of the a^(E) start at i = 1 because a (E) = 1.0 is always

understood.

<subsection for k = KX>

IMAT, 14, 0/ b, bi b, bi b, b]SEND .



File 14 Photon Angular Distributions
(Legendre Coefficient Representation)

N-31
C

No example in ENDF-IV
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(Legendre Coefficient Representation)

The angular distributions are expressed as normalized prob.-' iity distri-

butions, that is,

i:Pk<U,E)du = 1

where p (li,t) 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 w.

Because the photon angular distribution is assumed to have azimutha] symmetry,

the distribution may be represented as a Legendre series expansion,

1=0

where

U = cosine of the reaction angle in the lab system.

E = energy of the incident neutron in the laboratory system, and

o^(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.

a = order of the Legendre polynomial.

K
•rr- = differential photon production cross section in barns/steradian.

a,(E) = the i Legendre coefficient associated with the discrete photon or

photon continuum specified by k. (It is understood that ,T (E) H 1.0.'

P0(u)du .
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(Tabulated Angular Distributions)

LTT = 1, data ?r« given as Legendre coefficients, where a (E) .- 1.0 is

understood.

= 2, data are giver, as a tabulation.

LI = 0 , distribution is not isotropic for ail photons from this reac-

tion type, but may be for some photons.

= 1, distribution is isotropic for all photons from this reaction type.

NE number of neutron energy points given in a TAB2 record.

NT number of isocropic photon angular distributions given in a sec-

tion (MT number) for which LI = 0, i.e., a section with at least

one anisotropic distribution.

NL. highest value of I required at each neutron energy E..



N-32
File 14 Photon Angular Distributions a

(Tabulated Angular Distributions)

LTT = 2 : Tabulated Angular Distributions

The structure of a section for LI = 0 and LTT = 2 is

[MAT, 14, MT/ZA, AWR; LI=O, LTT=2; NK, NIJHEAD

<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 a- for the case of a Legendre representation; i.e., it consistt

of one C0NT record for each of the NI isotropic photons in decreasing

magnitude of EG . The continuum, if present and isotropic, appears last,

with EG 5 0.0.

The s ... ̂ oture of the first NI subsections is

[MAT, 14, )IT/EG , ES ; b, b; b; b]C0NT .

This block of NI subsections is then followed by a blink of MK--NI sub-

sections for the anisotrcpic photons, again in decreasing magnitude of

EG , with the continuum, if present and anisotropic, appearing last, with

EGfc = 0.0. The structure of the last NK-NI subsections, is

[MAT, 14, MT/EGk, ES k; b, b; NR, NE/Eint]TAB2

IMAT, 14, HT/ b, E ^ b. b; MR, NP/y^^/Pj^Cp.Ej^) ]TAB1

tMAT, 14, MT/ b, E2i b, b; NR, NP/pint/pfc (p,E2> JTAB1

[MAT, 14, MT/ b, E ; b, b; NR, NP/y /p (u,E )]TAB1

<subsection for k = NK>

[MAT, 14, 0/ b, b; b, b; b, bJSEND .
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(Tabulated Angular Distributions)

L Pk(u,E)dy = 1 ,

where p (u,E) is the probability that an incident neutron of energy E will re-

sult in a particular discrete photon or photon energy continuum (specdfied by k

and MT number) being emitted into unit cosine about an anc/le whose cosine is p.

Because the photon angular distribution is assumed to have azirauthal symmetry,

the distribution may be represented as

da*

where

U = cosine of the reaction angle in the lab system.

E = energy of the incident neutron in the laboratory system, and

o'(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 IS Continuous Photon Energy Spectia A

NC -- the number of partial distributions used to represent f (E *- E) ,

q. (E -«- E) 5 the j normalized partial distribution in the units eV , and
j Y

p.(E) = the probability or weight giver: to the j partial distribution,

qj(E^ * E).

*Note that the subscript k used in describing Files 12 and 13 has been dropped

from f(E-y-*- 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 Nicth subsection in File 12 or 13 that contains the production data for the

continuum.
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B

The s t ruc tu re of a sec t ion i s

[MAT, 15, MT/Zfi, AWR; b , b ; NC, b]H2AD

<subsection for j = 1>

•^subsection for j = 2>

For LF = 1, the structure of a subsection is

[MAT, 15. MT/b, b; b, LF=1; NR, NP/E. /p.(E)]TABl
i n t 3

[MAT, 15, MT/b, b; b,

[MAT, 15, MT/b, E1i b ,

[MAT, 15, MT/b, E ; b ,

b ; NR, NE/E.nt]TAB2

b ; NR, NP/E i n t Vg(E * ^

b ; NR, NP/E /g (E * E )]TAB1

[MAT, 15, MT/b, E ^ ; b , b ; NR, NP/E^ i n f c / g (Ey

<subsection for j = NC>

[MAT, 15, 0/ b , b ; b , b ; b , b]SEND .



File 15 Continuous Photon Energy Spectra

N-33
C

9.22350+
0.00000+

1.00000-
0.00000+

U.0000O+

4

0

2

a
4

0

31
0.00000+
3.00000+
6.0000O+
9.00000+
1.5O00O+
2.25000+
3.00C00+
3.75000+
4.5000O+
5.50000+
7.00000+
0.00000+

0
5
5
5
6

6

b

6

6

6

6

0

Ji

0.00000+ 0
3.00000+
6.00000+
9.00000-'-
1.500CO+
2.25000+
3.00000+
3.75000+
4.50000+
5.50000+
7.00000+
0.00000 »•

0.00000+
3.00000+
6.0000O+
5.00000+
1.50000+
2.35000+
3.00O0O+
3.75000+
4.50000+
5.50000+
7.00000+
0.00000+

0.00000+
3.00000+
6.00000+
9.00000+
1.50000+
2.25000+
3.00000+
3.75000+
4.50000+
5.50000+
7.00000+

5
5
5
6

6

6

6
ft

6

0

32

0

5
5
5
6

6

6

6

6

6

6

0

32
0
5
5
5
6

6

6

6

6

6

6

2 . 33025+

0.00000+

1.O000O+
0 .

1 .

1.
3 .

2 .

2,
3.
2.
1 .
6 .

3 .

00000+

2
0

0

0

•2

ClDOOO-

36000-

43000-

09000-

7O0OO-

7400O-

34000-

25000-

69000-
08000-

3.93000-
0 .

1.

1.
3 .
7

2.
3.

2.

00O0O+
, 3000O+

06000-
,43000-
,09000-
,70000-
,74000-
.34000-

1.25000-
6,.69000-

3.08000-
3,

0.

1

9

3

1
• >

3

2
1
8
5
7
4
2

9
3

1
2
3

2
1

.93000-

.00000+

.09000+

.44000-

.05000-

.86000-

.40000-

.31000-

.OBOOO-

.44C0O-

.92000-

.40000-

.27000-

.50000-

.00000+

.44000-

.05000-

.86000-

.40000-

.31000-
.08000-
.44000-

8.92000-
5

7

4

.40000-

.27000-

.5000O-

5
2
7
7
7
7

7
7
7

8

B

8

0
4

7
7

7
7

7

7
7
8
3
8

0

6

2
8

7

7
7

7
7

7
8

8

8

9

7

2

B
7
7
7
7
7
7
8

8

8
Q

2.00000+

i.ooouo+
4.0000O+
7.0000O+
1.00000+
1.75000+
:.50000+
3.25QOO+
4.00000+
4.75000+
6.00QOO+

1.00000+
4.000CO+
7.0000C+
1.00O0O+
1.75000+
2.5O00O+
3.25000+
4.00000+
4.75000+
6.000OO+

1.00000+
4.00000+
7.00000+
1.00000+
1.75000+
2.50000+
3.25000+
4.00O0O+
4.75000+
6.00000+
7.50000+

1.00OOO+
4.000OO+
7.0000O+
1.000OO+
1.75OOD+
2.50000+
3.2500O+
4.0000O+
4.75000+
6.00OOO+
7.5000O+

0
0

7

0

0

5
5

5
6

6

6

6

6

6

6

0

5
5
5
6

6

6

f.
(,

i 3

b

0

5
5
5
6
(j

,'-,

t.

6

6

6

6

0

5
5
5
6

6

6

6

6

6

6

6

1.00000+

5.49000-
2 .

2 .

3 .

3 .

1 .

9 .

4 .
2.
1.

5.
2,
2.
3 .

3 .

1.
9 .

4 .

2.
1.

4 ,

2
1

3

2
1
1
7
4
2
U

4

2

1

3

2

1
1
7
4
2
0

7100O-
11000-
4'iOOO-
10000-
55000-
..5000-
88000-
44000-
17000-

«9000-
,71000-
,13000-
.45000-
.10000-
.95000-
.45000-
•8S00O-
,44000-
.17000-

.88000-
,41000-
.90000-
.07000-
.62000-
.90000-
.22000-
.37000-
.71000-
.23000-
.00000+

.88000-

.41000-

.90000-

.07000-

.62000-

.90000-

.22000-

.37000-

.71000-

.23000-

.00000+

0
1

0

0

0

7
7
7
7

7
7

8

8

8

8

0

7
7
7
7
7
7
8

8

8

8

0

7
7

7

7
7
7

7
8

8
B
0
0

7
7
7
7
7
7
7
B
8
8
0

5.
8.

00000+
0C00O+
0000O+

1.25000+
2 .

2 .

3 ,

4 .

5.
6 .

2.
5.
8.

I.

2,

00000+
750OO+
50000+
.25J0O+
0000O+
,50000+

,110000+
.1)0000+
.00000+
.25000+
.00000+
,75000+

3..5000O+
4
5
6

2

.25000+
,00000+
.50000+

.00000+
5.00000+
8

1
•}

2

3

4

5
6

2
5
8
1
2
•y

3
It

5
t

.00000+

.25000+

.00000+

.75000+

.50000+

.25000+

.00000+

.50000+

.00000+

.00000+

.00000+

.25000+

.00000+

.75000+

.50000+

.25000+

.00000+

.50000+

1
1

1

1

b

5

5

6

6

6

b

b

6

6

1

5
5

6

6

6

6
r'.

6

6

1

5
5
5
6

6

6

6

6

6

6

1

5
5

5
6

6
fy

6

6

6

6

5 .

2 .

2.
4.
2.
1.
7,
4,
2,
1,

5
2

2

4

2

I

7

2

1

4
2
2
3
7

1

1
6

4
1

4
7

2

3
2
1
1
6

4
1

0126115102 6646
2126115102 6647
126115102 6448
126115102 6649

4126115102 6650
126115102 6651

31126U5102 6652
126115102 6653

10000- 7126115102 6654
29000- 7126115:0.; 6655
.31000- 7126115102 6656
,25000- 7126115102 6657
,54000- 7126115102 6658
.54000- 7126115102 6659
.96000- 8126115102 6660
.46000- 8126115102 6661
.12000- 8126115102 6662
.10000- 9126115102 6663

12611510,! 6664
31126115101 6665
126115102 6666

.10000- 7126115102 6667

.29000- 7126115102 6668

.31000- 7126115102 6669

.25000- 7126115102 6670

.54000- 7126.15102 6671

.54000- 7126115102 6672

.96000- 8126115102 6673

.46000- 8126U5102 6674

.12000- 8126115102 6675

.10000- 9126115102 6676
126115102 6677

32126115102 6678
126115102 6679

.53000- 7126115102 6680

.04000- 7126115102 6681

.06000- 7126115102 6682

.7oOOO- 7126115102 6683

.23000- 7126115102 6684

.66000- 7126115102 66S5

.02000- 7126115102 6686

.62000- 8126115102 6687

.20000- 8126115102 6688

.35000- 8126U5102 6689
126115102 6690

32126115102 6691
126115102 6692

.53000- 7I261I5102 6693

.04000- 7126115102 6694

.06000- 7126115102 6695

.76000- 7126115102 6696

.23000- 7126115102 6697

.66000- 7126115102 6698

.02000- 7126115102 6699

.62000- 8126115102 6700

.20000- 8126115102 67C.

.35000- 8126115102 6702
126115102 6703
126115 0 6704



File 15 Continuous Photon Energy Spectra

N-33
D

NC

f ( E Y " E > =

where

max
Y

f (E ~ E) dE , = 1

Jo

Thus,

NC

1 V



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 Augus". 1970.

File 1 Changes

1. An index has been added to MT = 4 51. 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 NXC, which is the last binary

record (sixth field for BCD card-image format) of the HEAD record. Each index

entry is given in a C0NT record. These records immediately follow 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 been

modified to allow the specificatior: 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.
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File 2 Changes

1. LRF, the test indicating the type of resolved resonance formula used, has

been expanded to include

I,RF = 1, single-level Breit-Wigner parameters are given;

= 2, multilevel Breit-Wigner parameters are given;

= 3, 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 resolved

and/or unresolved are not given, File 2 will contain the effective scattering

radius, AP. See Section 2.1 for details.

3. The U S test has been removed. This means that the elastic scattering cross

section always must be calculated, using the resolved or unresolved resonance

parameters.

4. T* e 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 -cest LRF = 2. This means that all average resonance

parameter.'! Uevdl spacing, the width of an unspecified competitive reaction, and

the reduced neutron, radiation, and fission widths) may be given as a function

cf incident neutron energy. Energy-dependent parameters may be given for each

I - J state. See Section 7.3 for details.
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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

p R W R + 1 - 0 |o|Eth " KWR |Q|'

where AWR is the atomic weight ratio given on the HEAD record.

2. The maximum number of allowed 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 (tto Changes)

File 5 Changes

1. The definition of LF = 3 (discrete energy loss law) was changed to read

f ( E -v E ') = 6
A2 x 1 „ E + A
(A X 1) A + 1

where A = AWR and 9 is the level excitation energy (positive value).

2. T and LT have been removed from the TAB1 records that contain p(E) for cases

in which LF = 5, 7, or 9. A value, U, replaces T. U was introduced to define

the proper upper limit for the secondary neutron energy distributions so that

0 <_ E ' <_ E - U ,

where E', E, ar.J 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 8 have been deleted.
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All Files

I. Certain reaction type (MT) numbers have been changed (see Appendix B for

definitions) -.

Old HT Number New KT Number

5 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

SO 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)
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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 Version IV was released about February 1975.

General

1. The energy range for all general-purpose materials is 10 eV to

20 MeV.

File 1

1. The formats for specifying radioactive decay were changed. Section

MT = 453 was changed to include only production of radioactive 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 (vp) in added Section MT = 456.

File 3

1. The energy mesh for the total cross section must include the energy

meshes for partial cross sections.

2. Tirce 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 combined

reactions.
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4. Sections MT = 718, 738, 758, 778, 798, and MT = 719, 739, 759, 779,

799 are redefined to describe continuum levels for (n,x'l reactions.

MT = 718 describes the (n.p'l continuum cross sections as part of the

(n,p) cross section and should be included in the total cross section.

Ml' = 719 is used to describe a continuum cross section for exit protons

whose cro:-3 section is already represented in the total cioss section

by other reaction types.
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AFVENDIX P

Sunmary of Important; EfiDF Rules

General

1. Cross sections for all significant relictions should be included.

2. The data in EN'DF are specified over the entire energv range 10

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 art> in barns., a] 1 energies in eV, all temperatures;

in de' "-?es Kelvin,, and all times in seconds.

4. Summary documentation and unusu" • features of the evaluation should

appear in the File 1 comments.

5. Threshold energies and Q-values must be '.•nnsistent. for all data

presented in different files for a particular reaction.

File 2 - Resonance Parameters

1. Only one energy region containing resolved resonance parameters can

be used, if needed.

I, The cross section from resoncince parameters is calculated only within

the energy range EL to EH, although sumt> of thia resonance parameters vnay 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-Kigner single-level or multilevel formalisms should be used

in the resolved resonance region unless experimental aata prove that use of tha

other allowed formalisms is significantly better.
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File 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

and :.as an energy mesh that includes all 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

satisfied if data are presented:

1 = 2 + 3

3 (or 1 - 2) = 4 (or 51+...91) + (6+...S+16) + 1 7 + 1 8

(or 19+...21+38) + (22+...25) + (28+...37)

+ (102+...114)

4 = sum (51+...91)

18 = sum (19+...21) + 38

101 = sum (102+...114)

103 = sum (700+...718)

104 = sum (720+...738)

105 = sum (740+...75S)

106 = sum (760+...778)

107 = sum (780+,.=798)

4. Threshold reactions begin at zero cross sections at the threshold energy.

Files 2 and 3

1. If there are resonance parameters in Fi.J.e 2, there are contributions

to the total (MT = 1) and scattering (MT = 2) cross sections and to tha 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 resonance region in order to obtain sumnation values for these cross

sections.
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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

resonance formalisms, if necessary. The File 3 "background" may be positive

or negative or even zero if no modifications are required. The summation

CT.OSq 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 ±r. File 3 is a tabulated cross section from 10 to 1 eV, tabulated

"background" to the cross sections calculated in the resolved resonance region

between ELI and EH1, tabulated "background" to the cross sections calculated in

the unresolved region between EL2 = EH1 and EH2, and tabulated cross sections

from EH2 to 20 MeV-. Double-value points occur at ELI, 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 ?. It is assumed that the

"background" cross section is assumed to be at 0° Kelvin. (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 temperature.

File 4 - Neutron Angular Distributions

1. Only relative angular distributions, normalized to an integrated

probability of unity, are given in File 4. 'ine differential scattering cross
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section in barns per cteradian is determined by multiplying File 4 values by

the File 2 + File 3 summation scattering cross section a divided by 2ir.
s

2. Discrete channel angular distributions (e.g., MT = 2, 51-90,701...)

should be given as Legendre coefficients in the center-of-mass system, with a

maximum of 20 higher order terms, the last being even, in the expansion. If

the angular distribution is highly structured and cannot be represented by a

Legendre expansion, a tabular angular distribution in the CM system must be

giveno

3. When the elastic scattering is represented by Legendre coefficients,

an energy-independent transformation matrix must be given to perform a CM to

laboratory 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 - Secondary Energy Distribution

1. Only relative energy spectra, normalized to an integrated probability

of unity, are given in File 5= All spectra 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) reaction].

2. While distribution laws 1, 3, 5, 7, 9, and 10 are allowed, distribution

laws 3 and 5 are discouraged but can be used if others do not apply.
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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 is

not currently used in ENDF.
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APPENDIX Q

Maximum Dimensions of Important ENDF Parameters

File Section

451

Variable Max

NCD 294

452

455

456

151

••

«

II

••

11

»

All

"

2

All

»

M

All

»

4

NC

NCD

NCP

NER

NIS

NRS

NLS

NE

AMUN

AMUF

NR

NP

NL

NM

NE

NP

NE

NF

NS

4

4

4

2

10

500

3

250

2

4

100

5000

21

20

500

101

200

1000

3

Definition

Card images containing Hollerith

information

Polynomial terms in expansion of v

Polynomial terms in expansion of v
d

Polynomial terms in expansion of v
P

Energy ranges

Isotopes

Resonances per H-state

d-states

Energy mesh in unresolved region

Degrees of freedom for neutron widths

Degrees of freedom for fission widths

Interpolation ranges (< 20 usual)

Mesh size

Side dimension of transformation matrix

Higher order Legendre terms

Incident energies

Angular1 mesh size

Incident energy mesh

Final energy mesh

Nonprincipal scattering atoms
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APPENDIX R

Trial Format for Non-Neutron Data

Purpose

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 coiraiKv- 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 required 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 HAT per target

material.

3. Where appropriate, the same MT numbers are used 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 required 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
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1. MT numbers plus new ones as required would designate the exit

channel(s). The exceptions would be MT = 1, 2, 3, and 4 where the exit

channel would be taken to be the same as the entrar-ce channel.*

2. Field 6 of the HEAD record is blank for all Files according to

ENDF 102, Volumes 1 and II. This field will specify the ZA as (1000*Z+A of

the incident particle (T2A) as a fixed point number. An IZA of 0 will designate

a neutron-induced reaction. Other IZA's are

Incident Particle IZA

g

B-

B+

p

d

t

3He

alpha

12c
16o

1111 (defined)

-1000

1000

1001

1002

1003

2003

2004

6012

8016

16032

IZA's for molecules and strange particles can be invented as needed.

* MT = 4 would continue to equal the sum of MT = 51, 52..., 91. New MT's 800-
319 would be defined to describe (x,n ), (n,n )...(x,n , {x,n ), where x repre-
sents the incident particle. MT = 15°would be used to define £he total (x,n)
cross section. Thus, for proton-induced reactions field 6 of the HEAD record
would contain 1001 and (p,p') tc*~al would be described by MT = 4; <p,p') to
discrete states and the continuum by MT = 51-91; (p,n) total by MT - 15,- and
(p,n') to discrete states and the continuum by MT = 800-819 cannot be used for
neutron-induced reactions.
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3. An HT number is; repeated 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 or ascending IZA. ENDF/B tapes that do not

contain merged neutron and non-neutron files can be supplied.

4. According to ENDF 102, field 5 of the HEAD record is blank for all

files except. Files5, for which field 4 is blank. It is proposed that this

field contain JZA, the (1000aZ+A) of the particle designated in the angular or

energy distribution following the same code as described above.

5. The structure of File 1 would be changed to include IZP. and JZA in

the dictionary. The C0HT record for a non-neutron data section wculd contain

JZA and IZA as floating-point numbers in the first and second fields, respectively,

to maintain the ord«" r 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 at~>mic should be added to the

definitions for MT = 501, 502, and 504 and MF - 23-i6. 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

angular distribution data only is
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[BA,AWR,LRP,LFI,Q,NXC]HEAD

(O.O,O.O,LDD,LFP,NWD,O/H(N)]LI3T

{HAT,1,451,0.0,0.0.1,451,NCI,OJC0NT

[MAT,!.. 451,0.0,0.0,3,26,NC2.OJC0NT

(MAT, 1 , 4 5 1 , 0 . 0 , 0 . 0 , 3 , 1 0 2 , NC3,0]CJIMT

[HAT, 1 , 4 5 1 , 0 . 0 , 1 0 0 1 . 0 , 6 3 , 1 0 2 ,N'C4,0] C0NT

[MAT,1,451,1001 O,O,4,28,NC5,O]C0NT

[MAT,. 1,Q,C. 0 , 0 . 0 , 0 , 0 , 0 , 0 } SEND

The s t r u c t u r e of F i l e 63 conta in ing (p,y) - a t a i s

[MAT,63,MT-102/HA,AWR,LIS,0,IRT^i00)HEAD

iMAT,63,Ml-102/T,^,ZiT,0,NR,NP/E. ./o(E)]TAB1

int

[MAT.*2,0/0.0,0.0,0,0,0,Q]SEND

The structure of File 4 containing (nrnp) and File 64 contaiiiing (p.pa)

angular distribution for the emerging proton is

[MAT,4,MT=28,/ZA,AWT,LVT,LTT,JZA=1001,01HEAD

[MAT,4,0/0.0,0.0,0,0]SEND

[MAT,64,MT-1I2/ZA,AWR,LVT,LTT,JZA-1OO1,IZA=1001]HEAD

[MAT,64,0 /0 .0 ,0 .0 ,0 ,0 ,0 ,0]SEND
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The differential e las t ic distr ibutions would be rationed to Rutherford

scat ter ing. Angular distr ibutions for ine las t ic scattering and reaction data

integrate to unity.

The structure of File 5 containing both (n,np) and Kile 65 containing

energy distr ibution data for the emerging proton is

[HAT, 5,MT=28/«A,AWR,0, JSA=1001, NK,O]HEAD

[MAT, 5,0/0.0,0.0,0,0,0,01 SEND

[MAT,65,MT=112/2A,AWR,0, J«A=1001, NK, 131=1001] HERD

[MAT,65,0/0.0,0.0,0,0,0,0]SFM5

The structure of File 6 would follow the rules for File 4.

Limitations

Simple additional tes ts would be required for DICTION and RIGEL and

dictionary expansions made to the display codes. RIGEL can be modified by the

NNCSC to output only neutron data f i les or only neutron and gamma f i les , e t c .

There would be no l imitat ion on the user ' s receiving an ENDF tape containing

only neutron-induced reaction and gamma-gamina 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 ENDF system

wiztt a minimum of modification to formats and processing codes..


