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0. £NDF/3 - IV P3SFACS

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

Section Library, EMDF-102, pertain to the latest version of ZOTF/3-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

are 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 EJJDF formats and proce-

dures. Appendix Q summarizes the dimensions of important SNDF 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 ZNDF/3 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. Qzer, c. w.

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

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

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 system contained format specifications for neutron

cross sections and other related nuclear constants. During the later stages

of development the formats were expanded to include photon interaction cross

sections, photon production data (photons produced by neutron interactions) and

nuclear structure data.

The basic data formats developed for the library are versatile enough to

allow accurate description of the cross sections considered for a wide range

of incident neutron energies (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
S381 and in BNL 50066 (ENDF 102).
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0.1.2. ENDF Documentation

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

cedures to be used for entering data into the ENDF 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 CSISBS, and the relationship between ENDF and i ts secondary libraries.

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

standing of Section 0.5 will facilitate understanding the data formats given

in Sections 1-15. 3CD 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

235example, 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/a 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 tine 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 set

from the data sources is available, it is referred to as a documented evalua-

tion. The ENDF format was developed to store the results of this process in a

form suitable for automated retrieval for further processing.

0.2.2. A and B Libraries

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

cations. Whether the user is interested in performing a reactor physics calcu-
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lation or in doing a shielding analysis, he wants evaluated 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 file will contain information such as the angular and energy distributions

for secondary neutrons. The ENDF/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/3 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 affect, 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 data 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/3 library are those chosen by the

CSSWG. 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 e:<perimental

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 Modes

The neutron cross section libraries comprise the central parr of the tNDF

system. The libraries are contained on magnetic tapes or disks. Two different

nodes of the data tapes are maintained: a binary form and a BCD card—image form.

The formats for these two modes are very siui lar . The data formats for a binary

tape are defined in Sections 1-15. Basically there are only four different

types of binary records (see Section 0.5.2), each with a specific format. Con-

trol numbers and flags always appear in the same position within a record of

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

c i l i ta te understanding the particular formats described later on.

Since binary tapes generateu 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 these

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 N 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 a 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.

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

pressed as probabilities. Therefore these data oust 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

NNCSC 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, renormalizations, corrections,

etc.).

At the beginning of the evaluation process the evaluator generally requests

the available experimental 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 all or selected data sets.

(b) Magnetic tapes containing the requested data.

(c) Graphical displays containing selected data.

The experimental cross section data are supplemented by other nuclear data, such

as spins, 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 2NDF formats for subsequent incorporation

into either the ENDF/A or the ENDF/B library.
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A number of systems have been developed ' for automating much of the time-

consuming pa r t s of the evaluation process . These systems, by permit t ing man/

computer i n t e r ac t ion through computer graphics , shorten the time required for

the evaluation process . Since the evaluator can make more de ta i l ed analyses

of the cross s ec t ions , the qua l i ty of the evaluat ion process should be improved.

0 .3 .2 . Processing Codes and Neutronics Calculat ions

The purpose of the ENDF l i b r a r y i s to provide evaluated cross sec t ion

data s e t s in a form tha t can be used in various neutronics and photonics c a l -

cu l a t i ons . The ex i s t ing codes t ha t perform these ca lcu la t ions requi re data

l i b r a r i e s t ha t are qui te d i f fe ren t from one another and from the ENDF l i b r a r y .

Therefore a s e r i e s of processing codes have been wr i t t en which read the ENDF

l ib ra ry as input and generate a secondary cross sect ion l i b r a r y . The secondary

l i b r a r i e s , in tu rn , are read as input to a spectrum-generating code, and gen-

e r a l l y broad group—average cross sect ions are obtained for use in the neutronics

ca l cu l a t i ons . The avai lable processing codes are summarized in Appendix I .

Figure 0 . 3 . 2 . 1 . shows the flow of data for a p a r t i c u l a r s e t of codes.

The bas ic data formats for the SNDF l i b r a r y have been developed in such

a manner tha t few cons t ra in t s are placed on using the data as input to the codes

tha t generate any of the secondary l i b r a r i e s .

0.4. GENERAL DESCRIPTION OF THE ENDF LIBRARY

The ENDF l i b r a r y i s a co l lec t ion of documented data evaluat ions s tored

in a defined computer readable format t ha t can be used as the main input in to

(1) C. L. Dunford et_ al_. , "SCORE I I , An In t e rac t ive Neutron Evaluation System,"
USA2C Report AI-AEC-12757 (ENDF-126), March 1, 1969.

(2) R. R. Kinsey, C. Rindfle ish, D. Garber, "TIGER," The In t e rac t ive Graphics
Evaluation Routine, NNCSC, 19 73.
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Processing Code: MINX, STOX, ETOG, etc.

Secondary
Library

Spectrum Generating Code: 1DX, SPHINX, etc.

/Processed
Broad Group
\Constants

Neutronics Code: ANISN, DTF, etc.

Fig. 0.3.2-1: Schematic of the flow of nuclear data from compilation to
reactor calculation.
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cross section processing programs. As such i t has been designed with the pro-

cessing programs in mind and requires some familiarity with the FORTRAN pro-

gramming language. The ordering of data on the tape allows the use of segmented

as well as ordinary programs.

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

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

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

vided, one for binary data and the other for BCD card images. Magnetic tapes

containing BCD card-image data generally can be exchanged between laboratories.

Also, i t 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

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 NNCSC, 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 manners from 1 to 999 are to be assigned

by the user to data sets that he generates. As an example, consider the follow-

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

material number 27S to this set. Within his installation the data set is always

referred to as material 278. After checking and testing, the user feels that

the data set is satisfactory and transmits i t to the NNC3C. The Center adds the

data set to i ts files and assigns i t 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 1251 from the Center's files- Upon

receipt of the data he adds i t to his ENDF tape as material 1261 and refers to

i t in later processing programs by this number. Should user Y subsequently altar

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 f i le) . 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

neutron reactions)

23 ' Photon interaction cross sections

24 Angular distributions of photons (from photon
reactions)

25 Energy distributions of photons (from photon
reactions)

26 Energy-angular d i s t r i b u t i o n s of photons (from

photon reactions)

27 Atomic form factors (for photon interactions)

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

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 ZA number that identifies

the specific naterial. 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 atonic number and A is the mass number for the material. For

238

example, ZA • 92238.0 for 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 ars given in Appendix C.

The f i r s t record of each section also contains a quantity thaz 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 (in the carbon-12 system).

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

are summarized below.

Parameters Units

energies electron volts

angles dimensionless cosines of the angle

cross sections barns

temperatures "Kelvin

mass in units of the neutron mass

angular distributions probability per unit cosine

energy distributions probability per electron volt

energy-angle distributions probability per unit cosine per electron
volt
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0.4.2- Structure of an ENDF Data Tape

The structure of an ENDF 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

the s ame.

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

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

major subdivision between these records is by material. The data for a material

is divided into files, and each file (MF number) contains the data for a certain

class of information. A file is subdivided into sections, each containing data

for a particular reaction type (MT number). Finally a section is divided into

records. The content 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,z)]

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

Tape
Ident.
(TP1D)

First
Material

Material

MAT

Last

Material

Tape
End
(TEND)

Material
MAT

Section I
End j

(SEND) ;

Figure 4.2.1. Arrangement of an ENDF Tape
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ordered by increasing values of x. There will be NP values of x and y(x) given.

The complere region over which x is defined is broken into NR interpolation

ranges. An interpolation range is defined as a sequential series of x in which

a specified interpolation scheme can be used; i.e., the sane scheme can be used

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

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

X(n) is the n value of x.

th
Y(n) is the n value of y.

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

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

NBT(n) is the value of N separating the m and (m+1) interpolation
ranges.

The allowed interpolation schemes are

INT Description

1 y is constant in x (constant)

2 y is linear in x (linear-linear)

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

4 in 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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repeated and a pair (X,Y) given for each of the two values at the discontinuity

(see Fig. 0.4.3-1).

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

is represented by a series of tabulated values of y(x) plus rules for interpo-

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

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

The individual y(x) can be represented as illustrated above. The only addi-

tional information that need be given is a breakpoint and interpolation table

for interpolation between values of z.
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0.5. GZNE3AL OESCTI?T:CN OF THE DATA FORMATS

0.5.1. Nomenclature

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

list here some of the rules used.

a) Symbols starting with letters 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. Examples are MAT, MT,

MF.

e) A symbol starting with I is a test number. Examples ara LFI, LCT,

LTT.

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

NP, NT?.

g) Brackets [] denote one record on a 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

V - Cosine 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 CSNT, LIST, TAS1, 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.

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

[MAT, MF, MT/C1, C2; LI, L2; Nl, N2]C0NT
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The numbers within the brackets are symbolic of the numbers in a C2NT

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

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

MAT, MF, and MT appear in a different position 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 fora 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 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, 0]SEND

[MAT, 0 , 0/0.0, 0.0; 0, 0; 0, 0]FEND

[ 0 , 0 , 0/0.0, 0.0; 0, 0; 0, OjMEND

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

A FORTRAN IV statement to read any C2NT record from Tape LI3 would be:

READ (LI3) MAT, MF, MT, Cl, C2, LI, 12, Nl, N2

0.5.2.2. LIST Records

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

floating point numbers, 3., 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, LI, L2, Nl, N2, (B(N), N-l, Ml)
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For convenience, this record is denoted by

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

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

the record would be

[MAT, MF, MT/Cl, C2; LI, 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. 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). The FORTRAN IV

statement to read a TAB1 record is

READ (LI3) MAT, MF, MT, Cl, C2, LI, L2, NR, NP,

(NBT(N), INT(N), N«l, NR), (X(N), Y(N), N»l, NP)

For convenience, the TAB1 record is denoted by

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

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

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 c(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 many values

of 2 are to be given and how to interpolate between successive value of 2. 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 field designated as

C2. The FCRTSA2J IV statement to read a TA32 record is

READ (LI3) MAT, MF, MT, Cl, 02, 11, 12, NR, NZ, (NBT(N),

EJT(N), N-l, NR)

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

by

[MAT, MF, MT/C1, C2; LI, L2; NR, NZ/Z. JTAB2
int

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

in the TAS2 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-Imace (BCD) Formats

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

3CD 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 3CD 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

a
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

[MAT, MF, MT/C1, C2; Ll, L2; NR, NP/x. /y(x)]TABl
int

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

Ll

NBT(2)

NBTC5)

X(2)

X(5)

4

L2

INT(2)

INT(5)

Y(2)

Y(5)

5

NR

NBT(3)

NBT(NR)

X(3)

X(NP)

6

NP

INT(3)

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 INF would be

READdNP, 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 FORMAT (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, 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.

The LIST record denoted by

[MAT, MF, MT/ Cl, C2; Ll, L2; Nl, N2/ B ]LIST
n

is punched in the following way:
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Field

_1 _2 _3 _4 _5 6 7 3 9

Ci C2 LI L2 Ml N2 MAT MF MX

3(1) 3(2) 3(3) 3(4) 3(5) 3(6) MAT MF MT

3(7) B(8) 3(9) MAT MF MT

MAT MF MT

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

READ (IMP, 30) Cl, Cl, U , L2. Ml, N2, MAT, MF, MT, (B(N),

N-l, Nl)

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

An exception occurs when the LIST record contains Hollerith information

(see File 1):

CMAT, MF, MT/ Cl, C2; LI, L2; NWD, N2/ H ]LIST

n

In t h i s case the FORTRAN IV 3£AO s ta tements depend on the type of computer be -

ing used, but the cards should be machine independent . Define NWD as the r.uinbei

cf cards conta in ing H o l l e r i t h information punched in Cols . 1-66. The 3SAD

sta tements would be

HEAD (IMP, 40) , Cl, C2, Ll , L2, NMD, N2, MAT, MF, MT

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

NH - 17*NWD

READ (IMP, 50) (H(N), N«l, NH)

50 F0RMAT (16A4, 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 numbers) must also be punched but are emitted for convenience.
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When arrays of numbers are punched, the first element of the array is in

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

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

Field 6 should not be taken literally.



Illustration of standard record types

field 1 Field 2 Field 3 Field 4 Field 5 Field 6 Line Type

•1

o
in

1

1

U)

8C
ard

t

i'
0
a

R
ecord

Cl

ZA

Cl

NBT(l)

NBT(4)

XU)

X(4)

Cl

NBT(1)

NBT(4)

Cl

B(7)

C2

AWR

C2

INT(l)

INT(4)

y(i)

y(4)

C2

INT(l)

INT(4)

C2

B(2)

B(8)

LI

LI

LI

NBT(2)

X(2)

LI

NBT(2)

LI

B(3)

L2

L2

L2

INT(2)

y(2,

—

L2

INT(2)

L2

B(4)

Nl

Nl

NR

NBT(3)

NBT(NR)

X(3)

X(NP)

NR

NBT(3)

NBT(NR)

Nl

B(5)

N2

N2

HI'

INTO)

INT(NR)

y(3)

y(NP)

NP

INT(3)

INT(NR)

N2

B(6)

B(N1)

1

2

3

4

5

6

7

8

9

10

11

12

13

C0NT

HEAD

TAB I

TAB 2

LIST

Comments

i

o

l
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1. FILE 1, GENERAL INFORMATION

File 1 is the first part of any set of evaluated cross section data for

a material. Each material must have a File 1, which consists of one or more

sections that contain neutron cross section information and other related nu-

clear data. File 1 provides a brief documentation of how the data were evalu-

ated and a 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, Ll, 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,

Ll 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 be used in

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

contents of each record are specified in the binary foraat. 3C0 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), N » 1,

2, ... MWD. Each element of the array, H(N), contains So Hollerith characters.

On cards the information is punched in Cols. 1-56, and MWD such cards are pre-

pared.

The first two cards of the Hollerith information should contain titling

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

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

Z right justified in col. 1 to 3

hyphen in col. 4
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ALAB

EDATE

AUTH

chemical symbol left justified in col. 5 and 6

hyphen in col. 7

A right justified in 8 - 10 or blank

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

Mnemonic of originating laboratory(s) (left adjusted)

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

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

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

(Second BCD-Card Image Record)

REF reference 2-22

DDATE original distribution date (left adjusted DIST- followed by

month-year as in EDATE

RDATE date and number of last revision REVl- followed by month-year

as in EDATE

The 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 giver.

in 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 sec-

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

the sections in the different files.

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 data given.

LF? 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.

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

For BCD card imace tapes, NWD is the number of card images used to

describe the data set for this 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 format is (16A4, A2). (NWD <_ 5000.

H(N) is the array 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 image.

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

th
MF is the MF of the n section.
n

MT is the MT of the n section.
n

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

This card count does not include the SZJID card. (Note that NC • NXC + NWD + 2.)
1
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1.1.1. Formats

This section always begins with a HEAD record and ends with a SEND record.

Its structure is

[MAT, 1, 451/ZA , AWR, LEP, 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 , WS , NC^, O]C0NT

[MAT, 1, 451/0.0, 0.0, MF , MT , NC , O]C0NT

[MAT, 1, 451/0.0, 0.0, MF'^^ M T ^ , N C ^ , 0] C0NT

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

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

1.1.2. Procedures

The flag 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 will con-

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

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

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

The flag LFI - 1 indicates that this material is fissionable. In this

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

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

product yields (MT • 454) , the number of delayed neutrons per fission (MT * 455),

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

Certain materials represent natural elements that contain more than one isotope

cr they represent molecules. For these cases radioactive nuciide 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 22C0-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 cross 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 • 4S2)

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-1

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,
n

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
n

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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If LNU - 1, the structure of the section is

[MAT, I, 452/ ZA, AWH, 0, LNU, 0, 01 HEAD LNU • I

•MAT, 1, 452/ 0.0, 0.0, 0, 0 , NC, Q/C^, C2, ... C^j LIST

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

If LNU • 2, the structure of the section is

[MAT, 1, 452/ ZA, AWR, 0, LNU, 0, 0]HEAD LNU - 2

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

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

1.2.2. Procedures

If a polyncmial representation (LNU • 1) has been used to specify \>(E5 ,

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 \i(E),

the fit shall be limited to a third-degree polynomial (NC - 4). If such a fit

dees not reproduce the recommend values of \> (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. Sven though another section (MT * 45 5)

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

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 Production (MT - 453)

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

a section (MT * 453) may be given which specifies various 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.)

N?R is the number of product nuclides and/or product nuclide states for

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

cf all product nuclide states formed by neutron interactions).

*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 cf the reaction type leading to the described

product nuclida state and is a floating-point equivalent of MT numbers

(see Appendix 3).

ZAP is the (Z/A) designation of the product nuclide (ZAP • (1COO.O*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.)

SS(N) is the energy of the Nth incident energy (eV) at which branching ratios

are given.

BR(M) 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 sun of all branching ratios for a specified RTY?

must be 1.0.

ME is the number of energy points at which branching ratios ara 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 (LI5 • 0) of the original

nuclide is given first.

Each subsection contains two or more 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 RXYP. If there are more

than two LIST records for the same RTYP, then the LIST records are first ordered

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

increasing values of LFS (product nuclide state designation).

The structure of a section is

[MAT, 1, 453/ZA, AWR; 0, 0; NS, 0]HEAD

< 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 ]SEND

There will be NS subsections.

The structure of a subsection is

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

ES(1), ES(2),

, ES(HE)]LIST

[MAT, 1, 453/0.0, Q; 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).

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

for mixtures of elements, molecules, or elements that have more than 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 Tile 3. For example,

10
the (n,s) reaction on 3 that are given as energy-dependent branching ratios

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

for MT « 107, 780, and 731.

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

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

like the total cross sections (RTY? * 1.0) or the fission cross sections (RTY? •

13.0) . Branching ratio data refer to a particular reaction type (RTYP) . 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 (decay of a par-

ticular nuciide) 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 LF? • 1 in the first section

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

cident energies to completely specify yield data for the energy range 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-

ticular incident neutron energy will be ^ 2.0.

The fission products are specified by giving an excited state designation

(FPS) and a (charge, mass) identifier (2AFP). 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 (2,A) identifier for a particular fission product. (ZAFP «

(1000.0*2) + 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.

th
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 the i point (eV).

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

yields are given:
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LS - 0 implies no energy-dependence (only one ser of fission product

yield data given);

LZ > C means that (LZ +• 1) sets of fission produce yield data ara

given at (LE + 1) incident neutron energies.

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

._, and E. energy points.

1.4.1. Formats

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

a SE3JD record. Sets of fission product yield data are given for one or mora

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, SAFP, YLD) for each fission product state. The data are first

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

same (Z,A), the data are ordered by increasing value of the stata 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/S_, 0.0, I,, 0, Nl, NT?/C (E,)]LIST
2 2 n 2

[MAT, 1, 454/E,, 0.0, I,, 0, Nl, NF?/C (E,)]LIST
J J n J

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

There are (LE + 1) LIST records.
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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 ^ 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 should be a

cumulative fractional yield, and all other yields for this same chain should

be direct fractional yields.

Yields for the same fission product nuclides should be given at each

energy point. This will faciliate interpolation of yield data between inci-

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

1.5. Delaved Neutron Data (MT * 4555

This section describes the delayed neutrons resulting from fission events.

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

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

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

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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daper.der.ca. They are the same as these used in this file, (MT - 452) , to de-

scribe the average total number of r.eutrons produced per fission event (see

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

v,(I) at a series of incident neutron energies or by orcviding the coefficients
a

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) - > v. (E) ,
a ^ i

where NNF is the number of nrecursor families. The fraction of the total, ?. (Z)
i

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

1.5.1. Formats

The structure of a section depends on whether v, (S) is tabulated as
G

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
NCD

v. (E) - , _ .
d / ' m

m-1

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

LND » 1 means that a polynomial expansion is used;

LND * 2 means that a tabulated representation is used.

NCD is the number of terms in the polynomial expansion. (NCD <_ 4)

CD are the coefficients for the polynomial,
zn

NR 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,
d

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

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

per fission event.

NNF is the number of precursor families considered.

-1 th
>.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, 455/ 0.0, 0.0, 0, 0, NNF, 0/X,, X , . . .X^^,]LIST
1 2 NNF

[MAT, 1, 455/ 0.0, 0.0, 0, 0, NCD, 0/CD. , CD. , . . .CDM/__J 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
a

[MAT, 1 , 4 5 5 / ZA, AWR, 0 , LND, 0 , 0]HEAD LND = 2

[MAT, 1 , 4 5 5 / 0 . 0 , 0 . 0 , 0 , 0 , NNF, 0 / X , , X-- , . . . A _ ] L I S T
1 2 NNr

[MAT, 1, 455/ 0.0, 0.0, 0, 0, NR, NP/E. /", (E)]TAB1
int d

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

1.5.2. Procedures

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

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 (2) 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 -he energy

distributions of neutrons produced by each precursor faaily 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 same in both files. It is recommended that the

families be ordered by decreasing half-lives (X < X < ... < X ).

1 2 NNF

1.6. Number of Promot Neutrons per Fission, v , (MT • 456)
o

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

number of promot neutrons per fission, v / (MT » 456) can be given using formats
P

identical to MT » 452. v is given as a function of incident neutron enercv. The
P

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

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

~ (E) .

NC?

- (E) . y a E<
n-i}

p L-a n
n-1

where \> (E) is the average number of orompt neutrons per fission produced by
P

neutrons of incident energy E(eV), c? is the n coefficient, and NC? is the
n

number of teras In the polynomial.

1.6.1. Formats

The structure of this section depends on whether values of u(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 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

\> (E) . (See Appendix E.)

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

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

mt

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

is

[MAT, 1 , 4 5 6 / Z A , AWE, 0 , LNP, 0 , 0]HEAD LNP - ]

[MAT, 1 , 4 5 6 / 0 . 0 , 0 . 0 , 0 , 0 , NCP, 0/CP , CP , . . . CP ]LIST

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

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

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

[MAT, 1, 456/0.0, 0.0, 0, 0, NR, NP/E. /~ (E)]TAB1
int p

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

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 net reproduce the recommended values of v (E) , a tabulated fora (LIT? • 2)

should be used.

If tabulated values of \> (E) are specified (LN? - 2) , then pairs of er.ergy-

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 number of
P

prempt neutrons produced per fission event. Even though another section (MT »

455) that specifies the delayed neutron from fission may be given v , the number

of delayed neutrons per fission, and v , the number of prompt neutrons per fission,

oust be included in the values of v(E) given in the section (MT • 452); i.e.,

~(MT - 452) - \J\(MT - 455) + ~ (MT • 456) .
a p

1.7. Radioactive Decav 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 stata is defined as one having a half-lifa >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

SA » Designation of the original (radioactive) nuciide (=1000*2 •*• A)

LI5 » Isomeric state flag for original nuciide (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).

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 6,Y and a. energies

are given in that order, with space reserved for zero 6 or y en-

tries. All non-y and non-a energies are presently included as

S 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.

RTY? « Indicates the mode of decay.

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 0 ,n Neutron emission (generally given for

delayed neutrons)

6.0 SF Spontaneous fission
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RFS • Iscmeric 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 radiation. In the case of an isomeric transition

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

the isomeric state. For both 3 and 8 , Q equals the energy

corresponding to the mass difference between the initial and

final atoms

— \ S ~ (E )
I ^-> ° max

C T"

___ .1
_Q - Uncertainty in Q value (eV).

SR - Fraction of the decay which proceeds by the corresponding decay

mode. (e.g., if only S occurs and no isomeric statas in the

daughter nucleus are excited, then BR • 1.0 for B decay.)

_3R • Uncertainty in 3R (should be given as one standard deviation)

Resulting radiation spectra

STYP • Decay type (Use mode of decay variable list).

US? • Total number of spectra. (NS? may be zero.)
E i n d J Z » Energy (eV) or radiation produced (E._, S , , E , etc.) ._______ B 3 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).

ME » Total number of tabulated energies.
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1.7.1. 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/ ZA AWR LIS b b NS? ] HEAD

[MAT,1/457/ T
1/2 '1/2

AE,.

b 2*NAV NAV

AE E AE ] LIST

[MAT,1/457/ ZA

RTYP.

AWR

RFS,

b

2,

b

42,

6*NDK NDK

BR, ABR,

NDK
LIST

[MAT

[MAT

,1

,1

,457/

,0/

STYP

F

£

b

b

AF

AE

b

b

b

I

b

b

b

AI

b

6*(NE+1)

b

ICC

b

b

AICC

b

Repeat NS? times

[omit if NSP=0]

] LIST

] 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-

isomeric states may be included in the count of levels.) Radioactive decay

data need be given only for initial isomeric states with half-lives > 0.1 sec.
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2. The average energy E and its uncertainty IE is presently giver, for

three types of radiation although the format does not limit the number. The

average decay energy and its uncertainty for 3, 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 R

and M are the nasses of the recoil nucleus and a particle, respectively. The

3 radiation includes the contribution from S, 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 3 decay to an excited stata cf the daughter

nucleus, which- subsequently decays by Y emission, is in the 3 decay mode. In

general, an RTY? • 0, indicating y mode of decay, will r.ot 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 nuciides 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 3R 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.
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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 second, unresolved resonance parameters.
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Several representations are allowed far specifying the resolved reso-

nance paraaeters. The particular representation used for a particular energy

range is indicated by a flag, Z3F.

The allowed representations for the resolved resonance parameters are

LRF • 1, single-level Breit-Wigner parameters given;

LBF - 2, multilevel areit-Wigner parameters are given (level-level inter-

ference effects are considered for the elastic scattering cross

section and the total cross section):

LBS • 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 ara basically the

sane, except for LSF • 4.

Each energy range contains a flag, L3U, that indicates whether the param-

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

UttJ * 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, LBF * 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 arc

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

in Appendix D.

Several quantities used in rile 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

LRF » 1, single-level B-W parameters

LRF • 2, multilevel B-W parameters

LRF = 3, Reich-Moore parameters

LRF = 4, Adler-Adler parameters

•These energies are the limits to be used in calculating cross sections fron the
parameters. Resolved resonance levels e.g., bound levels will of necessity be
outside the limits.
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If 13XJ • 2 (unresolved parameters) , then

LKF » 1, only average fission widths are energy dependent;

L5F * 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, HIS, 0]HEAD

[MAT, 2, 151/ ZAI, ABN, 0, LFW, NER, 0]C3NT (isotope)

[MAT, 2, 151/ EL, EH, LSD, L3F, Q, 0]C2NT (range)

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

on LRU and LST) >

[MAT, 2, 151/ EL, EH, LHU, LRF, 0, 0]C3NT (range)

<Subsection for the second energy range for the first isotope

depends on LKU and LST)>

[MAT, 2, 151/ EL, EH, LSU, LKF, 0, 0]C2NT (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 C3NT (range) record; those for each isotope,

with a C3NT (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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[MAT, 2, 151/ ZA, AWR, 0, 0, NIS, OJKEAD NIS = 1

[MAT, 2, 151/ ZAI, ABN, 0, LFW, NER, O]C0NT LFW * 0, NER « 1

[MAT, 2, 151/ EL, EH, LRU, LRF, 0, O]C0NT LRU - 0, LRF = 0

[MAT, 2, 151/ SPI, AP, 0, 0, NLS, O]C0NT NLS * 0

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

[MAT, 0, 0 / 0.0, 0.0, 0, 0, 0, OJFEND

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, LRF, in the same record specifies which

resonance formulation has been used.

The structure of a subsection is the same for LRF •= 1 (single-level Breit-

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

The following quantities are defined for use when LRF * 1 and 2 (see Appendix D

for formulae):

Resolved Resonance Parameters if LRF » 1 (SLBW) and LRF « 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 o • 411 (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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NL5 is the number of I states in this energy region. A set of param-

eters is given for each &-state (neutron angular momentum quanta.

number). (NL5 < 3.)

L_ is the value of the i-stats (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 1-state. (MRS <_ 500.)

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

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

GT is the resonance total width V evaluated at the resonance energy ER.

GN is the neutron width f evaluated at the resonance energy ER.
•~~ n

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

GT is the fission width I", evaluated at the resonance energy ER.

The structure of a subsection containing data for (LRU • 1 and L3F =• 1)

or (LRU » 1 and ZSS - 2) is

[MAT, 2, 151/ S?l, AP, 0, 0, NLS, OIC0NT

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

ER., AJ , GT , GN , GG , GT ,

ER_, AJ , GT / GN , GG , GT ,

E\RS' ^'NRS' GTNRS'

The LIST record is repeated until each NLS i-state has been specified (in

order of increasing value of 1). The values of ES. for each 2-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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difference is that the total resonance widths are not given and two fission

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

LRF * 3 are defined below.

Resolved Resonance Parameters

If LRF » 3 (Reich-Moore multilevel 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 an.

AM « 0.0 for spin independence. (AM » 0.0 required.)

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

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

L_ is the value of the £-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 2-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 T 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

and GFB are signed quantities, their signs being determined by the

relative phases of the width amplitudes in the two fission chajnnels.

The structure of a subsection when LRU • 1 (resolved parameters) and LRF = 3

(Reich-Moore multilevel parameters) is
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[MAT, 2, 151/SPI, AP, 0, 0, MLS, 3]CONT

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

GFA. /

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

fied in order of increasing value of I. The values of ER for each 2-stata are

ordered by increasing value of ER.

?.ssolved Resonance Parameters

If L3F - 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 widths.

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:

a T (background) - ^. (AT + AT2/E + AT /S
2 + AT /E 3

2

•Reserved for use in ENDF/A onlv.
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and k - 2.19677 x 10where C * n* '

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 floating-point value of J (the spin of the resonance).

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

number).

NLS is the count of the number of Jl-states 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 i-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 units 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

cross section.
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AF, / AF , A5'^' ^j» 3E"i ' a ?? a r e ^ e background constants for the fission

cross section.

AC., AC., AC , AC , 3C , 3C ars the background constants for the radia-

tive capture cross section.

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

below, the subscript n denotes the n level.

OEF 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 T/2, (v), used for the total cross section.
n

DWF is the value of T/2, (v), used for the fission cross section.
n

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

section.

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

GXT is related to the symmetrical total cross section oarameter.
n

GIT is related to the asymmetrical total cross section parameter.

GRF is the symmetrical fission parameter.

GIF is the asymmetrical fission parameter.

G3.C is the symmetrical capture parameter.

GIC is the asymmetrical capture parameter.

The structure of a subsection containing data for (LRU • 1 and L3F • 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, 0]C3NT]

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

A T ^ AT2, AT3, AT4, BT , BT
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[MAT, 2, 151/0.0, 0.0, L, 0, NJS, O]C0NT(£)

[MAT, 2, 151/AJ, AM, 0, 0, 12*NLJ, NLJ/

DET , DWT , GRT , GIT , DEF , DWF ,

DET , DWT ,

GXC ,

LIST

The last LIST record is repeated for each J-state (there will be NJS such LIS"

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.

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.

2.2.2. Procedures

For certain resonances the value of I 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
u

cleus levels of spin J and D_ their spacing. The statistical weight factors
w

g corresponding to resonances of spin J are such that / , g • (22+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.

The upper (IK) 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, A?

should be given for each of these isotopes.

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

eters for any given isotope, the energy 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 3reit-Wigner parameters it is sometimes 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 I (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 and fission widths and for different (2,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.

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 2.-states given (NLS £3.)
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SS(M) is the energy of the Nw* point used to tabulate energy-dependent

widths.

1 is the value of 1 (neutron angular momentum quantum number) .

AW3I is the ratio of the mass of the particular isotope to that of the

neutron.

MJS is the number of J-states for a particular i-stata. (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. (AMCN <. 2.0.)

AMUG is the r.unber of degrees of freedom used in the radiation width

distribution. ' (If this value is not known or is extremely large,

set AMUG - 0.0.)

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

tribution. (AMUF <_ 4.0.)

MLT 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

LSD - 2.
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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 neutron 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 ,

O3C0NT

6*NJS, NJS/

0.0

0.0

DNJS'

The LIST record is repeated until data for all 2-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, 1S1/SPI, A, 0,

SS1, ES2, SS.

0, ME, NLS/

[MAT,

[MAT,

2,

2,

•'

151/AWRI,

151/0.0,

D,

0.

0.

AJ

0,

0,

t

• t

L,

L,

AMUN,

•'

0,

MUF,

GNO,

E SNZ

NJS,

NE+6,

GG i

]LIST

O]C0NT(Z)

0/

0.0,

. , • , . , ^VTP ^ LIST

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

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

L3S2 m 2 (unresolved parameters) .

• 2 (al l energy-dependent parameters).

The structure of a subsection i s :

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

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

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

0.0, 0.0, AMUX, AMUN, AMUG,

XLS,

NJS,

(6*NE)*

AMUG,

O]C0NT

O]C0NT

5, NE /

AMUF,

D2'

NE' GT^JLIST

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

a given i-state. A new CSNT (I) record is then given, and all data for each

J-state for that Z-state are given. The structure is repeated until all i-

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 cross 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 to at least 20 kev.

When 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 (o), is defined as

V (p) = 1 for I » 0 neutrons (s-wave)

V (p) * p /(I + p ) for I » 1 neutrons (p-wave)

4 2 4

V (p) « p /{9 + 3p + p ) for i * 2 neutrons (d-wave)

p « ka.

The wave number of the neutron in the center-of-mass system is
k « 2.196771 I ^ " ; x Q 1 ̂ E(eV) x 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 10"1

in units of 10 cm. Note: A is usually aDoroximated by AWRI (AWRI = — ).
m
n
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The Greebler-Hutchins* scheme fcr evaluating the width-fluctuation fac-

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

•P. Greebler and 3. Hutchins. Physics of Fast ar.d Intermediate Reactors. I l l ,
121 (1962) International Atomic Energy Agency, Vienna, 1962.
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3. FILE 3, NEUTRON CROSS SECTIONS

3.1. General Description

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

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

Certain derived quantities are also given. These data are given as a function

of energy, E, where E is the incident neutron energy (in eV) in the laboratory

system. They are given as energy-cross section (or derived quantity) pairs.

An interpolation scheme is given that specifies the energy variation of the

data for neutron energies between a given energy point and the next higher en-

ergy point.

File 3 is divided into sections, each containing the data for a particular

reaction type (MT number). The sections are ordered by increasing MT number.

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

3.2. Formats

File 3 is made up of sections where each section gives the neutron cross

sections (or derived quantities) for a particular reaction type (MT number) .

Each section always starts with a 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 nudides) .

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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LFS is an indicator that specifies the final excited stats 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.

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

S_ is the temperature ('X). 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) .

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

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

incident energy point, E, in (eV). Data are given in energy-cross

section pairs.

The structure of a section is

[MAT, 3, MT/ZA , AWR, LIS, LFS, 0 , O]HEAD

[MAT, 3, MT/S , Q , LT, LR , NR, NP/E. /c(E)]TABl
m t

[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 (n,2n) cross section

17 (n,3n) cross section

18 Fission cross section

51 Inelastic excitation cross section for the 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,Y) radiative capture cross section

103 (n,p) cross section

104 (n,d)

103 (n,t)

106 (n,He3) "

107 (n,a)

108 (n,2a) "

251 ~

252 5

253 Y

3.2.2. General Procedures

1. All significant cross sections must be given in this file using the

reaction types (MT numbers) that have been defined. Appendix 3 summarizes all

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

Neutron Cress Section Center at 3rookhaven 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 is not possible to establish rigid ground
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rules, but in general, the MT chosen includes the lightest nucleus in the exit

channel.

2. Reaction 2~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 U S 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. Reaction data

producing known final states are given within the Material associated with the

initial nucleus.

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

discrete level, and continuum cross sections can be specified. Specification

of summation reaction cross sections to all states, discrete and continuum, is

given within an MT number by LFS » 99. Data for an unspecified 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 the final nucleus

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

levels £17. For the (n,2n) reaction the summation cross section must be given
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Lr. the MT » 16 section. Use of LFS • 99 is redundant. The (n,2r.) cross sec-

tion to isomeric states should be given in the MT • 26 section, using the ITS

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

3.2.4. Procedures for Soecific Reactions

Index for Section 3.2.4.

3.2.4. Subs ection

1

2

3

4

5

6

7

8

9

10

11

12

Relevant MT Nos. (See Ancendix 3)

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 hew 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 oust be the sum of 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.

3.2.4.2. 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 secticn.

Second, if the observed structure in the nonelastic cross section is imprcp-

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. These 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. Nor.elastic Cross Section (MT » 3)

The ncnelastic 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 energy 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 times, deformed nucleus model calculations

must be made. Direct interaction contributions are important in neutron inel-

astic scattering particularly for deformed nuclei with 0 ground states. The

secondary energy distribution for these neutrons resembles elastic scattering

more than an evaporation spectrum.

4. The recommended procedure for specifying inelastic scattering cross

sections is to give level excitation cross sections for as many levels as possi-

ble 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 been truncated.

6. An LR flag specifies inelastic scattering to levels that de-excite by

particle emission or pair production rather than by y emission. Use the LR flag

to completely define a reaction like (n,n'x). The LR flag is to be used in the

reactions MT = 51,52,53,..., 90, and 91 to define x in (n,n'x). If x = 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 en 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 1R

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 ZR « 22, and the other part would be given in the next section (next

higher MT number) and would use LR • 23 (n,n'o). The angular distribution for

the neutron would have to be given in tvo 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), (n,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 in MT - 16), the isomeric

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 tine-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,2r.) 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,2r.) 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 « 46-49 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 15 and does not include reaction

types MT » 46-49. This procedure removes the necessity for representing the

first neutron frca 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 be the union of all sets for the

partials.

3. If resolved or unresolved resonance parameters are given in File 2, the

contributions to the total fission cross section in the resonance region are the

sun 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 =

13. 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 axist 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 suai

of MT » 18 (total fission) plus MT » 101 (total neutron disappearance).
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3.3.4.3. (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. Taxaet Destruction Cross Section (MT s 120) "

The target destruction cross section will depend on the various reaction

mechanisms present. In general, it is the nonelastic cross section minus the

total (n,n'y) cross sections.

3.3.4.11. (n,x) 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 » 700 series for materials in which particle heating is important.

The (n,p) cross section MT • 103 is equal to the sum of MT = 700 through MT = "is.
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3.3.4.12. Reaction Cross Sections to Discrete and Continuum Levels

(MT - 700 series)

For studies of radiation damage ar.d/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 deutarons, 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,D,,) mus-c add

o " 13

up to MT • 103. In some cases cross section information about the exit proton

is needed that has already been included in the ENDF/3 files. For exampla, the

(n,n'p) cross section is usually found under MT • 51-91. It nay 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 redundant

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, tritcn, ar.d

3 4
He and He particles in Sections MT « 720 through MT - 799.

3.4. Relationship 3etween 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

nonelastic cross section (MT=«3). The contributions from Files 2 and 3 must be

summed to obtain the correct cross sections for neutron energies within the

energy ranges specified for the resolved and/or 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 will not have resonance parameters. However, they will

have a scattering length, given in File 2, that can be used to calculate the

potential elastic scattering cross section, which is then used to calculate

resonance self-shielding effects in other materials. For these materials the

elastic scattering cross section in File 3 must not be added to this potential

scattering cross section, since the File 3 data for these materials comprise the

entire scattering cross section.

Double-valued points (discontinuities in the cross sections) are allowed

anywhere in File 3. They must always be given at the upper and lower energy

limits of the 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 fer

the corresponding MT number given in File 3. The File 4 data (see Section 4)

may be given as either tabulated normalized probability distributions, p(u,E),

or Legendre polynomial expansion coefficients, f (E).
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Note that the derived quantities u. . , %, and y are entirely from File 4
Lao

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, a(2), 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 3, 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 Suceestions for Prsparinc 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 mere 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 nonthreshold 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)
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and continue up to 20 MeV. For nonthreshold reactions a cross section value

must be given at 0.0253 eV.

The reaction Q-value is defined as the kinetic energy (eV) released by a

reaction (positive) or required for a reaction (negative). For a reaction hav-

ing a threshold, the threshold energy E.. is given by
tn

(AWR + 1 \
AWR / lei *

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

For a material that is a mixture of several isotopes, the Q-value is not

uniquely defined. The threshold energy generally should pertain to the par-

ticular isotope that contributes to the cross section at the lowest energy, but

see discussion in Section 3.2.2.2.

The total 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 to be added together and checked against the total cross section

for any possible errors. In certain cases more points may be necessary in the

total cross section over a given energy range than are 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 nesh above the respective

thresholds. Linear-linear interpolation (INT"2) or linear-log (I^r>2) 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.
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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 (n,n' continuum) and (n,2n) reactions. In these cases

the angular distributions will be integrated over all final neutron energies.

Angular distributions for a specific reaction type (MT number) are given

for a series of incident neutron energies, in order of increasing energy. The

energy range covered should be the same as that for the same reaction type in

File 3. Angular distributions for several different reaction types (MT's) may

be given in File 4 for each material, in ascending order of MT number.

The angular distributions are expressed as normalized probability dis-

tributions , i.e.,

1

/ p(y,E)du • 1 ,

-1

where p(u,E)du is the probability that a neutron of incident energy E will be

scattered into the interval du about an angle whose cosine is u. The units of

p(v,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

2ir da ._ .
' a (E) &Q '

S.-0
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where u « cosine of the scattarad angle in either the laboratory or the

center-of-mass system;

E « energy of the incident neutron in the laboratory system;

a (S) - 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;

da
—(ft.E) • differential scattering cross section in units of barns per
di]

steradian;

th
f • the I ' Legendre polynomial coefficient and it is understood that;

f - 1.0.
o

The angular distributions may be given in one of two representations,

and in either the CA or LA3 systems. In the first method the distributions are

given by tabulating the normalized probability distribution, p(u,S), as a function

of incident neutron energy. Using the second method, the Legendre polynomial

expansion coefficients, f (£) , are tabulated as a function of incident neutron

energy.

Absolute diffential cross sections are obtained by combining data from

Tiles 3 and 4. If tabulated distributions are given, the absolute differential

cross section (in barns per steradian) is obtained by

where a (S) is given in File 3 (for the same MT number) and p(y,S) is given in

File 4. If the angular distributions are represented as Legendre polynomial (

coefficients, the absolute differential cross sections are obtained by

. . NL1 £
i-0
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where a (£) 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, which are given to describe

elastic scattering angular distributions, from one frame of reference to the

other. The Legendre expansion coefficients f (E) in the two systems are related

through an eneray-independent transformation matrix, U. , and its inverse, U. :

Jim Jim

NM

'.CT<»

m«0

and

NM

ff (E) . V u " 1 f Lab(E) .
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

th

and where K • 1 + I + m (NM + 1). The values of K indicates how the (l,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 :
*m im _ — — _ _ _ £

1. P.F. Zweifel and H. Hurwitz, Jr., J. Appl. Phys. 25_, 1241 (1954).
2. H. Amster, J. Appl. Phys. _2£' 623 (1958). •
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uo,o uo,i

Ul,0 Ul,l

UNM,0 °NM,l

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. Zach 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,

VE);

LTT » 2, the data are given as normalized probability distributions,

P(U,£) •

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:
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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 transformation matrix is given.

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

tions are given (NE <_ 500) .

NL is the highest order Legendre polynomial that is given at each

energy (NL <_ 20) .

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

NX - (NM + I ) 2 .

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:

V * U. if LCT » 1 (data given in LAB system); and
K x, ,m

V • u. if LCT « 2 (data given in CM system).
K £, m

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(y,E)), and LVT (transformation matrix given?), but it always

starts with a HEAD record of the fora

[ZA, AWR, LVT, LTT, 0, 0]HEAD.
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4.2.1. Lecendre Polynomial Coefficients and Transformation Matrix Given:

LTT - 1 and LVT - 1

When LTT =« 1 (angular distributions given in terms of Legendre polynomial

coefficients) and LVT - 1, the structure of a section is

[MAT, 4, MT/ZA, AWR, LVT, LTT, O,OJHEAD LTT - 1, LVT - 1

[MAT, 4, MT/0.0, AWR, 0, LCT, NK, NM/V ]LIST

K
[MAT, 4, MT/0.0, 0.0, 0, 0, NR, NE/E. ]TAB2

int

[MAT, 4, MT/T , S x , LT, 0 , NL, 0 / ^ (E^ JLIST

[MAT, 4, MT/T , E , LT, 0 , NL, 0/f (S )]LIST

[MAT, 4, MT/T , E ^ , LT, 0 , NL, 0/f^ (ENLIST

[MAT, 4, 0/0.0, 0.0, 0 , 0 , 0 , 0]SEND

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

pendence, respectively. These values are normally zero? however, see Appendix F

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

4.2.2. Legendre Polynomial Coefficients Given and the Transformation Matrix

Not Given: LTT • 1 and LVT » 0

If LTT • 1 and LVT • 0, the structure of a section is the sane 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, 0]HEAD LVT « 1, LTT » 2

[MAT, 4, MT/0.0, AWR, 0, LCT, NK, NM/V ]LIST
K

[MAT, 4 , M T / 0 . 0 , 0 . 0 , 0 , 0 , NR, NE/E. ]TAB2
i n t

[MAT, 4 , MT/T , E. , LT, 0 , NR, NP/p . / p (y ,E . ) ]TAB1
1 x n t l

[MAT, 4 , MT/T , E_ , LT, 0 , NR, NP/y. V p (y ,E_) ]TAB1
2 mt 2

[MAT, 4 , MT/T , £ . LT, 0 , NR, NP/u. V p (y ,E ._) ]TABl
Nt, int N E

[ M A T , 4 , 0 / 0 . 0 , 0 . 0 , 0 , 0 , 0 , 0 ] S E N D

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. Prccsdurss

The angular distributions for elastic scattering should be given as

Legendre polynomial coefficients, f,(S)'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 Laqendre 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 nay 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(y,E)

vs. u should be log-linear (INT • 4), and that for p(u,E) vs. E should be

linear-linear (INT • 2).

Representation of angular distributions of neutrons for the thermal

energy range presents a 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 MM should be even, ar.d it must be

ecual to or greater than I used in any of the angular distributions (if
max

Legendre coefficients are given). The parameter NX is equal to (NM •••I)'".

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 maximm order of the

polynomial for each incident energy should be even and 1 must be <_ 20.

3. Care must be exercised in selecting an incident energy mesh for cer-

tain light-to-mediun 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 en 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
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the inelastic scattering cross section (both integrated data and angular dis-

tributions) . This is particularly important when the inelastic contributions

are due to direct interaction, since the angular distributions are not iso-

tropic 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).

£ (0) > a. - (3.0560 x lo 6 E > " ? ! (a) 2 barns

— w o (1 + AWR)2 T steradian

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, 51 - 90,

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

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

MT • 700 series, and for photons in File 14.

4.4.3. All Other Neutron Producing Reactions

Angular distribution data must 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 normalized probability distributions. Each section of the file

gives the data for a particular reaction type (MT number). The sections are

then ordered by increasing MT number.

Data will be given in File 5 for all reaction types that produce second-

ary neutrons, unless the secondary neutron energy distributions can be implicitly

determined from data given in Files 3 and/or 4. No data will be given in File 5

for elastic scattering (MT • 2), since the secondary energy distributions can

be obtained from the angular distributions in File 4. No data will be given for

neutrons that result from excitation of discrete inelastic levels when data for

these reactions are given in both File 3 and File 4 (MT « 51, 52, ..., 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') , are normalized so that

E1

/• max

/ p(E - E1) dE1 - 1 ,

where E' is the maximum possible secondary neutron energy and its value dependsmax

on the incoming neutron energy E and the analytic representation of p(E -*• E'). The

secondary neutron energy E1 is always expressed in the laboratory system.
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The differential cross section is obtained from

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

number (MT) and m is the neutron nultiplicity for this reaction type (m is

implicit; e.g., m • 2 for n,2n reactions).

The energy distributions p(E •* E') can be broken down into partial energy

distributions, £>(£ "* s')» where each of the partial distributions can be de-

scribed by different analytic representations;

NX

p<E-*E') - ̂ ^ Pk CE) ffk<E*E'),

k-1

and at a particular incident neutron energy E,

k-l

where p (E) is the fractional probability that the distribution f (E -* E') can

be used at E.

The partial energy distributions f (E -*• E') are represented by various

analytical fornulations. 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') .

A set of incident energy points is given, S. and g(E. -*•£') is

tabulated as a function of S'.
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LF • 3, Excitation of discrete levels

f (E -* E') - 6

LF

LF

A • AWR (the ratio of the mass of the target nucleus to that

of the neutron);

6 • excitation energy of the energy level in the residual nucleus,

5, General evaporation spectrum:

f (E •+• E 1) - g[E'/8(E)] .

6(E) is tabulated as a function of incident neutron energy, E;

g(x) is tabulated as a function of x, x - E'/6(E).

7, Simple fission spectrum (Maxwellian):

-,_ ,,,, VE71 -EV6(E)
f (E •* E') - - j - e

I is the normalization constant,

,3/2 ~ - erf f\(E-CJ)/6' j - V(E-u)/e' e-(E-U)/6

LF

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.

9, Evaporation spectrum:

f-
I is the normalization constant,

,2
I - 6 1 - e

• (E-U) /9 A + E-u\

6 is tabulated as a function of incident neutron energy, E;

U is a constant introduced to define the proper upper limit for

the final neutron energy that 0 <_ E* <_ E - U.
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LF • 10, Watt spectrum:

a and b are constancy.

NOTE: Distribution laws are not presented for LF • 2, 4, 6, or 3.
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 sane 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.

U_ is a constant that defines the upper energy limit for the secondary

neutron so that 0 < E' < E - U (given in the Lab system).

9_ 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, |g| , of a level in the

residual nucleus.

If LF • 5, 7, or 9, 9 is an effective nuclear temperature.



- 5.5 -

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

th
can be described by the k partial energy distribution at

the N incident energy point.

NX

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 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, NX, 0JHEAD

<subsection for k • 1>

<subsection for k - 2>

<subsection for k • NK>

[MAT, 5, 0 /0.0, 0.0, 0, 0, 0, 0]SEND
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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

cne subsection contains data using the same LF, these subsections should be

ordered by increasing values of 8. The formats for the various values of IS

are given below.

LF » 1, Arbitrary tabulated function

[ M A T , 5 , M T / T , 0 . 0 , LT , L F - 1

[MAT, 5 , M T / 0 . 0 , 0 . 0 0 0

[MAT, 5 , MT/T E . LT 0

NR , NP/E. /?(E)]TAB1int

NR , NE/E. ]TAB2
mt

NR

E3

NF/E! /
in

[MAT, 5 , MT/T E , ,
2

LT 0 ' NR , N F / E . ' /
int

"NF
]TAB1

[MAT, S, MT/T

E' ,

LT

E'

NR NF/E.1
 fc

int

T A S 1

Note that the incident energy mesh for p (E) does not have to be the same

as the S mesh used to specify the energy distr ibutions. The interpolation scheme

used between incident energy points, E, and between secondary energy points, E',

should be l inear- l inear . T and LT refer to possible temperature (physical)

deoendence.
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LF • 3, Discrete level excitation

[MAT, 5, MT/ T , 6 , LT,LF«3, NR, NP/E., /p(E)]TABl
int

Only one record is given for each subsection.

If • 5, General evaporation spectrum

[MAT, 5, MT/ D , 0.0 , 0 , LF-5, NR, NP/E. Vp(E)]TABl

i n t[MAT, 5, MT/0.0 , 0.0 , 0 , 0 , NR, NE/E. J
int

[MAT, 5, MT/0.0 , 0.0 , 0 , 0 , NR, NF/x. J
i n t

E'

, X N F , g ( X N i > ) ] T M 1

LF « 7, Simple f i s s i o n spectrum (Maxwellian)

[MAT, 5, MT/ D , 0.0 , 0 , LF«7 , NR, NP/E. /p(E)]TABl
Ult

[MAT, 5, MT/0.0 , 0.0 , 0 , 0 , NR , NE/E. fc /6(E)]TAB1
i_nt

If » 9, Evaporation spectrum

[MAT, 5, MT/ U , 0 . 0 , 0, LF-9,NR, NP/E. Vp<E)]TASl
i n t

[MAT, 5, MT/0.0 , 0.0 , 0, 0 , NR, NE/E. V6 (E) ] TABl
i n t

LF *•= 10, Watt soectrun

[MAT, 5, MT/0.0 , 0 . 0 , 0, LF«10 NR, NP/E. /p(E)]TABl
i n t

[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 def ined.
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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 (S), the incident energy mesh at which secondary distributions are

given, f. (E-+S1), 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-lineax interpolation for the last energy mesh.

Double energy points must be given in the incident energy aesh whenever

there is a discontinuity in any of the p. (S)'s (this situation occurs fairly

frequently). This energy mesh must also include threshold energy values far all

reactions being described by the p. (E)'s. Zero values for p, must be given for

energies below the threshold (if applicable).

Two nuclear temperatures may be given for the (n,2n) reaction. Each

temperature, 9, 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 < £' < 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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L? • 3), and the rest of the inelastic cross section is treated

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

cross sections (for discrete levels) for neutron energies up to the point where

level positions are no longer known. At this energy point, the total inelastic

cross section is treated as a continuum. This practice can lead to erroneous

secondary energy distributions for incident neutron energies just above the

cutoff energy. It is recommended that the level excitation cross sections for

the first several levels (e.g., 4 or 5 levels) be estimated for several MeV above

the cutoff energy. The continuum portion of the inelastic cross section will be

zero at the 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 (LF • 9) or a Max-

wellian (LF - 7).

3. A section in File 5 must cover the same incident energy range as was

used for the same MT number in File 3. The sum of the probabilities for all

laws used must be equal to unity for all incident 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 "mocxed-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 must 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 -+• E').

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 m 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 IA3 system.

2. 0 is negative for fission reactions. The preferred value is -20 MeV.

3. In practice, U can be taken to be the threshold energy for the lowest

level (known or estimated) that can be excited by the particular reaction within

the incident energy range covered by the subsection.

4. The following three cases commonly occur in data files? procedures

are given for obtaining U values.

Case A: The complete reaction is treated as a continuum.

W AWR

where Q ia the reaction Q-values/ AWR is the ratio of the target mass to the

neutron mass.

Case 3: 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

range 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.B. Multiple Nuclear Temperatures

Certain reactions, such as (n,2n), may require specification of more than

one nuclear temperature. 6(E) should be given for each neutron in the exit

channels; this is done by using more than one subsection for a reaction. The V

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 less than

the available energy for the reaction:

avail AWR v

The mean energy should be calculated from the distribution at -iach value of

E. This mean is analytic in the three cases given below.

LF i"

(AWR)2 + 1 AWR
(AWR +1)2 E ~ AWR + 1

•a a-'/ * r •*. »T \ 3 / 2

7 f e - V

"! maX f (E
Jo

I"! maX f (E + E1) d£'
Jo

• the normalizing denominator (see 5.3). Thus E a v . (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 ftere in case the File should be activated.

This file is provided to represent energy-angular distributions of sec-

ondary neutrons. Data are given here when it is not possible to provide ac-

curate representation by using Files 4 and/or 5. This situation frequently

arises when trying to provide a description of the secondary neutrons result-

ing from certain neutron reactions with fairly light nuclei.

Each section of the file contains the data for a particular reaction

type (MT number) and the sections are ordered by increasing MT number. If

data are given in File 6 for a particular reaction, no data will be given in

Files 4 or 5 for the same reaction. The secondary neutron energy-angle dis-

tribution are expressed as normalized probability distributions, p(E •*• E 1, u) .

- E 1, y) du - 1 .
/

E' .1
max r

dE' / p(E

-1

The differential cross section (in barns per steradian per eV) is obtained from

I r k - {E-*E'' u) m2~§r n p<=-=-, w) ,
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
T 21

p(2 - E1, U) 2
i-0

In this case, the zeroth coefficient, o (E •* E 1 ) , is not unity (as in File 4),
" o

but for a particular incident neutron energy, E,

/
p (E - E'} dE' - 1 .
o

The incident neutron energies and secondary angles and energies must be

given in the laboratory system.

If distributions p(E •*• E', u) are tabulated at a series of angles, a set

of secondary angles (cosines of the scattered angles) is selected. This set is

the same for all incident energy points and the data are ordered by increasing

values of the cosine (-1.0 to +1.0). At each angular point, the probability

distributions p(S •* E 1, u) axe 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.(S - E 1 ) . Its

format is similar to that for a section in File 5 (Section 5.2). The first

subsection contains data for the zeroth coefficient, o (2 — E 1 ) . The subsec-
* o

tions are then ordered by increasing i-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: 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 I (for the Ith coefficient).

NA is the number of angles (cosines) at which the secondary distributions

are given. (NA <_ 101.)

u_ 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 p (E •*• E')>

<Subsection for pxrr (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 hers as a subsection), and, zir.e

HEAD record is changed to read

[MAT, 6, MT/0.0, 0.0, LA, 0, NK, 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 L? » 1 (an arbitrary tabulated distribution).

[MAT, 6, MT/ZA, AWR, 0, LTT, 0, OJHEAD 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)]TAB1 LF
int o

[MAT, 6, MT/0.0, 0.0, 0, 0, NR, NE/Z. ]TAB2
int

[MAT, 6, MT/T, S. , LT, 0, NR, NF/E' /p (S. •* S')]?ABl
1 i n t o l

[MAT, 6, MT/T, E, , LT, 0, NR, NF/S! Vp (S- * S ' ) T A a i
2 int o 2

[MAT, 6, MT/T, E . LT, 0 , NR, NF/E! . / p (Ex_ •+ S'JlTABl
us. i n t o Ni

[MAT, 6 , MT/0 .0 , 0 . 0 , LA, 0 , NK, O]C0NT LA » 1 , NK

[MAT, 6 , MT/T, 0 . 0 , LT, LF, NR, NP/E. / p (E)]TAB1 LF

Subsection for
p (E - E1)
o

[MAT, 6, MT/0.0, 0.0, 0, 0, NR, NE/E. ]TAB2
i n t

[MAT, 6 , MT/T, S . , LT , 0 , NR, NF/S.1 / p . (E . * E ' ) ] T
l i n t 1 1

[MAT, 6 , MT/T, E l T^, LT, 0 , NR, NF/E! V p , (S % ^ * E ' ) ] T A 3 2
NE i n t 1 NE

<Subsect ion fo r p (E •• E ' )>

Subsec t ion for
P 1(E - E1)

<Subsection for p (E -* E ' )>
NL

[MAT, 6, 0 / 0 . 0 , 0 . 0 , 0, 0 , 0, 0]SEND

T and LT r e f e r t o p o s s i b l e t empera tu re 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. JTAB2
int

<Subsection for p(E -•• E1 , V.)>

<Subsection for p(E -* E 1, V.)>

<Subsection for o(E •*• E 1, w.,,)>
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 section for secondary

energy distributions in File 5 except that the SEND record is deleted (since the

section in File 5 is used here as a subsection), and the HEAD record is changed to

read

[MAT, 6, MT/ 0.0, V, 0, 0, NK, OJC0NT

The structure of a typical section with LTT » 2 (tabulated distributions at

a series of y's), NK • 1 (one partial probability distribution) and LF • 1 (an

arbitrary tabulated distributions) is

[MAT, 6, MT/ZA, AWR, 0, LTT, 0, OlHEAD LTT - 2

[MAT, 6, MT/0.0, 0.0, 0, LCT, NR, NA/u. JTAB2
int

[MAT, 6, MT/0.0, y , 0, 0, NK, O]C0NT NK - 1
[MAT, 6, MT/T, 0.0, LT, LF, NR, NP/E. Vp(E, U,)]TAB1 LF * 1

Uit 1

[MAT, 6, MT/0.0, 0 . 0 , 0 , 0 , NR, NE/E. JTAB2
i n t

[MAT, 6, MT/T, E. ,LT, 0 , NR, NF/E ] / p (E. •*• E' , u.)]TABl
1 i n t l X

[MAT, 6 , M T / T , E , , L T , 0 , N R , N F / E ! / p ( E . * E * , \i ) ] T A B 1
2 i n t 2 X
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[MAT, 6 , MT/T, S . LT, 0 , NR, NF/E! / ? (S •* E 1 , U_)]TA31
NE u i t NE 1

[MAT, 6 , M T / 0 . 0 , y , 0 , 0 , NX, O]C0NT NX - I

[MAT, 6 , MT/T, 0 . 0 , LT, IS, NR, NP /E . V p ( E , y J j T A S l IS - 1
tnt /

[MAT, 6, MT/0.0, 0 .0 , 0, 0 , NR, NE/E. ..1TAB2
i n t

[MAT, 6, MT/T, E ^ LT, 0, NR, MF/E^ /pfSj^ * E1 , U2)]TAB1

[MAT, 6, MT/T, E , LT, 0, NR, NF/EI «./?(£„ * E 1, u )]TA31
N£ U1C NE 2

<Subse<rtion for p(E * E', U,)>

^Subsection for p(S •* E 1, y ) >

[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

law (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

Pile 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

. ^ _ _ , \JL ^ £» elitX) * 7 _ w _ e

liJ dE SmmJ 41T T IE

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,

J_ is the moderator temperature (°X) ,

E_ is the incident neutron energy (eV) ,

E' is the secondary neutron energy (eV),

_S is the energy transfer, S = (E1 - E)AT,

a is the momentum transfer, a * (E' + E - 2uvEE')/A kT,
— o

A is the mass of the n type atom, A is the mass of the principal
n o

scattering atom in the molecule,

o, is the bound atom scattering cross section of the n type atom,
on

a. • a.
bn fn(A + 1

z. is the free atom scattering cross section of the n type atom,
rn

Jc is Boltzmann's contant, and

U is the cosine of the scattering angle (in the lab system).
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The data in File 7 for any particular material contain only the scattering

law for the principal scatterer, S (a,3,T), i.e., the 0 atom in the molecule.

These data are given as an arbitrary tabulatsd function. The scattering properties

for the other atom tvpes (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 the scattering law data and the analytic

representations for the nonprincipal scattering atoms are given in an array,

3(N), N « 1, 2..., NX, where NX - 6*{NS + 1). Six constants are required

for each atom type (one 3C3 card-image record). The first six elements certain

to the principal scattering atom, n - 0. The elements of the array 3(N) are

defined as

B(l) - M ax , the total free atom cross section for the principal

scattering atom. If 3(1) • 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) • s, the value of E A T above which the static model of elastic

scattering is adequate (total scattering properties may be

obtained from MT «.2 as given in Files 2 and 4 of the appropriate

materials).

B(3) - A , the ratio of the mass of the atom to that of the neutron that
o

was used to compute a (a - (E1 + E -2U"VEE1')/A kT) .
o

B(4) - E , the upper energy limit for the constant a. (upper energy

limit in which S (a,S,T) may be used).

3(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 scatteringilaw.

B(8) « M a , 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 U D - 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., BC13) is the same type of constant as B(7).

The scattering law is given by tabulating S(a,6) 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 8. The S's are ordered by

increasing values. For each value of 6, pairs of S(ct,B) are given. (The data are

given in this form only for the first temperature; see Appendix F for the formats

for temperature dependent data.) Three interpolation schemes are given to

interpolate between values of B,ct, 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 S with a constant, T (T • Q.0253 eV or the ecaivalent: dener.dinc

o o * "

en the units of Boltsnann's constant). A flag (LAT) is given for each material

to indicate which temperature has been used in generating the S(a,3) 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 3.

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 <_ 35 .

NI is the total number of items in the 3(N) list. ML « 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 8 or a.

NB is the total number of 3 values given.

NP is the number of a values given for each value of S for the first

temperature described, NP is the number of pairs, a and S(a,S), given.
0. and a. are the interpolation schemes used (see Appendix E for
xn— xnt *

interpolation formats).
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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(l), B(2), ...B(NI)]LIST

[MAT, 7 , M T / 0 . 0 , 0 . 0 , 0 , 0 , NR, NB/B. J T A B 2
i n t

[MAT, 7 , MT/T, 6 . , LT, 0 , NR, N P / a . / S ( a , B , ) ] T A B 1
1 n i t l

[MAT, 7 , MT/T, fi., LT, 0 , NR, N P / a . / S ( a , B )]TAB1
2 i n t 2

[MAT, 7, MT/T, B,_, LT, 0, NR, NP/a. /S (a, 6__) ]TAB1

[MAT, 7, 0 /0.0, 0.0, 0, 0, 0, 0]SEND

T and LT refer to possible temperature dependence. If the scattering law data

are completely specified by analytic functions [no principal scattering atom

type, as indicated by B(l) « 0], tabulated values of S (o,B) are omitted and

the TAB2 and TAB1 records are not given.

7.3. Procedures

Any material may contain a File 7 to describe inelastic scattering cross

sections for the thermal neutron energy range. Except for moderating materials,

a free gas scattering law is generally adequate.

File 7 is the most important part of the cross section data for modera-

tor type materials. Moderator materials should also contain a File 3, and, as

a minimum, the radiative capture cross section (MT * 102) should be given (as

well as any other type of absorptive cross sections). If there are elastic

scattering (i.e., coherent scattering) contributions to the total scattering

cross section, then MT » 2 must be given in File 3. The data in File 3 shall

at least cover the same energy range [constant, B(4)] as the scattering law
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data, Sn(a,3). The scattering law data should cover the energy ranee 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(a,8) should be selected in such a manner as to accurately represent the

scattering properties of the material with a minimum of B points. The a

mesh at which S(a,S) is given should be the same for each value of 3 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

cenroonent can be obtained by replacing N a, by a, .
n bn 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 Pile 12, all the files are closely analogous to

the corresponding neutron data files with the same number (modulo 10). The

purpose of File 12 is to provide additional methods for representing the en-

ergy dependence of photon production cross 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, photon 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—ray produc-

tion data. The differential cross section for producing a f-

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 in - j
o

levels higher than j, is

fj
•where

a (E) • neutron cross sections for exciting the m level with neu-
m o
o

tron energy E,

5 (S - £ . + £ , ) » delta function with £., £. 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

A, , • probability of emission of a y ray of energy E • c - e, as
Jc / *» Y *̂  **

a result of the residual nucleus having a transition from the

Jc^ to the Ith 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

^ (E S,i,j) - T ] §| (E ,E,m ,i,j) , (2)

where N is the highest level that can be excited by a neutron of incident energy

e. ,l * AWR _ ^ .
E (i.e., cN _. xpn + i

 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:

da "° J'X

(VEV "2 2 % V^V13' (3)
Y

j-1 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
o

summed over i and j, or if Eq. (3) is summed over m , then
o

N N j-1

ST (V E ) \ C d? (E-r'E'mo) = J2 ̂ 2 dF" <VE'i(j) • (4)
Y X—4 Y •*—' JmmmU Y

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

Eqs. (1) through (4) over 2, .

(4) The remarks in Item (3) apply for discrete rays frcm (n,py), (n,dy),

(n,t-y), (n, Hey), and (n,oy) reactions, and the use of MT - 103,

104, 105, 106, and 107 is recommended for these cases.
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12. FILE 12: MULTIPLICITIES AND TRANSITION PROBABILITY ARRAYS

File 12 can be used to represent the neutron energy dependence of photon

production cross sections by means of either multiplicities or transition proba-

bility arrays. Both methods rely upon processing codes that use neutron cross

sections from File 2 and/or File 3 to generate absolute photon production cross

sections.

Multiplicities can be used to represent the cross sections of discrete

photons and/or the integrated cross sections of continuous photon spectra. The

MT numbers in 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,f) 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 (10 • 1): Multiplicities

The neutron energy dependence of photon production cross sections is

represented by tabulating a set of neutron energy and multiplicity pairs

CE,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 y^(E) is defined by

ak ( E )

Y^^ " TTZT— (photons) ,

where E designates neutron energy and a(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, <Ĵ (E) is the photon production cross section for the discrete

photon designated by k. For photon continua, cj(E) is the cross section for the

photon continuum integrated over photon energy. In the continuum case,

/ " "
y, (E •*• E)dE

•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 IS.



-12.3-

where E designates photon energy (eV), •rr—tE *• E) is the absolute photon

energy distribution in bams/eV, and y (E •*• E) is the relative energy distri-
k Y

bution in photons/eV. The quantity y (E •*• E) can be broken down further as

which results in the requirement that

max
£
Y

f,(E * E)d£ • 1 .
k Y Y

o

Any time 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
k Y

in File 15 under the same MT number.

As a check quantity, the total yield

NK

Y(E) •= 7 y, (E) (photons)

is also tabulated for each MT number if NK > 1.

The structure of a section for L0 » 1 is

[MAT, 12, MT/ZA, AWR; 10-1, b; NK, b]HEAD

[MAT, 12, MT/ b, b; b, b; NR, NP/E. /Y(E)]TAB1«
xnt

<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, L?; NR, NP/E. /y (S)]TAB1 ,
iC iC i-Tlu it

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 L? - 0 or 1 or Binding Energy for LP - 2.

For a continuous photon energy distribution, EG = 0.0 should be used.

IS_ 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

L? • 2, for primary photons where the photon energy EG' is giver, by

EG/ - EGV + - £ — S .
k k AWR+1 n

LF the photon energy distribution law number, which presently has only

two values defined:

LT • 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, d«-

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
x o

state.)

TP. TP ., the probability of a direct transition from level NS to
1 NS , 1.

level i, i - 0,1,2... (NS-1).

GP. G? ., the probability that, given a transition from level NS
X NS # X

to level i, the transition is a photon transition (i.e., the condi-

tional probability of photon emission)•

Ai (TPJ (GPj .

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-

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, MX/ ZA, AWR; LO2 , LG; NS, b]HZAD.

[MAT, 12, MT/ES.te, b? L?, b; (LG+1) *NT, NT/3.]LIST.
NS 1

[MAT, 12 0/ b, b; b, b; b, b]SEND.

If LG - 1, the array B. consists of NT doublets (ES^TPJ; 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 corresponding SG^ 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



-12.7-

File 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,

NK

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

TABl 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 mus-c be taken to specify level energies to the

appropriate number of significant figures.

14. Under Option 2, the sun 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(S) 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,nl-Y) 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*) and other

reactions.

b. Several conditions must be met before this representation can

be used. Level excitation cross sections (given in File 3 as MT •

51,...) must be given from threshold energies up to the same maximum

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.



-13.1-

13. FILE 13: PHOTON PRODUCTION CROSS SECTIONS

The purpose of File 13 is the same as that of File 12; namely, it can be

used to represent the neutron and photon energy dependence of photon produc-

tion cross sections. In File 13, however, absolute cross sections in barns

are tabulated, and there is no need to refer to the neutron files.

13.1. File 13 Format

As in File 12, 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-

•v

complished by tabulating a set of neutron energy-cross section pairs [E,a (E)]

for each discrete photon and for the photon energy continuum. The subscript k

designates a particular discrete photon or the photon continuum, and the total

number of such sets is NK. For discrete photons, a'(E) is the photon produc-

tion cross section (b) for the photon designated by k. For the photon con-

tinuum, a7(E) is the integrated (over photon energy) cross section for the

photon continuum* designated by k. In the continuum case,

where E designates photon energy (eV) , and -jr—(E •*• E) is the absolute photon
Y a£y y

energy distribution in b/eV. The energy distribution can be further broken

down as
dak

S - ( E y - E) - cJ<E> fk (Ey * E) ,

•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 ac-
complished in File 15.
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which obviously requires that

aax

f Y
/ f, (E * S) dS - 1 .
7 k 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 ^~* Y
a' _(£) - / a (E) (bams) ,
TOT i^u 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, AWR; b, b; NK, b]HEAD

[MAT, 13, MT/ b, b; b, b; NR, NP/Ei_._/g
Y^,(E) ]TAB1*

<subsection for k • 1>

<subsection for k • 2>

<subsection for k • NK>

[MAT, 13, 0/ b, b; b, b; b, b]SEND

•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. /o^CE

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

LP « 2, for primary photons, where the photon energy is given by

V~wk AWR + 1 n

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 EG .

2. The convention is that the subsection for the continuum photons, if present,

is last. In this case, EG = 0.0.

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 ZS^ =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, c'__(E), should exactly

span the same energy range as the combined energy range of all the c,[ (E) .

Within that range,

NK

cI-_(S) - ^ al(Z)
TOT / J k

k-1

should hold within four significant figures. If only one energy distri-

bution is given, either discrete or continuous (NX » 1), the TAB1 record

for the ^ ^ ( S ) 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 OT • SI through 91.

3. 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 thera 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 data should be

given from threshold energy up to 2 x 10 eV, where practical.
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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 • 51r 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.
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14. FILE 14: PHOTON ANGULAR DISTRIBUTIONS

The purpose of File 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 range 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
where p (u,E) 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 angle whose cosine is y.

Because the photon angular distribution is assumed to have azimuthal symmetry,

the distribution may be represented as a Legendre series expansion,

NL

>2«) »t(u)
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where

u • cosine of the reaction angle in the lab system.

S • energy of the incident neutron in the laboratory system, and

a7(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.

I • order of the Legendre polynomial.

K-rr- • differential Dhoton production cross section in barns/steradian.
sit

k th
a, (E) • the i. Legendre coefficient associated with the discrete photon or

photon continuum specified by k. (It is understood that a (E) I 1.0.)

•I
?k(u,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. (u»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 (E) = 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,

NE 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 I 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; NX, b]HEAD

[MAT, 14, 0/ b, b; b, b? 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, AWR; LI*0, LTT; NK, NI]HEAD .
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i. LTT • 1: Legendra Coefficient Representation

[MAT, 14, MT/ZA, AWR; LI-O, LTT-1; NX, NI]HEAD

<subsection for k • 1>

<subsect±on 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/EGk, ESk; b, b; b, b]C0NT .

There is just one C0NT record for each isotropic photon. (The set of C2NT

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 EG, 5 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, 14, MT/EG., ES. ; b, b; NR, NE/E. JTAB2-
k k int

[MAT, 14, MT/ b, 2 l f b, b; NI^, b/a^ (Z^ ] LIST

[MAT, 14, MT/ b, E2; b, b; NL2» b/aj(E2)1 LIST

[MAT, 1 4 , M T / b , E x _ ; b , b ; NLKTT.,b/a^ ( E y ) J U S T .
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k k

Note that lists of the a (E) start at £ = 1 because a (E) = 1.0 is always

understood.

ii. LIT » 2: Tabulated Angular Distributions

The structure of a section for LI • 0 and LTT • 2 is

[MAT, 14, MT/ZA, AWR; LI-0, LTT-2; 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 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/EGk, ZS^; b, b; b, b]C0NT .

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 present and anisotropic, appearing last, with

EG = 0.0. The structure of the last NK-NI subsections is

[MAT, 14, MT/EGk, ESk; b, b? NR, NE/E. t]TAB2

[MAT, 14, MT/ b, E.; b, b; NR, NF/y. /p, (u,E.)]TAB1

i int K l
[MAT, 14, MT/ b, E ; b, b; NR, NP/y. /p (y,E )]TAB1
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[MAT, 14, MT/ b, E : b, b; NR, NP/u Vp, (U,S._) ] TA31 .
NE m t JC NE

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.

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-
iC

tion probability arrays), the values of EG are implicitly determined by the
JC

level energies.

4. ES is the energy of the level from which the photon originates, if
JC

known. Otherwise, ES, =0.0 (as is always the case for the continuum).
JC

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 12 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 NX, should be the

minimum number of coefficients that will reproduce the angular distribution with

sufficient accuracy and be positive everywhere. In all cases, ML should be an

even number, < 20.
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7. The TAB1 records for the p (y,£.) within a subsection are given in
it A-

increasing order of neutron energy, E..

8. The tabulated probability functions, p (y,E.), should be normalized

within four significant figures {to unity).

9. The interpolation scheme for p (y,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 y be linear-linear

(INT - 2).

10. For LI - 1 (isotropic distribution), the parameter NK is the number

of photons in that section and should be consistent with the NK values in Files

12 and 13. This parameter could be determined independently from Files 12 and

13, but it is useful in File 14 for the "physics" checking code.*

11. The minimum amount of data should be used that will accurately repre-

sent the angular distribution as a function of both p and E>

12. If all photons for a reaction type (MT number) are isotropic, the 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, I ̂  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 distributions

should be specified unless the anisotropy is > 20%.

•Donald J. Dudziak and John F. Romero, "VIXEN, A Physical Consistency Checking
Code for Photon Production Data in Revised ENDF Format," a Los Alamos Scientific
Laboratory code LA-4739 (ENDF-155).
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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 range used in Files 12 and

13. Each section of File 15 gives the data for a particular reaction type

(MT number) Btnd 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

c y
I f (E Y • E) ZEy « 1 ,

Jo
maxwhere E 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

fCE * E) - y, P.(E) q.CE *• E) (eV)

j-l

where

NC = the number of partial distributions used to represent f (E •*- E) ,

q. (E •*• E) = the j normalized partial distribution in the units eV , and

p.(E) = the probability or weight given to the j partial distribution,

q. (Ey * E) .

•Note that the subscript k used in describing Files 12 and 13 has been dropped
from ffE-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 NKth subsection in File 12 or 13 that contains the production data for the
continuum.
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The following noraa*00 condition is Laposed.

max
* Y

T h u s ,

NC

The absolute ene? t r i : b u t i o n c^oss section, oY(E •»• E) , can be constructed

from the express

<jY(E - E)E) *<=Y * S) (b/eV),

where aY (E) is »egrated cross section for the continuum given either di-

rectly in File ilurc-ugh the combination of Files 2, 3, and 12.

The systi t o represent continuous photon energy distributions in File

15 is similar * used in File 5. At present, however, there is only one

continuous dis-on l a w activated for File 15, i.e.,

where g (E •• e s e n t s an arbitrary tabulated function. In the future, new

laws (for exa^e Mission gamma-ray spectrum) may be added.

15.1. File H

s t of a section is

[MJMT/ZA, AWR; b, b; NC, b]HEAD

^sect ion for j - 1>

absection 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

[MAT, 15, MT/b, b; b, LF-1; NR, NP/E. /p.(E)]TABl
int j

[MAT, 15 , MT/b, b; b , b ; NR, NE/E. JTAB2
i n t

[MAT, 15 , MT/b, E x ; b , b; NR, NP/E t / g ( E - E

[MAT, 15 , MT/b, E ; b , b ; NR, NP/E ix.t/
f<3 ^ *~ E2

[MAT, 15, MT/b, E ^ ; b, b; NR, NP/E^ ^ / g (E * 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 recommended 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 g(E •*• S.) within a subsection are given in

increasing order of neutron energy, Z..

3. The tabulated functions, g(S *• E.), should be normalized zo unity

within four significant figures.

4. The interpolation scheme for p. (E) oust be either linear-linear or log-

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 (E)
£%JS.

v
tabulation in File 12 or for the u._,(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 S, 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 16; PHOTON ENERGY-ANGLE DISTRIBUTIONS*

If the photon-energy and angular dependences of the cross section for

production of the continuous spectrum are not separable, then a file analo-

gous to File 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

y(E^*E) .

Then the multiplicity (yield) can be separated out, leaving a function,

h(E + E , )i), normalized in both E and u:

F(E * E,u) - y(E) h(E - E,u) .

The differential photon production cross section is then obtained from

32 c(E *• E,u)

1 c(E) y(E) h(E *• E,y) (b-photons/eV) ,
y3E 3y w Vi" i **"' "v y

where c(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, n,(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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Z-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: Lecer.dre Coefficient Representation. In this option, the Lagendre

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»1; b, b]HEAD

[MAT, 16, MT/ b, b? b, b; NL, bjCCNT

<subsection for I • 0>

<subsection for £ - 1>

<subsection for I - NL>

[MAT, 16, 0/ b, b; b, b; b, b]SZND .

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 is deleted.

b. The HEAD record is changed to read

[MAT, 16, MT/b, b; b, b; NC, b]C0NT.

c. g(S *• E) is replaced by r\ (E - E) .
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LTT • 2; Tabulated Angular Distribution. In the option, the sub-

sections consist of tabulations for h (E •*• £,y ) , m • 1,2...NA. The structure
Y m

of a section for LTT * 2 is

[MAT, 16, MT/ZA, AWR; b, LTT-2; b, b]HEAD

[MAT, 16, MT/ b, b; b, b; NR, NA/v. JTAB2
int

<subsection for m - 1>

<subsection for m • 2>

<subsection 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,w ), where each subsection is for a

particular value of y , 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, electron field

516 Pair production, nuclear and electron field
(i.e., pair plus triplet production)

517 ' Pair production, nuclear field

518 Photofission (y,f)

532 Photoneutron (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 giver.

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 nay change from

one to another energy range.

Each section in File 23 contains the daza for a particular reaction type

(MT number). The sections are ordered by increasing MT number.

23.1. File 23 Format

The foraat is almost identical to that of File 3, as follows.

[MAT, 23, MT/ZA, AWR; b, b; b, blHZAD

[MAT, 23, MT/ b, b; b, b; NR, NP/S ,^/cr (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 aonoisotocic elements,

2A » Z 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 S17 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 24: 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(v,E ). These functions can be represented either as a tabulation or

as the Legendre coefficients, f (E ) , in

i-0

f (E ) = 1.0 .
o y

Here, y = cos8, 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. FILZ 25: SECONDARY ENE3GY DISTKI3UTICNS

The structure of the analogous File 5 appears to be entirely adequate

(see Section 5). Thus, the format will not be reproduced here, 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.
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27. FILE 27; ATOMIC FORM FACTORS OR SCATTERING FUNCTIONS

The EKDF system for neutron and photon production data allows two alterna-

tives for storing angular distribution data. One is by probability per unit

cos6 vs cosd, and the other is by Legendre coefficients. Actually, neither of

the?e is a "natural" method for photons. The natural method would be atomic

.__i factors or incoherent scattering functions. These are discussed briefly

below.

a. Incoherent Scattering. The cross section for incoherent scattering

is given by

dc. dc

_ i . 2 S ( q ; Z ) _£ ,

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

y » cos6 .

*In ENDF, q is given in inverse angstroms as customarily reported in the litera-
ture. The above equations show q in "natural" n^C units. Inverse angstroms,
sin(6/2)/X, can be converted to m C units by the factor 2 x 12398.1/511006.
- 0.0048524.



-27.2-

The angular distribution can then easily be calculated, given a table of S(q;2).

Because S is a smoothly varying function of q, it can be represented by a rea-

sonably small array of numbers. The quantities S(c;2) are tabulated as a func-

tion of q in File 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 then in the above formula.

b. Coherent Scattering. The coherent scattering cross section is given

by

F(q;Z) ,

where

1/2

q - a[2(l - u)] , the recoil momentum cf the atom (in inverse ang-

stroms, see note on previous page), and
r « e /m c , the classical radius of the electron,
o o

The quantity F(c;2) is a fora factor. This quantity is also easily tabulated.

At high (£l MeV) energies, F approaches zero. In the other limit F(0,Z) • 2.

An alternative way of presenting the photon scattering data, then, would

be to tabulate incoherent scattering functions and fora 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/ZA, AWR; b, b; b, b]HEAD

[MAT, 27, MT/ b, Z; b, b; NR, NP/q. /H(q;Z)]TAB1
int

[MAT, 27, 0/ b, b; b, b; b, b]SEKD.

The general symbol H(q;Z) is used for either F(q;Z) or S(q;Z) for coherent and

incoherent scattering, respectively.

27.2. FILE 27 Procedures

1. Values of F(q;Z) 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

the effective scattering radius.

A (TP.)(GP.) the probability of a photon transition. . 12

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, - £ as a result of the residual nucleus
Y k l th th

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. 2

AC./ AC , AC,, AC , BC-, BC_ the background constants for the

Adler-Adler radiative capture cross section.

AF , AT , 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).

AM the spin-dependent effective scattering radius

for spin-down, A .
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AMUF the number of degrees of freedom used in the

fission width distribution.

AMOG the number of degrees of freedom used in the

radiation width distribution.

AMUN the number of degrees of freedom used in the

neutron width distribution.

AMUX the number of degrees of freedom used in the

competitive width distribution.

AT , AT , AT , AT , BT , 3T the background constants for

the Adlar-Adler total cross section.

AP the spin-dependent effective scattering radius

A (for spin-up).

AUTH author of evaluation.

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

to that of the neutron.

AWRI the ratio of the mass of the particular isotope

to that of the neutron.

3(N) the list of constants.

BR Fraction of the decay which proceeds by the

corresponding decay mode.

ABR Uncertainty in BR.

Section
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Section

BR(M) 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.

n

C (E.)
n i

the coefficients of a polynomial. There are NC

coefficients given.

the array of yield data for the i energy point.

This array contains NFP sets of three parameters

in the order ZAFP, FPS, YLD.

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
n

the Adler-Adler resonance energy for the total

cross section. Here and below, the subscript n

denotes the n level.

DEF the resonance energy for the fission cross section.

DEC
n

the resonance energy for the radiative capture

cross section.
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Section

DWT the value of T/2, (v), used for the total cross
n

section.

DWF the value of T/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

-rriQ,£) differential scattering cross section in units of
all

barns per steradian. 4

K
•rzr- differential photon production cross section in

barns per steradian. 14

dccoh
— - — differential choton coherent scattering. 27

GU

S energy of the incident neutron. 4,7,14

S and AE Energy (eV) or radiation produced (E,_, E +, E ,
B 3 Y

etc.).

E' the secondary neutron energy (eV).

thE. the incident neutron energy of the i point (eV)

E Available Energy,
avail 3J

E. the interpolation scheme for each energy range,

(Appendix S).
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Section

E , the threshold energy. 3
th

E fAE Average decay energy (eV) of radiation of type x

and its uncertainty (eV). 2he $,y and a energies

are given in that order, with space reserved for

zero 6 or y entries. All non-f and non-a energies

are presently included as g energy. The a energy

includes the recoil nucleus energy. 1

EDATE date of evaluation. 1

EG the photon energy or Binding Energy. 13

EL the lover limit for a resonance region energy range. 2

EH the upper limit for a resonance region energy range. 2

ER the resonance energy (in the laboratory system). 2

ES. energy of the i level. 12

ES the energy of the level from which the photon

originates. 13

ES(N) the energy of the Nth incident energy (eV) at which

branching ratios are given. 1

ES(N) the energy of the N point used to tabulate energy-

dependent widths. 2

F and LF Normalization factor (absolute intensity/relative

intensity). 1
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Section

F(c;Z) The fora factor for coherent photon scattering. 27

F(E •*• 2,u) An energy-angle distribution function for photon

production (photons/eV). 12-15

1 (E •* S') the k partial energy distribution. The definition

depends on the value of LF. 5

f, (E *• £)' A normalized (to unity) photon energy distribution

(or probability density) function at incident neutron

energy 2 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

parameter.

GIT related to the asymmetrical total cross section
n

parameter.

GSS the symmetrical fission parameter...
n ~

GIF the asymmetrical fission oarameter.
n *

GBC the symmetrical capture parameter.

GIC the asymmetrical capture parameter.

GG the average radiation width. It is energy dependent

if LKU « 2.
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Section

GF the average fission width. This value may be

energy dependent. 2

GX the average competitive reaction width. 2

GNO the average reduced neutron width. It is energy

dependent 2

GP . S GP. The conditional orobability of photon emission in

a direct transition from level j to level i, i < j• 12

GT the resonance total width r evaluated at the

resonance energy ER. 2

GN the neutron width T evaluated at the resonance
n

energy ER.

GG the radiation width Ty evaluated at the resonance

energy ER.

GF the fission width T evaluated at the resonance

energy ER.

g(E *• E) A particular class of the functions q {E •+• E) in

File IS; those which are tabulated (eV~ ). 15

H(q;Z) A general symbology for a form factor or incoherent

scattering function; either F(q;2) 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 •*• S,u) A normalized (to unity) energy-angle distribution
'< -1

function for ohoton production (eV ) . 16

I and AX Intensity of radiation produced.

I the normalizing denominator (see 5.3) .

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

used between the 2 and 2. energy points.

ICC and &ICC Internal conversion coefficient.

the interpolation scheme to be used for inter-

polating between the cross-sections obtained from

average resonance parameters. 2

INT(a) the interpolation scheme identification number

used in the m range. 0

Jc 3oltzaann's contant. 7

I order of the Legendxe polynomial. 1

L the value of the Z-state (neutron angular momentum

quantixa number) . 2

LA the value of I (for the Ith coefficient). 6

LAT a flag indicating which temperature has been used

to compute a and 3. 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

LFS an indicator that specifies the final excited

state of the residual nucleus produced by a

particular reaction. 1,3

LJTW a 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 f lag to indicate the kind of Adler-Adler parame-

ters given. The isotropy f lag in F i le 14. 2,14

LXS an indicator that specifies the initial state of

the target nucleus (for materials that represent

nuclides). ^'3
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Section

LND a test that indicates whether polynomial or

tabular representation is used. 1

LNP a test that indicates what representation of v(£)

has been used. 1

I2TC 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

L? Indicator of whether or not the particular photon

is a primary. 13

13. 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

LS5 a f lag indicat ing which resonance parameter repre-

sentat ion has been used for t h i s energy range. The

def in i t i on of LRF depends on the value of LRD for

th i s energy range. 2

LRP a flag that indicates that resolved and/or unresolved

resonance parameters are given in File 2. 1

LKJ 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 flag 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

the total number of 3 values oiven.

NBT(n) the value of N separating the a and (m+1)

interpolation ranges.

NC the number of partial distributions used to represent

f (E - S) . IS

NC a count of the number of terms used in the polynomial

expansion. 1

NC the number of 3CO card images in a given section (the
n th . ,

n section). 1

NCD the number of teras in the polynomial expansion. 1

MC? a count of the number of terms used in the polynomial

expansion. 1

total number of decay modes given.

ME number of neutron energy points given in a TAB2

record. 0,14

ME 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 9(E) is given. 4,5
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Section

NEB. 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

NX the total number of items in the B(N) list.

ML - 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 least 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

i-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

NX - (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

E.. 14
l
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Section

NLJ the count o f t h e number o f l e v e l s for which

parameters w i l l be g i v e n .

NLS the number of i-states considered. A set of

resolved resonance parameters is given for each

4-stata.

MM the maximum order Legendre polynomial that will

be required to describe the angular distributions

the number of precursor families considered.

NP the number of 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(S). 1

X? the number of angular points (cosiness) used to

give the tabulated probability distributions for

each energy. 4

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 f i r s t temperature described, H? is the

number of pairs , a and S(a,3) , given. 7

NPR the number o f product n u c l i d e s 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

£-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 (NS + 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

M2 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 * partial

distribution, q. (E «• E) . 15
j Y

P (E ) the fractional part of the particular cross section
fch

that can be described by the k partial energy

distribution at the M incident energy point. 5.2

P(U.S) -22- f. (afE) 4

<z (r.) du

Q the reaction Q-value (eV). Q • (rest mass of

init ial 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.

AQ Uncertainty in Q value (eV). 1

q • a[2(l - u)] the recoil momentum of the atom (in inverse

angstroms. 27

th
q.(S ••- E) the j normalised partial distribution in the units

eV*1. 15

SDATE date and number of l a s t revision 8EV1- followed by

month-year as in EDAXE 1.1

REF reference to evaluation 1.1
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Section

HFS 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

r • e /o c the classical radius of the electron. 27
o o

S the temperat.ure (°X) . NOTE: If the LR flag is

used, S becomes Q for the reaction corresponding

to LR. 3

S(a,B/T) defined (for a moderating molecule) by the relation

n-0

SPI the nuclear spin of the target nucleus, X (positive

number). 2

STY? Decay type (Use mode of decay variable list). 1

T the moderator temperature CK) . 7

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

to level i. 12
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Section

TS, 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. 11

0 a constant that defines the upper energy limit for

the secondary neutron so that 0 < E' < E - 0 (given

in the Lab system). 5

V. the matrix elements of the transformation matrices. 4

X(n) the 11th value of x. 0,1

Y(n) the n value of y. 0.1

YLD the fractional yield for a par"ticular fission

product. 1

ZA the designation of the original nuclide (ZA -

(1000.0*2) + A) 1

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

C) .

ZAX the (Z,A) designation for an isotope.

ZAF? the (Z,A) identifier for a particular fission

product. (ZATP - (1000.Q*Z) + A) .

ZA? the (Z,A) designation of the product nuclide (ZAP •

(1000.0*Z) + A ) .

ZSYMA a Hollerith representation of the material Z-chemical

symbol.
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Section

a the momentum transfer, a - (E' + E - 2u\EE')/A kT. 7

6 the energy transfer, 6 • (E • - E)AT. 7

S. and a. the interpolation schemes used (see Appendix E

for interpolation formats). 7

Xi the decay constant (sec ) for the i precursor. 1

6(E - E. + t. delta function with e., 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 6 depends on the

energy distribution law (LF). 5

c(E) the cross section (barns) for a particular reaction

type at incident energy point, E, in (eV). 3

c the bound atom scattering cross section of the n

type atom, /A + 1\ 1

bn fn I A /
\ n /

o the free atom scattering cross section of the n

type atom. 7

0, (E) photon production cross section for the discrete

photon or photon continuum specified by k. 14

a (E) neutron cross sections for exciting the m level
m o

with neutron energy E. H
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a (E) the scattering cross section, e.g., elastic

scattering at energy 2 as given in File 3 for

the particular reaction type (MT).

a (background) — (AT + AT /S + AT /E 2 + AT /E 3

T ^ 7 X 2 j 4

+ BT *E + BT * E 2 ) .

c Wick's liait cross section in units of barns per
w

steradian.

cosine of the scattered angle in either the

laboratory or the center-of-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 particles are emitted

101-150 Reaction types in which no secondary particles of the same type
as the incident particles are emitted

151-200 Resonance region 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 of 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)

5 (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 (n,2n) cross section [total (n,2n) cross section is sua

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) cross 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,3na) cross section

26 (n,2n) isomaric state cross section

27 Absorption cross section (sun of MT * 13 and 101) (includes

particle reactions)

28 (n,n'p) cross section

29 (n,n'2a) cross section

30 (n,2n2a) cross section
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MT Description

31 to be used as LR flag only*

32 (n,n"d) cross section

33 (n,n't) cross section

34 (n,n'3He)

35 (n,n~d2a) cross section

36 (n,n't2a) cross section

37 (n,4n) cross section

38 (n,3nf) cross section (fourth chance fission)

39 To be used as LR flag only*

40 To be used as LR flag only*

41-45 (to be assigned)

46 cross section for describing the second neutron from (n,2n)
reaction for first excited state

47 cross section for describing the second neutron from (n,2n)
reaction for second excited state

48 cross section for describing the second neutron 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 y-emission is the mode of decay of the residual
nucleus formed in the primary reaction-

39 Indicates that internal conversion is the mode of decay of the
residual nucleus formed in the primary reaction.

40 Indicates that electron-positron pair formation is the mode of
decay of the residual nucleus formed in the primary reaction.

(The "primary" reaction could be, for example, an (n,n*), (n,p), (n,a), (n,np),
etc., reaction.)
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Descriction

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

sun for the total (n,2n) cross section)

50 (to be assigned)

51 (n.n1) to the first excited state

52 (n,nr) 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). , .

14

MT - 101 is y ^ (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 (n,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,d2ct) cross section
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MT Description

115-119 (to be assigned)

120 Target destruction « nonelastic less total (n,n'v)

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 y , *^e 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*a, 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 File 1

452 v, 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

505-514

515

516

517

513

519-531

532

533

534-601

602

603-699

700

701

702

703

704

Description

(to be assigned)

Pair production, electron field

Pair production, nuclear and electron field (i.e., pair plus
triplet production)

Pair production, nuclear field

Photofission (y,t)

(to be assigned)

Photoneutron (y»n)

Total photonuclear

(to be assigned)

Photoelectric

(to be assigned)

(n,p.) cross section (cross section for leaving the residual
nucleus in the ground state)

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

(n,p3)

(n,p4)

2nd

4 th

7ia

719

720

721

722

(n,p ) " " " continuum excited state

(n,p ') cross section for continuum specifically not included in
a total (redundant, used for describing outgoing proton)

(n,d ) cross section for ground state

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

(n,d2) 2nd
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MT Description

738 (n,d ) cross section for continuum excited state

739 (n,d ') cross section for continuum specifically not included
iuce total (redundant, used for describing outgoing deuteron)

740 (nfto' c r o s s section for ground state

741 (n,tx) " " " 1st excited state

742 (n,t2) " " 2nd

750 (n,t ) " " " continuum excited state

759 (n,t ') cross section for continuum specifically not included in

a total (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 (redundant, used for describing outgoing He)

780 ^n'an' c r o s s section for ground state

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

798 (n,o ) cross section for continuum
c

799 (n,a ') cross section for continuum 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

238

For example, ZA for U 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

Pure 1/v absorber, a , (2200 m/sec) » 1.0
abs

Pure scatterer.

(to be assigned)

Pure scatterer. a (E) • 1.0
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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, NaCH

Santowax R, C.QH

Dcwtherm A

Benzene

(to be assigned)

Beryllium oxide, BeO

Beryllium carbide, Be.C

Beryllium fluoride, BeF

Zirconium hydride, ZrH

Polystyrene, (CH)
n

Polyethylene (CH_)
2 n

(to be assigned)

Zircalloy 1

Zircalloy 2

(to be assigned)

304-type stainless steel

(to be assigned)

Uranium dioxide, 00

(to be assigned)

Uranium carbide, UC

(to be assigned)

U fission products (r

2 3 5u -
239 .
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ZA Material

403
24

FU fission products (rapidly saturating) for thermal reactors

4 Q 4 T h M " M " " " "

*• M " n '• " ft M M

2 4 0 . , „ M . . . , „ „
4 0 6 PU ti it n n

407-409 (to be assigned)

410 U fission products (slowly saturating) for thermal reactors

4 1 1 2 3 5 u „ „

2 39
422 PU n it n n n it n

423 Pu " " " " " " "

232
•T'V] " M n

 M n n it

tj M n n n ti I I I I

240

416 Pu " " " " " " "

417-419 (to be assigned)

420 D fission products (nonsaturating) for thermal reactors
421 n " " " " M "

23Q
422 Pu " " " " "

423 241Pu

424 232Th

T •JO

^ ^ e TT " " n n n II

2 4O

426 Pu » " ., n

427-429 (to be assigned)

4 30 U fission products (rapidly saturating for fast reactors

432 - " j j •• " tt I I n I I ••

432 2 3 9 P U n u n i.

433 Pu " " " " " " "

434 Th " " " " " " "
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ZA

435

426

437-439

440

Materials

238

2 4°
U fission products (rapidly saturating) for fast reactors

Pu

(to be assigned)

U fission products (slowly saturating) for fast reactors

239
442

443

444

445

446

447-449

450

Pu

2 4 1Pu

232Th

2 3 8o
2 4 0Pu

(to be

233

it

ft

It

-

assigned)

fission PZ

" "

U fission products (non-saturating) for fast reactors

« II

452

45 3

454

455

456

457-499

Pu

2 4 1Pu

232Th

2 3 8a
240_

Pu

(to be

ri

it

ri

it

it

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»lr LRF"1

The formulae appearing in Gregson et al., which omit the resonance-

resonance interference terms, are adopted. These formulae, written in the

laboratory system for all £-values and without Doopler broadening, are (for

a particular isotope)

1. Elastic Scatterina Cross Section

a (E)
n,n

where

NLS-1

a 1 (E) ,
n,n

1-0

a* (E)n,n
( 2 £ + l ) ~ s in 2

2

NR
"J r2

nr nr f r
2

sin 2(E-E')T sin2<t>
r n r £

•Several processing codes have been developed to calculate cross sections with
use of the formulae given here. These codes are given in Appendix I.

(1) K. Gregson, M.F. James, and D.S. Norton, "MLBW - A Multilevel Breit-Wigner

Computer Programme", UKAEA Report AEEW-M-517, March 1965.
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2. Radiative Capture Cross Section

NLS-1

°n (E) " T H an" <E) '
i-0

where

r r
nr yr

i-0

3. Fission Cross Section

NLS-1

a (E) -
nf

where

r r
o

J r«l r r

where

2J-I-1
2(21+1)

Z 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 I extends over all i-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

£-state. NR is the number of resonances for a given pair of Z and J values.

NRS - > NR,

j

NRS is given in File 2 for each I-value.

T (|E |] = GN is the neutron width, for the r resonance for a

particular value of SL, evaluated at the resonance energy E . For bound levels,

the absolute value |E | is used.

r - V E )

nr —

T = r (E) + r + r. is the total width,
r nr yr fr

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^() - GN, the neutron width

F « GG, the radiation width

T. " GF, the fission width
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s < J E J > - s (s)

V " * + > |V " *r + 2F>g|)

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.

S is the incident neutron energy (Laboratory system) ;

S is the shift factor,

S0 " °

s, «-•

s 18

2 9 + 3p
2 * p 4

P is the penetration factor,

2 _ , 2 4
9 + 3p + p

where p • Jca and "a" is the channel radius (in units of 10 csx) and is

defined as

a - [1.23(AWRI)1/3 + 0.3] * 10"1 ;
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i is the phase shift,

-1-
^ • p - tan p

* p - tan —£y
3-p

where p • ka and a is the effective scattering radius.

a - &P, as given in File 2 data.

D.I.2. Multilevel Breit-Wicner Formula: LRU=1, LRF=2

The equations are exactly the same as above, except that a level-

level interference term is included in the equation for elastic scattering:

NR r-1

2 r J h h
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*

a ' v *2 Y g 16 - U J I2 , (1)
nc n / v 3J' nc nc1J

where n is calculated in the center-of-mass system; and

•These formulae are to be used for the 0°K case (no Doppler broadening terms
given).

(2) C.W. Reich and M.S. Moore, Phys. Rev. Ill, 929 (1958).
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r • kn - 2-196771 i s s ^ h f x 10

where AWRI is the mass of the target nucleus in units of neutron mass. The

statistical factor

yJ 2(21+1) '

where J is the spin of the compound nucleus resonance and I i s the target

nucleus spin.

In terms of the Reich-Moore approximation one may write

(3J

(4)

1/2
Xc "Xc* , (5)where (I-K) , - 5 , - f

c c c c ^ î—rf p « «• _ i r
X X "* 2 Xy

where the summation in Eq. (5) is over the resonance levels X; S. is the

resonance energy; T. , the corresponding radiation widths; and T. and r,
Af AC AC

are the widths for the X-th level and channels c and c*, respectively.

If we define

l

nc nc 'nc nc

where A * |X—K j is the determinant of the matrix I-K and m is the cofactor

of the element (1-K) of the matrix I-K, we obtain
nc
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°nT "Z-^nT " 2* *» ̂  »Jto ^
J J

( l -
\

2iT g (l-cos2A ) + 2g Re
u n J

(6)

a • Inn
,2 y U^J ,2
n / .̂ J • nn1

(7)

nAbs nT nn 411 fpnn 1 . (8)

a _. • 4TT
nFiss

(9)

c = a ^ - a ,ny nAbs nFiss (10)

For s-wave neutrons ^ « +k a where k has been defined by Eq. (2) and "a" is
n n n s

t h e channe l r a d i u s . For p and d-wave r e s o n a n c e s $ i s d e f i n e d in S e c t i o n 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 Technology, Vol. II,
873 (1967)

(4) D.B. Adler and F.T. Adler, ANL-6792, 695 (1963).
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1. Total Cross Section

m (S) - -2£- (1 - cosu)

* HR s i H + k - s ) L1N3S T \ JT JT . I T _ 1 DT ^T .

(•:-)"•(•:)•

(AT + AT /E +.AT /E2 + AT /E3 + BT • E + BT *
X * J ^ X A

2. Canture Cross Section

TY Y 1 fr U r Y 1
G' cosw + H' sinu) + \ u i " 2 I H' COSOJ - G' s inu |

R-l

(AC. + AC./E + AC./E2 + AC./E3 + BC. * E + 3C_ *

3. Fission Cross Section

LGR C ° 8 " *

(AF. + AF./E + AF./E2 + AF./E3 + BF. * E + BF. *
L 2 3 4 1 2



D-9

In a l l three formulae,

u> • 2 ka,

where k is the neutron wave number.

and

a • AP « effective scattering radius (in units of 10 en);

c . * i2 -1
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D.2. THE ONBSSOI.VED RESONANCE REGION; L3D-2, LRF-1 or 2

Average resonance parameters are provided in File 2 for the unresolved

region. Parameters are given for possible I- and J-states (up to d-wave,

I • 2) and the following parameters may be energy dependent: D , F ,

F , T. The parameters are for a single-level 3reit-Wigner formula

with interference. The widths are distributed according to a chi-squared

distribution with a designated number of degrees of freedom. The 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.

0.2.1. Resonance Parameters for the Unresolved Reaion

A few definitions and formulae useful in the unresolved resonance region

are given below.

a. Level Spacing

The experimental value of mean spacing between resonances for a given I

state is determined as
AE

- - -- " - - (1)I, observed No. of resonances of given I '

where AE is the neutron energy interval and I is the angular momentum of the

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 number 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
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where o is the density of compound nucleus levels of spin J and given I,
J, x.

then,

D . * °*,obs
obs 12 Q*,i'

Note: all allowed i. values label the same set of resonances.

If in addition I is the spin of the target nucleus, one can show that

(21

f o r £2TTT

f o r
2TTT

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 . These

ambiguities, however, do not effect the results for s-wave neutrons (I m 0)

or reactions on targets of spin zero (I «= 0) .

A microscopic strength function S(£,J,s) can be defined, however, what

is referred to in the literature as measurable is S(£). The assumption is

always made that S(l,J,s) is independent of J and s. Two treatments which

(5) M. Gyolassy, S.T. Perkins, Nuc. Sci. Eng. 52_, 482 (1974).
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rslate S, 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

yiaid a factor of two difference.

The strength function is defined here as

S{1) " {21 + 1) 0(1)

where the statistical weight factor g - . .-. ̂  .. for neutrons

< g r > - » n xw; - g <r"
n —~"~~"—~̂ ~"~ n

where m is defined above
1,1

and y, -is the number of ways to fora a given J state of given I
x., j

(i.e. the multiplicity, either 1 or 2).

Note that the strength functions for a given Z-state but different spin states

J , J , . . . J would all be equal. For more detail see ref. 5.

We define the neutron width T ., for i-wave neutrons and soin J - states
n£j

as

wher« F _ is the reduced neutron width/ E is the neutron energy in eV, V. isn«J x,

defined below, and u is the number of degrees of freedom for the neutron width

distribution

V
V (o) • / where p • kr (k. is the neutron wave number and r the nuclear
i p

radius).
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For I • 0 v o ^ p ^ " •*•

2
£ - 1 V (p) - — - — -

1 + P*
4

£ - 2 V,(p% " ~2 „ ,2 4
9 + 3p + p

In ENDF instead of summing over S a value of u. , is introduced. If S
X. , J

has one or two values, u. is 1 or 2 respectively. (i.e. some of the spin
i, J

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 p • 2 degrees of freedom.)
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c- Ganna Widths

In the limited energy range of a few keV usually covered by the unre-

solved resonance region, the gamna 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)
sons of the well-known theoretical models has to be bui l t in. Since the

observed gamma width is a sum of a large number of primary gamma transitions,

each assumed to have a chi-squared distribution of y » 1, i t i s found to have

a u > 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 <5-function.

D.2.2. Cross Sections in the Unresolved Region

a. Elastic Scattering Cross Section

NLS

I -Q

a1 (E) - 41 (21+1) sin2*,
n,n 2 l

NJS,

(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

a (E) - ^ P a l (E) ,
n,y / J n,y

1-0

0 w

a*1 (E)

c. Fission Cross 'Section

NLS

£-0

£ (E)

The sunmation over Jl , in the above equations, extends up to t « 2

or to NLS (the number of i-states for which data are given). For each value

of i , the summation over J-states extends to NJS (the number of J-states

for a particular i.-state) .

NLS and NJS are oiven in File 2.

N. r /
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where R , R , and R are fluctuation integrals for capture,
Yi,J ' 1,J nl,J

fission, and elastic scattering, respectively. Associated with each integral

is the number of degrees of freedom for each of the average widths.

Data given in File 2 for each (i, J) state

y • AMUJJ, the number of degrees of freedom for neutron widths

Uf - AMUF, » « •• " » •• - fission widths

U - AMUX, " • " " " " competitive

U - AMDG, « » - » •• » <• radiation widths

F • G2C, the average competitive reaction width
XZ,J

F " GMO, the average reduced neutron width

r • GG, the average radiation width
yl,J

V. • GF, the average fission width

0, _ " 0, the average level spacing

The average neutron widths are

nJl,J
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where the penetrabilities, V , are

v l

V 2

« 1

1

9

p

+ P

4
p

+ 3 P 2 -• P 4

for s-wave neutrons, i. - 0

for p-wave neutrons, I - 1

for d-wave neutrons, I m 2

The statistical weight factor, g_ , is
j

2J+1
yJ 2(21+1) '

The average total width, at energy E, is

r • r + r + r* + r

where all widths are evaluated at energy E.

J * AJ as given in File 2

I • S?I as given in File 2

1 * L as given in File 2

P • ka,

where k is the neutron wave number,

AWRI „ , -2
AWRI + 1.0
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and

"a" i s the channel radius (in uni t s of 10 cat) ,

a » 1.23 {AMKr)1/3 + 0,8 x l o " 1 .

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

neutron.

AWRI is given in File 2.

is the phase shift and

$Q - P I - 0

. • o - tan o I • 1

1 / 35 \U2) 1 - 2

where

p • Jca

and a is the effecti*/e scattering radius (in units of 10 cm)

a • A as given in File 2.
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APPENDIX E

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 an

interpolation scheme might be

[MAT, MF, MT/C1, C2; LI, L2; NR, NP/E. VY(E)]TAB1 '
m t

where E. implies an interpolation scheme and Y(E) implies pairs of values
nit

for E(N) and Y(N). The binary record would actually contain the following

numbers:

[MAT, MF, MT, Cl, C2, Ll, L2, NR, NP, NBT(l), INT(l), NBT(2), INT(2),

NBT(3), INTO), ..., NBT(NR), INT(NR), E d ) , Y(l), E(2), E(3),

Y(3), ..., E(NP), 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 scheme 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 given by NBT(2), the interpolation

scheme is given by the value of INT(2). The procedure is followed until all

interpolated regions have been specified. It should be 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, one for E and
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and another for E 1 . This i s spec i f ied by a TAB 2 record followed by several

TABl 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, N F / E ^ / g ( E ' ^ H TAS1

[MAT, MF, MT/C1, E(2); Ll, L2; NR, N F / E ^ / g ( E \ E2)]TAB1

[MAT, MF, MT/C1, E(NE); LI, L2; NR, NF/E! / g ( E ' , S )]TABl
Ulu lit.

In this case NR, in the TAB2 record, indicates the number of interpolation

ranges for (25. There will be NE TABl records, each will contain a value of E.

E. is the interpolation scheme used for the E mesh. MF in each TABl record

indicates the number of pairs, S' and g(E',E) that will be given in the par-

ticular record. E! . is the interpolation scheme to be used. The allowed

int

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 in x (linear-log)

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

5 in y is linear in in 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 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).

The 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, , C2; LT, L2; NR, NP,/ X. /Y(X,T. )] TAB1
x x xnt ±

[MAT, MF, MT/ T,, C2; I,, L2; NP_, 0 / Y (T,)]LIST
2 2 2 n 2

[MAT, MF, MT/ T,, C2; I,, L2? NP, , 0 / Y (T,)]LIST
3 3 3 n 3

[MAT, MF, MT/ T ^ , C2; 1 ^ , 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 intercalation scheme I is given in the same record
c m " m

position in the LIST record as LT in the TABl record. Also note that in the

TABl record (for 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 N 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

typeratures aay contain MP's that are less than the NP given on the TABl rec-

ord. If the subscript n denotes the temperature, the following condition is

defined:

For example, consider the fission cross section for a particular material

where resonance parameters are not given, a.(E) may be described by 1000

energy points (NP - 1000) that cover the energy range from io"3 eV to 15.0 x 106

eV for a temperature of 293.O'K. These data would be given in a TABl 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 , L2j NP. , 0/ B (T. ) ]LIST

1 1 n J.
[MAT, MF, MT/ T_ , C2; I . , L2; NP., , 0 / B (T_) ]LIST

2 2 2 n 2
[MAT, MF, MT/ T, , C2; I . , L2; NP, , 0 / B (T,) JLIST

3 3 3 n 2

[MAT, MF, MT/ T ^ , . C2; I L T + 1 - U , H P . m i , , 0 / B_ (TT _ n ) ]LIST

The same r u l e s a p p l y as f o r NP, i . e . ,

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.
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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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Figure G.I. Alcernace Arrangement 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 codes, such

as CHECKER, RIGEL, and ET0E, 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, 451/0.0, 0.0, LDD, LFP> NWD, 0/

AID, ALAB, DATE1, AUTH /

REF, DATE2, DATE3, EMIN, EMAX/H (N)]LIST

[MAT, 1, 451/0.0, 0.0; MF , MT , NC , O]C0NT

[MAT, 1, 451/0.0, 0.0, M F ^ , M T ^ ; N C ^ , O]C0NT

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

NTY i s f lag to indicate the type of data tape.

If OTY » 0 or blank - E1DF/B tape,

- 1 - ENDF/A tape,

• 2 - ENDF/A tape (translated from LTCAEA library),

- 3 - ENDF/A tape (translated from KEDAK library),

The first pat of the Hollerith information (first two SCD card-image records)

has the structure: r

Description

Material name (left adjusted)

Originating laboratory (left adjusted)

Date of evaluation (left adjusted)

Author of evaluation (left adjusted)

Reference (left adjusted)

Original distribution date (left adjusted)

Date of last revision (left adjusted)

Lower limit of energy range (format is Ell.4)

Upper limit of energy range (format is Ell.4)

NWD has the same meaning as an ENDF/3 tape, i.e., it is the number of elements

in the Hollerith section (for BCD card-image tapes). NWD is the number of

card images used to describe the data set of this material. NWD includes the

count of the first two BCD card images. An example follows.

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

DATS1

AUTH

(Second Card)

SEF

DATE2

DATE3

EMIN*

EMAX*

•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

CHEXER

ENDRUN

ETOE-2/
MC2"2

ETOG3

ETOJ

ETOM

ETOM/
ETOG

ETOMX

ETOT

Org. Custodian

ORNL N. Greene

BNL

BNL

GE

ANL

BNL

SRL

ANC

WNES

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 TDOWN 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 neutron cross sections
for use in the MUFT and GAM codes.
ND Adler-Adler capability.

Same as above.

Prepares pointwise thermal neutron
cross sections from Files 2 and 3
of ENDF/B format data. Kb Adler-
Adler capability.
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Code

ETCX

ETOX

FLANGE

Org.

HEDL

LASL

SRL

GAMLEG

GFE4/
GAND3

INTEND/
INTER

LAPHANO

LISTFC

PUFF

RESEND

MINX

MINX

NJOY

PL0TF3

RIGEL

LASL

GA

3NL

LASL

3NL

ORNL

3NL

LASL

ORNL

LASL

BNL

BNL

Custodian

R. Schenter

R. MacFarland

D. Finch

R. Labauve

D. Mathews

NNCSC

R. Labauve

NNCSC

C. Weisbin

NNCSC

R. MacFarland

C. Weisbin

R. MacFarland

NNCSC

NNCSC

Comments

Prepares neutron cross sections
and shielding factor tables for
use in the 1DX code.

Same as above.

Prepares thermal neutron cross
sections from ENDF/B data in-
cluding S(o,S) data in file 7.
No Adler-Adler capability.

Prepares photon interaction cross
sections for shielding analysis.

Prepares neutron cross sections
for use in the GGC-4, GGC-5 and
MICROX codes.

Computes a variety of integral
quantities from a pointwise ENDF
file.

Prepares photon production cross
section for use in shielding an-
alysis .

Generates interpreted listings
of ENDF files.

Processes covariance data for use
in sensitivity analysis.

Prepares infinitely dilute 0°X
pointwise cross sections from
File 2 + 3 information.

Prepares neutron cross section and
shielding factor tables in the
SPHINX code.

Same as above.

Extension of MINX to provide a
coupled neutron/gamma ray capa-
bility for SPHINX.

Automatic plotting code for ENDF.

ENDF file Editing code. Creates
ENDF binary file formatted tapes.



Code

SUPERTOG

SUPERTON

SAMX

Org.

ORNL

GE

Magi

R

C

M

Custodian

. Q. Wright

. Stewert

. Beers

1-3

Comments

Prepares neutron cross sections
for codes of the GAM/MTJFT type.

Same as above.

Prepares cross sections for Monte-
Carlo codes.

SCOPEL BNL NNCSC Interactive or instructed plotting
code for ENDF.

SIGMAl LLL D. Cullen Doppler broadens a linearized,
pointwise ENDF file.

VIM ANL V. Prael 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, D2O, 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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.E.SCHENTER

.C.SCHENTCR

.E.ICMENTER

.E.tCHENTCR

.C.teHCNTCR

.C.IeHEKTER

C.leMENTER

t.lCMENTER

414

414

414

414

414

414

414

414

414

41'

414

414

31-CA- 72 34 RADIOACTIVE DECAY OATt ONLY 21 HCOt

Jl-SA- 73 JS RADIOACTIVE DECAY DATA ONLT 22 «BL

31-CA- 74 3« RAOIOACTIVC DECAY OATA ONLY 22 HEOL

Jl-CA- 79 37 RADIOACTIVE DECAY DATA SNLY 23 HCSL

Jl-SA- 71 31 RAOIOACTIVE DECAY DATA ONLY 22 HCOL

APR74 R.E.ICHENTCR

APR74 R.C.1CHCNTER

AP*74 «.r.lCMENft»

APR7« R.E.SCHENTER

414

414

414



J-4

•nccr

31-Si- 77

3I-CA- ri

31-51- 7«

J1-5A- 12

31-CA- 13

31-SA- 14

31-CA- IS

C- »2

32-«C- n

J2-CC- T3»

32-SC- T*

32-«C- n

J2-SC- 7SH

J2-SC- 7»

32-4C- 77

J2-CC- 71

32-4C- n

32-CC- If

32-«C- It

32-CC- 12

32-«C- 13

HIT r\\.t ;BHTCNT

1* »10!01CT[*t 3CCAT 3ATA 3NLT

t* *AOI3ACTiyC BCCAT BATA

CtClr 3ATA

«CCJ LAI

is* H I D "

21 »COl

U HCOL

2» -COL

22 "COL

23 *COL

21 HCOL

22 HCBL

22 NC8L

43 lUOtOACTlyC BCCAT 31T1 3NLT

U KAOtOACTiyC OCCAT OATA BNLT

4« HAOtOACTJyC SCClT BATA 9MLT

*7 MOtOACTIVC OCCAT BATA BML.T

4« N(UTI*ON

4« HtUTHON

>• «»eio»cTi»£

JtCTtON S m

JCCTJSN OAT*

a m aw.r

22f MtDt

22« HCOL

a*
;«O»J iiertO

12 »AO!OiCT[Yt BIClT B»T1

ii luoroicTtvc BtsiT Btri :MWT

J4 <iCUT«0N :»OJJ StCTISN 3ATA 9NLT

22 HCSt

21 »COI

I* R*OtO*CT1Vt OtCAT OAT1 3W.T

§; HAotOACTtvc Dtcir OAT* SNLT

M *AO!OJ»CTIVt OrCiT Oifl 3KLr

»» KAOtOACTIVt OtCiT 0*T« 3NWT

it KAQtSiCTtVC BfCIT OiT» SMUT

•1 KAOtOACTIVC 8CC1T OATi 3NCT

»2 HAOI3AeTt*t DtCAT 3AT» 9NLT

at ntai

24 NCOt

21 «o\.

34 AMC

23 KCSL

IS XC01

21

1**74

1**74

1**74

1**74 *,:.jcHtNTca

1**74 ».

1**74 *,

1**74 *,C.ICMCNTC*

1**74 *.

9CT74 H,

9CT74 f.

»»»74 R.C.SCHt.'tTIX

aerT4 n.

A»«T4 H.

AM74 l.

A»«74 «.t.Se»<CNTU

A«*74 H.

APW74 H.

'I»74 e.

A»«7« H.

A»«74 ft.t.SCMCNTtX

414

414

414

414

u«

41.4

414

414

414

414

414

414

414

32~SC- 14 »J HAOI9ACT1VC StCAT 3ATA 0»VT

32-Ct- IS M «AQI3ACT:VC QtCAT BATt 3NUT

J2"Si- i* *» DAoroAeTjyt otcir BATA aw.r

32-St- 17 »4 «A0t9ACT]VC BtCAT 0AT1 3NLT

I2"SC- it C *AotQAcr:rc OCCAT axri

2*

22

22 HCOL

21 HCDL

22 HCOL

AM74 «,C.5

A**74 K.C

A*»74 *,C.)CMCNTC»

1**74 <,t.J

41*

41*

33-»«-

33-««-

33-«I-

H-H-

53-iI-

33-41-

33-A1-

33-H-

33-41-

33-i»-

33-H-

33-11-

33-H-

33-H-

33-11-

J3-U-

33-U-

34-«C-

rs
7*

77

71

r»

11

11

13

121*

13

14

IS

1*

17

••

If

ft

7t

i i HCumoN c»o»i

«* KAQtOACTtVC OCCAT

7> *AoiSAcr;yc SCCAT

71 KAOISACTtyt OtClT

72 fUOtOACTtVC 3CCAT

71 KAOtOACrtVf OCCAT

7« IUOI9ACTIVC OtCAT

75 naioicTiYC OCCAT

7* DiotOAeTtvc OCCAT

77 KAOtOACTJVC OCCAT

It •AOtSACTtVC OCCAT

T» *AO!OACT!VC BCCAT

U RM|g*CT(VC BtCAT

II HMtOACTtVC OCCAT

•3 DMtOACTjvC BCCAT

13 •AojOACiiYt orcir

»4 KAOIOACTIyC BCCAT

OATI

OAT1 SW.T

OATA am.?

BATA ONLT

OAfi SKLT

BATA 9IH,r

OATA 3X1.T

OATA BMLT

BATA axur

OAT* 9NLT

BATA 8|«.T

BATA 0W.T

BATA 9NL7

BATA 3NCT

BATA 9m.T

JATA 3w.r

BATA 9M.T

22

23 »COL

22 HCOL

21 MCSi

41 ANC

I* ANC

3* ANC

4t ANC

24 HCOL

2t HCOL

i% HCOL

2* HCBL

21 MC9L

2t HCOL

23 WCOL

21 «3L

0CT74 H,t.leHCNTt».r,JC)«HtTT»OT»

1**74 D.C.leMCNTtR

1**74 •.I.3CMCNTOI

1**74 »,

1**74 H.

'C174 C.M.UtCM

rtI74 C.K

rt§74 C.M

A**74 H.t

1»*T4 *,C

1**74 K.C

1**74 I.C

1**74 a.C

1**74 *,C

1**74 ».r

1»*74 D.t

UICM

ICMCNTC*

1CHCNTC*

leMCIlTtl)

iexcKTt*

tCMCNTCI*

114

41*

114

«14

414

41*

ti4

114

414

414

414

414

414

414

414

414

4 ( 4

i* N(UT*SN c*a» JccTtax DATA SMUT 221 HCBL' 9CT74 .lOH»!TT*.0Tt4 414



J-5

TARGET

I'-sc- *7

34-SE- 77M

J4-IC- 7|

34-SC- T»

34-St- >»N

J4-SC- at

34-St- II

34-SC- II"

34-SC- 12

3«-St- 13

34-SC- «3N

J»-St- •«

3<-SE- *9

J<-«E- i5»

J«-lt- M

3«-$C- 17

3*-SC- ••

J4-5C- I*

3'-5E- tl

J«-SE- ti

J4-SE- 12

3*'%l- 13

K»T r u t CONTENT

•» NCUTHON C»OJI SECTION DATA ONLY

»7 HAO10ACT1VE OECAY OATI ONLY

«• NluTRON CROSS SECTION DATA Oki.1

It RAO1OACTIVE OECAV DATA ONLT

•• «*OrOACT[¥E BECiY DATA ONLY

»: Htumen CROSJ sccnon DATA ONLT

»2 RAOIOACTJVC OECAT OATI ONLY

*3 HAOIOACtlvt OECAY DATA 8NLT

»« NlUTRON CROSS SECTION OATA ONLY

tS RADIOACTIVE OECAY DATA ONL*

»* AACtOACTtVE OECAY DATA

»' »AOIOACT]VE DECAY OATA

»• «AO!OACT!y£ DECAY DATA 9N1.Y

»• *Ae:eAcri« OECAY DATA

lfl HAO1OACT1VC OECAT OATA

111 KAOlOACTtVE OECAY DATA OMLY

112 KAO1OACTIVE OECAY DATA ONLY

113 KAO!OACT)VE DECAY OATA ONLY

ll< MAOtOACT)VE DECAY OATA ONLY

IIS MOIOACTJVC OtCAY OATA OULT

114 IAO1OACTJYE DtCAY BAT* OWLT

if? »*0!O*CT}« oeeAT OATA

• *EC1

Jit

21

173

22

if

IST

21

21

11*

112

«»

2*

23

23

2«

2*

2*

2*

22

21

22

2i

LAl

HEOL

MEOL

HEOL

HCDL

HCDL

HCOL

NCOL

HEOt

HEDL

ANC

ANC

ANC

HEO(.

HCOL

«OL

DATE AUTHOI Tt*r

0CT74 »,E.SeME>ITC«,r.jeM«!TT»OTH «1«

NCOL

MEOL

NCOL

HCOL

HtBL

HCOL

0CT74 •.

1»»74 I.E.frMENTEK

AM74 O.E.ICHENTEK

A»«74 «,C.ICHENTE»

»»«74 X.E.SeMENTCK

OCTT4 *,E.ICMENTEII>r.SCUHlTTIIflTM

'E174 C.M.KEICM

kf*?4 K.t.t

A#K74 D.C.teHENTEK

»M74 K.E.I

A»«74 H.

*»«74 K.

1»I74 H.

»»«74 K.E.leHCNTE*

AM74 ft.f.tCMCNTt*

4»«74 R.C.tCNCNTCK

414

414

414

4^4

414

414

414

414

114

41«

414

414

414

414

414

414

414

111 NlUTRON C"O»I SECTION OATA O*L' 311 NCOL

"21 H E O "

23 HCOc

2f HCOL

Jit MEOL

22 NEOL

24 ME3L

22 MEDL

»5 ANC

3) ANC

33 ANC

91 ANC

23 HEOL

37 ANC

It NCOL

2» HCOL

it HCDL

It MOL

it NCOL

22 HCDL

22 HCDL

2t HCOL

22 HCOL

0CT74

35-1R-

35-IR-

3S-IR-

3S-IR-

39-IR-

3S-9R-

3J-8R-

3«-M-

3S-IR-

39-IR-

39-IR-

3S-IR-

39-IR-

39-SR-

39-IR-

39-0R-

J9-»R-

39-IR-

39-tR-

3S-IR-

39rlR-

1S-IR-

T*»

I I

BfM

• l

t :

tzn

13

• 4

I * N

19

I t

IAN

17

I I

1 *

f§

f l

«z
»3

«4

?5

f t

I f *

m
H I

H Z

U 3

114

U 9

l l »

117

11«

l l »

12t

121

122

123

124

119

l i t

117

1 1 *

l l »

111

AAOIOACTIVC OECAY DATA ONLY

RAOIOACTtVE OECAY DATA ONLT

KAOIOACTtVC OECAY OATA ONLY

NCUTAON C«OJS SECTION OATA

BAOJCiC'IVC OECAY OtTA ONLY

•AOIOACT|VE OECAY DAYA ONLY

RAOIDACTJVC DECAY OATA

*ACtSACTl»E DECAY OATA

RADIOACTIVE OECAY OAYA ONLT

RADIOACTIVE OECAY OATA ONLY

KAOIOACTIVC DECAY OATA ONLT

RAOIOACTJVC DECAY OATA ONLT

RAOISACT:VE DECAY DATA ONLY

RAOIOACTIVE DECAY DATA ONLT

RADIOACTIVE DECAY OATA ONLT

*AD;DACT;VC DECAY SAT*

RAOICACTIVC DCCAT OATA

RAOtOACTtVC OtCAY DATA

RACIOACTJVC DECAY OATA ONLT

RADIOACTIVE DtCAY OATA ONLT

RAOIOACTtVE OtCAY OATA ONLT

RADIOACTIVE DtCAY DATA ONLT

»»«74 • .

AM74 H.C.JCHENTEK

0CT74 «,t.SCNENTEK.r.SCHMITT«OTH

A»*74 •.E.JeHENTCK

A»«74 *,C.ICNENTE«

AKK74 R.E.SeHENTEII

rt!74

JUL74

rci74

»»«74

' E I 7 4

A»R74

AM74

ARR74

A»*74

AM74

AFR74

A#R74

1»R74

A»«74

JULTJ

e.K.REICH

C.H.REICH

CM.REICH

R.E.JCHENTER

CM.REICH

R.C.ICHENTER

R.C.IeHENTCR

R.C.ICHENTEII

R.C.ICNCNTCR

R.C.ICNCNTCR

R.C.IeNCNTCR

R.C.SCHCNtCR

R.C.teHCNTCR

R.E.IeHCNTtR

A.RRINCE

41'

414

414

414

414

414

414

414

414

414

414

414

114

414

414

414

414

414

414

414

414

414

J6-KR- Tl 1111 NEUTRON C«O»I SECTION DATA ONLT lf*t INL 4fi



J-6

* U C J LAl

f*f INC

»«f JNt.

12 HCBL

If MCBL

in* im.

112* IMU

114* IM.

U «OL

m i tm.

It* tNL

if* im,

l»l ANC.HCSk

3* ANC

T3» I * .

rzt int
S7 ANC

14f ANC

JM A«

I * ANC

41 ANC

1 4 * ANC

2* xcm.

l » MC9U

II
It

OATC AUTU6"

4UI.7J A.^NlNCI

3*-«»- If

3*-<»-

3*-«»-

!«•«*•

3«-<»-

3«-KH-

]*-««-

I*-«»-

3»-«»-

]*-«*•

II*

12

13

13

M *

13

14

14

IS

ISM

I*

I*

IT

131

1112

132

133

13*

11*3

13S

13*

3»-M- »•

34-««- If

3«-<m- u

- »3

]*•**-

}*-«*-

t-«n- r7

*"«»- M

37-«l- 19

I7-«l- It

J7-M- 17

37-«t- It

J7-M- M

37-«t- tf

37-«t- *t»

I7-«l- II

J7-«t- «

37-*t- «J

I7-4H- »4

J7-«t- 19

I7>««- f«

37-AJf- «T

J7-«t- ft

S7-M- W

13T

11J3

13f

13»

14*

lift

1*1

1«2

143

144

14S

14*

147

141

14f

lit

111

1S2

Slur*QN CS01S JtSrlOK ClTi

NCUTKON :X8»J SCCTION CiTi

»A0I04CT!Vt OfCi» Dirt 9NkT

'•oiOicrivt octiT s i n SNir

NtuT«a» c^ots sceriON OAT*

N(UT*ON z*on JICTIOH O*TI oner

c*ofi seen on OAT* SKIT

otc*r o*f

N(UT*ON C«OS« StfiTtON

NCUTXON CNOS* SCCTISN 0AT4 3IH.T

:«on stettSM OAT* SUIT

C«O*S JtJTIBN 3iT4 3NCT

OtCAT 0AT1

MOTOiCTIVC BCCAT OATA

KAOteACT|«t OtCAT 0AT4

«AOIOACT]VC OCCAT OATA 3NCT

»i0t3ACT:Vt OtCAY OATA ONLT

MSIOACTIVt SICAT OAT» 0M.T

HAO!OACT;vC DtCAT OATA 3W.T

KAOJOACTIVt OtCAT BAT*

*AOIBACT{Vt OttAr OATA

•AOIBACTJVt 3CCAT SATt Q*\.r

*AOIOACTJVt BCCAT*8ATA Blltr

RAQIBACTIYC BCCAT OATA 3M.T

it *cai

22 HCOl

J7-M-U1

1*3 NCUTften C*OH StCTtON OAT1 0W.T 29« MCOt.

1J4 Hiur.-OlCir J4TA lit MCOL

139 WAOISACTIVt OtCAT OATA SUIT It HCOL

lit NtUT.«OCCAT BATA 212 HCOL

IS' MOtOACTtVC OCCAT OATA 3m.T IT ANC

ISt "AOlOACTIVt 3CCAT OATA 3NLT lit ANC

Iff MOtOACTtVC BCCAT OATA 3W.T IIS ANC

:<* *A0[8ACTr»c OCCAT BAT* am.r *» ANC

1*1 HAOlOACTtVC OCCAT OATA 3NLT 7 * ANC

1*2 DMIOACTlVc OCCAT DATA SNLT II* ANC

1*3 'AOISACTIVC OCeAT OATA 0 *1 T I *

1*4 IMCtOACTlVC OCCAT OATA SHUT 2 *

1*S »AOIOACTt»C BCCAT OAT* 8IN.T at HCOL

1 * * "AOtOACTHC BCCAT OATA BOLT I * HCOL

1*7 *AQ!QACT|VC BCCAT OAT* SftLT It HCOL

l * t "AOtOACTIYC OCCAT OAT* 3NLT It HCBL

I t * »*OI«ACT!TC OCCAT OATA SltkT 29 HC8L

17* ^AOtOACTITC OCCAT OATA 3RL? It HCOL

171 KMIOACTIVC BRAT OATA 3HCT 21 MCOC

«UL71

-UL.72 A.MINCt

JUU71 A.P*!NCt

JUL72 A.^ttNCI

JUL72 A.MtNCC

JU172 A.MINCt

e.N.»C!CM

JUL72

1174 C.X.WCM

T I T 4 C.

'CI74 e.

11174 H.

A»«74 K.

AM74 H.

AM74 *,t.fCHCNTt))

414

414

414

414

4«2

414

4fl

414

41«

414

411

414

414

Alt

414

414

414

414

414

414

414

i #«74 K.C.lCMCNTCII

»»«74 K.C.lCMCNTCJt

414

3CT74 f,JCM«IITT»3THi»,C.3O«CNTCK 414

0CT74 *,I.Je»CNTt*«'.$e>MtTTll6TM 4l«

A»«T4 i.t.lCMCNTC* 414

BCT74 «,C.leMCNTC*i'.ieMMlTTItSTM 414

TI74 C.M.XCICM «14

'CIT4 C.M.XCICM 414

JUL74 C.W.*C!C» 41«

JU1.74 C.M.XCICM 414

'Ct74 C.H.niCM 414

rtf74 e.M.xctCM 414

AM74 V.C.SCNCNTCK 414

AM7* H.C.ICNCNTt* 414

AM74 (.CICMOITtK 414

»MT4 H.t.teHCNrtX 414

AM74 K.C.SeMCNTCR 414

A»tT4 H.C.lCMCNTtX 414

A#»74 I.C.tCHCHTC* 414

AM74 *.t.lC»C»ITt» 414

AM74 It.C.leMCNTC* 414

R- i * 172 ftCumoN e*a<* Jcetiew OAT* O ^ T 291 HCSL

M'1»- 17 173 N(ur»aN CHOtt StCtlOl* BAT* 3M.T 1*1 HCOL

3*-1»- 17N 174 «AOtOACTIVC 3CCAT OATA 3NLT 24 HCOL

3CT74 t.

3CT7* »,

»»«74 t.C.leHCNTC*

4l«

414



J - 7

TARCET mi ru t CONTENT • RCCS LAI «c't»SNCt

JH-JR- II 179 NCUTRON C'OSS SECTION OATA ONLY 211 MEOl

Jd-I»- It 17» NEUT.«OECAY DATA 3*' MC3L

3ft—SR- *l HI NtUT..OtClY BATA til ANC.HlOL

3(>-f«- «1 1*1 *AOtOACTtVC OCCiT DATA 0NL* V »NC

3C-SR- »2 IT* HAOfOACTtVC OrCAT DATA ONLY 3* *"C

3I-SR- *3 111 *AOtCACT[VE OCCAT DATA ONLY *l ANC

S»-SR- f< 111 RAOIOACTIVE OECAY OATt ONLY 37 ANC

3H-SR- »J 112 RAOIOACTJVE SCCAY OATA ONLY 23 HCOl

JH-SH- •• 113 RAOIOACTIVE OECAT DATA ONLY 23 HCDL

3»-SR- *7 ll« RAO!OACTI«E OtCAT OATA OMLY 2» HEOl

3»-Jl- *l ll» RAOIOACTIVE BECAY OATt ONLY 21 HCOl

3I-SR- •• 11* RADIOACTIVE DECAY OATA ONLY 22 MEOL

Jd-f'-llf 117 KASIOACTIVE OECAT OiTl ONLY 22 HCOL

3*-S»-lll 111 RAOIOACTIVE SECAT OATA 6NLT 22 HEOL

3«-m-lC2 ll» RAOIOACT1VE SESAT OATt ONLY It HCDL

3I-SD-K3 If! RAOIOACTIVE OECAT OATA ONLY 21 HCOL

3J-JH-K4 1*1 RAOIOACTIVE OECAY OATA ONLY 21 HCOL

DtT[

0CT74

0CT74

rc>74

rtl74

rc>74

ft*74

AM74

APR74

AMT4

AM74

ARR74

AM74

AFR74

Ar«74

APR74

ARR74

AUTHOR

R.E.SeHtNTCR.r.SCHStTTReTM

R.E.SeHENTERif.SCHHtTTROTH

C M . REICH

C.M.REICM

CM.REICH

CM.RCICM

R.C.ICMCNTtR

R.C.SCMENTER

R.E.ICHENTER

R.E.teHENTCR

R.C.SeHCNTCR

R.C.tCMCNTCR

R.C.IeHENTCR

R.C. ICHCNUR

R.C.tCHCNTER

R.E.SCHENTCR

«i<

414

414

414

<t<

414

414

414

414

3»- Y- I* 1*2 NCUTROH :«Ot| SECTION OATA ONLY 237 HCOL

J». T. |«M 113 RAOISACTSVE OECAT OATA ONLY 21 HEOL

3** •>- *l 1*4 N(UT.«OCCAY BATA 217 ANC.MESL

J f r. »•* 1*} RAOIOACTIVC DCCAT OATt ONLY 33 ANC

3*- Y- '»1 1** N(UT.*0CCAY BATA S U HEDL.ANC

J»- T- tin 1*7 RAOIOACTIVC OtCAY DATA ONLY 2) ANC

3*- T- «2 1*1 RAOIOACTIVE OCCAT OATt ONLY 51 ANC

3»- Y- 13 l*t RAOIOACTIVC OCCAY OATt ONLY ll ANC

I*, T- *3M 2lf RAOIOACTIVC DECAY OATA ONLY 2< HEOL

J«- Y- »4 211 RAOIOACTIVE OCCAY DATA ONLY 9* tNC

3«- Y- t5 212 RAOIOACTIVE OECAT OATA ONLY 12 ANC

J«- Y- »« 213 RAOtOACT[VE OCCAY OATA ONLY 23 HCDL

3t- Y> *7 214 RADIOACTIVE OCCAT OATA ONLY 32 ANC

J»- T- *• 2(9 RADIOACTIVE DCCAT DATA OKLT 21 HCDL

3«- T- *< 21* RADIOACTIVE OCCAY OATA ONLY 2* HCDL

3«" T-ltf 217 RAOIOACTIVC DECAT OATA ONLY 22 HCOL

3*- Y-ill 211 RAOIOACTIVC OCCAT OATA ONLY 22 HCOL

3*- Y-ll! 21* RAOIOACTIVC OCCAT OATt ONLY 21 HCOL

1»- Y-113 2;l RAOIOACTIVC OCCAT OATA OKLT 22 HCOL

3t- Y-114 211 RAOIOACTIVC OCCAT DATA ONLY 21 HCDL

J»- T-l»» 212 RAOIOACTIVE DECAY OATt ONLY 22 HCDL

3»- r-ll« 213 HAOICACrtvC DCCAT OATA SMLT 23 HCOL

3»- T-117 214 RAOIOACTIVE DCCAT DATA ONLY 22 HCDL

0CT74 «,

«MT4 R.C.ICMCNTER

JUL74 C,M.REICH

JUL74 CM.REICH

0CT74 R.E.IeHENTERir.lCHHITTRflTM

rtiT4 CM.RCicx

'Et?4 CM.REICH

114

414

414

414

414

414

414

fC«74 CM

ARR74 R.C

JUL74 C.M

TCI74 C.H

APR74 R.C

RCICH

JCHCNTCR

REICH

RCICH

SCHCNTCR

REICH

R.C

R.C

R.C

»»«74 R.E

R.E

R.E

R.C,

A»«74 R.C,

»M74 R.t,

R.C,

tCHCNTCR

ICHCNTCR

ICHCNTCR

tCMCNTCR

1CHCNTCR

ICMENTCR

ICMCNTCR

SCHCNTCR

ICHCNTCR

414

414

41)

413

415

415

415

415

415

415

415

415

415

415

415

415

4»-€R- II 213 NEUTRON CROSS SECTION OATA ONLY 221 HCOl

4»-IR- M M 21* RADlCACriVC DCCAV OATt ONI" !« ANC

4»-IR- «1 217 NtUTOON C«O»I 1ECTION OAti ONLY 2l» HCOL

*»-m- *2 2ii HturnoH c*o>s stenen OATA ONLT UT MCOL

4R-1R- 13 21* NCUT.'OCCAT DATA 331 HtOL

4»-IR- *4 211 NlUTRON C«OI| SCCtlON DATA ONLT 217 HCOL

4P-IR- *S 221 NtUT..OtCAT gATA 2*1 HCDL

4C-IR- t« 211 NlUTRON CIBU SECTION DATA ONLT til HCOL

0CT74 R.C.SCHCNTER.r.lCHHJTTROTM

JUL74 C.K.REICH

OC74 R.C.SeHCNTCRir.SCHMtTTROTH

0CT74 f.tCHHtTTROTM,R.C.ICHCNTCR

0CTT4 R.C.iBHCNTCR.r.tOHHITTROTH

0CT74 r.SCHHITTROTM.R.E.SCHCNTER

OCT74 r.SOHHlTTROTH.R.E.tCHlNTCR

413

413

415

415

415

415

415

415



J-8

Tl»SlT

4*-i». »7

4»-«- ft

4#-M- t*

4»-».lJl

4*-<*-lK

4f-ift-l!3

'••IK-i:<

4«-l*-U9

4#-]«-ll*

•CCJ

4<

23

31

23

22

21

22

22

21

22

22

22

11*3

ANC

4C0L

ANC

HCOL

HCDL

HCOL

HCflL

HCOL

HCBL

HCOL

HCOL

HCOL

INN

Si't

4»-tl-l<»

224

211

22*

22'

22*

22*

231

231

232

233

234

23>

1214

OCSIT SATA 3NL»

OCCAT OATA 3NLY

»AO!0ACTtv£ :tC*r OATA

MOICACTtvt OCCAT OATA 0NLT

«AOtOACTI*£ OCCAT OATA MLY

AAOIOACTtvE OtClr OATA ONLY

«AOtOACT[« SCCir OATi 3NI.T

nOISlCTtVC OCCAT OATi 3NLY

lUOtSACTlVC OttAt OAfi 0W.T

»AflrOACTtYf OCCAT OATi ONIT

HAQtOACTtVC OCCAT 3ATA 3NtT

"AOIOACTIVC CtCAT 3AT* ONbT

C1OSJ JtCTiON O*U 3NL'

1 M T 4 »,t.JCHtNTt»

»,t.»CWt((Tt»

AMT4 V.t.S

«,t.l«4CNTtl

3CT73 •,».Lt3»tA»0..*.

• 15

415

4t9

415

415

«1J

415

415

415

415

415

415

411

«l-«l- *3

4f«f- '3

4i-.«. I3M

4l-«l- »4

4i-t»- »4»

41-.I- »5»

4i-m- *«

41-<t- 17

41-><«- f7»

«!"«•- »•

«l-«t- ••»

41—<•- t*

41—••• f*M

4\--<«-l.ai

111*

23*

237

231

23*

2<t

241

242

243

244

StUT..CA».»«flO. 8ATA

DlOtOACTtVC 3tCAT OAT1

(1CUT..OICAY 34Ti

2143 ANL.LLL

2t4j ANCLLL

21 HCOL

21? KC9L

»AOI0ACT!»t

HAOtOACTJVC

»*C!34CT:VC

»AO[CACT;yl

»AOtOACTI»t

HAOlOlCTtrC

HAOIOACTtVC

»AOtOACTlVC

OtCAT 3AT1

OCCAT OATA

OtCAT OATA

OtCAT 0AT4

gtCi7*0Ari

OtCAT DATA

OCCAT 3ATA

OCCAT OATA

OCCAT OATt

:ICAT 3ATA

OCCAT OATI

OCCAT OAT*

3CCAT DATA

OCCAT OATt

OCCAT OATA

OCCAT OATA

OCCAT 3ATA

OCCAT 3ATA

3NLT

3MLT

3MCT

23 ANC

22 «C3L

44 ANC

23 ANC

44 A M

>l >*C

|» ANC

f4 »»C

t* ANC

i* HCOL

31 ANC

23 H C S L

22 HCOL

23 MCSL

23 MCOL

21 MCOL

21 MCOL

21

21

22 HCOL

22 HCOL

21

"4T74 *.M0MCftT9NUU.JaA.SMITH

»»«74 »,£.JCXtNTt)«

0CT74 *,C.t

419

3CT74 T .3CMKlTT»OTH.*.t.ie>tCNTC»

411

41)

4U

415

413

415

• 13

115

• 13

• 13

• 19

• 15

419

• 15

• 13

413

• 15

• 13

413

415

415

• 15

• 15

«U

419

415

415

4i"<|-Ui

41-<|.lf2

41-««-l(3

•l-«»-l»4

4f«|-ll3

4i—<«-I#*

41-««>lf7

41-1«>lll

4t—n-i#*

41-t»-lH

41-H-ltl

41-tl-H2

24*

?47

24*

24*

2it

292

713

?»«

2JS

2J4

z$r
2«t

2S*

2t*

2*1

2*3

2»4

3l»LT

3NL*

KAO]OACT[«C

*»O!OACT!vt

OHLT

OxiT

3NIT

•AOtOACTIVt

"AOtOACTIVC

"A010ACTJVC 3KLT

»AOtCACTt»C OICAT OATi

DAOtOACTlvC OCCAT DATA

HABIOACTIYC OCCAT OATA

ONCT

ONLT

3Nwr

'£174 C.4.OCICM

••£•74 C.W.JCICX

'£f74 :...«

'M74 :...<

't»74 :,K.»IIC»

1**7t »,£.!

T174 s.u.a

4^174 *,£.]

4 M 7 4 *,£.SeMCNT£X

4**74 H.C.l

A M 7 4 «.£.ICXC.1ft«

AMT4 (.C.lCMCMrCI

K.C.lCHCNTCH

4»«74

42—8 12*7 »Cv?.«CA*,*«0O. OA'A 1311 kki.

42-«0- »4 2»4 NCUt*9N C»0>3 SCCTI8N OATI 3NL» 24* MfOL

42--<0- »5 2tS NtUTDON ;*0H SECTION OATA CNLT 317 HCOL

4J-«0- •» 21* UlUTHBN C«O»I JCettCN 3ATA 3XLT 241 HCOL

42-00- *7 2*7 SlUTXON C«0«$ SCCTtON 3ATA ONL" 931 XCOL

4J-«O- ft 2t« N(UT«ON C»OIJ JCCT18N 3ATA 3NL* 341 *tOt

4M74 D.

QCT74 «.t.tCHCNT£«,r.lCMI*ITT*arM

3CT74

3CT74 r.lCMI»ITT»OTH.».£.Jex£NTt*

415

«i5

413

415

415



J - 9

"AT rH.1 CONTENT » RECS LA»

J«9 NtUT.-OECAY OATA 275 ANC,MtDL

4J-«0-i»t 27t NEUTRON CROSS StCTION DATA SNLT 251 HtOL

42-NO-lfl 271 RAOIOACTIVE OtCAT DATA ONLT 227 ANC

S A T E

ftt»« C.M.»UCN

0CT7* ',SeH«!TT»OTN.«,E.tC«ENTt»

rtl74 C.U.fttlCM

rw :,a.»t:cN

AO74 K.E.ICMENTEI)

«»«T4 K.E.SCMtNTtl)

42-KQ- »»

42-»C-l«5

42-«0-lte

«2-«0-ir7

42-fO-lt l

42-H0-1M

4?-»e-ii i

42-t»0-lt4

?7J RADIOACTIVE

??< »*oroACTtvc

?7» RADIOACTIVE

2T» RADIOACTIVE

JT7 RAOIOACTJVt

27* RAO1OACTJVE

27* RACIOACTJVE

2if RAOIOACTJVE

2ti iweiDACTm

212 RADlDACTIVt

J»J RADIOACTIVE

2t« «AO1OACTJ»C

219 KAOICACmt

OCCAT DATA ONLT

oceAT OATA ONLT

OtCAT CATA ONLY

DECAT DATA ONLT

OtCAT CAT A ONLT

OtCAT CUTA ONLT

DtCAT DATA ONLT

DATA ONLT

OATA OKLT

DtCAT DATA OutT

OtCAT DATA ONLY

OtCAT DATA ONLT

OtCAT DATA ONLT

21 MtOL

23 MCOL

23 HtOl

23 HECl

22 HtOL

21 HtOL

22 HtOL

22 HtOL

tl HtOL

II MtDL

21 HtCL

21 HtOL

22 MtDL

D.t.SCHENTER

A»«74 K.t.teHtNttR

AM74 H.

AM74

».C.»CHCNTC»

AMT4 «,t.lCMtNTER

i»«74

415

«is

41!

415

«i5

(1)

415

419

415

415

415

415

415

415

415

43-TC- f»H 217 *A01OACTI»t OtCAY OATA ONLT 14 ANC

4J-TC-1M 2ta RADIOACTIVE OtCAT DATA ONLT 22 HtOL

45-TC-ltl 219 RAOIOACTIVC OtCAT OATA ONLT 9* ANC

43-TC-lf2 2 M KAOIOACTIVE OtCAT OATA ONLT 3J ANC

43-TC-UJX 2fl «AO!OACTtV£ OtCAT OATt ONLT it ANC

4S-TC-1M ? « «AOtOACT[« BtCAT OATA ONLT 23 HtOL

43-TC-1I4 2*3 KAOtDACTJVE DtCAT OATA ONLT IS ANC

43-TC-HS ?*' »AOIOACT|VE OtCAT OATA ONLY " 23 HtOL

4J-TC-1I* ?»5 »AOIOACT1VE OtCAT OATA ONLY 33 OCOL

43-TC-1E7 2*t «AC:CiC']YE OtCAT OATA ONLT 23 HtOL

4S-TC-1»« 2*7 «AOIOACT]Vt DtCAT DATA ONLY 23 HtOL

43-TC-1M 2»« RAOIOACTIVC DtCAY OATA ONLY 22 HtOL

4J-TC-U* 2** *AOIOACTIVt OfCAT OATA 9NLT 13 HtSL

43-TC-;U 3ii *AO:SACTIVE orcAT OATA ONLY 22 HIDL

43-TC-112 311 MCICACTIVE OtCAT OATA ONLT 21 HtOL

O-TC-liJ 312 XAOtDACTIVE OtCAT OATA ONLY 22 HCDL

43-TC-114 313 *ACIOACT[VE OtCAT DATA ONLY 22 HtOL

43-TG-U5 3i' RAOIOACTIVt DECAY O»TA ONLY 22 HtOL

«3-re-ll« 3t5 «AOtOACT[Vt OtCAT OATA ONLY 22 HtOL

43-Te-U? J*» RACrOACTJVE OtCAY OiTA ONLT 21 HCBL

43-TC-HJ 317 RADIOACTIVE DtCAT OATA ONLT 21 HtOL

43-TC-'* Zl« NlUTRON C»0H JteTiON OATA ONLY 7»X IAN

43-TC-'* 1137 NtUTRBN C»O«I StCTION OATA ONLY 7«i BAH

C.V.RtlCN

ARR74 R.E.IeHENTtR

rtt74 C.K.RtlCM

rtt74 C.K.RtrCk

C.M.ftttCM

R.t.lCHtNTtR

U!

419

415

413

415

415

415

• 15

415

415

4:5

415

415

415

415

415

415

415

415

111

415

415

4(3

turn

APR74

AVR74

inn 4

4*174

4**74

A**74

A*R74

A*R74

A*I74

A*«74

A**74

A*R74

0CT71

0CT71

R.E.tCHENTtR

R.E.SCHENTER

R.E.SCHENTER

R.E.3CHCNTE*.

R.E.SCHtNTER

'.E.lCHtNTtR

R.E.ICHtNTtR

R.E.3CHENTER

K.E.3CMENTER

R.E.SCHtNTtR

R.E.ieHtNTtR

•.E.ICHtNTtR

R.t.SCMtHTt*

Z.LIVOLtl

I.L1VOLII

44-RU- •» 3*« NEUTRON C*O»J SECTION OATA ONLY 324 HtOL

44>RU-1M 31' NEUTRON C*OSt StCTIOM OATA ONLT 2«« HtOL

4»-«U-l«l 311 NEUTRON CROSS SECTION OATA ONLT 9I( HtOL

44-Ru>lt2 311 NlUTRON CROSS SECTION OATA ONLT 44* HtOL

44-RU-1C3 3^2 NtUT.'DECAY 9ATA 442 HtDL

44-»u-ll< 3(3 NlUTRSN CROJS tZC'lOK OATA ONLT 219 HtOL

»->-RU-l*5 314 NCUT.-OtCAY OATA 3»7 A

4*-Ru-l«4 315 N(UT.«OtCAY QATA 255 HtOLiANC

OCT74

OCT74

0CT74

0CT74

OCT74

0ST74

'1174

OCT74

R.t.leHtNTtR.r.JCHHITTROTH

R,£.leHtNTtRi'.te»l>»ITTROTM

r.JCMXtTTROTN.R.E.SeHtNTtR

r.JCHNlTTROTN.R.t.lCHtNTtR

f,SeH»ITTROTN,R,t.»CHtNTER

r.JeNXirTROTN.R.t.SCHENTt*

415

415

413

415

415

415

415

f,SeHNlTTROTH.*,E.>CHtNTt»



J-10

TiKSlT

44-4y-i27

44-HU-llf

4*-4U-lll

44-4U-U3

44-wilt

**-#U-U»

"AT 'l\.t C3*TtNT

Jit HAOtSACTtYC OCCAY OATi

117 HAOIOACTJVC OCCAT OATA

311 »*0!51CTtvt :tClr OAT»

Jl» «»Bt3lCrivC 3CCAY 3AYA

311 RiClOiCTtVC OtCiT O*T»

311 KiOIOlCrtVC OtCAT OAT*

It2 KAOtDACTlVt OCCAT 9*Ti

313 »40!0»CTtYl OtCAT DATA

324 KAOTQACTtYt OtCAT OiTl

319 •40I0ACTIYC OKAY OATA

3t* KiOtOACTlYt OtCAY DATA

317 HAOtOACTtVC OCdT OATA

31t KAOtOtCTIVt OtCAY OATA

3t* KAOtSACTIYt OCCAT 3ATA

*ces
44

21

14

i:

22

21

22

22

22

21

22

22

22

2t

tit AUTMO*

3»H.r

ONLY »"C tt74 C.K.ftCICM

INI.T

3 NI.T

ONtT

9NLT

3W.T

KCSt.

HCOL

MCOl

HCSU

HCOt

HCDl

MCOL

MCDl

ft.C.lCMCNTtlt

AM74 ft.C.fCMCNTCII

AMT4 H . t . l

AM74 »,C.

3NLT

AM74 » , t .

AM74 « . I .

4S-4M-1J3

49-4U-1I3

C'OSt SCCttON OATA ONUT lilt 1AM

311 MCUTDON CC3I StCTtON 9ATA 3NUT 1129 IAX

331 KAOJOACTtVt OCCAY OATA ONUT 23 AM

312 «AO!3ACT[Yt OCCAY OATA 9NUT SI AM

333 4AO!OACTt«C OCCAT OATA 9NUT At AM

334 NtUT..OtCAT 3ATA 131 AM.HCOU

311 "AOIOACTIVt OCCAT OATA ONUT 19 AM

33* *A0t0ACT!U OCCAT OATA ONUT 47 A M

A»-4I»-II»N 337 »,ACIOACTJVC OCCAT OATA 9NUT *• A M

31* IAO!OACT!VC OCCAT OATA 3NUT 72 AM

|AN.4.3*7 (CNOF-144)

1AK.13A7 (CNOr-144)

8CT71

I.c:vault

C.tf.ACICM

'CIT*

rti74

49-4M-IS9

e.K.»tiex

rc>74

nr>*
'CI74

AM74

A»»74

rti74

'CI74

AMT4

A*«74

AM74

AM74

AM 7 4

AM74

AM74

A*«74

AM74

AM74

AM74

AM74

AM74

c.n./«c:ex

c.y.mc*

. . C . 1 C H « T H

K.C.lCHCNTtll

C.M.JIC1CM

c.n.weM
H.C.lCMCNTCK

l.t . lCMtNTtH

•.{.SCMCNTCI

•.c.3eMtxTtn

*.(.2eMCNTCR

«.C.ICHCNTC*

X.t.leMCNTtR

».I.SOtCNTCN

<. t . lWtNTt»

H.t.lCHtNTCX

*.t.lCMCNTCII

•.C.SCMCNTtN

*.C.SCMCNTCII

413

413

413

• 13

413

4t3

4i3

413

»t3

413

413

413

413

413

413

413

419

413

413

419

413

413

419

4«-4»~l*t

4S-4M-IM

45-4H-UI

44-4*-III*

4J-4M-U2

4«-«H-113

49-4N-114

49-4H-U9

4»-4M-U»

45-4H-U1

4S-4M-1M

44-4*-121

4»-»H-i22

4»-«H-l23

33« HAOIOACTIVC OtCAT OATA

341 "ACIOACTJVt OlCiT 3ATA Om.7

341 HAO1OACTIVC OCCAT OATA ONUT

343 *AQ[OACTtVt OCCAT OATA 3NUT

343 HAOIOACTTVC CCCAT OATA 3NIT

344 AAOIOACTIVC OCCAT OATA 3NUT

349 *AO:OACT:VC OCCAT OATA SNUT

34* HAOtOACTIYt OCCAY OATA 3NUT

347 HAOIOACTtVC OtCAT DATA ONUT

34* HAOIOACTtVC OtCAT OATi ONUT

34t KAOtOACTtVC OtCAY OATA ONUT

31t »AOtOACT!»t OCCAT OATA 9NU.T

311 HAOtOACTtVC OCCAY OATA ONUT

3*2 RAOIOACT1VC OCCAT OATA ONUT

3(3 «AOtOACT|VC OCCAT DATA 9NUT

394 NAOtOACTlVC OCCAT OATA ONUT

311 lUOIOACTSVC OtCAT OATA ONUT

3t» XA4I0ACTIVC OCCAT OATA ONUT

317 RAQIOACTtVC OCCAT OATA 9NUT

34

4]

24

:t

13

2*

1*

22

23

23

2t

21

22

II

22

22

22

22

22

ANC

ANC

MCOU

MCOU

AMC

ANC

HtOU

HCOU

NCOU

HCOU

MCOU

HCOU

HCDU

HCOW

HCDU

HCOU

HCBU

HCBL

MCOU

419

413

413

413

413

413

413

413

419

413

413

413

419

• 13

413

413

419

419

419

C*Olt ttSTtOH OATA ONUT 291 *IOU

4»-«0-ll9 3|t NCUTHON e»911 JCCTtON DATA ONUT « M

4«-«O-lI* 3*1 NlUTHON C^Oll 1CCTI9N OATA ONUT 32*

4»-»O-ll? 3*1 NlUT..OtCAT OATA 441 MCOt

3*2 HAOtOACTlVC OCCAY 3ATA ONUT 2* NCOU

9CT74 D.t.teMCNTCH ANO f.JCNNITTIOTM 419

OCTT4 r.lCNMlTTItOTM A«O H.t.SCMtNTt" 419

SCTT4 f.JCMMlTTtOTM ANQ *.C.JC»tMTC» 419

9eT74 f.JCMHITT*OTN ANO ".t.lextJITt" 413

AM74 K.t.IeMCNTI* 413
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il»

STt

Stt

Stt

Stt

{It

Sit

Sit

Sir

Sit

S*t

«3iN3«3f3'»

H3lN3H3t'3'V

IZ

K3iN3M3|'3'»

»3ik3Hat'3'»

3'« nut
»3iN3H3|-3'»

»3iN3M3f3'» tilW

K3iN3H3f'3'K

K3lN3M3t'3'«

H3I3«'M'3

J'K tii30

103H

103M

133K

103N

103N

103H

103H

103H

103H

103M

103H

103N

103H

3NT

3NT

103K

3NT

3NT

103M

IT1

(Z
zz
11

IZ

zz
zz
>z
rZ

cz
cz
It

cz
zz
*ZT

ICT

ft

tl

tr

IZC

S33«

TiTO AT33B 3Aji3T010fll ftK

A1N0 TiTO AT33C 3All3T6tOT« Sit

l~»C TiTO AT330 jAliJTOiar* Tic

ilNO Tire AT33S 3A1I3T010T« lit

AIMS Tiro Ara3a 3A!i3r82Or« tit

iiNo TITO AT330 3Aii3To:a*« it:

A1N0 TiTO AT3>0 3Ali3T3I0r» US

AiMO TITO AT330 3*!l3T010TH «(£

Tiro AT330 3Ali3T0i0rk tit

TiTO AT330 3AI13T010TV ti.t

TiTO AT330 3Ali3T010VV £AC

AiNO TirO AT330 3Ati3T0!0f« lit

A1N0 TITO AT310 3A]i3TeiOT« Tit

AiNO TiTO AT33S 3AU3T0:0TI US

AINO Tiro AT330 3AU3T010M »»t

AINO Tiro AT330 3AU3T0I0TK lit

AtNO TiTO AT3J0 3AU3T0I0TII i«£

AiNC TITO N0U33S ISD»2 NOHirtJS »»£

AINO TITO AT330 3Aii3T010T« S»C

AiNO TITO AT330 3AU3T0I0T> »•£

AiNO Tiro N0U33S SSOMS NOHiftJN C«C

• 1N31N03 31lj ity

9lT-0<-»f

SlTfl«-»»

»!T-O«-yr

cn-0.-f»

JJT-O.-n»

-.j-t-o.-vt

»TT-O«-»»

»TT-a«-v»

iTt-a«-»»

9TT-a«-«»

Sft-8«-»»

rft-0<-»»

tlZ-04-1*

JlT-O«-»»

NTTfQ«-*»

ITT-O«-<»

|1T-C«-»»

6JT-0«-v»

l]9«ri

TT-r



J-12

TiUCCT HAT rtt£ CONTCXT

47-»«-l24 «U (AOIOACTIVC OtCAT DATA 3NLT

47-««-iM <ti ««otaAcr;vc :ccir BATA

47-iJ-;J* *U *AO!)ACTtVC 9CCAT OATA

47-,;.-.27 *\i •AO1SACTIVC :tCiT OATA

47-««-izj «••• KAoiOAcnve otCAr OAT* OM.T

• 'CM LAt

22 "COL

«C't*CNCC 3ATI

22 MtOL

3] »COL

»MT4

»»»T4

»»«74

Ul

411

4«»ca

4«-C0-l3»

4H-C3-H*

4.-C3-U*

4*-C3-lll

4»-c3-m«

4H-C3-112

4.-C3-U3

4t-ca-u3

4I-C3-113K

4t-ca-us
44-C3-UJ"

4.-C3-11*

4H-C8-H7

4«-C0-tt7l-

4»-eo-i*»

1211

413

41*

417

41*

«!•

4|f

UI2

4tl

412

4f4

423

41*

417

4»*

42*

4«-C0-l«

4H-CS-1K

4H-C3-J.M

44-C3-IJ4

4H-C3-1IJ

4«-C3-12l

4*2

4J4

413

417

43*

43*

44*

441

442

443

4H-CB-133 4*4

44J

44*

447

444

•4f4

• 41*

44*

•II

411

4«2

4*3

NtUTHON C*OSS itCTION BATA SMUT 1447 INI

KtUTftflM C*0M SCCT18K BAT» 3x\.r If* HCOl

DAOISACTIVC CCCAT OATA ONkT 21

NCUTHON C'OSI ICCTtON OATA 9HLT 111

ntuTfoN c*oss S C C T : S N O A T » aNkT 4«j

HAOtOACTIVC OICAT OATA ONkT 2* HC3U

.1lLT»O»l S*0U SCCTtSN OATA O N f !•* HtOk

NtUtDON CKOSS «CT!OH OATA O H f 1J33 I ft.

NlUTDSN C » O « ICCTtON OATA ONL* t»* Î L

•»O!O*CTI»C OCCAT OATA SNkT 24 HCOL

HlumON C»OS1 SICTICN 3ATA 3NLT !*>

KACI9ACTIVC OtCAT 3ATA 8NCT 23

NtUT.'OtCAT OATA 171 HCOk

ttuTRQN C*O*S SCCTIBN SAT* 9M.T 21» MCOC

4A0r9ACT[VC atCAT 3ATA 8W.T 13 HtOt.

DACtOACTtVt OtCAT SATA Om.1 I* HtBL

flAOlOACTIVC 3CCAT OAT* BNLT 21

»AeroAcrr»t OtCAT OATA tm.r n

«AO:3ACTIVC OtCAT OATA ONLT 24 KCOL

*4OtOACT!Vt 3tCAT BATA «NL.r 2* HCOL

KACtOACTtVC 9CCAT DATA 3NIT 24 HCOl.

MOtOACTIVC 3CCAT BATA 9NLT 23 HCOL

HACtOACmc BCCAr OATA SNLT 23 HCOL

"AsrsAcrivc atCAr SATI SMLT M NCOL

*AQ[O4CriVC 3CCAT OATA CULT 23 HCOL

KAO1OACTIVC OtCAT OATA 8NLT 22 HCOk

HAOtOACTjyC StCAf SATA SNLT 23 MCOL

HAOtOACTIVC OCCAT OATA ONLT 21 HCBL

«AOIOACT!VC OCCAT OATA 0NI.T 21 HCOL

KAOtOACTtVC OCCAT BATA S«LT 31

liOlOACTJVt 9CCAT OATA ONkT 21

HAQtOACrtVC StCAT OATA 0W.Y 21

MCUTNON c*on icer:ON OATA O»WT 243 HCOL

OAOISACTIVC OCCAT OATA 9W.T 2* HCOl

KAOISACTIVC OtCAT OATA BNLT 23 HCOL

KAOiOAertvc OCCAT 9ATA 8m.r i* HCOL

NfUTXON C»8»J JtCTION OATA BNtT «7 ITT

MtUTKON C»0M ICCTIBN OATA BNiT 322 MCOL

dtUf.-OICAT BATA *t1 HCOL

HACtOACnvt OCCAT OATA 3KLT 24 MCOL

NAO!OACT[yt OtCAT OATt 3NLT 21 MCOL

HACtOACTlVC 9CCAT 9ATA 3NCT 13 MC9L

KAOtOACTIVC BCCAT OATA 9NVT 23 HCOL

"AT74

0CT74

A»*74 I.C.3CMCNTIX

f*OM J,<.) 411

.5CHHITTKOTH 41>

411

411

411

411

8CT74 ».£.Se)4CNTt)lir.ieHHtTT»8Tl»

0JT74 «.£.JeMtNTt».»'.jewHtTT»OTM

9CT74 r.JCMMtTTKeTH

AM74 *,t.*e»CNTtl*

3CT74 ".t.JeXtNTtH.

HAT74 J,F(A*t.3rt:N|TllAIIS r*ON U.K.) <U

HAT74 J.ftA»LlTtIM(T»,N» mON 'J.K.I 411

411

411

411

m
4H

411

411

411

411

8CT74

AMT4 *.C

AM74 K.C

AM74 R.C

AM74 »,C

A**74 * .£

AM74 *.C

AM74 »,r

*»»T4 »,£

*»»74 »,£

1»»74 *.(,

*»»74 »,£

A»«74 ».£.

A#»74 »,t,

»»«74 f.C.

API74 »,£,

i#»74 *,£,

1M74 »,£.

A»*74 ».C,

ICHtttTC*

1CMCNTU

leMCNTCR

tCMCHTZ*

ICMCNTt*

1CMCNTC*

SCMtNTtX

SCMtNTt*

ICMCNTtJI

ICMCNTtJ)

JexCNTtX

SeMCNTCD

SeMCNTCR

411

U !

411

411

411

• 1)

411

411

411

411

411

411

411

A»«74 H.C.lCMCNTt*

AM74 t.t.ICMCNTtK

AM74 *.t.tC»V*1t*

AM71 H.lHtH

9CC73 r.ieXMtTTHOTM

9CT74 *,£.«eMCNrc*i'.tCMff[rr«aTM

i»»T4 H.t.JeHtMTt*

AM74 H.t.lCMCNTtl

411

411

411

412

412

at

411

411

a*
41*



J-13

TARCET K4T »"!Lt CONTENT • UBJ LAl

«»-!N-iiT «»« RADIOACTIVE OECAV DATA ONLY * 22 HEDL

4»-!N-U7H '»5 RAOIOACT'YC OECAT DATA ONLY 24 NEDL

'•-."«-::• '>• RADIOACTIVE DECAC DATA ONLY 44 ANC

4«-!N-USN *97 «»O1C*CT1VC CCCAV SIT* CNLY 3< ANC

A^-IN-IUN «>• RABIOACTIVC BICAT DATA ONLY S3 H*OL

"-1N-IH «»» RAOIOACTJYE OCCAY DATA ONLY 2J HCDL

4«-lN-H»" '«« RAOtOACrfVE OCCAT DATA ONLY 2* MCDL

< 1 - ; N - H I <«1 RAOIOACTIVC OECAT OATA ONLY 61 *NC

49-1N-12IN <*Z RAOtOACTJVE OECAT OAT4 ONLY tl ANC

4»-1N-l21 «»3 »AC!OACT;vt DtCAT PATA ONLY 22 HCOL

«»-IN-lll« *** «»O!OACT1VE BECAY BATA BNLY 23 HtOL

«»-!M-122 <tJ »AOJOACTJ»t DCC1Y SlTA ONLY 22 MCBL

4»-iN-ti2N *•» »AciOACTivt DECAY OATA ONLY 2> HC0L

«»-IN-123 '*' M B I O A C m c DECAY DATA ONLY 21 HtOL

4»-lN-12JN «4i NAOlOACTiyE DCCAT DATA BNLY 2« M«L

<»-IN-I2< •««« «*oiaACT:¥c OCCAT OATA ONLY 2J «*OL

««-!N-12S •»• SABIOACTIYE BECAY OAT* ONLY 2« « B L

4»-IN-i25« *y. iABIOACTJVE BECAY DATA ONLY 2« HtBL

'••IN-X2* *T2 «AB[OACTIVE OECAT DATA ONLY 21 MCOL

4»-IN-lJ7 U 3 KAOIOACTtVE OtCAT DATA ONLY 2* MCOL

4»-!K-i27« 4»4 »*0!OACTI¥E BfCiY OATl ONLY 23 MCOL

4»-!!i-12l 4TJ SAOJOACTJVE OECAY OATA ONLY 2* NtOL

4»-IN-ii»» 4t« K4O:OACTtVE DECAY DATA ONLY 27 MEOl

4»-m-i5l 4?? «AO:OACT;VC OECAY OATA ONLY 2* MCOL

«»-IK-IJS *yi "AoroACTivE OCCAY OATA ONLY JI KCOL

OATC AUTHOR

A M 7 4 R.E.SCMENTER

A M 7 4 R.E.SCMENTER

'£174 Z.k.HlC*

'C174 Cw.REIC*

APR74 R.C.SCMCNTER

R.E.SCHCNTER

R.E.ICHCNTCR

C.W.REICH

CM.REICH

R.E.SCHCNTCR

R.E.SCHCNTCR

R.C.SOHCNTER

APR74 R.E.SCHENTCR

ARR74 R.C.SeHENTER

AM74 R.E.SCMCNTCR

AM74 R.C.SCHENTER

A»«74 R.E.SeHENTCR

APR74 R.E.SCNENTCR

A»R74 R.E.SCHENTCR

R.E.SeHENTER

R.E.SeHCNTCR

414

• 14

419

41t

41»

41J

414

111

411

41S

41«

416

41»

414

41J

• IS

41i

411

416

41*

411

4 * - I N - 1 3 2 «79 »AC : O A C T [ V C OECAT OATA

4S-1N-133 «•( HAOIDACTIVE OEC A T DATA ONLY

4*-lN-134 4«1 RAO1OACTIVC OCCAT DATA ONLY

23

22

22

MtOL

AM74 R.E.S6HENTER

A»R74 R.C.SCHENTER

R.E.SCHENTCR

411

NiUYRON C'OSS SECTION OATA ONLY

NCUTRON C*OSS SECTION OATA ONL T

NCUTKON C»OfS SECTION OATA ONLY

RAOIOACTIVE OCCAY DATA ONLY

NEUTRON C*OSS SECTION OATA ONL'

NEUTRON C»O»t SECTIOk OATA ONLY

RAQtOACTlVE OCCAY OAYA ONLY

NEUTRON CROSS SECTION OATA ONLY

RAOtBACTtl'C OCCAT 0AT4 ONLY

RAO1OACT:VE DECAY DATA ONLY

NtUTRON CROSS SECTION OATA ONLY

NEUY..DECAY OATA

«AO!OiCTt*t orCAY OATA ONLY

NCUYRON CROSS SECTION OAY1 ONLY

NEUT..OECAT OATA

RAOIOACTJYC OCCAY DATA ONLY

5f-Sh-li! 4(2

9D-SN-116 4(3

9P-SN-U7 4(4

5fl-SN-l:7M 4|J

JC-SN-1H ••»

1P-S1.-11' 4«7

IK-SH-iHX 4|6

Sf-SH-lil 4««

it-IN-ltl 4*f

JK-SN-121M *fl

SWSN-122 4«2

SH-SN-121 *«3

tf-iH-lll* 4f4

SR-SN-124 4t9

9H-SN-129 4»«

SH-SN-129H 4t7

M-SN-124 4«i

M-SN-12? 4f» WBI0ACT:»E OCCAY OAT*. ONLY

9*-SN-127h 911 RADIOACTIVE DECAY OATA ONLY

9I-SN-12I 911 RAOIOACTIVE DECAY OATA ONLY

IMSN-12* 912 RADIOACTIVE OECAY DATA ONLY

214

3»» HCOL

24* HEDL

21 HEDL

349 **CCL

274 MCDL

2f HCOL

4SS NCCL

22 HtOL

23 HCOl

2SI HCOL

2SI H I D L

23 HCOL

242 HCOL

2(4 ANC.MfOL

44 ANC

2lt HCOL

241 ANC

27 ANC

41 ANC

23 HCDL

0CT74

0CT74

4K74

OCT74

0CT74

Dem

AM 74

4M74

0CT74

0CT74

R.E.SeMENTERif

R.E.SCNENTER.r

".C.SCHENYER.r

R.E.ICMENTER

».£.»CME»»TC»,r,

R.E.SCMENTER.r

•.E.SCHCNTtR

R.C.ICMENTERtr,

R.C.teHCNTER

I.C.SeHENTCR

R.C.SCHCNTER.r,

R.£.SCMENT£R,r,

R.C.SCHENYER

R.E.SCHENTER,r,

C.N.REICH

C.«.REICH

SCHXtTTRCTM

JCMNITTROTH

SeMNtTTROTN

SeHNITTROTN

SCHNtTTRgTM

SCHKITTROTK

0CT74 .SeHHJTTROTH

'CI74

:,«.REICH

CM, RE I CM

CM.REICH

R.E.SCHENTER

414

416

414

414

lit

414

414

414

414

414

414

414

414

414

416

41t

416

416

41>

416

411



t i t

f i t

f i t

f i t

t i t

t i t

t i t

l i t

( I t

f i t

f i t

KA0«AAlfK9t

H10K111MK3I

KA0UAAl»K9t

•U0«AA]««9l

tUOKAAlMKSS

K1D«1A1«K9S

'4*M21N>M9f'

H3I2V'

M3I3V

•J'*liHltt9|'

•>'<(3ANlH3f

M3I2V

*i'«3AN2M3f

M3I3«'

i'«3AN>K3r

•i'«A«H3»-

i

«

H

3

3

K

3

n

3

3

1

• i

•9

'3

' •

' •

•s
•«

•9

•t

' «

' i

tilSC
t*l3j

tAlli

tAi30

tiA30

tllli

t^iSO

tAfli

til30

ttl90

tXV^T

NOii3it tto«:

tit

MAOKAiIMK9f'i'H3AN3K9S"3 * *

fi'll3AN3H9f *3'»

111

(It

tit

tit

(It

111

(It

(If

fit

(It

«3AN2K9('3'I

K3AN3H3f3'»

N3I3«'R*9

K3J3*'tI'9

IT'K'3

K'll'9

9NY *i

toiM tti

9NT It

•>OJ« r*t

9«T tt

TITO i t ; ! : 1AU3T010U

Tiro Nouau ttcvs

TITO *TJJ0 )AU9T010T¥

tiro NO n i l s tco«3 «o*inj«

Tiro Araie }*U9T0ioTH

1OJt< t t t

ft

••£

IOIM »ri

TITO KOUSlt | I 0 « 3

TiTO AT320 )All9T0!OT«

Tire

"ttJH (t

TOJH It

*)01M tt

1UM tl

1SIM »t

9*T (t

9«T It

9NT «Tt

3NT tt

3NT ••

3«T «tl

9M* It

3K» It

9NT tti

9WT tt

9MT »»

9MT t<

"\OJM tt

tti

CTC

tt

TOJM It

tC»M t(t

»»t

ft

1OJ« tt

»»t

TifS AT9JC J*!l»ro!9t*

A1NC TATO AT3J0 JAliSTOlOTI

AIMS TATO AT310 1AU3TD18TH

A1NC TATE AT32C 3*U3T0lOT>

A1M0 TATO AT3J0 ) « U 3 T D 1 0 T «

AIMS TATO AT31C ) A U 9 T O 1 O T V

AIMS TATO AT310 JAliSTDlOf*

i"W(C TATC AT31C )«U9T0l0TI

A"»NO TATO AT330 l«U9T010Tt

i*»*0 TATO AT310 3AU3T010TV

AIMS TATO AT320 lA'.i3T0t0»«

A1M0 TATO AT310 ]«U3T0tOT«

AtNO TiTO AT3)C I A U O T O I O T H

A1NC TATO AT31C

AiNS TATO AT310

TATO AT31C

TATO AT310 ]AU3T010Ttl

A1M0 TITO AT3JC JAU9T010TII

TXTO i.r310*'AfllM

TiTC 4t3J0-'AflJH

A*W0 TATC AT320 1AU3T010T*

4*13 TATO ATSJO 1AU9T010TK

TITO i.T3J0«'AITJN

AiNC TITO N01I3IS t(0«3 MOMAftiM

A X t TATO AT3I0 J*U3T010T»

A TUB TATG AT3JC ]AiA9T0l0TV

TATO N01A33S StOvS

ftC

t«c

•t«

tt(

rt(

rtc

i*t

IX

»tt

IK

tec

ct<

tti

etc

Etc

TEC

ttC

ttC

• IC

Hiti

MCtl

Sti

tt1

li-ZC

lA-IC

3i-tf

tti-IS-Tt

iCT-tS-It

ttl-IS-W

tf!-«S-U

• rft-tS-IS

It-t-tt-lt

»Tt

fit

tit

tit

fit

lit

«Tt

(It

tit

lit

tl»

(It

(it

tit

• it

tit

(It

(It

•It

tit

(It

fit

(It

(It

•K'S til3j

K3I3K'V:

K3:3V'R*3

HSSlK'K'}

H3I3«'K'9

«3AN3K9f'3'll

E'3'V *H3t

«UN3K9t'I'«

«3AN3K9t'3'K

t'3'll

K3AN3K9t*3'l

K21N3K3|*3'I

«3iN3K9f*3'«

«3AN3H9I'3'V

• tt

etc

ttC

etc

Kt

TtC

flC

Iti-U-Tf

tti-lf-it

Mtti-lt-K

Itl-lt-K

HUt-ll-U

tn-it-t*

CCT-tt-K

»»n-tt-K

Mtti-K-U

18JH tt

103K tt

103H tt

»t

«3AN3H3t'3'«

103H tt

103« »t

103K tt

•Tl (33«

dc
tit

tit

IK

TK

TATO AT320 3A!l^T0^3Tlf f K

ilNO TATO AT310 3A]A3T0J0TV »•£

AlXO TATO AT330 JAU3T010T* tlC

A1N0 TATO AT33C 3AU9T010TK IH

AtNC TATC AT33C 3AU3'010»» tt(

A^NO TATO AT320 2AtA3T0l0TU ttt

TATO AT33C 3»ll9TOIOTV tlC

TATS AT320 J»U3T010TW ttt

AN3ANC3 Till iTU

tll-ft-1|

SCI-Nt-«C

AJSK'A



J-15

HAT r;tE CONTENT

991 RAOICACTIVC OCCAY OiTi ONLY

992 KAB1CACT1VC OCCAT OATA ONLY

393 NtfT..OtCAY OATA

994 RADIOACTIVE OCCAY DATA ONLY

999 RADIOACTIVE OECAV OATA ONLY

994 RA01OACT1VE OCCAT OATA ONLY

997 RAOIOACTIVC OCC A T OATA ONLT

99» KAOlOACTIVt DECAY OATA ONIT

99* KAO;OACT]V[ DtCAT OATA ONLY

941 RACIOACTIVC OCCAT OATA ONLY

9tl RAOIOACTIVC OCCAT OATA ONLY

9*2 RADIOACTIVE DCClT OATA ONLT

9*3 KAOIOACTIVC OCCAT OATA ONLT

9*4 RAOtOACTJVC OCCAT OATA ONLY

« RCCJ LAl

7* ANC

II »NC

i«j AN C . M C O L

43 ANC

91 ANC

4* ANC

29 NCOL

2* NCOL

21 NCOL

22 NCOL

22 NCOL

23 HCOL

22 MCOl

22 NCOL

RC'CRtNCC DATE AUTHOR

FEI74 C.N.RCICH

rCI74 C.y.REICH

JUL74 C.W.REICH

JUL74 e.H.RCICH

'C«74 C.U.RCICM

JUL74 C.W.RCICH

4**74 R.C.SCNCNTCR

APR74 R.C.ICHCNTCR

APR74 R.C.SCHCNTCR

APR74 K.C.SCHCNTCR

ARR74 R.C.SCHCNTCR

R.C.SCHCNTCR

R.C.SCNCNTCR

R.C.SCMCNTCR

9J-TE-131

I2-TC-131H

I2-TC-132

92-TC-133

I7-TC-133*

32-TE-134

57-TC-139

J?-T£-i3*

97-TC-137

I?-TC-13I

9?-T[-lJI

S2-TC-14I

9?-T£-141

H-Tt-143

415

Hi

41$

419

414

• 1J

41S

414

416

9 J -

93 -

S3-

93-

93-

93-

13-

i-«7

I-i*7

t-m
1-12*

1-131

[-13IX

:-i: i

1-132

1-133

1-4,33*1

c*oss SCCTION OATA ONLY

9«9 NLUTRON CROSS SCCTiON OATi ONLY

9*4 RAOtOACrivc OCCAT SITA ONLY

947 NlUT.-OCCAr DATA

9»i NCUT.'OCCAT SATA

9*« RAOIOACTITC OCCAT OATA ONLY

97f NCUT.«OCCAT DATA

971 RAO!OACT|VC OCCAT DATA ONLY

972 RAOIOACTJVE OCCAT DATA ONLY

973 RADIOACTIVE OCCAT OATA ONLY

ti »Tr

9*4 HEOL

23 HCOL

341 HCOL

174 NCOL

f NCOL

HI ANC.HCDL

74 ANC

41 ANC

21 HCOL

4UC72 »,SMCR 412

OCT74 r,SCMHlTT«OrH.R,C.SCMCNTCR 41i

4P«74 R.C.tCNCNTCR 41)

0CY74 r.JCHNITTROTN.R.C.JCHCNTCR 41»

0CT74 R.C.JCHCNTEK.r.lCMHITTROTH 41J

AM74 R.C.ICHCNTCR 414

'CI74 c,y.RCICM 414

•~CI74 C.y.REICN 416

TCI74 C.M.REICH 414

APR74 R.C.ICHCNTCR 414

iS- 1-134 974 RAOIOACTIVC DCCAT OATA 0NLY 11* ANC

53- 1-134M 979 RADIOACTIVE DCCAT OATA ONLY >4 ANC

93- 1-139 97» NCUT..0CC4Y 3ATA 22* A N C . M C D L .

9.1- 1-13* 977 RADIOACTIVE SCCAT OATA ONLY 44 ANC

93- 1-134" 971 RADIOACTIVE DCCAT OATA ONLY 32 ANC

9H- 1-137 97* RAOtOACTlVC OCCAT OATA ONLY ]t MCOL

93- 1-13* 9tl RAOIOACTIVC DtCAT DATA ONLY 24 NCOL

93- !-i<» 912 RAOIOACTIVC DCCAT DATi ONLY 24 HCDL

93- 1-141 913 RAO1OACTJVC DCCAT DATA ONLY 24 NCDl

97- I-14Z '••* RADIOACT1VC DCCAT OATA O x f 22 HCOL

93- 1-143 919 RAOIOACTIVC OCCAT DATA ONLT 22 NCDL

93- 1-144 514 RAOIOACTIVC OECAT OATA ONLY 22 HCOL

93- 1-149 947 RAOIOACTtVC OtCAT OATA ONLY 22 HCOL

C,H.RCICM

C.W.REICH

C.u.RCICM

C.M.RCICM

4RR74 R.C.SCHCNTER

APR74 R.C.SCMENTER

4PR74 R.C.SCHCNTCR

4«R74 R.E.SeHENTCR

AM74 R.E.SCHCNTCR

AfR74 R.E.SCHCNTCR

4»K74 R.C.SeHCNTCR

R.C.SCHCNTCR

416

41 S

416

41S

41i

411

417

417

417

417

417

417

417

J4-XC-124 117« NiUTRON CROSS SCCTION OATA ONLY * M INL »«L-»i374(rti73l JUN72 H.R.lMAT, t.f.HUCHAIBHAI 4«!

94-JE-124 1171 NEUTRON C»O»S SCCT1O*. OATA ONLT 7|» INL |NL»RI374«rCI73) JUH72 H.R.lHAT, S .t .HUCMAleHAI Hi

94-XE-12I 1172 NtUTRO* CROSS SECTION OATA ONLY 47* INL iNL.»l374(rCI73) JUN72 H.R.lHAT, J.f.HUSHAISHAI 4B2

J4-XE-1II 911 NiUTRON CROSS SCCTION DATA ONLT «7« INL |NL.II374trtlT3) JUX72 H.R.lHAT. S,f.HU6HAISMAI 417

94-IC-12* 1173 NCLTRON CROSS SCCTION OATA ONLT 141 INL |NL.>»374(fCI73) JUNT2 H.R.lHAT. S.f.HuSMAlCHil 4(2

94-<E-12f 9t« NtUTRON CROSS SECTION SATA ONLY 141 INL |NL.II374|rCIT3) <IUN72 H.R.lHAT, S.r.NuSHASCHAI 417

S4-XC-i2»« 9»« RAOIOACTIVC OtCAT OATA ONLY 21 HeOL *'*74 R.C.ICHCNTCR 417

94->E-13l 1174 NtUTRON CROSS SCCTION OATA ONLY »T* INL |NL.II37«(rCI73) JUN72 H . R . I H A T , S . f . H U S H A I S H A I 4(2

I4-IE-13I 9*1 NiUTRON CROSI SCCTION OATA ONLT 7?_« INL |NL.»l374|rtl73I JUN72 H.R.lHAT. I.T.HUOHAICHAI 417

94-IE-131 1173 NEUTRON CROSS SECTION OATA ONLY «14 INL |HL-»«374(rCI73) JUN72 H.R.lHAT, S.t.HuCUAISHAI 4li

94-IE-131 9*2 NEUTRON CROSS StCTION OATA ONLT 114 INL |NL«»l374(ftl731 JUN72 H.R.lHAT, S.f.HU6MAICHAI 417
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J-17

TlRCCT

J»-»t-136

9«-»A-136H

96-1A-137

9»-»A-13*

9»-«A-14l

S6-IA-141

9«-*A-14J

9»-»A-143

9A-IA-144

J6-«A-149

*«T rILC CONTENT

637 NtliTRON C«OSS SCOT I ON DATA ONt'

63* RACIOACTIVE OCCAV DATA ONLT.

*l» NEUTRON C M S SCCT1ON DATA ONLT

>•« RiOIOACTIVE OCCAT CtTt SNLT

6*1 NCUT«ON CROSS SECTION OATA ONLT

OtCir O»Ti

• KCCS til

27* HEOl

3* HCOl

26* HEOl

29 iNC

32* HCOL

72 <NC

171 »NC,HtCt

1«' INC

t? ANC

21 HtDt

21 MtOL

21 MEDL

23 NCOL

22 MCSL

22 HCOL

22 HESL

22 MCOL

22 HCOL

22 HCOL

»«4 BiO:0»CTlVt

9fli-14l

J»-8A-14»

Sft-li-lSI

646 RADIOACTJVE

647 RADIOACTIVE

641 RAOIOiCTIVE

64* RAOIOACTIVC

6*1 RAOIOACTIVE

M l RAOIOACTIVE

692 RAOIOACTIVC

613 RAOtOiCTIVC

6«4 RAOIOACT;VE

6*9 RAOIOACTIVC

OCCiT 0AT4

Dcc*r S*T*

OCCAT O»Ti ONir

DCCiT Di?t ONLT

OCClr OiTi ONLT

OCCi' P I T * ONLT

DCCIT OiTi ONLT

OtCif DiTi ONLT

OtClT OiTi ONLT

OtCiT OITI ONLT

OCCif OiTi ONLT

DtCiT OiTi ONLT

OCT74

JUL74

JUL74

FC174

f£l74

OCT74 •.C.lSHCNTE«,r.$eHHlTTI»STH

C.M

«,C

C.M

C.H

e.H

C.H

H.E

»,t

D.C

H.C

H.C

H.C

R.E

K.E.ICHENTEK

K.E.ICHCNTED

AM74

4»«7*

i»»74

iP»74

i»«74

AM74

1P«74

AM74

. REICH

.$eHCNTC«,f.seH«lTT«OTN

.KCICH

.REICH

,KEICH

.KEICH

.JCHCNTEK

.lCMCNTt»

.leMCNTCII

.tCMCNTCK

.leHCNTCH

.ICHCNTCII

.SeMENTM

41?

417

417

417

417

417

417

417

417

417

417

417

417

417

417

417

417

417

41?

97-LA-1S*

97-LA-i3«

97-L i - i«l

S7-LA-142

6)4 "iOlOiCTlVE OtCiT OiTi ONLT

697 NtUT»o» C«O*S SECTION O*T»

696 N(UT.«OECAT QiTi

»f» HiSIOiCTJVE SlCtr OiTi ONLT

66* KiOICiCTIVE OtCir OiTi ONLT

21 HtOl

931 HCOL

2*4 ANC.HEOL

Tt INC

213 iNC

*F«T4 K.

OCT74 r,SCH«ITT«eTH,«,C.leHtNTE«

TCI74 CM,REICH

'CI74 CM.REICH

FCI74 CH.RCICH

417

417

417

417

417

97-.A-143 661 MGtOACTIVE OtCiT OiTi ONLT 23 HESl

97-1.1-144 «6! «40IOiCT[VE OtCiY DiTi ONLT 23 MCOl

97-L1-145 H3 SiCIOiCTIVE OCCiT DiTi ONLT 23 HCOl

J7-.A-H6 *«4 BiC!OiCT!"E OCCiT OiTi ONLT 23 HCOl

97-IA-147 669 «»OIOiCTIVE OCCiT OiT» ONLT 22 HCOl

J7-.A-148 666 liOtOiCTIVE DCCiT OiTi ONLT 23 HCOl

J7-l«-14« 667 »4Cta4CT[VC OCCAT OAT* ONLT 22 HCOL

97-LA-19I 66* <UOtOiCT!VC OtCiT OiTi ONLT 22 HCOL

97<lA-191 66« KiCIOACTIVC DCCAT OiTi ONLT 22 HCSL

9 7 - L A - 1 9 2 671 KAOtOiCTJVE OCCiT OiTi ONLT 22 MEOl

97-H-1S3 »T1 KAOIOiSTIVE DCCAT OiTi ONLT 21 HCCL

J7-H-154 *T2 RAOIOACTiVC OCCiT OiTi ONLT 22 HCDL

97-H-1J5 673 RADIOACTIVE DCCAT OAT* ONLT 22 HCOL

ARR74 R.C.SCHENTER

4MT4 R.C.SCHCNTCR

4RR74 R.C.SCMCNTCR

4RR74 R.C.SeMCNTCR

i»R74 R.E.SCHCNTCR

R.C.SCHCNTCR

R.E.ICHCNTER

APR74 R.C.SenCNTCR

4PRT4 R.C.SCHCNTCR

1RR74 R.C.SCHCNTCR

t»«7« R.C.SCHCNTCK

ARR74 R.C.SCHCNTCR

417

417

417

417

417

41'

417

41»

417

417

417

417

41?

98-CC-14I 6T4 N(UTR0N C»OI5 SECTION DATA OHl" 2T2 HEDl

96-CC-141 675 N(UT,>OCCiT QATi 233 ANC.HCDL

9«<CE>142 6T4 StUT..OCCiT OiTi 231 HCOl

5*-CE-143 677 NCU T . « D C C A T DATA 211 ANC.MCOL

9f-CC-144 6TI NtuT..OtCiT DiTi 21f HCOL,ANC

9K-CC-149 6»» RACIOACTIVC DECAT OATA ONLT 3T ANC

90-CE-U4 6*i RADIOACTIVE OCCAT OATA ONLT 4f ANC

9*-CC>147 611 RAOtOACTIVE OCCIT OATA ONLT 23 HCOl

SO-CC-141 612 RADIOACTIVE OCCAT O1TA ONLT 21 HCOL

90-CC-K* **1 RAOISACTIVC DCCiT OATA ONLT 23 HCOl

SS-CE-UI »«4 RAOIOiCTIvE OCCAT DATA ONIT 23 HCOl

DCT74 r.tCHMlTTROTH.R.E.SeXCNTER 41?

TEI74 Cf.RCICH 417

OCT74 r,leHHlTTROTH,R,C.SCHCNTCR 417

JU174 C.H,REICH 417

0CT74 r.SCHRlTTROTH.R.C.lCHCNTCR 417

rct?4 C . H . R C I C H 41?

•"CI74 CK.REICH 41?

ARR74 R.E.SCHCNTCR 419

»M?4 R.E.1CHCNTCR . 41S

APR74 R.C.SeHCNTCR 419

i»«?4 R.E.SCHENTCR 41i



j-ia

«»r n u IONTINT » u c i

4*9 O C t C i C n v C 3COY OATA 3X1.T 21

* • • notOACT-vt otcir OAYA BKIY 2a

*•» HAOtOACTtTt 3tCAY OATI ONIY 22 " " I

»«• «»OtO*CT!vC :tC*Y 5iTi SHUT 22 -tQt.

4«« 1AOIOACT|« OtCAY DATA CKUY 22 «0l

»•• «*OIO»CT;VC BICAY OATA SUIT 22

»fl KACtOiCTlVt CCC1T CUT1 QNbT 21

3»-CJ-19i

3»-::-i:2

50-CE-U*

3*-Ct-195

jt-ct-ts*

3(-Ct-l37

4M74 ».t.JCMNTt»

AMT4 »,

i»«74 n,

>**T4 * ,

A»«T4 ».

i»»T4 K.C.JCttCMTtl)

".t.JCHCNTt*

411

419

411

us

•11

41)

411

)« -*« .Ul »«J C»OJJ SCCTtSN O»T1 3NCT

!«.14] *t»

. 144X •«? «iO!C*CT;vt

. U 9 t«« »*O10iCTIYt

tt* *«O!O*CTtVf

'II «ACIOACT;V(

7(1 XAOtOACTIVC

7(2 KAOtOACTtvC

7f] HAOtOACTIYt

7t« HAQtSACTtVt

7|S KAOtOACTIVC

71* 4AOtC-ACT!VC

717 »AO!CACTJ«t

7i* HAO:SACT:VC

7f* 4A0!0ACT!«t

OCC1T 0»T» 9NLT

14*

147

14*

14«

l93

lJ4

OtCAT 0AT1

OtCiT OtTi

JtCi* OATi

JtCAT OATi

3CCAT OATt

OtCAT OATi

OtCAT 3ATA

3ICAT OAT*

OCCAT SATA

BCCAT OATA

9CCAT OATA

OCCAT OATA

SMUT

ONLY

0N(.f

ONUT

5NUT

9NV.T

9NI.T

OH(.T

ONLY

3NC7

tf« HH..MCCI.

174 MCBl.

2* HCOl.

2JT iW.

SI *NC

3* 4<*C

17 >NC

!• ANC

<* AHC

27 ANC

3* AltC

It

23

23 HCDC

21 HCOl

21 MC0\.

21 HCOL

22 »CCl

22 HC:L

22 MCSL

22 M<OL

"•0V74 A.^*|NCt.*.C.3CMCNTtM

OCTT4 H.

AM7« K.

»Ut74 C.U.ACtCM

rtt74 C.H.DC1CM

'CI74 C.M.DCICM

r(l74 C.M.KCICM

C.M.KCICM

4MT4 D.

A»«T« ».

AM74 • .

A»I74 D.

A»*74 •.I.SCMCNTtl

4»«74 t.

4ii

419

41J

411

' 4 i i

419

411

41]

413

411

41)

]*-•«.IS*

711 »AO!OiCT;vt

712 •AQtOACTlVt

StCAf SAT A

BCCAT 3ATA

9CCAT OAfl

3CCAT SATA

Out,'

0HI.T i f*74

A»*T4

• 15

41)

41)

• 19

t*-tO-l«2

l»--.0-14J

ti-NO-144

»»-•10-149

»»-tO-l44

»»-»Q-147

4#-»0-14»

4*-«J-lSI

4«-HO-lJl

t»-N0-132

•••K0-IS3

»t>NO-lS4

•(•••0-199

4(-NQ-l34

4»-«0-l»7

•••HO-19*

»«-«o-i9«

(*-<<0>l»l

:»OJ» SCCTION 3AT1

71* NlUTDON C»CJ« JtCTtSN DATA

71S •,tuT,.OCCl» SATA

7l» >«tuT1>ON C O M SCCT13N OATA 5N(,T

71? »tur*ON CROSS JCCTI3N 9ATA ONIY

711 NtUT.-CtCl* JATA

71* HtUTHOH :»O*S SICTlOl* OATA 3NCT

7 H MOtOACTtVC 3CCAT OATA ONf

711 NtUT«o» C"OSt JICTIOH OAT* 3NCT

712 «A3tOACT!»C BICAT SATA 3NCT

7»J HAQtOACTIVC OCCAT BATi ONCT

714 KAOtOACTtVt OtCAf DATA 3NIT

7|» HAO(OACT!VC OtCAT OATi 8m.r

7(4 •AOIOACTtVC OtCAT 3ATA 0M.T

717 KAOtOACTIVC BtCAT OATA OHIT

7J# MAOIOACTIyt BtCAT OATA B«K.T

7ff RAOtOACTIYt BtCAT OATA SUIT

731 "Aorojcrivt OICAT DATA JI«.T

7J1 HAQIOACTIYC OtCAT OATt 3X1.r

tn <AotOACT[rt gtCAr SATA sw.r

2»» HCOL

'35 I W . , M C 0 I .

:i4 KCOL

) * •

923

23* AllC.MCOI.

J U lm.,MC0k

1»* ANC

4*7 INL.MCOI.

3(1 AHC

23 HCOl.

22 HCOt

21 HCOl

2 1 MCOl

21 MCSL

21 HCOl.

21

22

2 1 HCOl

22

3CT74 K.

W0V74 A.MtNCt.».C.3CuCNTtH

K0V74 A.>*[NCt.«.C.lCUCNTtR

TI74 C.u.JlttCM

N0V74 A.*«INCt,*.{.SCXCNTtl«

' t ( 74 C.K.HtlCM

N0V74 A,P«lNCt.*.C.lCMCNTtlt

FCI74 C.K.U1CM

A»*74 R.C.SCXCNTCII

i#«T4 R.C.ICMCNTCH

i»«74 D.C.lCMCNTtn

AM74 ».r.JeW£J»TtH

A**T4 R.I.SCMtllTtll

AM74 K.C.leMCNTI*

A»«74 l.t.lCMCNTCK

AMT4 H.

41)

41)

41)

41)

US

UI

41)

41)

419

m
41)

41)

4 i i

All

All

411

411

41)

411



J-19

TARGET

I1-PH-U7

•ji-PH-14*

»1-PH-14»H

*1-PH-;I«

»1-P«-13I

»1-»1"-1S1

IJ-P*-IS2

A.1-PH-132H

I1-PH-132N

I1-PH-1S3

ti-'n-lf

HAT n t £ CONTENT

733 NlUT.'OECAY OATA

75* NCOT.'OCCAT OATA

739 NiUT.'OCCAY QATA

7JJ mluT.»OCC»Y 9»T|

737 «AO!0*CT1¥C DECAT DATA ONI?

731 N£UT.«OECAY DATA

?3» RADIOACTIVE OCCAY BATA ONLY

741 RAOIOACTTVE OCCAT DATA ONLY

741 RADIOACTIVE OTCAT BATA ONLY

7*2 RAO1OAGTIYE BTCIT DATA ONLY

743 RADIOACTIVE OCCAT OATA ONLY

744 KAOIOACTIVE DECAY DATA ONLY

74) RAOIOACTJVE OECAR OATA ONLY

74* RADIOACTIVE OECAT DATA ONLY

747 RADIOACTIVE OCCAT OATA ONLT

74« RAOIOACTIVE 6ICAT OATA ONLY

74» RAOIOACTIVE OtCAY OATA tH\.t

71* RADIOACTIVE DECAT OATA ONLT

7 H RAOIOACTIVE BtCAT DATA ONLT

7)2 R4SICACTIVE BfCAT DATA

• »CC» I. AI »C't»lNCC

62» MEOL.tNL

lit ANC.HCOL

211 »NC,HtDt

265 ANC.HEDL

22 MEOL

31* ANC.HtDW

7t ANC

7f ANC

24 HEDL

41 ANC

21 NCDL

14 MCDL

22 MEOL

22 HCDL

22 HCDL

22 HCDl

22 MEOL

22 HEOL

It MEOL

It «C0t

OATC AUTHOR

H0V74 R.E.SCHCNTER 1NO i.'MNCt, «lt

TEI74 C.H.RtlCM

AMT4 R.E.ICMENTER

'EI74 C.K.REIOM

»l-»*-iS7

»1-P*-1SI

«1-»H-IA1

ft!74 C

A^RT4 R

rE*T4 C

1**1* R

»»R74 R

APR?* R

A»R?» R

ARR74 R

APR74 R

ARR74 R

AM74 R

ARR74 R

AM74 K

.H.RE1CM

.E.SCMENTER

M.REICH

C.ieMCNTCR

C.IeHENTER

E.SeMCNTER

E.1CMENTER

E.leHtNTER

t.JCHCNTE*

C.SCMCNTER

E.SCMENTER

E.teMENTER

411

«1!

«1!

111

«ii

411

411

41i

411

411

419

41t

411

tit

til

41«

«ll

411

I2-S0-147 7t3 NCUT.'OCCAT

H-in'ltl 714 NlUT.'OtCAY gATA

• f-SH-m 715 N(UT.«OCC<Y

»?-IM-14» 1»|7 NtUT.>OCCAY

»?-S»-15« 7*« hCUTRON C»OS$ SECTION DATA ONLY

42-SK-191 75? NiUT.'OECAY QATA

A?-Sft-lf2 7ft NtUTRSN C'OJS SECTION OATA ONLY

I?-SH-1S3 7»» N£UT.«OECAY OATA

A?-SH-1S4 7»l NEUTRON CROSS SECTION OATA 9NLr

»?-Jh-iJ! 7»; RADIOACTIVE DECAY OATA ONLY

AJ-SH-15* 7*2 RAOIOACTIVE DECAY OATA ONLY

4?-S»-lJ7 7*3 RAO1CACTIVE DECAY OATA ONLY

4?-S«-lSe 7«4 RADIOACTIVE DECAY OATA ONLY

»?-5K-lJ» '»5 RAOIOACTIVE DECAY OATA ONLY

»?-5H-l»« 7tt RAOIOACTIVE DCCAY OATA ONLY

t?-S»-l»l 7*7 RAOIOACTIVE OICAT DATA OMLT

«?-5H-l42 7»« RAOIOACTIVE OtCAT DATA ONLY

A;-S»-1»3 7»« RAOIOACTtVE DECAY DATA ONLY

»2-SH-ll4 771 RADIOACTIVE OECAY OATA ONLT

«?-Stt-l4S 771 RAOrOACTtVC OCCAY OATA ONLT

>•• MCOL.INL

3f« HEOL

1211 INK »«IV.eOH.JUNE.l»»7

1211 1NW R«tV.eO«.jgHC,l»A7

N0V74 R

eeT74 R

JUNA7 I

JUNA7 I

0CT74 R

N0V74 R

D0V74 R

rc»74 e

OCT74 R

ARR74 R

APR74 R,

APR74 R,

ARR74 R,

APR74 R,

ARR74 R,

AM74 R,

ARR74 R,

ARR74 R,

AM74 R,

AM74 R,

E.SCMENTERiA.PRINCE

R.LEONARD.JR.,K.I.JTEHART

R.LCCNA"O.jR.,K.I.STE>i«RT

419

tit

41]

3M HEDL

7*1 HEOL.INL

531 KCSl.lMl

427 ANC.HEDL

43» HEOL

22 HEOL

22 "COL

23 HEDL

22 HEDL

22 HEOL

22 NCOL

22 MEOL

22 MCOL

2t MCDL

22 HCDL

tt HCOL

.$:X»!TT«0TM

E.SCMENTER.A.PRINCE

C.SCHCMTER.A.PRINCE

E.SCHCKTER

E.SCMCNTER

E.SCMENTER

E.ICHENTER

E.teMCNTER

C.tCHENTEP

t.SCHCNTER

E.SCMCNTER

E.ICMtNTCR

E.SCMENTER

E.SCHCNTCR

41S

41:

'1!

4ij

419

419

119

419

419

419

419

419

419

419

419

419

I3-CU-191 12»• NtUT.'CAH.MOO. OATA

•S-ru-151 772 NtUT.-CAM,PROS. OATA

I3-CU-15S 12*2 NtUT.-OCCAY QATA

43-CU-132 7T3 NlUT.-OCC*T OATA .

«3-£U-132H 774 RA0ICACT1VC DECAY OATA ONLY

4J-EU-H2* 775 RAOfOACrtvE OfCAY OATA ONLY

I3-CU-133 12tl N(UT.>CiH.PROO. DATA

> i*-iS3 7?t NtWT.-SAH.PROO. OATA

3(11 INL

3l»t INL

2121 INL

2122 INL

24 HEOL

Jl WOL

3711 INL

INL

0EC73 H,

0EC73 H,

0EC73 H.

0EC73 H,

APRT4 R,

APR74 R,

0EC73 H,

0EC73 N.

TAKAMASNI

TAXAMAIMI

TAKAHAIMI

TAKAMAlMI

C.ICHCNTER

CSCMtNTER

TAKAHAIMI

TAKAMASM!

411

41»

411

111

411

419

•1J

II!
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TAfttET HAT r\lt C8NTCN* • »CCS HI

I7--0-146 atl K'GtOiCTtVC OCCiT DAT! CNIT 12

»7-M0-i>6>> «12 «AOtOACTJVE OCCiT OAYi ONLY 23

OATE

AM74 H.C.JCMtNTCP

A»-E»-i»* M J KiUTBM C"O*S SECTION OATA ONLY 47* NEOL

«»-:«-itr ea« NIUT»ON C»CSS SECTION CATA ONLT 37S HEOI

or:i» DATA O*IY if «oi

71-CU-175 1PI2 NlUTHON C»0H SECTION OATA

Tl-LU-171 It33 NtUTKON C'OIS SECTION OATA

1113 INK

114f INK

I, K. 1.EONARO. J*., K . • , STEMAKT

JUN«7 t,»,;

lltl N£UT.»«4N.M00' OAfA 17** LLL

NtUTKON C«O«I SECTION BATA ONLY 7*1 Al il-*(C-L2t*l

JAN72

APt71 J.OTTE»,C.OUNrO»O.E.OTTENtTTE 4«3

<I<LAlL

1131

3935

ltd

3173

JUN73 0TTE«.OTTtMttTt,«OSt.TOUNC

JUN73 OTTtK.OTTIKITTt.UDSE.TBUNe

JUH73 0TTt»,emntTTt,»OSC.»OUNC

JUN7]

»?-'j- 233 I24f

12-u -234 1«4J

9?-U -235 »2tl

»?-u -235 1211

t?-U -236 1113 N C U T . « O E C A T OATA »25 SNL

9?-U -239 >2»2 NCUTRCN C»OtS SECTION OAT1 ONLY Tlf HA«O

f?-0- 23> 12*2 NtjT.-r»"'»OECi'«SiH.P»OO, OAT1

CA* O»Ti t23 Set

C»C5S SECTION OATA ONLY 1273 LAIt.il

. BAYI »7|t LiSL.il

(SET.1««7)

JULi* N.K.3TEEN

JANA7 ».K.SP>i«Ei

"Al>74 i,.STtWA«T,

X»«74 LaSTCNA*Ti

0CT71 j. NCeHOSSON

»E»T7 N.C.^IK

K'73 H.Z.Pkl*

411

4«l

TS-.E-U5

;:::;:;:;

.2-..

»»-TN-232

»("-TH-232

• •.-•H-2J3

1»I3

1213

1211

12*4

*2(4

1217

NCUTKON C*OSI

NtUT.'OEC'Y (

NtUTMCN C'OSS

NtlT«ON C'OSS

N C U T . * G A N . M O (

NCi/T.»rPY«ofCJ

NCUTHON :»eJi

NEUT..OECAY C

^SECTION

SECTION

SECTION

». BATA

SECTION

IATA

DATA

OATA

BATA

OATA

ONLY

ONLY

ONLY

ONLY

1375

1412

1447

231

4211

2113

111!

6E(NH»0) 6tN»-S47

INL

INL

ORNL

I'M

IAPL

JAN4I

i»»74

0CT73

JWL71

i*7l) NOV4t

N0V44

JAN7I

MUGHAICHAI.P"INC

MUGMAICHAI ET.AL

N .WITTK8" .C. «O»

N.*iITTKO»'.Ci*Or

•.C.YOUNC

V.iNICK

I.GOLBItRC

.I.LlVOLlt

-I.LIVOLJ!

413

413

411

412

4)9

4)4

412

417

»8?

4]4

4)4

«12

419

•3-NP-237 »2t3 NEUTRON C0S5 SEC'ION BATA ONLT

• ?-k«»-J37 1.2H MtuT.-f'l'-DtCiT OATA

11*2 ANC.L'Sk

2547 ANC,L<tl

JUN73 J.II.SKITNIANC) ,i.E.STt!NSLASL I

JUN73 ,;.D.SH1TM(1NC1.K.C.STEIN(L<SL>

*4-PU-23t 1P!I NCUT.'OECAY OATA

• '•»U-23* »244 NEl'TKOf) :«OJ5 SECTION OATA ONLY

l4-»u.23*t 12)4 N(uT.*"Y«OECiT>CA*.P*OC, OATA

»4-»y-24» 124J NtuT.-0CCAY»SA«,»«OO, OAYA

U-KJ-Ul 12lt N(UT.«"Y*OECAr DAT*

• 4-PU-242 11*1 NtuT.«OCCAY OATA

111! 11 NAA.»»-12271l«AY.4?) "»'»7 ».*LTE«,C.DuNPOUC >«<

>*1 SE-IHO.LA Hi«74 I.HUTeHtNS. • .MUNTE* ,L .STt»A«T ( 1 2

S335 GE-IKO<LA> MAR74 I.MUTCMINS.*.HUNTE*.L>STEKA«T »I7

2271 ANL AP«74 E.PENNINGTON.N.HUNKEL 4«7

2441 ANL BEC73 N.HUNHCLiC.WtNINCTON 4(7

•»• *IiAN6 N*»-|»-1217l(HAY-«?) "AYJ7 N.ALTE».e.OUNro*0<AI!NOO.-»KC 4)4

• 5-AM-241 IMt SCUT.>fPY>OECi' OATA

f»-AM-2<3 1 M 7

ANC N8*4» 4|4

4(4

.>OECAY OATA 111* NAA.|«-l227l(l»AY-«?) HAY»7 .-ANC it*
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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 Heliurn-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
ENDF data set for Helium-4. This listing was obtained
using the LISTFC code (See Appendix I). Since this
is an examplet not all of the angular distributions
have been listed.
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,ini[.it
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(*Pftc.f1
(ff9KC.fl
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.MiiC.il
.tttrcai
(MifC-'l
(tftfC.ti
(•fltC.i1
(ititC.t]
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.•fVfC.il
.atfif.ii
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1
1

11
I t
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• l , l tH[> l l

•.•«••[•*•

1 If.»(tl>

9.CftfC'fl
9.afcft.viS.lrttt'fl
9.lfVtC*Vl
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l . l ' IK-f l

S.M««t-«l
\.|4fVt"Vl
9.irvat'it
S.arittMl
l .EMit ' l l
9.if••C'Vl
9.itMt't l
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9*tfiiC'Vl
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4,79ttC.fl
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l.ftVtC.fl
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\
f,
]

9
9
5
9
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3
3
3
5
3
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.2tl1t.il
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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, ENDF CURVES.



M-2

a -a

t

if
5L

i —



M-3

MU BAR ( LA3)
NEUTRON CROSS SECTION

ENDFVE '~IAT \Q. \2ni

.2Z

10"
ENERGY-EV



N-l

Appendix N

Examples of Card-Image Formats

This appendix describes examples of formats containing BCD card-
image records.

The following appendix begins with a review as to how ENDF record
types are organized in card-image format. The remaining pages contain
the card-image examples and formats.

The top of each page indicates the particular file and data format
described. Four pages (A, B, C, D) are used to describe each data type.
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 ENOF binary tap« are one of four possible types, denoted

by C3NT, LIST, TAB1, and TA82. A record always consists of nine numbers followed

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

scription of these nine numbers i s given below, but the actual definition of

each number wi l l depend on i t s usage.

MAT i s the material number (integer).

MF Is the f i l e msnber (integer).

MT i s the reaction type number (integer).

Cl i s a constant (floating point) .

C2 is a constant (floating point) .

LI i s an integer generally used as a t e s t .

L2 i s an integer generally used as a t e s t .

Kl i s i count of items in a l i s t to follow.

N2 i s generally a count of items in a second l i s t to follow.

0 .5 .3 . Card-Iaaoe (BCD) Formats

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

BC5 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 HAT, MF, and MT. Also a card sequence number has been added to

the card-image format. In general, more than one SCS card-image record wi l l be

required to contain the data in a binary record.

A standard 80-column card is divided into the following ten f ie lds:

Field Columns Description

1
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
76-30

Datum
m

m

m

m

m

HAT
HF
MT
Sequence number, starting
with- 1 for the first
card of a material
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Examples of Record Format and Notation used in Appendix B

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; 11. L2; HI, N21C0NT

There are five special cases of a OTNT 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 records use only the first three numbers

in the C0KT 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, 0]SEND

[MAT, 0 , 0/0.0, 0.0» 0, Oi 0, OJFEND

[ 0 , 0 , 0/0.0, 0.0; 0, 0; 0, 0]MEND

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

The HEAD record consists of one card punched in Fields 1-9.

The SEND, FEND, MEND, TEND, and TPID records each consist of one card punched in

Fields 7-9 only. Note that a completely blank card (MEND record) signals the

end of a material.
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Examples of Record Format and Notation used in Appendix c

LIST Records

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

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

B(N), and there are Nl of them.

The LIST record denoted by

[MAT, MF, MT/ Cl, C2j LI, L2; Nl, N2/ B ]LIST
n

is punched in the following way:

Field

J. _2 _3 _4 _S 6_

Cl C2 LI L2 HI N2

B(l) B(2) B(3) B(4) B(5) B(6)

B(7) B(8) B(9)

7

HAT

HAT

HAT

MAT

a
MF

HP

HP

MF

_9

MT

MT

MT

MT



Examples of Record Format and Notation used in Appendix
N - l

D

TAB1 Records

The third type of record i s 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 NF tabulated pairs of X(N) and Y(N).

Consider a TAB1 binary record that was denoted by

[MAT, MF, MT/C1, C2; U., L2; NR, NP/x^ /y (x)]TA81

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

Field

1 __

Cl

HBTU)

NBT(4)

X(l)

X(4)

2

C2

IHT(l)

INT(4)

VCD

Y(4)

3

NBT(2)

KBT(5)

X(2)

X(5)

4

L2

INT(2)

INT(5)

YC2)

Y(5)

.. ̂  „ __ _ „

S

KR

NBT(3)

NBT(NR)

X(3)

X(NP)

6

NP

INT(3)

Y(3)

Y(NP)

7

MAT

MAT

MAT

MAT

MAT

MAT

8_

MF

MF

MF

urv

MF

MF

MF

9__

MT

MT

MT

MT

MT

MT

The tern x. means the interpolation table for interpolating between successive
mt

values of the variable x. y(x) means pairs of x and y(x). x is generally used

as the incident neutron energy £, and y(x) is generally a parameter such as the

cross section o(E).

A TAB2 record i s the same as the TAB1 record, except that the l i s t of x and

y values is omitted.
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File 1 Descriptive Information and Index (MT-451) A

W ia • flaa. that Indlcaua chat m>l<ri aBd/or a n a l M rasenanea

[ I I " I M T I an «Ina U Pita 3.

LBF • D. i» raaononca paxanatar data aiwnr

U» - 1. roooltad and/or i n K M n a u n Paranatar data ai««n

la n la 3.

i n U a flaa that lndicataa atMthar thla aacarlal la flaatonafclai

t n • 0. thla la not a flaalanaola a i u t u l i

i n • I. thla oacorlal U flaalnnanla.

me la MI lntna«r coaut of all the aanlaao, to ha foond 1B tha diction-

ary b d B C U M of tfeta aaearul la rooxaoancad kr a elntle card

teaa that. contAXo. Mr. HI. InMUM wm*tz). aX K (a caa»t of tM » « r •< carta

la tlM aaellaa). WK la tM ta>cai aoaawr of aoeelona for th« eaaplota Matarlali

l .a . . It U o*>al n M a i <l i l l t k aocuona In tta «lff*ra*t (llaa.

l i t la a fUf ts ladieata >aitl»i LnihinH reaction «acar oata ara |l»«i for tala u u r u l i

tflO • a. raAloacuv* ooaar *MXM aot flvae. for tlua a^t«rlali

UO " 1. M l a w l n oaeay 4au <i»w.

Î y la a flav tnat ladleac«a *h*t*mr flaaloa

for t u i anaxlali

IT» • 0. flaalon srotoct

tf* • 1. flaatoa praaiat ylal4a axa a>v«A.

me la tha coant of tta naaar of alaamta la Oa •allarltk aKtloe.

a. IMC la tna auaawr of cars waaai oood to

tda data aat foe Uua H a u l l"» <. 1*4). for binary

taoaa. Me la tba maMkor of «oroa eancalaiJifi tn* Bvllarlth lafor-

aacion. aa4 It la undaratmd that 17 woraa arc laiailiail for aach

aar« irifi (M etaaxactara) and tha foraMt la (1M4. A3). IM ^ »00-)

• f») la tha array oanuuaiAf cha Hollorlth lnfonatlan that doaecla*a

ttoa particular avajuataa data aat. for a S 3 card-t—oa taao.

aacA i l a—ii of tba array la i i i I a I na<1 on oaa card laaaa.

(Tlrat KS Card taa^a Kaeord)

g r m la a Bollarlth raoroaootatloa of tha amtarlal x-«riaaacal

X olth

t riant Joatlflad In col . 1 to >

»TPOa« la ool. 4

dtaaUfal ayakol U f t )iaiu<lad In col . S and «

- «r*M« U ool. 7

X riant )«au.fl«d In I - 10 or blank

aw ace. iaaUcaelaai of aatcaataola acata m col . U

»L»» M a a l c of orlfUacla* laMcatory(a) lUft aljaradl

g*TI data of avaaaatlos KM. - In cola. 21-31. throa eharactor aonu.

In 3a-M. follow* ky taa> ofcaractar you }l->3 II.a. CVU-DCC74!

*gni a«thor(«) of avaloatlon daft ad)iaatad) cola. M-*4

l.linn.i WZ>-c*rt Haao nacordl

WT rafanaea 2-33

DO»TT o r l a l n U d l a t r U o t l a s data <l«ft adyaatod OUT- foUoaad by

•aatn >a«r aa la to.1t

«C«rt data aad n a i l at laat rvrlalon U v l - follOMd By Benin-roar

aa In tSMX

Tha f o l l o n n a qaant luaa a n daflnod.

•V. ' « . • aad K ara lnc lo lad In oacn of tha BC Itaaa In tha dict ionary.
_ ! £ _ !
» i* tha «r of esa a" aocuon.

>R la tha « of tho a** aacUon.
&

"Cn la tha noBbor of ta> eard IBJBTII la a alvaa aact len Itna B t t aoetlon) .

ttla eard coont doaa not u c l o d a tna frao card, liana that K^ • VC • MD « 3.)
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Fi le 1 Descriptive Information and Index (MT*=451) B

This s e c t i o n always b e g i n s w i th a HEAD record and ends w i th a SEND r e c o r d .

I t s s t r u c t u r e i s

[MAT, 1 , 451/ZA , AWR, LRP, LFI, 0 , NXC]HEAD

[MAT, 1 , 4 5 1 / 0 . 0 , 0 . 0 , LDD, LET, NWD, 0 / ZSYMA, AIAB, EDATE, AUTH (33

c h a r a c t e r s ) , R£F (22 c h a r a c t e r s ) , DDATE, RDATE, b , b,H(K)]LIST*

[MAT, 1, 4 5 1 / 0 . 0 , 0 . 0 , MF , MT , MC , 0]C8»NT

[MAT, 1 , 4 5 1 / 0 . 0 , 0 . 0 , MF , MT , NC , 0]CTNT

[MAT, 1, 4 5 1 / 0 . 0 , 0 . 0 , M F ^ , M T ^ , NCNX(;, O]C0NT

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

•Note: ZSTfMA t o AOTH are p a r t of H(N)



F i l e 1 Descriptive Information and Index (MT-451)
N-2

C

9.22350+ 4 2.33025* 2 1 1
0.00000+ 0 0.00000* 0 1 1
9Z-U -235 LA5L.AI EVAL-KAR74 L. STEWART, H.ALTER

D1ST-JUL7; 7JV-JTJS75

0 822261
263 01261
, R.HUNTER 1261

1261

1451 1
1431 2
1451 3

PRINCIPAL EVALUATORS- L.STEUART LASL, H.ALTER A l . 4 .1OTER LASL 1261
1261

CONTRIBUTING EVALUATORS 1261
1261

ND-BAR—B.R. LEOSARD BNV, L. STEWART AND KAY HOTTER LASL, 1261
HUSMEL AW.. 1261

F.P.TIELBS—R.SCHEHTER ra., nssi<w ?«DD. SOTCOMCITTEE 1261
DELATED NEUTRON DAZA— S.A.COX(AHL) 1261
RADIOACTIVE DECAY DATA—C.W.REICH ANC 1261
RESOLVED RESONANCE DATA—J.R. SMITH ABC, R. CVtH, R. PEELE, AMD 1261

G.SESAUS5URE OWn. 1261
BIHUESOLVED RESONANCE DATA— R.PEELLE(ORML) ADS H.BHAT(BNL) 1261

1261
SMOOTH DATA 1261

1261
THERMAL RANGE C.LUBITZ KAPL, J.RAUIY BAFL, B.R.LEONARD BMW 1261
82 EV - 2 2 KEV—R.GVIN. C.DESAUSSURE ORSL. I.BLOCK IPX.

J . R . SMITH ADC
25 KEV-1 MEV A.CARLSON NBS, W.POEHTT2 ABL, L.STEWART

LASL, H.ALTER
i MEV-20 KEV— R.HUNTER, L.STEUAKI LASL, H.ALTER
INELASTIC SCAT— L.STEWART, R. HUNTER LASL
SECONDARY NEUTRON DIST.— L.STEWART, R.HUKTER LASL
GAMMA PRODUCTION—i.HUKTEK. L. STEWART LASL

OCSSISC LINES)

Iff - 3

SJOOTIl QATA
THERMAL DATA—THERMAL TASK FORCE
1 EV TO 82 EV J . R. SMITH
82 EV TO 23 KEV PEELLE. BHAI
25 t n TO 100 KEV BIC THREE PLUS TWO TASK FORCE
100KEV TO 1 KEV FISSION CROSS SECTIOS TAKEN AS CURVE

SUGGESTED 8T 9 - 2 3 5 TASK FORCE AtO CSEVC STASSASSS ANS

1261
1261
1261
J261
1261
1261
1261
1261
1261

1261
1261
1261
1261
1261
1261
1261
1261
1261
1261

U S l
U S l
H 5 1
U 5 1
1 « 1
1*51
1451
1*31
U 5 1
U51
1451
U31
H31
1451
1451
1451
1451
1451
1431
1451
1451
1451
1451
1451

NORMALIZATION SEZCOMUTTEE. IN THIS EHERCT REGION DATA TAKEN 1261
FROM REFERENCES 1 THROUGH 9. DATA OF t £ F . 4 SZABO (71 ) RAISED 1261
JT 1 . 0 4 . BETWEEN 1 AMD 6 MEV CURVE DRAW THROUGH DATA OF 1261
REFERENCES 3 , 5 , AND 7 THROUGH 1 1 , WITH HEAVT WEIGHT GIVEN TO1261
RET. 1 1 . ABOVE 6 MEV CURVE DRAWN THROUCH DATA OF REFERENCES 1261
7, 8 , 12 AND 13. DATA OF RXFS. 12 AND 13 NORMALIZED TO 2 . 1 5 2 1261
BARNS AT 1 4 . 0 MEV. ALPHA CURVE JETWEEH 10 KEV AMD 10 MTV 1261
BASES ON REFERENCES 1 AND 14 THROUCH 19 AS RECOMMENDED BY 1261
0-235 TASK FORCE. ABOVE 1 MEV ALPHA CURVE SWMTKLT 1261
EXTRAPOLATED TO 20 KEV. CAPTURE CROSS SECTION DERIVED AS 1261
THE PRODUCT OF THE FISSION CROSS SECTION WITH ALPHÂ  ABOVE 1261
0 . 5 MEV TOTAL CROSS SECTION TAKEN FROM SPLINE FIT TO DATA OF 1261
REFERENCES 20 AMD 2 1 . BETWEEN 23 KEV ANC 0 .5 KEV A SMOOTH 1261
CURVE WAS FIT TO THE TOTAL CROSS SECTION OF EHDF/B-3. 1261

1261

(KISSIBC LINES)

REFEREHCES 1261
1261

1. CU1N, R. , ET.AL. PRIVATE COMMUNICATION (ORHL.1973) 1261
2 . KAFPELER.F.SYKPOSIUK NEUT.STDS., (AKL) COST.701002, 2 7 2 ( 1 9 7 0 ) 1261
3 . S2ABO.I . . ET.AL. , (AS RXF.5) COHF-701002, 2 5 7 ( 1 9 7 0 ) 1261
4 . SZABO,I. , ET.AL. , KSOXVILLE COHF. VOL.2 5 7 3 ( 1 9 7 1 ) 1261
5. KAPPELER.F., 2ND IAEA PA.VEL SZAM&ARD X-SECTIOIK,VIESSA(1972) 1262
6 . CATTKER, D . B . , ET.AL. , (AS REF.8) (1972) 1261
7. HAKSEN, C , ET.AL., PRIVATE COmOKICAnON,L.STEUA*T(LASL 1970)1261
8 . WHITE, ? . H . . , J.HOCL.ENERCT 1 9 , 3 2 5 ( 1 9 6 5 ) 1261
9 . OIVEN, B . C . , PHTTS.REV. 1 0 5 , 1 3 3 0 ( 1 9 5 7 ) 1261

10. MENITZ, W., PRIVATE COMMUNICATION (ANL,1973) 1261

(MISSINC LINES)

3 2 . R. V. PEELLE, ORNL. LETTER TO CSEWC, 9 - 2 4 - 7 3 .

(MISSING LINES)

15
15
15

451
452
453
454
435
456
457
151

1
2

3
18

102

347
6
9

1699
8
6

60
871
3S8
339

136
54
58

1261
1261
1261
1261
1261
1261
1261
1261
1261
1261
1261
1261

i
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

1431 172
1451 173
1451 174
1451 173
1451 176
1451 177
1451 178
1451 179
1451 ISO
1451 181
1451 182
1451 183
1451 184
1451 185
1451 186
1451 187

1451 288

1451 189
1451 190
1451 191
1431 192
1451 193
1451 194
1451 193
1451 196

1451 228
1451 229
1431 230
1451 231
1431 232
1431 233
1451 234
1451 235
1451 236
1451 237
1451 238
1451 239

1451 264
1451 265

1451 266
1451 267
1451 268
1451 269
1451 270
1451 271
1451 272
1451 273
1451 274
1451 275

1261 1451 345
1261 2451 346
1261 1451 347



File 1 Descriptive Information and Index (MT-451)

N-2
D
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LMU i s a test that indicates what representation of v(E) has been used:

UTO « 1, polynomial representation has been used;

LNO • 2, tabulated representation.

WC i s 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
n

given.

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

~(Z). (See Appendix E.)

HP is the total number of energy points used to tabulate v(£).

E . . is the interpolation scheme (see Appendix E for details.)

ITTt
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The structure of this section depend* on whether values of v(E) are tabu-

lated as a function of incident neutron energy or whether v is represented by a

polynomial.

If LNO - 1, the 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 , C , ... C ]LIST

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

If LNU - 2, the structure of the section is

[MAT, 1, 452/ ZA, AWR, 0, LND, 0, 0]HEAD LNO - 2

[MAT, 1, 452/ 0.0, 0.0, 0, 0, MR, NP/E, /~(E)JTAB1

Lnt
[MAT, 1, 0 / 0.0, 0.0, 0, 0, 0, 0]SEND
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F i l e 1 Number of Neutrons p e r F i s s i o n (MT«*4S2) c

9.
0.
2.

22340*
00000*
37000+

4 2
0 0
0 1

.32029+

.00000+

.23000-

2
0
7

0
0

1
0

0
2

01043
01043

1043
1043

1422
1452
1432
1 0

SI
82
S3
84

9.22330* 4 2.33025* 2 0 2 0 01261 1432 349
0.00000* 0 0.00000* 0 0 0 1 71261 1432 330

7 2 1261 1452 351
1.00000- 3 2.41880* 0 1.20000* 6 2.57130* 0 3.00000* 6 2.78010* 01261 1452 352
4.00000* 6 2.94430* 0 7.00000* 6 3.42930* 0 7.85000+ 6 3.S689O* 01261 14.52 353
2.00000* 7 5.19620* 0 1261 1452 354

1261 1 0 335
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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),

n-l

where v(Z) 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 HC is the number of terms in the polynomial.
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ZA is the designation of the original nuclide {ZA - (1000.0*2) + A)

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

which reaction product data are given. (MS f_ 5.) *

LXS designates the state of the original nuclide. ZA. (LZS - 0 means

the ground state, LXS - 1 Beans 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).

RXYT 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 ia the decay constant (sec ) for the decay of a particular state of

the product nuclide (ZAP).

2, is the reaction &-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 is

[MAT, 1, 453/ZA, AWR> 0, 0} NS, 0]HEAD

< 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 ]SEKD

There will be NS subsections.

The structure of a subsection is

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

ES(1), ES(2),

, ES(NE)]LIST

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

KTrP, ZAP; DC, B R U ) , BR(2) , 8R(3)/

BR(4) , BR(NE) ]LIST

NPR such LIST records (of the second type).
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9.22350+ 4 2.33025* 2 0 0 1
9.22350+ 4 2.33025+ 2 0 0 2
1.00000- 5 2.00000* 7
0.00000* O-5.23OOO* 6 0 0 5
1.60000* 1 9.22340* 4 8.85890-14 1.00000+ 0 1.00000+ 0
0.00000* 0-1.18500* 7 0 0 5
1.70000+ 1 9.22330+ 4 1.61540-13 1.00000+ 0 1.00000+ 0
0.00000+ 0 6.54510+ 6 0 0 5
1.02000+ 2 9.22360+ 4 9.19250-16 1.00000+ 0 1.00000+ 0

01261
31261
1261

01261
1261

01261
1261

01261
1261
1261

1453
1453
1453
1453
1453
1453
1453
1453
1453
1 0

356
357
058
359
360
361
362
363
364
365
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FILE 1

MI - 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 (2,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 (£.) array.

~~ n x

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

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

yields are given:

LE • 0 implies no energy-dependence (only one set of fission product

yield data given)>

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

given at (LE + 1) incident neutron energies.

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

E. , and E. energy points.
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Th« structure for a section is

[MAT, 1 , 4S4/ZA, AWR, LE + 1 , 0 , 0 , 0]HEAO

[MAT, I , 454/E, , 0 .0 , LE, 0, Ml, NPP/C (E,)]LIST
1 n 1

[MAT, 1, 454/E,, 0 .0 , I , , 0, Ml, NFP/C (E,)JLIST
2 2 n 2

[MAT, 1, 454/2 , , 0 .0 , I , , 0, HI, OTT/C (I,)]LIST

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

There are (LE + I) LIST records.



File 1 Fission Product Yield Data (MT=454)
N-5
C

9.22350+
2.53000-
2.40660+
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+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+

(MISSIMC UHtS)

6.71690+
6.71700+
6.71720+
6.81620+
6.81640+
6.81660+
6.81670+
6.81690+
6.81710+
5.X000+
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
5
4
4
4
4
4
4
4
4

0.00000+
1.00000+
0.00000+
o.ooooo+
0.00000+
0.00000+
1.0OOOO+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+

(HISSIHC U S B )

6.71690+
6.71700+
6.71720+
6.81620+
6.81640+
6.81660+
6.81670+
6.81690+
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+
1.00000+
0.00000+
0.00000+
0.00000+
0.00000+
1.00000+
0.0OO0O+
0.0OOOO+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.0OO00+
0.00000+
0.00000+

OOSSUK UHES)

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+
0.0OO0O+
0.00000+
0.00000+
0.00000+
1.00000+
0.00000+

2
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
0
0
0

3
2

2.5U36-13
0.00000+ 0
2.74149-11
6.99379-12
1.29070-13
3.83208-10
8.37454-10

4.26231-11
1.030S6-U
5.79314-12
0.0OOOO+ 0
0.00000+ 0
8.93485-14
3.95214-14
1.15062-12
3.54192-12

3
3.81062-12
5.35087-14
4.27069-10
6.13099-11
1.06017-12
6.11099- 9
7.54122- 9
1.29021- 9

2.28037-10
7.87127-11
2.38039-11
0.00000+ 0
0.00000+ 0
5.62091-14
3.42055-13
6.32102-12
1.91031-11

3
1.59889-10
5.88591-13
4.09715- 8
1.56890- 9
8.36419-12
1.24913- 6
4.43692- 7
2.39833- 8 .

5.57613- 8
2.01860- 7
7.80458- 8
7.12505- 8
0.00000+ 0
7.43483-14
2.95794-11
1.83872-10
1.22915- 8

(
2.40670+ I
2.40700+
2.50670+ 1
2.50690+ 1
2.50710+ «
2.60670+ -
2.60690+ t

6.71700+ i
6.71710+ t
6.81610+ 1
6.81630+ i
6.81650+ i
6.81670+ 1
5.81680+ t
6.81700+ '
6.81720+ I

<
2.40670+ 1
2.40700+ i
2.50670+ 4
2.50690+ t
2.50710+ i
2.60670+ t
2.60690+ t
2.60710+ <

S.71700+ i
i.71710+ i
i.81610+ <
b.81630+ I
S.81650+ i
i.81670+ i
S.31680+ i
i.81700+ (
i.81720+ 4

{

2.40670+ <
2.407OO+ <
2.50670+ t
2.50690+ <
2.50710+ I
2.60670+ <
!.60690+ i
!.60710+ <

6.71680+ i
6.7170O+ i
6.71710+ i
6.81610+ '
6.81630+
6.81650+ '
6.81670+ '
6.81680+ 1
S.81700+ i

3 0
) 3390
. 0.00000+
4 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+

. 0.0OO0O+

. 0.00000+

0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

) 3390
> 0.00000+

0.00000+
0.00000+
0.00000+
0.00000+
0.00 000+
0.00000+
0.000OO+

0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
o.ooooo*
0.00000+

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

) 3390
0.00000+
0.00000+
0.00000+
0.00OO0+
0.00000+
0.00000+
0.00000+
0.00000+

i 0.00000+
• 0.0OOOO+
• 0.00000+
• 0.00000+
. 0.00000+
i 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

7.69417-14L261
0.00000+ 01261
2.65144-111261
1.16063-121261
1.00054-141261
1.06058- 91261
4.31234-101261

1.04056-U1261
1.59086-111261
0.00000+ 01261
0.00000+ 01261
0.00000+ 01261
3.95214-141261
2.79151-131261
1.64089-121261
3.48189-121261

11301261
7.96129-131261
0.00000+ 01261
2.82046-101261
1.00016-111261
8.49137-141261
1.16019- 81261
3.82062- 91261
3.38055-101261

7.83127-111261
8.38136-111261
0.00000+ 01261
0.0OOOO+ 01261
0.00000+ 01261
3.41055-131261
2.71044-121261
1.28021-111261
1.43023-111261

11301261
1.59889-111261
0.00000+ 01261
1.31908- 81261
1.34906-101261
3.33768-131261
1.19917- 61261
1.19917- 71261
3.15781- 91261

1.13921- 71261
7.76460- 81261
1.00930- 71261
0.00000+ 01261
0.00000+ 01261
1.91867-121261
1.83872-101261
2.31839- 91261
2.66815- 81261

126)

1454
1454
1454
1454
1454
1454
1454
1454
1454

1454
1454
1454
1454
1454
1454
1454
1454
1454
1454
1454
1454
1454
1454
1454
1454
1454
1454

1454
1454
1454
1454
1454
1454
1454
1454
1454
1454
1454
1454
U 5 4
1454
1454
1434
1454
1454

1454
1454
1454
1454
1454
1454
1454
1454
1454
1 0

366
367
368
369
370
371
372
373
374

924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941

1490
1491
1492
1493
1494
1495
1496
1497
1498
1499
1500
1501
1502
1503
1504
1505
1506
1507

2035
2056
2057
2058
2059
2060
2061
2062
2063
2064
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FILE 1

MT » 454

Fission Product Yield Data

At eacb incident energy point

NFP

^.2.000
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LHP ia a test that indicates which representation is used:

LND • 1 means that a polynomial expansion is used;

LND • 2 means that a tabulated representation is used.

NC5 is the number of terms in the polynomial expansion. (NO <_ 4)

CD^ are the coefficients for the polynomial.

MR is the number of interpolation ranges used. (NS <_ 200)

NF 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).

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

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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Tha strueeura of a sact ion whan a polynomial representation has b«an osed (LND - 1) i s

[HAT, 1, 455/ ZA, AWR, 0, LND, 0, 0]HEAD LND - 1

[MAT, 1, 455/ 0 . 0 , 0 . 0 , 0, 0, NNF, 0/X. , X , , . . . A _ _ ] L I S T

[MAT, 1, 455/ 0 . 0 , 0 . 0 , 0 , 0 , NCD, 0/CD., C D , , . . .CDM_]LIST

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

Thm structure when values of v , are tabulated (LND " 2 ) i s
a

[MAT, 1, 455/ ZA, AHR, 0, LND, 0, 0]HEAD LND

[MAT, 1, 455/ 0.0, 0.0, 0, 0, NNF, 0/X , X ,...
1 2

[MAT, 1, 455/ 0 .0 , 0 .0 , 0, 0 , NR, NP/E. J . (E)]TAB1
Int a

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



Fi l e 1 Delayed Neutron Data (MT«455)
N-6

C

».J2J>

1.2717 . 1
3.HJJ

1.41*1

7
!.M«» --2 4.2521 -«2 1,9332 -tl l.J3«3 -«1 1.5J47

1112 14S» 113.
1112 145» II!
11*2 1OS 113
US2 1499 114
11(2 14*9 119
11B2 1«J9 111
1112 1 1 117

9.223JO+ * 2.33025+ 2
0.00000+ 0 0.00000+ 0

01261 K55 2066
01261 U S ! 2067

1.27200- 2 3.17*00- 2 1.16000- 1 3.11000- 1 1.40000+ 0 3.17000+ 01261 UJ5 2068
0.00000+ 0 Q.00O0O+ 0

7 2
1.00000- 5 1.67000- 2
4.0000O+ 6 1.67000- 2
2.00000+ 7 9.00000- 3

0 0 1 71261 145} 2069
1261 1455 2070

1.20000+ 6 1.67000- 2 2.00000+ 6 1.67000- 21261 1455 2071
7.00000+ 6 9.00000- 3 7.85000+ 6 9.00000- 31261 1455 2072

1261 1455 2073
1261 1 0 2074
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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,

NOT

i-l

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

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

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

a function of incident energy ox given as coefficients of a polynomial ex-

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

a

NCD

m

ffl-1



N-7
F i l e 1 Prompt Neutrons per F i s s i o n (MT»»456) A

Iflf Is a test that indicates what representation of v(£) has been used;

IMP • 1, polynomial representation has been used;

LOT » 2i tabulated representation.

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

(KCP <. 4)

O> are the coefficients of the polynomial. There are NC coefficients
n

given.

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

~ (E). (See Appendix E.)
P

MP is the total number of energy points used to tabulate v(£).

E. is the interpolation scheme (see Appendix E.)
uit
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The structure of this section depends on whether values of v(E) arm tabu-

lated as a function of incident neutron energy or whether v is represented by

a polynomial.

If LKP • 1 (polynomial representation used), the structure of the section

[MAT, 1, 456/ZA, MIR, 0, LNP, 0, OJHEAD LNP

[MAT, 1, 456/0.0, 0.0, 0, 0, NCP, 0/CP^ CS^ ... CPNCp3LIST

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

If IMP • 2 (tabulated values of v), the structure of the section is

[MAT, 1, 456/ZA, AWR, 0, LNP, 0, 0]READ LNP

(MAT, 1, 456/0.0, 0.0, 0, 0, NR, NP/E. /~ (E)]TAB1

int p
[MAT, 1, 0/0.0, 0.0, 0, 0, 0, 0]SEND
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NO EXAMPLE IN ENDF-IV

9.223JO* 4 2.33025+ 2 0 2 0 01261 1456 2075
0.00000* 0 0.00000+ 0 0 0 1 71261 1456 2076

7 2 1261 1456 2077
1.00000- S 2.40210+ 0 1.20000+ 6 2.55460+ 0 3.00000+ 6 2.76340+ 01261 1456 2O7B
4.00000+ 6 2.92760+ 0 7.00000+ 6 3.42030+ 0 7.15000+ 6 3.25990+ 01261 1456 2079
2.00000+ 7 5.18720+ 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
P

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
P P

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

NCP

~ (E) .
P

v (E, - Y C? • <»»
P i—i n

n-1

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

th
neutrons of incident energy E(eV], CP is the n coefficient, and NC? is the

n

number of terms in the polynomial.

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

prompt neutrons produced per fission event. Even though another section (MT »

4S5) 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.,

~(MT - 452) - ~. (MT - 455) + ~ (MT - 456) .
d p



N-B
File 1 Radioactive Decay Data (MT-457) A

I. General information about the material

&A « Designation or the original (radioactive) nuclide («i000"8 + A)

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

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

T 1 / 2 - Half-life of the original nuclide (seconds).

iTl/2 " Uncertainty in the half-life (should be considered as one stand-

ard deviation).

NAV - Total number of decay nodes for which average energies are

given.

Averagt

tainty (eV) for decay heat applications. The B.Y and o energies

are given in that order, with space reserved for zero 8 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 node of decay:

NDK " total number of decay modes given.

RTYP » Indicates the mode of decay.

RFS » Isoaeric state flag for daughter nuclide. (Fixed point number.)

£ - Total decay energy (eV) available in the corresponding decay

process.

LQ • Uncertainty in Q value (eV).

BR • Fraction of the decay which proceeds by the corresponding decay

mode. (e.g., if only S occurs and 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

STYP - Decay type (Ose 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 , etc.).
• D B Y

I and £1 • Intensity of radiation produced (relative units).

ICC and » Internal conversion coefficient.
AICC

F and &F » Normalization factor (absolute intensity/relative intensity).

NE • Total number of tabulated energies.



File 1 Radioactive Decay Data (MT-457)
N-8
B

formats

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

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

[MAT,1/457/ ZH AWR tIS b b NSP ] HEAD

[MAT,1/457/
1/2

4T
1/2

S

[MAT,1/457/ ZA AWR

RTTP, RFS,

2*NAV

i"

6*NDK

BR,

NAV

NDK

ABR,

LIST

[MAT,

[MAT,

1

1

,457/

,0/

STY?

F

E

b

b b 6*(NE+1) NE/ Repeat NSP times

b b b b [omit i f NSP-01

I bl ICC 4ICC ] LIST

b b b b ] SEND
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9.22350+ 4 2.33025+ 2 0 0 0 21261 U 5 7 20B2
2.22013+16 3.13360*13 0 0 6 31261 1457 2083
0.00000* 0 0.00000* 0 1.61310* 5 0.00000* 0 4.46100* 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 2.5OOOO* 3 1.00000* 0 0.00000+ 01261 1457 2086
6.00000+ 0 0.00000+ 0 0.00000+ 0 0.00000+ 0 4.00000- 9 0.00000+ 01261 1457 2087
4.00000+ 0 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
4.14600* 6 3.00000* 3 5.00000- 1 0.00000+ 0 0.00000+ 0 0.00000+ 01261 1457 2090
4.19000+ 6 3.00000+ 3 1.30000+ 0 0.00000+ 0 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 3.00000+ 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
4.36800+ 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 0.00000+ 01261 1457 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 1457 2099
4.43000+ 6 5.00000+ 3 1.50000+ 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 0.00000+ 01261 1457 2101
4.48400+ 6 3.00000+ 3 1.60000+ 0 0.00000+ 0 0.00000+ 0 0.00000+ 01261 1457 2102
4.5020O+ 6 3.00000+ 3 1.40000+ 0 0.00000+ 0 0.00000+ 0 0.00000+ 01261 1457 2103
4.55600+ 6 3.00000+ 3 3.00000+ 0 0.00000+ 0 0.00000+ 0 0.00000+ 01261 1457 2104
4.59800+ 6 3.00000+ 3 4.00000+ 0 0.00000+ 0 0.00000+ 0 0.00000+ 01261 1457 2105
0.00000+ 0 0.00000+ 0 0 0 210 341261 1457 2106
1.00000+ 0 0.00000+ 0 0.00000+ 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 1.00000+ 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
1.15200+ 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 5.00000- 1 2.07000- 1 0.00000+ 01261 1457 2115
1.50960+ 5 3.00000+ 1 1.10000- 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 1.00000+ 2 1.50000- 2 0.00000+ 0 0.00000+ 0 0.00000+ 01261 1457 2118
1.82720+ 5 2.00000+ 2 4.0OOOO- 1 4.00000- 2 0.00000+ 0 0.00000+ 01261 1457 2119
1.85720+ 5 2.00000+ 1 5.400OO+ 1 0.00000+ 0 1.14000- 1 0.00000+ 01261 1457 2120
1.94940+ 5 2.00000+ 1 6.50000- 1 5.00000- 2 0.00000+ 0 0.00000+ 01261 1457 2121
1.98910+ 5 6.00000+ 1 3.00000- 2 0.00000+ 0 0.00000+ 0 0.00000+ 01261 1457 2T22
2.02130+ 5 3.00000+ 1 1.05000+ 0 5.00000- 2 2.58000+ 0 0.00000+ 01261 1457 2123
2.05310+ 5 2.00000+ 1 4.9000O+ 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 0.00000+ 01261 1457 2126
2.25700+ 5 2.00000+ 2 2.00O00- 3 2.00000- 4 0.00000+ 0 0.00000+ 01261 1457 2127
2.28800+ 5 1.00000+ 2 &.00000- 3 1.00000- 3 0.00000+ 0 0.00000+ 01261 14.57 2128
2.33530+ 5 4.00000+ 1 4.00000- 2 4.00000- 3 0.0000O+ 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 6.00000- 2 6.00000- 3 0.00000+ 0 0.00000+ 01261 1457 2131
2.66440+ 5 8.00000+ 1 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
2.83100+ 5 2.00000+ 2 3.00000- 3 3.00000- 4 0.00000+ 0 0.00000+ 01261 1457 2134
2.91600+ 5 1.00000+ 2 2.00000- 2 2.00000- 3 0.00000+ 0 0.00000+ 01261 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
3.87850+ 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 2.00000+ 2 1.60000- 3 2.00000- 4 0.00000+ 0 0.00000+ 01261 1457 2141

1261 1 0 2142
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0.0

1.0

2.0

3.0

Y

s~

fl+

I T

Decay nodes defined

Variable Mode of decay

Gamma decay (not used for mode of decay)

Beta decay

Positron and/or electron capture decay

Xaoaeric transition (in general, pre-

sent only when the state being consid-

ered is an isomeric state)

4.0 a Alpha decay

5.0 B ,n Neutron emission (generally given for

delayed neutrons)

6.0 SF Spontaneous fission
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File 2 Resonance Parameter Data A

(General Structure)

Several quantities used in File 2 have definitions that are the same for

all resonance parameter representations:

WIS 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:

LSD - 0, means only effective scattering radius is given (LRF » 0,

NLS » 0, LFW - 0 required)

ERU • 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

LPT - 1, single-level B-w parameters

LRF - 2, multilevel B-W parameters

LRF » 3 , Reich-Moore parameters

LRF - 4, Adler-Adler parameters

If LRU - 2 (unresolved parameters) , then

LRF - 1, only average fission widths are energy dependent;

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

reduced neutron widths, radiation widths, and fis-

sion widths are energy dependent.
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File 2 Resonance Parameter Data B

(General Structure)

The general structure of a section is as follows:

[MAT, 2 , 1 5 1 / ZA, AWR, 0 , 0 , OTS, 0]HEAD

[MAT, 2 , 1 5 1 / ZAI, ABN. 0 , LFW, NER, 01O5NT ( i s o t o p e )

[MAT, 2 , 1 5 1 / EL, EH, LOT, LOT, 0 , 0JO8NT (range)

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

on LHD and LRF)>

[MAT, 2, 151/ EL, EH, LRU, LRF, 0, O]C0WT (range)

<Subsection for the second energy range for the first isotope

depends on LRU and LRF)>

[MAT, 2, 151/ EL, EH, LRC, LRF, 0, OJC0MT (range)

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

material>

[MAT, 2, 0 / 0.0, 0.0, 0, 0, 0, 01SEND

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 CZWT (isotope) record.
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(General Structure)

9
9
t

.22350+ 4

.22350+ 4

.00000+ 0

2
1
8

.33025+

.00000*

.20000+

2
0
1

0
0
I

0
1
1

]
2
0

01261
01261
01261

2151
2151
2131

2144
214J
2146

(SUSSECTION OF RESOLVES U 3 0 H U C E PASAMETEES)

8.2OOOO+ 1 2 . 5 0 0 0 0 + 4 2 2 0 01261 2151 2279
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File 2 Resonance Parameter Data D

(General Structure)

FILE 2

Resonance Parameter Data

General Structure

NIS

ABN = 1.000
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F i l e 2 Resonance Parameter Data A

(Special Case, LRP-O)

The following quantities are defined

SPI i s 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 i s defined in the relation o -411 (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 1-state (neutron angular momentum quantum

number). (NLS < 3.)
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(Special Case, LRP=O)

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):

[MAT, 2, 151/ ZA, AWR, 0, 0, NXS, 0]HEAD NIS - 1

[MAT, 2, 151/ ZAI, ABN, 0, LFW, NER, O]C0NT LFW - 0, NER - 1

[MAT, 2, 151/ EL, EH, XJOJ, LFF, 0, 01C2HT LRO - 0, LBF - 0

[MAT, 2, 151/ SPI, AP, 0, 0, NLS, O1C0NT NLS - 0

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

[MAT, 0, 0 / 0.0, 0.0, 0, 0, 0, 0]FEND
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File 2 Resonance Parameter Data Q

(Special Case, LRP«O)

2.00400+ 3 4.00130+ 0
2.00400* 3 1.00000+ 0
liOOOOO- 5 1.00000+ 5
0.00000* 0 2.43790- I

0
0
0
0

0
0
0
0

1
1
0
0

01270 2151
01270 21.51
01270 2131
01270 2151

83
84

as
86
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File 2 Resonance Parameter Data D
(Special Case, LRP-O)

FILE 2

Resonance Parameter Data

Special Case
L R P - 0 (In File I, MT - 451)

Only data given is the effective scattering radius. The s-wave potential
scattering cross section is

4iT . 2
ap - p- sin cr

where

E in electron volts

and

>r - k*AP



N-ll
File 2 Resolved Resonance Parameter Data A

(Single or Multilevel Breit-Wigner)

The following quantities are defined for use when LRF » 1 and 2 (see Appendix D

for formulae):

Resolved Resonance Parameters if LET - 1 (SLBW) and LRF - 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 ^ — 411 (AP) .

pot

AH is the spin-dependent affective scattering radius, A_ (for spin-

down) . (AW - 0.0 for spin independence i s presently required).

MLS is the number of I states in this energy region. A set of param-

eters is given for each i-state (neutron angular momentum quantum

number). (MLS < 3.)

L_ is the value of the l-state (neutron angular momentum quantum number) .

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

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

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

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

GT is the resonance total width 7 evaluated at the resonance energy ER.

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

GO is the radiation width Vy evaluated at the resonance energy ER.

GF is the fission width T evali'ated at the resonance energy ER.
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F i l e 2 Resolved Resonance Parameter Data B

(Single or Multi level Breit-Wigner)

The structure of a subsection containing data for (LKU " 1 and LRF » 1}

or <LHD - 1 and ZJOT - 2) i s

[MAT, 2, 151/ SPI, AP, 0 , 0, MLS, 0]GZNT

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

E R - , AJ , GT. , GN , < 3 C i ' ^ i '

' CTNFS' ^NFS' " W
Th« LIST rscord i s repeated until each NIS i-stata has been specified (in

order of increasing value of 1). The values of ER for each i-stata shall be

ordered by increasing neutron energy.



File 2 Resolved Resonance Parameter Data
(Single or Multilevel Breit-Wigner)

N-ll
C

3.5OOOO+
2.33020+
1.49000+
2.90000-
1.14000+
2.03500+
2.92000+
3.1470O+
3.60900+
4.84800+
3.44800+
3.60000+
6.21000+
6.38200+
7.07700+
8.78100+
9.2B6OO+
9.73000+
1.01800+
1.08000+
1.16660+
1.23960+
1.28610+
1.32750+
1.37000+
1.39960+

0
2
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
I

(KISSING

6.30200+
6.33200+
6.36900+
6.43000+
6.5BOOO+
6.64020+
6.72470+
6.84400+
6.85300+
6.92930+
7.04040+
7.075OO+
7.16100+
7.23900+
7.29100+
7.45440+
7.31700+
7.55410+
7.67500+
7.74920+
7.81170+
7.96720+
8.0357O+
8.14340+
8.33900+
8.68800+

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

9.56630-
0.00000+
3.30000+
3.50000+
3.30000+
3.50000+
3.30000+
3.50000+
3.50000+
3.5OOOO+
3.50000+
3.5O0OO+
3.50000+
3.50000+
3.50000+
3.50000+
3.50000+
3.50000+
3.50000+
3.50000+
3.50000+
3.30000+
3.500OO+
3.5OO0O+
3.50000+
3.50000+
US0KUIC1

3.30000+
3.30000+
3.30000+
3.50000+
3.50000+
3.5OOOO+
3.50000+
3.50000+
3.50000+
3.30000+
3.30000+
3.30000+
3.3OOOO+
3.50000+
3.500OO+
3.50000+
3.50000+
3.5000O+
3.50000+
3.30000+
3.5OOOO+
3.30000+
3.30000+
3.5OOOO+
3.50000+
3.50000+

1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Q

0
0
0
0
0
0
0
0

: i

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

2.37680-
1.33000-
1.30820-
4.46960-
2.20000-
1.39610-
8.43790-
3.95920-
9.01200-
6.41920-
2.30900-
4.4 7880-
6.39340-
1.23290-
1.10760-
2.69050-
1.0O56O-
9.35090-
4.72770-
6.32620-
1.19550-
1.31440-
1.23940-
4.96540-
AMxma

2.40090-
2.50100-
6.21070-
4.73450-
9.64230-
8.94490-
9.00810-
2.30040-
1.60110-
2.00720-
1.72720-
2.37410-
1.60290-
1.38610-
3.60370-
1.01670-
2.90890-
2.33360-
1.16110-
1.12W0-
1.48220-
1.29790-
1.74840-
1.32040-
1.18270-
8.012OO-

0
0
1
1
1
2
1
1
2
2
2
1
1
2
2
1
1
1
1
1
2
2
1
1
1
1

3.68200-
3.01370-
1.51610-
7.66030-
4.15300-
2.24050-
4.53940-
6.03320-
3.36110-
3.33190-
6.37950-
2.68340-
1.26600-
1.12340-
1.63640-
5.30280-
6.18980-
9.33320-
6.27440-
1.26220-
5.30760-
3.93300-
3.70130-
3.37230-

orrxiES)

l
i
l
2
2
2
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2

9.08960-
1.0209O-
1.07440-
1.244 70-
4.23270-
4.49460-
8.09380-
3.76410-
1.08360-
7.13300-
2.71360-
2.40910-
2.91360-
2.61150-
3.67170-
2.72870-
8.88330-
1.36210-
1.0732O-
9.86810-
1.22450-
7.33570-
8.38310-
1.04330-
1.17030-
7.19580-

0
0
3
6
5
6
6
5
5
5
6
5
5
4
4
3
4
5
5
3
4
3
5
5
5
4

5
4
3
3
4
4 i
5
c

4
4 1
3 .
3
4

3
4
3
4 .
3
4
4 1
3 i
4 i
4 1
3 '
3 '
4 >

1
780

2.7OOOO-
3.60000-
3.46000-
3.48740-
2.00000-
3.32100-
3.36960-
3.59430-
S. 000 00-
2.00000-
•.34690-
3.49720-
3.55740-
3.11700-
3.56000-
3.20000-
3.80000-
i.70000-
• .04000-
3.45000-
3.35000-
1.86000-
3.04000-
2.60000-

•.ooooo-
i.00000-
i.00000-
3.90000-
S. 00000-
i. 50000-
..10000-
S.00000-
i.00000-
..00000-
S. 00000-
3.30000-
..00000-
3.10000-
..00000-
1.80000-
>. 00000-
).20000-
1.60000-
..00000-
.70000-
.40000-

..00000-
1.10000-
.80000-
.20000-

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

01261
1301261

2.07000-
9.90OOO-
1.1620O-
9.81400-
2.00OO0-
1.06370-
5.06370-
3.38700-
3.0117O-
6.21890-
1.87360-
9.34800-
2.82330-
9.10000-
7.30000-
2.3700O-
6.23000-
8.680OO-
6.25000-
2.75000-
8.60000-
1.22800-
9.33000-
4.70000-

2.00000-
2.00000-
5.60000-
7.30000-
4.60000-
4.40000-
4.90000-
2.00000-
1.OO00O-
1.6OO00-
1.20000-
2.00000-
1.20OOO-
1.05O0O-
3.20000-
6.09370-
2.40O0O-
2.00000-
8.00000-
7.20O00-
1.00000-
8.50000-
1.34000-
9.00000-
6.91000-
2.74000-

11261
21261
11261
31261
11261
11261
21261
31261
21261
11261
11261
31261
21261
21261
21261
11261
21261
1)261
31261
21261
21261
11261
21261
11261

11261
11261
11261
31261
21261
21261
21261
11261
11261
11261
11261
11261
11261
11261
11261
21261
11261
11261
21261
21261
11261
21261
11261
21261
21261
21261

2151
2151
2131
2151
2151
2151
2131
2151
2151
2151
2151
2151
2151
2151
2151
2151
2151
2151
2151
2151
2151
2151
2151
2151
2151
2L51

2151
2131
2151
2J51
2151
2151
2151
2151
2151
2151
2151
2151
2151
2151
2151
2151
2151
2151
2151
2151
2131
2131
2131
2131
2151
2151

2147
2148
2149
2150
2151
2152
2153
2154
2155
2136
2157
2138
2139
2160
2161
2162
2163
2164
2165
2166
2167
2168
2169
2170
2171
2172

2253
2234
2235
2256
2237
2258
2259
2260
2261
2262
2263
2264
2265
2266
2267
226E
2269
2270
2271
2272
2273
2274
2275
2276
2277
2278



N-ll
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. . n1 + 1.0
ki 2(2*SPI + 1.0)

- GNi +



N-12
File 2 Resolved Resonance Parameter Data A

(Reich-Moore Parameters)

Resolved Resonance Parameters

If LOT • 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 an.

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 t-states considered. A set of resolved resonance

parameters is given for each i-state. (KLS ^.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 1-state. {NRS <_ S00.)

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 " evaluated at the resonance energy.

—̂* n

GG i s the radiation width Ty evaluated at the resonance' energy.

GFA is the f irs t partial f ission width for Reich-Moore parameters.

GFB is the second partial f ission 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.



Fi le 2 Resolved Resonance Parameter Data
(Reich-Moore Parameters)

N-12
B

The structure of a subsection when LHJ » 1 (resolved parameters) and LKF » 3

(Reich-Moore multilevel parameters) i s

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

[MAT, 2 , 1S1/AWRI, AM, L, 0 ,

NLS, O1C0NT

6»NRS, NRS/

" N R S ' ^ N R S ' ^ N R S ' CTANRS' NFS

The LIST record i s repeated u n t i l each of the NLS fc-states has been spec i -

f i ed in order of increas ing value of I. The va lues of ER for each l - s t a t e are

ordered by increas ing value of ER.



File 2 Resolved Resonance Parameter Data
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.91

.31M
,i
.a
.a
.9

.*972t

!l«!3

l.ftfl

J.I
I.I
I.C

•13 •l,233«««2 «2i7»l
'. I.

• ll -l,2»'J-"t 1.IH
!. ».

.•» -5.:•»»-« i.4:i
'. I,

.14 -4,4l»7.»T 1,7|*

t.l
i.r

t,

7,I'M
I,
3.991
I.
l.jat

I
ii

a.t
I.I
t.t

a*

-•ii.n
•«2 4.JJ44 -ft

1.421 3.91
•fl J.94II .It -1,1

1,711 I 1,2(

1115 2191 117
31111 2191 lit
U l ) 2191 lit
111! 2191 lit
lll» 2191 111
m a 2i9i 112

73111? 2191 113
-11111! 21>1 114

2191 119
2131 lit
2191 117
2191 111
2191 119

-tlllW 2191 121
1,1334 -atllll 2191 121

3.741

I.
3.4727 • 14 -i t,4Jl .1}

• <431 .11 «,IH -tllllf 2191 291
••1 9.4112 .19 .2.4t42.a9111f 2191 29t



File 2 Resolved Resonance Parameter Data
(Reich-Moore Parameters)

N-12
D

FILE 2

Resonance Parameter Data

LRU • 1, resolved parameters
LRF » 3, Reich-Moore multilevel parameters

+1.0

2(2*SPI + 1.0)

T. - GN. + GG GFA.j +
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(Adler-Adler Parameters)

»ara»ata ra

it \jr • * 'Mlg-Mltt » i i i l w i w i i i n l

U la a flaa. to ladlcata tba Uad of fir—tara p m i

:i a • l. total atatna oauy

• 3. tiltUX VlCtM 0̂ 1 T*

• 1. BUI IX f U u a nUOi' ^ _ _ ^ _ _
*lU««rv«d for us* in EMOT/fc only.

• 4. ratlatlva t w i vUtJta only*

• 5. total anal uaacaj• »14tha

• «. fiaaloe tmt intl.au Mttt i*

• 7, total. Elaaloa. aad captan wlatha.

S " *"* OOOBt •*" * • " • " " Of H O Of >II»U < C—«tMlt» IS M tl«*B.

thoxo «r« six nowTowtt por aoc. tach aot r*f«rt «o a pareicultf eras*

Uiii»|H««< e a n u a u « n •!•*« for Cl» total ana captun

• 3 r fcacMtUMod oaaataats «r« 9i««a for eb« total, eaptura, and

fiaaloa exooa aoctloaa.

VJ l i t u floatlBT-vaUit m « of J Itha aaln of tfta roaoaaacal .

^ l i tha valoo of tJu i*atata (aovtxvn aavulax aoaamcua <raawnai

KU u tka oooot of tba aaMt of 1-autaa for «kieh p u » u t i «i.ll

so flvoa («U i 1).

RJS la ttoa aasa>ar of aata of x%oelvod raaawanca paraaaton (aaeb havinq

tha aava J atata) for a aaaelflad 1-atata.

HU la Uo eoont of tka a a a i t of la«ola for «tu£« paraaatora a i l l bo

fiTan (aaoB la«*l tiartat a apaeldod AJ aa4 U .

ni la tha apla of tna taroot ajoclaua.

»W1 la tita ratio of tba aaaa of a particular laotopa to toat of tha

Mt 1* tha «pu. dapidiat taficUvt •cattaruvr raAlua, A_ {for Bput-

dowi). M • 0.0 for apla

tiv* eaptora eroaa aoction.

ntT la tha raaoaanea aaarfy far tha total eroaa aoction. Hara and

kaloo. tka aakacrlpt i> aaaatoa tha n** lo«*l.

O0n la tha roaonanea onarâ r for tha flaaion eroaa aoctloa.

OCC la eha raaoaanea anorvy for tha radlatlvo eastura croaa aaetlon.

OUT la tha nlua of TY2, (v) . yaad tor tba total croaa aactlon.
- _ i
Mr la tba nlua of r/2. (v), aaad for tha flaaion croaa aaetlon.
- _ i

OMC la tba valua of r/2. (v>, uaod for tha radlativ* captura croas

aocxion.
xotar otr • Mr - occ aod art • cur • DMC •n n n n n n

GXTn la ralatatf te cha araaatxical total croa* t*ct*m paraawtar.

CTT la ralatod to tha aayaBatrical total eroaa aaeuon paraawtar.

c*?n la tfta ayaaMtrleal fiaaxon paraavtar.

CTT^ x» tha a a y a a o t r l c a l f l a a i o n paraawtar.

9>Cn l a tha ayaawtr i ea l captura paraaatar .

ClCn la tha a a y * a a t r i c a l eaptura paraaatar .
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(Adler-Adler Parameters)

N-13
B

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

Adlar 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, OJC0NTJ

[MAT, 2, lSl/AWTU, 0.0, LI, 0, 6*NX, NX/

BT2

BF.

[MAT,

[MAT,

2 ,

2,

M l '

"V
1 '

IS1/0 .0 ,

151/AJ,

AT2,

0 .0 ,

AM,

AT3,

L,

0 ,

0

0

;' 8V

, NJ

12

OJCTNT(i)

12*NLJ, NLJ/

DET., DWT ,

DET3'

1 T TCI*

J

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

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

LIST records. Note that if NX - 2 then the quantities AT , , BF will not

be given in the first LIST record. Also, if U j* 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.
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3 . 5
«32,»H2

11.47
12. 3t
12. to
1 3 . 3 4
1 3 , 7 -
14. at
14,53
19.4!
It.13
14.47

1,111
1 .
3 ,
4 ,
3 ,
4 ,
3 ,
4 (
3 ,
4 ,
3 .
4 .

1 «
1 5.S17BE-J* 3l.tt-«3
1 i.3IJ«E-»3 4
I 3,«91tC-<9 4
I S.»44(E-«! 4
J ?.?32fE-I! 4
1 2,tt3«C-l4 4
1 i,2»»fE-«' 2
1 2.914SC-I4 9
1 3,4tlB£"'4 4
I 2*77ICC"I4 '

5.JC-I3
J,IC**3
i.lt-13
I.IC-13
l,IC-(3
»,JE-«3
J,lC-«3
t.tc-es
4,IE-«3

4
23
4 1
^ |
7g
7g
23
4 )
j j
7 |

1
I t

.•£.13

.IOI3

.ec>i3
•I£*I3
,IC»P3
•IC*I3
.IE-C3
•t£*!3
>I£*I3
>I£*C3

I B ,
1 .

•18 .
If 1 *

"101,
191

- 3 D .
H I .

•29 B»

1112

XC B l311t2
tt-J3llf2
»t-J3llt2
<£»331162
t£»03U?2
If t*l31142
HE-131172
• C-J33.1C2
^C*I311E2
§£•331102

2191
2191
2191
2191
2191
2191
2191
2191
2191
2151
2191
2191

111
112
113
1 1 4
1 1 9
114
IK 7
1 1 1
l i t
111
111
111
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File 2 Resolved Resonance Parameter Data D

(Adler-Adler Parameters)

The background correction for the total cross section is

calculated by using the six constants in the following manner:

(background) - jL (AT. + AT./E + AT./E2 + AT./E

2 -•</ auuT \
it A and Ic - 2.19677 x 10 ( A W R j V l j 0 Jwhere C >

The background terms for the fission and radiative capture cross

sections are calculated in a similar manner.

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

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

capture and fission cross sections from the total cross section.



N-14
Fi l e 2 Unresolved Resonance Parameter Data A

(Parameters are Biergy Independent)
(Fission Widths not given)

The following quantities are defined for use in specifying unresolved

resonance parameters (LRU » 2):

SPI is the nuclear spin I of the target nucleus.

£ i* the effective scattering radius in units of 10 cm.

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

tabulated. (HE <_ 250.)

HLS is the number of 1-states given (NLS <_ 3.)

E5(N) is the energy of the M point used to tabulate energy-dependent

widths.

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

W R I is the ratio of the mass of the particular isotope to that of the

neutron.

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

AMOT 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 LKJ • 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 average competitive reaction width.



File 2 Unresolved Resonance Parameter Data
(Parameters are Energy Independent)
(Fission Widths not given)

N-14
B

If LFW - 0 (fission widths not given),

LED • 2 (unresolved parameters)/

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

the structure of a subsection is

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

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

D , AJ , AMUN ,

0,

0,

GNO , GG

GHO2, GG ,

NLS, OlCtfNT

6*NJS, NJS/

0.0

0.0

DNJS'

The LIST record is repeated until data for all l-states have been specified.
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File 2 Unresolved Resonance Parameter Data C

(Parameters are Energy Independent)
(Fission Widths not given)

2.00000+
1.50000+
1.93274+
*.32000+
2.590OO+
1.95274+
1.29600+
4.32000+
2.59000+
1.83000+

3
0
2
1
1
2
2
1
1
1

1.00000+
9.60000-
0.00000+
1.00000+
2.00000+
0.00000+
0.00000+
1.00000+
2.00000+
3.00000+

4
1
0
0
0
0
0
0
0
0

1.00000+
1.00000+

1.00000+
2.00000+
2.00000+
1.00000+

2
0
0
0
0
1
0
0
0
0

9
5

3
1
1
7

.07200-

.43900-

.18400-

.72800-

.03600-

.40000-

1
0
0
3
3
0
3
3
3
4

1.25000-
1.23000-

1.23000-
1.23000-
1.23000-
1.23000-

0
2

12
1
1

24
1
1
1
1

0.00000+
0.00000+

0.00000+
0.00000+
0.00000+
0.00000+

01283
01283
21283
01283
01283
41283
01283
01283
01283
01283

2131
2151
2151
2151
2151
2151
21J1
2131
2151
2151

299
300
301
302
303
304
305
306
307
308
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(Parameters are Energy Independent)
(Fission Widths not given)
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Fi le 2 Unresolved Resonance Parameter Data A

(Fission Widths are given)
(Only Fission Widths are Energy Dependent)

The following quantities are defined for use in specifying unresolved

resonance parameters (iJgj • 2) :

SPI is the nuclear spin I of the target nucleus.

X i s the effective scattering radius in units of 10 cm.

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

tabulated. (HE <. 250.)

WLS i s the number of i - s tates given (MLS <_ 3.)

ES(N) i s the energy of the N point used to tabulate energy-dependent

widths.

L,. i s the value of t (neutron angular momentum quantum number) .

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

neutron.

NJS i s the number of J-states for a particular l - s ta te . (NJS <_6.)

flj i s 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 )cnown or is extremely

large, set AKDX - 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 AKUG - 0.0.)

AMCT* 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

LKJ - 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 average competitive reaction width.



File 2 Unresolved Resonance Parameter Data
(Fission Widths are given)
(Only Fission Widths are Energy Dependent)

N-15
B

Xf LFW - 1 (fission widths given),

LRP - 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, XLS/

[MAT,

[MAT,

2 ,

2 ,

151/AWR2,

151/0.0,

D,

• *

0.0,

0.0,

AJ,

ES3,

• /

L,

L,

AMUN,

• ,

0 ,

MUF,

Gt)0,

• 1

NJS,

NE+6,

GG,

• *

II^ST

O]C3NT<1)

0 /

0 . 0 ,

G?m 1LIST

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



File 2 Unresolved Resonance Parameter Data
(Fission Widths are given)
(Only Fission Widths are Energy Dependent)
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0.00000+
S. 00000*
2.42133*
0.00000*
1,82000*
1.30300-
2.42J33+
0.00000+
1.82000*
1.30300-
0.00000*
9.10000+
6.51500-

0
2
2
0
1
3
2
0
1
3
0
0
4

9.22500-
1.00000+
0.00000+
0.00000+
5.0O0OO-
1.62700-
0.00000+
0.00000*
5.00000-
1.62700-
0.00000+
1.50000+
8.13500-

1
4
0
0
1
2
0
0
1
2
0
0
3

0

0
0

1.0OOO0+ 0 3

1
1

1.00000+ 0 1

1
1.00000+ 0 9

0

0
3

.70700- 3 3.90000-

0
3

.59300- 3 3.90000-

3
.35000- 4 3.90OOO-

2

1
8
2 0.

2
8
2 0.

8
2 0.

21162
1162

01162
01162

00000* Oil62
1162

01162
01162

00000+ 01162
1162

01162
00000+ 01162

1162

2151
2151
2151
2151
2151
2151
2J51
2151
2151
2151
2151
2151
2151

261
262
263
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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Fi le 2 Unresolved Resonance Parameter Data A

(All Parameters are Energy Dependent)

The following quantities are defined for use in specifying unresolved

resonance parameters (LKO - 2):

SPI i s the nuclear spin I of the target nucleus.

A is the effective scattering radius in units of 10 an.

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

tabulated. (NE <. 250.)

NLS is the number of l-states 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}.

AtfRI 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.)

A£ 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.)

AMDN 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 AMOG - 0.0.)

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

tribution. (AMUF<.4.0.)

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

sion widths. (MOT <_ 4.)

IKT 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

URD - 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 average competitive reaction width.



File 2 Unresolved Resonance Parameter Data
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N-16
B

If LFW m Q or 1 (do«a not depend on LFW) .

LRD - 2 {unresolved parameters,}.

IW • 2 (all »n«njy-d«p«nd«nt parameters).

The structure of a subsection is i

[MAT,

[MAT,

[MAT,

2,

2,

2,

151/SPI,

151/AWRI,

1S1/AJ,

0.0,

V
E2'

ENE'

A,

0.0,

0.0,

0.0,

V
D2'

DNI'

0,

L

INT,

AMUX,

G^,

GX2,

G XNE'

0,

0,

0,

AMCN,

GNO,,

GNO2,

GNO

NLS,

NJS,

(6»NS)+«,

AKCG,

GC r

GG2,

, GG

OJC0NT

01O3NT

NE /

AMUF,

^ l '

GF2,

GF JLIST

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

a given 1-state. A new G2NT (I) record i s then given, and al l data for each

J-state for that i-stat« are given. The structure i s repeated until a l l l-

states have been specified.



File 2 Unresolved Resonance Parameter Data
(All Parameters are Energy Dependent)
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3.50000+
2.33025+
3. DOOM*
0.0OOOO+
».20000+
8.65000+
9.10000+
9.3iOOO+
1.00000+
1.10000+

0
2
0
0
1
1
1
1
2
2

9.36630-
0.00000+
0.00000+
0.00000+
1.00000+
1.00000+
1.00000+
1.00000+
1.00000+
1.00000+

1
0
0
0
0
0
0
0
0
0

0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+

0
0
2
0
0 i
0 1
0
0 1
0 <
0 1

(KXSSI1K DMtZSOLVZS U50KMKX

2.42000+
2.44000+
2.46000+
2.50000+
4.00000+
0.00000+
8.2OOOO+
8.65000+
9.10000+
9.35000+
1.00000+

4
4
4
4
0
0
1
1
1
1
2

1.00000+
1.00000+
1.00000+
1.00000+
0.00000+
0.00000+
L. 000 00+
1.00000+
1.00000+
1.00000+
1.00000+

0
0
0
0
0
0
0
0
0
0
0

0.00000+
0.00000+
0.00000+
0.00000+

0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+

0 S
0 !
0
0
2
0
0 i
0
0
0
0 S

(KISS IDC QNHESOIVES USGHtJXZ

2.34000+
2.42000+
2.44000+
2.46000+
2.30000+
2.33023+
2.00000+
0.00000+
8.2OOOO+-
8.63000+
9.10000+

4
4
4
4
4
2
0
0
1
1
1

1.00000+
1.00000+
1.Q0O0O+
1.00000+
1.00000+
0.00000+
0.00000+
0.00000+
1.16000+
1.16000+
1.16000+

0
0
0
0
0
0
0
0
0
0
0

0.00000+
0.00000+
0.00000+
0.00000+
0.00000+

0.00000+
0.00000+
0.00000+
0.00000+

d (
0 S
0
0
0 f
1
2
0

o ;
o ;
o ;

(MISSING IMJtZSOLVED iESONAMCI

2.46000+
2.50000+
3.00OOO+
0.00000+
8.2OOOO+
8.65000+

4
4
0
0
1
1

1.16000+
1.16000+
0.00000+
0.00000+
1.00000+
1.00000+

0
0
0
0
0
0

0.00000+
0.00000+

0.00000+
0.00000+
0,00000+

o ;
o ;
2
o ;
o ;
0 3

OQSSIMC DNUSOLVtS KESONJUICX

2.46000+
2.50000+
4.0O00O+
Q.00000+
8.2OOOO+
8.65000+

4
4
0
0
1
1

1.00000+
1.00000+
0.00000+
0.00000+
1.00000+
1.00000+

0
0
0
0
0
0

0.00000+
0.00000+

0.00000+
0.00000+
0.00000+

o ;
o ;
2

o ;
o ;
o ;

(

1.00000+
(.32780- .
1.44860-
1.59390-
1.73180- .
1.94340- .
1.66200-

t
)

2
2

3 726
3 0.00000+
S 3.30000-
S 3.30000-
5 3.5OOOO-
S 3.50000-
S 3.50000-
i 3.50000-

FAUlCTZtt)

.41230- .
(.97630- .
1.93710-
i.53930- .

1.00000+
.32780-
.03340- t
.03120-

1.06810-
. 9 7 8 2 0 - .

! 3.50000-
S 3.5OOOO-
S 3.50000-
S 3.50000-

0
2
2
2
2
2
2

2
2
2
2

3 726
3 0.00000+
S 3.5OOOO-
. 3.30000-
. 3.50000-
. 3.50000-
> 3.50000-

PARAMETERS)

.62980 - .

. 4 6 0 1 0 - .

. 0 0 2 7 0 -

.99750 - .
1.53930- .

(
(

.00000+ (
1.32000- i
.22000- i
.32000- i

3.50000-
3.50000-

• 3.50000-
3.50000-
3.30000-

)

0
2
2
2
2
2

2
2
2
2
2
4

) 726
) 0.00000+
. 3.50000-

3.30000-
3.50000-

PAJUMrnxs)

.32000- I

.32000- t

c
.00000+ (

. .00000- '
.00000- t

. 3.3000O-
3.50000-

0
2
2
2

2
2

) 726
) 0.00000+
. 3.50000-

3.50000-

?JJUMETZXS)

.00000- i

.00000- i
(

.00000+ (

.00000- i

.00000- i

3.50000-
3.50000-

0
2
2

2
2

) 726
> 0.00000+

3.50000-
3.50000-

0
2
2

01261
01261

1201261
2.00000+
3.23080-
3.40560-
2.63940-
2.05980-
8.46200-
1.32250-

3.13230-
5.69080-
5.86170-
4.71280-

01261
11261
11261
11261
11261
21261
11261

U261
11261
11261
11261

1201261
1.00000+
1.61550-
1.16900-
9.0598O-
7.07030-
8.46440-

1.49700-
1.54750-
2.81160-
2.89600-
2.35080-

01261
11261
11261
21261
21261
21261

11261
11261
11261
11261
11261
01261

1201261
2.00000+
3.32000-
3.32000-
3.3200O-

3.32000-
3.32000-

01261
11261
11261
11261

11261
11261

1201261
1.000OO+
1.270O0-
1.27000-

1.27000-
1.27000-

01261
11261
11261

11261
11261

1201261
2.00000+
2.86000-
2.86000-

01261
11261
11261

2151
2151
2151
2151
2151
2131
2151
2131
2151
2131

2131
2151
2131
2151
2151
2151
2151
2151
2151
2151
2151

2151
2151
2151
2151
2151
2151
2151
2151
2151
2151
2151

2151
2151
2151
2151
2151
2151

2151
2151
2151
2151
2131
2151

2280
2231
2282
2283
2284
2285
2286
2287
2288
2289

2400
2401
2402
2403
2404
2405
2406
2407
2408
2409
2410

2521
2522
2523
2524
2525
2526
2527
2528
2529
2330
2531

2647
2648
2649
2650
2651
2652

2769
2770
2771
2772
2773
2774

OHSSIMC UNRESOLVED RESONABCE FAUMETZHS)

2.46000+ 4 1.00000+ 0 0.00000+ 0 2.00000- 4 3.50000- 2 2.86000- 11261 2151 2891
2.50000+ 4 1.00000+ 0 0.00000+ 0 2.00000- 4 3.50000- 2 2.B60O0- 11261 2151 2892
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 1.12000+ 0 0.00000+ 0 2.24000- 4 3.50000- 2 1.43000- 11261 2151 2895

(MX5SXHG UNRESOLVED USOHMCE PAMKETEX5)

2.
2.
2.
2.
2.
2.

32000+
34000+
42000+
44000+
46000+
50000+

4
4
4
4
4
4

1.
1.
1.
1.
1.
1.

12000+
12000+
12000+
12000+
12000+
12000+

0
0
0
0
0
0

0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+

0
0
0
0
0
0

2.24000-
2.24000-
2.24000-
2.24000-
2.24000-
2.24000-

4
4
4
4
4
4

3.50000-
3.50000-
3.50000-
3.50000-
3.50000-
3.500 00-

2
2
2
2
2
2

1.43000-
1.43000-
1.43000-
1.43000-
1.63000-
1.43000-

11261
11261
11261
11261
11261
11261

2151
2151
2151
2151
2151
2151

3009
3010
3011
3012
3013
3014
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(All Parameters are aiergy Dependent)
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File 3 Neutron Cross Sections A

For File 3 the following quantities are defined:

U S 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 aetastable 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).

£ is the temperature (*K>. NOTE: If the LS 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 KT • 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,
i.nt

see Section 0.4.3.).

q(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 sec t ion i s

[MAT, 3 , MT/ZA , AWR, LXS, LFS, 0 , O]H£AD

[MAT, 3 , MT/S , Q , LT, LR , MR, NP/E. /c(E)]TABl
lilt

[MAT, 3 , 0 / 0 . 0 , 0 . 0 , 0, 0, 0 , 0]SEND
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9.22350+
0.00000*

k

0
239

1.00000-
7.0*690-
1.93750-
5.00000-
1.0OOOO-
1.71880-
2.62300-
3.30000-
5.00000-
6.00000-
9.00000-

3
5
4
*
3
3
3
3
3
3
3

2.33023+
0.00000+

3.67479+
1.38382+
8.34719+
5.19931+
3.47965+
2.80078+
2.26326+
1.93857+
1.63731+
1.49115+
1.21126+

CKISSINC LINES)

9.29920-
9.58670-
9.77540-
9.94340-
1.036OO+
1.09100+
1.21800+
1.36400+
1.63600+
1.9090O+
2.36*00+

1
1
1
]

0
0

7.93507+
8.27784+
8.55817+
8.90252+
9.41382+
7.19610+

0-2.44459+
0-1.28195+
0-5.25670+
0-2.66550+
0-1.13200+

(KISSING LINES)

7.39910*
7.47890*
7.48980*
7.50430*
7.54420*
7.60230*
7.69660*
7.76190+
7.85440+
7.90880+
7.98140+
S.0249O+
8.08660+
8.13380+
8.18100+
1.00000+
1.30553+
1.42000+
1.48000+
I.55OOO+
1.63000+

1-8.04900-
1
1
1

1.60120*
8.24280+
2.06360+

1-3.07339+
1-9.4 7000-
1-8.99400-
1-1.06090+
1
1

5.93180+
2.30940+

1-1.11300+
1-1.52470*
1 1.86630+
1-1.68580*
1
3
4
4
4
t
4

5.80600-
0.00000+
3.24728-
1.23970-
1.88930-
2.64720-
3.51330-

(KISSING L1SES)

6.60000+
7.00000+
7.40000+
7.70000+
8.00000+
8.50000+
9.0000O+
9.500OO+
9.80000+
1.10000+

5
5
5
5
5
5
5
5
5
6

7.56674+
7.43829+
7.32534+
7.24947+
7.18012+
7.07647+
6.98542+
6.90733+
6.86703+
6.75403+

(MISSUK LINES)

1.00000+
1.15000+
1.21988+
1.35000+
1.50000+
1.65000+
1.80000+
1.95000+

7
7
7
7
7
7
7
7

5.81839+
3.73068+
5.74215+
5.80445+
5.93400+
6.0220O+
6.0870O+
6.13600+

2
0
5
*
*
3
3
3
3
3
3
3
3
3

0
0

822
2.12300-
1.00000-
2.70310-
6.I3OOO-
1.2SO0O-
2.00000-
3.00000-
4.00000-
5.3000O-
7.00000-
9.00000-

3
*
4
*
3
3
3
3
3
3
3

2.52034+
1.16168+
7.06804+
4.65149+
3.28818+
2.39308+
2.11631+
1.83154+
1.55928+
1.37775+
1.21126+

(THEtKAL UC10N)

1
1
1
1
0
0
1
I
0
0
0

9.44920-
9.65230-
9.8*920-
1.00000+
1.05500+
1.18200+
1.23600+
1.45500+
1.72700+
2.00000+
2.45500+

(lAaccxoma

l
l
0
0
0
1
1
0
0
0
0
0
0
0
1
0
7
3
3
3
3

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

7.44260+
7.48250+
7.49340+
7.5079O+
7.55870+
7.61680+
7.71110+
7.83000*
7.87260+
7.92700+
7.99950+
8.04670+
S.O975O+
8.15190+
8.20000+
1.30000+
1.32000+
1.45000+
1.50000+
1.580OO+
1.72000+

6.7OOOO+
7.20000+
7.50000+
7.75000+

•8.20000*
8.60000*
9.20OOO+
9.60000*
1.00000+
1.15000+

1.050OO+
1.19000+
1.25000+
1.40000+
1.55000+
1.70000+
1.85000+
2.00000+

1
1
1
0
0

8.07723+
8.37463*
8.66940+
9.04507+
9.29350+

0-1.91285+
0-2.44462+
0-8.88020*
0-4.15820+
0-2.56000+
0-1.47840+

) ]JJ K£SONA]

1-4.66500-
1
1
1

1.58696+
6.40610+
1.03880+

1-3.26694+
1-9.554O0-
1-9.04900-
1-1.21000+
1
1
1

4.83890+
1.31000+
1.18030+

1-1.43340+
1 1.24290+
1-1.65140+
1
4
4
4
4
4
4

5
5
5
5
5
5
5
5
6
6

7
7
7
7
7
7
7
7

1.04000+
0.00000+
1.56990-
1.56450-
2.10580-
2 .97200-
4.48780-

7.53305+
7.38002+
7.29927+
7.23748+
7.13704+
7.05726+
6.95259+
6.89334+
6.84300+
6.73118+

5.77124+
5.73287+
5.73138+
5.84000+
5.96800+
6.04700+
6.10500+
6.14953+

>9
0
2
4
4
3
3
3
3
3
3
3
3
3

1
1
1
1
0
1
1
0
0
0
0

i d

1
1
0
0
0
1
1
0
0
0
0
0
0
0
0
0
4
3
3
3
3

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

.
0 01261
3 11341261

1154
4.09360-
1.50000-
3.85160-
8.12500-
1.43750-
2.230OO-
3.00000-
4.50000-
6.00000-
8.00000-
1.00000-

9.49920-
9.70150-
9.SS69O-
1.00000+
1.073OO+
1.20000+
1.32700+
1.5*500+
1.81800*
2.1820O*
2.54500*

IJECIOH)

7.45710+
7.48620*
7.49710*
7.51880*
7.5805O+
7.67480*
7.75620+
7.83630+
7.89070+
7.94510+
8.00680+
8.0757O+
8.10840+
8.16280+
8.200OO+
1.30550* 1
1.37000* i
1.47000* t
1.52000+ i
1.61000* i
1.76000* I

6.80000+
7.30000+
7.6000O+
7.80000+
8.40000+
8.80000+
9.40000+
9.7OO0O+
1.0500O+
1.20000+

1.100OO+
1.20000+
1.30000+
1.45000+
1.6000O+
1.75000+
1.90000+

5 1.81562+
t 9.48589+
* 5.92259+
4 4.08096+
3 3.04*59+
3 2.4*373+
3 2.11631+
3 1.72640+
3 1.49113+
3 1.28659+
2 1.14766+

1 8.14982+
1 8.44769+
1 8.76208+
D 9.63800+
3 8.52700+
3-2.30500+
3-1.49745+
3-6. 70980+
3-3.42100+
3-1.91980+
3-2.15980+

I 3.48330+
I 1.33061+
1 4.57330+
1-1.24130+
-2.07292+

1-1.02510+
-1.10810+

4.62480+
4.24000+

-1.12550+
1.11200+
1.78020+
3.96500-

-1.49200+
0.00000+

• 0.00000+
. 6.983*0-

1.78100-
2.32240-
3.29680-
4.92080-

3 7.30044+
5 7.35225+
5 7.27399+
5 7.22568+
5 7.09617+
5 7.02033+
i 6.92188+
5 6.87990*
6 6.79287+
6 6.71709+

7 5.74233+
7 5.73*81+
7 5.77654+
7 3.88900+
7 3.99800+
7 6.06700*
7 6.12100+

31261
41261
31261
31261
31261
31261
31261
31261
31261
31261
31261
31261

11261
11261
11261
01261
01261
11261
11261
01261
01261
01261
01261

01261
11261
01261
01261
01261
01261
01261
01261
01261
01261
01261
01261
11261
01261
01261
01261
41261
31261
31261
31261
31261

01261
01261
01261
01261
01261
01261
01261
01261
01261
01261

01261
01261
01261
01261
01261
01261
01261

1261
1261

3
3
3
3
3
3
3
3
3
3
3
3
3
3

3
3
3
3
3
3
3
3
3
3
3

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

3
3
3
3
3
3
3
3
3
3

3
3
3
3
3
3
3
3
3

1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
0

3017
3018
3019
3020
3021
3022
3023
302*
3025
3026
3027
3028
3029
3030

3096
3097
3098
3099
3100
3101
3102
3103
3104
3105
3106

3265
3266
3267
3268
3269
3270
3271
3272
3273
3274
3275
3276
3277
3278
3279
3280
3281
3282
3283
3284
3285

3356
3357
3358
3359
3360
3361
3362
3363
3364
3365

3397
3398
3399
3400
3401
3402
3403
3*04
3*05
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For a reaction having a threshold, the threshold energy E , i s given by
th

where AWR is the atomic mass ratio given on the READ 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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(Legendre Coefficients and Transformation)

The following quantities are defined.

LTT is a flag to specify the representation used and it may have the

following values:

LTT - 1, the data are given as Legendre expansion coefficients,

LTT « 2, the data axe given as normalized probability distributions,

P(U.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 at which angular distribu-

tions are given (NE <_ 500) .

NL is the highest order Legendre polynomial that is given at each

energy (NL £_ 20) .

NX is the number of elements in the transformation matrix (UK < 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:

V_ » oT if LCT " 1 (data given in LAB system) ; and

V • 0, if LCT - 2 (data given in CM system).
K x. *m

Other cosmonly used variables are given in the Glossary (Appendix A) ,
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(Legendre Coefficients and Transformation)

Formats

File 4 is divided into sections, each containing data for a particular

reaction type (MT number) and ordered by increasing MT number. Each section al-

ways starts with a HEAD record and ends with a SEND record. If the 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.

Legendre Polynomial Coefficients and Transformation Matrix Given:

LTT - 1 and LVT - 1

When LTT » 1 (angular distributions given in terms of Legendre polynomial

coefficients)- and LVT » 1, the structure of a section is

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

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

K

[MAT, 4, OT/0.0, 0.0, 0, 0, NR, NE/S. ]TAB2

[MAT, 4, MT/T , Zx , LT, 0 , NL, 0/ft (E )]LIST

[MAT, 4, MT/T , Ej , LT, 0 , NL, 0/fz(E2)]LIST

[MAT, 4, MT/T , E , LT, 0 , NL, 0 / f„{ENLIST
«E £ NE

[ M A T , 4 , 0 / 0 . 0 , 0 . 0 , 0 , 0 , 0 , 0 ] S E N D

Note that T and LT refer to temperature (in *K) and a test for temperature de-

pendence, respectively. These values axe normally zero; however, see Appendix F

for an explanation of cases in which temperature dependence is specified.
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9.2:350+
0. 00000+
1.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000*
2.62432-
0.00000+
0.00000+
9.99943-
0.00000+

4
0
0
0
0
0
0
0
0
5
0
0
1
0

:.33025+
2.13025+
2.86092-
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
0.00000+
5.43588-
0.00000+
0.00000+
9.33614-
0.00000+

(HISSWC LIKES)

2
2
3
0
0
0
0
0
0

3.67731-
0.00000+
0.00000+
9.99989-
0.00000+
0.00000+
0.00000+

8-1.63336-
0
0
3
0

1.79937-18-1.23728-15
3.37139-
2.31865-
0.00000+
2.79849-
5.JO595-
0.00000+

4-2.67670-
8-1.46454-
0 0.00000+
8-3.97363-
4
0

6.04947-
0.00000+

2
9
0
6

0.00000+
0.00000+
4.45541-
0.00000+

1
0

1
2

6-9.43608-11
0 0.00000+
0 0.00000+
1 5.14963-
0 0.00000+
0 0.00000+
0-2.86088-

0
0
3
0
0
3

8 1.46884-10
0 0.00000+
0 0.00000+
3 1.28537-
0 0.00000+

0
0

0
361 ;

0.00000+
0.00000+
0.00000+
1.23972-
0.00000+
0.00000+
».99971-
0.00000+
0.00000+
1.10494-

7-5.71530-
0

4.20810-13-1.03262-10
9.99161-
0.00000+

1 3.10623-
0 0.00000+

2
0

3.70734-18-2.39212-13
4.16968-

6-2.18919-
0

1.08489-12-2.23626-10
9.98894-
0.00000+

1
0

3.53319-
0.00000+

2
0

1.18255-17-7.05278-13
3.50408-
0.00000+
0.00000+
6.34525-
0.00000+
0.00000+

4-3.32028-
0 0.00000+

2
0

0-4.14653-20
8-7.30127-
0
0

0.00000+
0.00000+

6
0
0

3.52090-12-5.88180-10
9.98425-
0.00000+

1
0

21
0.00000+
0.0000O+
0.00000+
0.00000+
0.00000+
2.34000-
0.00000+
3.34000-
0.00000+
3.97500-
5.11000-
0.00000*
4.35500-
9.00000-

0
0
0
0
0
1

•0
1
0
1
3
0
1
3

0.00000+

1.00000-

1.00000+

2.00000+
6.07000-
5.00000+
1.24O00-
8.00000+
1.91100-
3.9OOOO-
1.00000*
2.35400-
2.21000-

0
2
5

4

5
2
5
1
5
1

0.00000+
3.74868-
6.24137-
0.00000+

4-2.89131-
8 0.00000+

2
0

0-1.29728-20
8-4.93644-
4 7.30598-
0 0.00000+

6
6
0

1.63099-12-3.13518-10
9.98747-
0.00000+

1 3.74955-
0 0.00000+

2
0

1.94174-17-1.13112-14
6.24016-
0.00000+
0.00000+
8.03727-

5.3OOOO-

4.11000-

1.25000-
4-9.8OOOO-
6
1 1.78600-
3-4.16000-

4-3.53465-
0 0.00000+

2
0

0-6.80077-20
8-8.72297-

0

0

0

0
3 3.37000-
0
2 1.61000-
0
1 4.47000-
4-9.OOOO0-
0
1 7.31100-
3-2.40000-

6

0

0

0

0
3
0
2
0
2
5
0
2
4

0.00000+

2.04013-
4.81446-
0.00000+

0 0.00000+
0 0.00000+
0 0.00000+
3 1.47746-
0 0.00000+
0 0.00000+
1 7.3363J-
0 0.00000+
0 0.00000+
5-5.14951-

01261
L81261
01261
01261
01261
81261
01261
01261
31261
01261
01261
31261

8-2.66552-101261
0 0.00000+

8-3.14407-
4 4.93607-
0 0.00000+

01261

61261
61261
01261

6.89312-13-1.54348-101261
9.99032-
0.00000+

1 3.32076-
0 0.00000+

21261
01261

6.85286-18-4.21907-151261
4.81391-
0.00000+
0.00000+
4.92034-
7.02335-
0.00000+

4-3.10564-
0 0.00000+

21261
01261

0-2.40276-201261
8-6.04237-
4 0.00000+
0 0.00000+

61261
01261
01261

2.44124-12-4.35107-101261
9.98390-
0.00000+

1 3.96384-
0 0.00000+

21261
01261

3.06691-17-1.73392-141261
7.02215-

3.32000-

4.20000-
]

6.10000-

1
1.12000-

4-3.74894-

i :

i

l

6
3-7.70000-
6
3-3.85000-

.0
> 1 . 1 3 1 0 0 -

:o
2-1.36200-

21261
1261

111261
1261

01261
1261

01261
1261

01261
41261
01261
31261
01261
21261

1261
01261
21261

1261

L
4

4
4
4
4
4
4
4
4
4
4
4
4

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
i
4
4
4
4
4
4
4
4

<>
Z
2
2
2
2
2
2
2
2
2
2
2
2

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

3440
3441
5442
5443
5444
3445
5446
5447
5448
5449
3450
5451
5452
5453

5484
5485
5486
5487
5488
5489
5490
5491
5492
5493
5494
5495
5496
5497
5498
5499
5500
5501
5502
5503
5504
5505
5306
5507
5508
5509
5510
5511
5512
5513
5514
5515
5516
5517
5518

OOSStNC LIXIS)

0.00000+
8.84700-
4.19500-
9.40000-
0.00000+
9.07600-
4.65400-
1.54400-
1.87000-
0.00000+
9.45000-
5.07600-
1.90900-
7.27000-

0 1.40000*
1 7.80000-
1 3.63500-
2 5.65000-

.70000+
,16900-
,10200-

1 1.04100-
3 6.10000-
0 2.00000+
1 8.75000-
1 4.51000-
1 1.38200-
3 2.54000-

1 6.89300-
1 3.08400-
2 2.97400-
7
1
1
1
4
7
1
1

7.29500-
3.39100-
6.27200-

7.96800-
3.97500-

1 9.26600-
3

0 0 IB
1 6.1130O- 1 5.42400- 1 4.78600-
1 2.53700- 1 1.97300- 1 1.42100-
2 1.25200- 2 3.31000- 3 2.7OOOO-
0 0 20
1 6.56300- 1 5.87000- 1 5.23900-
1 3.14000- 1 2.63600- 1 2.07600-
2 3.35100- 2 1.48700- 2 6.24000-

0 0 20
1 7.18400- 1 6.41100- 1 5.71300-
1 3.46700- 1 2.95800- 1 2.44200-
2 5.78700- 2 3.30500- 2 1.63200-

01261 4
11261 4
11261 4
41261
01261
11261
11261
31261
1261

01261
11261
11261
21261
1261 4
1261 4

2 5561
2 5562
2 5563
2 5564
2 5565
2 5566
2 5567
2 5568
2 5569
2 5570
2 5571
2 5572
2 5573
2 5574
0 5575
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File 4 Angular Distributions of Secondary Neutrons D

(Legendre Coefficients and Transformation)

If the angular distributions are represented as Legendre polynomial

coefficients, the absolute differential cross sections are obtained by

4-0

NL

FTE) If (n-E)
£-0

where vi - 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;

a (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;

—(Q,S) » differential scattering cross section in units of bams per

steradianj

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, U. , and its inverse, U. :

NM

aim 'm0*010

m-0

and

NM

m«0
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File 4 Angular Distributions of Secondary Neutrons A

(Only Legendre Coefficients given)

The following quantities are defined.

LTT is a flag to specify the representation used and i t may have the

following values:

LTT - 1, the data are given as Legendre expansion coefficients.

V E ) ;

LTT - 2, the data are given as normalized probability distributions,

P(u,Z).

LOT 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 al l non-elastic scattering reactions);

LVT » l , a transformation matrix is given.

HE 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) .

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.

Other coosnonly used variables are given in the Glossary (Appendix A) .
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File 4 Angular Distributions of. Secondary Neutrons B

(Only Legendrs Coefficients given)

Leqendre Polynomial Coef f ic ients Given and the Transformation Matrix

Not Given: LTT » 1 and LVT - 0

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.

(MAT, 4 , MT/ZA, AWR, LVT, LTT. 0,O]HEAD

[MAT, 4 , MT/0 .0 , AWR, 0 , LCI, 0. 0] C0NT.

[MAT, 4, MT/0.0, 0.0, 0, 0, NR, NE/E, ]TAB2

i n t

[MAT, 4 , MT/T , E;L . LT, 0 , NL, 0 / f £ ( E ^ ] L I S T

[MAT, 4 , MT/T , E 2 » LT. 0 , HL, 0 / f % ( E ^ ] L I S T

[MAT, 4 , MT/T , £ „ _ , LT, 0 , NL, 0 / f , ( E 1 L I S T

[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.



File 4 Angular Distributions of Secondary Neutrons
(Only Legendre Coefficients given)
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C

6.01200+
0.00000+
0.00000+

0.00000+
0.00000+
0.00000+
1.50000-
0.00000+
3.33000-
0.00000+
8.25000-
0.00000+
1.41000-
0.00000+
1.30000-
0.00000+
1.41000-
0.00000+
1.09240-
0.00000+
8.70OOO-
0.00000+
7.60OOO-
0.00000+
8.80000-
0.00000+
1.48000-
0.00000+
1.44000-
0.000 00+
6.08000-
0.00000+

-*.40000-
0.00000+

-t.ioooo-
0.0O00O+

-5.40000-
0.0O00O+

-3.30000-
0.00000+

-2.60000-

3
0
0

73
0
0
0
2
0
2
0
2
0
1
0
1
0

1.18969+
1.18970+
0.00000+

4.80000+

5.I30OO+
2.00000-
5.37000+
1.20000-
5.47000+
4.10000-
5.59000+
2.2B40O-
5.67000+
7.6SOOO-
3.73000+

1-2.00000-
0
1
0
2
0
2
0
2
0
1
0
1
0
2
0
2
0
2
0
2
0
2
0
2

5.83000+

5.90000+
1.00000-
6.04000+
5.26000-
6.10000+
7.45000-
6.22000+
1.15670-
6.24000+
1.18000-
6.26000+
1.12000-
6.29000+
7.67500-
6.330OO+
2.97500-
6.34000+
1.80000-
6.370OO+
1.70000-
6.38000+
1.80000-

Oasswc UHS)

0.00000+
9.08200-
0.00000+
1.04000-
0.00000+
1.0333O-
0.0O000+
1.03360-
0.00000+
5.49300-
0.00000+
2.12600-
0.00000+

-1.11160-
0.00OOO+

-9.22300-
0.00000*

-1.73900-
0.00000+
2.48340-
0.00000+
2.35330-
0.00000+
9.18700-
0.00000+
1.64180-
0.00000+
1.64180-

0
2
0
1
0
1
0
1
0
2
0
2
0
1
0
2
0
2
0
1
0
1
0
2
0
1
0
1

8.48000+
1.56000-
8.55000+
1.70000-
8.67500+
1.85120-
8.72810+
1.82410-
8.80000+
1.78750-
8.85000+
1.76200-
9.04660+
1.66180-
9.09210+
1.63860-
9.27150+
1.54 710-
9.91120+
1.54330-
9.99460+
1.54550-
1.09490+
2.02380-
1.50000+
2.08310-
2.00000+
2.08310-

1
1
0
2
6

6
3
6
2
6
2
6
2
6
3
6
3
6

6
2
6
2
6
2
6
1-5
6
1-8
6
1-1
6
2-2
6
2-4
6
2-4
6
2-4
6
2-3

6
1-1
6
1 4
6
1 3
6
1 2
6
1 2
6
1 1
6
1 4
6
1 5
6
1 3
6
1 1
6
1 1
7
1 3
7
1 I
7
1 2

.50000-

.00000-

.35600-

.68900-

.20000-

.30000-

.20000-

.10000-

.40200-

.82000-

.40000-

.97400-

.39700-

.99600-

.19000-

.40000-

.81000-

.54500-

.69700-

.43400-

.01900-

.01900-

0
0
0

0

0

0

0

0

0

0

0

0

0

0

0
3
0
3
0
2
0
2
0
2-1
0
2-1
0
2-3
0
2-5

0
2
0
3
0
2
0
2
0
2
0
2
0
3
0
4
0
3
0
2
0
2
0
2
0
2
0
2

2

1

2

2

2

1

5

3

8

2

2

2

2

2

.00000-

.33000-

.63000-

.26000-

.71000-

.21900-

.91200-

.83900-

.31300-

.94700-

.09000-

.wooo-

.36000-

.39300-

.59700-

.70900-

.50000-

.30000-

1
2
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
3
0
3
0
3
0
3

0
3 2
0
2 2
0
2 2
0
2 2
0
2 1
0
2
0
3
0
3
0
3
0
2
0
2
0
2
0
4
0
4

0
0
1

1

2

2

2

2

2

2

1

2

2

2

3

3

3

3

4

4

4

4

5
.61800- 2

5
.46100- 2

5
.18100- 2

5
.06100- 2

5
.90000- 2

4

4

4

4

4

4

4

4

4

01274
01274

731274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274

01274
1274
1274

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

31
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
31
51
51
51
51
51
51
51
31
51
51
51
51
51
51
51

31
31
51
51
51
51
51
51
51
51
51
51
51
51
31
31
51
31
31
51
31
51
51
51
51
31
51
51

0

1277
1278
1279
1280
1281
1262
1283
1284
1285
1286
1287
1288
128$
1290
1291
1292
1293
1294
1295
1296
1297
1298
1299
1300
1301
1302
1303
1304
1303
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315
1316
1317
1318

1399
1400
1401
1402
1403
1404
1405
1406
1407
1408
1409
1410
1411
1412
1413
1414
1415
1416
1417
1418
1419
1420
1421
1422
1423
1424
1425
1426
1427
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Pile 4 Angular Distributions of .Secondary Neutrons D

(Only Legendre Coefficients given)

If the angular distributions are represented as Legendre polynomial

coefficients, the absolute differential cross sections are obtained bv

1=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;

a (E) » the scattering cross section, e.g., elastic scattering at energy

E as giv«n in File 3 for the particular reaction type (MT);

i • order of the Legendre polynomial;

T^(fl.E) • differential scattering cross section in units of barns per

steradianr

th
f » th« 1 Legendre polynomial coefficient and it is understood that

f - 1.0.
o
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File 4 Angular Distributions of Secondary Neutrons A

(Tabulated Distribution and Transformation)

The following quantities are defined.

LTT is a flag to specify the representation used and it may have the

following values:

LTT » 1, the data are given as Legendre expansion coefficients,

ft(E)t

LTT - 2, the data are given as normalized probability distributions,

p(u,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 at' which angular distribu-

tions are given (NE <_ 500) .

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

NX - (NM + I ) 2 .

V axe the matrix elements of the transformation matrices:

V_ - U. if LCT » 1 (data given in LAB system); and
K i. #m

V - 0. if LCT » 2 (data given in CM system).
K I ,a

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).
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File 4 Angular Distributions of Secondary Neutrons B

(Tabulated Distribution and Transformation)

Tabulated Probability Distribution* 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, 01HEAD LVT - 1, LTT » 2

[MAT, 4, MT/0.0, AWR, 0, LCT, NX, NM/V JLIST
K

[MAT, 4 , M T / 0 . 0 , 0 . 0 , 0 , 0 , NR, N E / E . ]TAB2

[MAT, 4 , MT/T , E , , LT, 0 , MR, N P / u . . / p ( u . E . ) ] T A B 1

(MAT, 4 , M T A . E , , LT, 0 , NR, N P / u . / p ( u , E ) ] T A B l
4 in" 2

[MAT, 4 , MT/T , E , LT, 0 , NR, N P / y / p <U , E _ ) ] TAB1

[MAT, 4 , 0 / 0 . 0 , 0 . 0 , 0 , 0 , 0 , 0]SEKD

T and LT are normally zero. S«e Appendix F for details on temperature depend-

ence.



File 4 Angular Distributions of Secondary Neutrons
(Tabulated Distribution and Transformation)
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c

4.20000*
0.00000+
1.00000+
0.00000+
0.00000+
0.00000+
1.25663-
0.00000+
0.00000+
1.37852-
0.00000+
0.00000+
9.99661-

4
0
0
0
0
0

9.51160+
9.31160+
7.00899-
0.00000+
0.00000+
0.00000+

1
1
3
0
0
0

8-1.30840-10
0
0
4
0
0
1

•6.44832-10
0.00000+
1.51563-

0

0.00000+
0.00000+
8.04087-
0.00000+
0.00000+
2.33593-
0.00000+
0.00O0O+

4-1.80180-

OUSSIMC LIKES)

0.00000+ 0 0.00000+

0
0

2.21008-
0.0OO0O+
0.00000+
9.99934-
0.00000+

1
0

2
2

S-l.38100-10
0
0
1
0

0.00000+ "0
0.00000+

7-2.70852-
0
0
2
0
0
2

0
3.42066-14-3.816OO-12
3.29671-
0.00000+

3-8.10889-
0 0.00000+

2
0

1.16?15-1»-3.67476-16
2.28274-
0.00000+
0.00000+

6-1.07175-
0 0.00000+

4
0

0-1.03340-20
7.60542-10-5.1B463-
9.90565-
0.00000+

;
0.00000+

1.00000+
0.00000+

1.00000+
0.00000+

1.00000+
0.00000+

1.00000+
1.00000+
Q.00000+

1.00000+
2.00000-

1
0

13
0
2
0
0
2
0
0
2
0
0
4
0
0
0
6
0
1

0.00000+

1.00000-

J.0O0OO-
5.00000+

5.00000-
6.00000+

4.37000-
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File 4 Angular Distributions of Secondary Neutrons D

(Tabulated Distribution and Transformation)

The angular distributions axe expressed as normalized probability d is -

tributions, i . e . ,

/ p(jj,E)du - 1 ,
- 1

where p(u,E)du is the probability that a neutron of incident energy E will be

scattered into the interval du about an angle whose cosine is u.

Absolute diffential cross sections are 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

da °s ( E )

_ (n,E) --JJ— p(u.E)

where a (El is given in File 3 (for the same MT number) and p(u,E) is given in

File 4.

NM

0

and

NM

IB«O
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File 4 Angular Distributions of Secondary Neutrons A

(Only Tabulated Distributions given)

The following quantities axe 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,

VE)'
LTT - 2, the data are given as normalized probability distributions,

p(u.E).

LCT is a flag to specify the fram* 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 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 <_ 101) .

Other commonly used variables are given in the Glossary (Appendix A).
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File 4 Angular Distributions of Secondary Neutrons B

(Only Tabulated Distributions given)

Tabulated Probability Distributions Given and Transformation Matrix

Not Given: LTT - 2 and LVT - 0

If the angular dis tr ibut ions are given as tabulated probability d i s t r i -

butions, LTT » 2, the structure of a sect ion i s

[MAT, 4, KT/ZA, AWR, LVT, LIT, 0, 0]HEAD

[MAT, 4, MT/0.0, AWR, 0, LCT, 0, OjCSSNT.

[MAT, 4, MT/0.0, 0 .0 , 0 , 0 , NR, NE/E. JTAB2

[MAT, 4, MT/T , E , LT, 0, NR, N P / u ^ / p (u.E^ 1TAB1

[MAT, 4, MT/T , E, , LT, 0, MR, NP/y. /p(y,E )]TAB1

[MAT, 4, MT/T , E,_, LT, 0 , NR, NP/u /p (u,E,_) ITAB1
N£ XAt n£

[MAT, 4, 0 / 0 . 0 , 0 . 0 , 0 , 0 , 0 , 0]SEND

T.and LT axe normally zero. See Appendix F for d e t a i l s on temperature depend-

ence.
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File 4 Angular Distributions of Secondary Neutrons C

(Only Tabulated Distributions given)

1.0010O+ 3 9.99170- 1 0 2 0 01269 4 2 306
0.0OOOO+ 0 0.0O0OO+ 0 0 2 0 01269 * 2 307
0.00000* 0 0.00000+ 0 0 0 1 141269 * 2 308

1 4 2 1269 4 : 309
0.00000* 0 1.00000- 3 0 0 1 111269 4 2 310

tl 2 1269 4 2 311
-1.00000+ 0 5.00000- 1-8.00000- 1 5.00000- 1-6.00000- 1 5.00000- 11269 4 2 312
-4.00000- I 5.00000- 1-2.00000- 1 5.00000- I 0.00000+ 0 5.00000- 11269 4 2 313
2.00000- 1 5.00000- 1 4.00000- 1 5.00000- I 6.00000- 1 5.00000- 11269 4 2 314
8.00000- 1 5.00000- 1 1.00000+ 0 5.00000- 1 1269 4 2 315
0.00000+ 0 1.00000+ 5 0 0 1 111269 4 2 316

U 2 1269 * 2 317
•1.00000+ 0 5.00000- 1-8.00000- 1 5.00000- 1-6.00000- 1 5.00000- 11269 4 2 31S
-4.00000- 1 5.00000- 1-2.00000- 1 5.00000- 1 0.00000+ 0 5.00000- 11269 4 2 319

2.00000- I 5.00000- 1 4.00000- 1 5.00000- 1 6.00000- 1 5.00000- 11269 4 2 320
8.00000- 1 5.00000- 1 1.00000+ 0 5.00000- 1 1269 4 2 321
0.00000+ 0 5.00000+ 5 0 0 I 111269 4 2 322

U 2 1269 4 2 323
-1.00000+ 0 5.011W- 1-8.00000- I 5.00970- 1-6.00000- 1 5.0O66O- U269 4 2 324
-4.00000- 1 5.00450- 1-2.00000- 1 5.OOI5O- 1 0.00000+ 0 S.00050- 11269 4 2 323

2.00000- 1 4.99740- I 4.00000- 1 4.99530- 1 6.00000- 1 4.99330- 11269 4 2 326
8.00000- 1 4.99020- 1 1.00000+ 0 4.98820- 1 1269 4 2 327
0.00000+ 0 1.00000+ 6 0 0 1 111269 4 2 328

U 2 1269 4 2 329
-1.00000+ 0 5.02180- 1-8.00000- 1 5.01760- 1-4.00000- 1 5.01310- 11269 4 2 330
-4.00000- 1 5.00890- 1-2.00000- 1 5.00440- 1 0.00000+ 0 5.00000- 11269 4 2 331
2.00000- 1 4.99570- 1 4.00000- I 4.99130- 1 6.00000- 1 4.98690- U2S9 4 2 332
8.00000- 1 4.98230- 1 1.00000+ 0 4.97790- 1 1269 4 2 333
0.00000+ 0 2.00000+ 6 0 0 1 111269 4 2 334

11 2 1269 4 2 335
-1.00000+ 0 5.03870- 1-8.00000- 1 3.03110- 1-6.00000- 1 5.02340- 11269 4 2 336
-4.00000- 1 5.01580- 1-2.00000- 1 5.00810- 1 0.00000+ 0 5.00030- 11269 4 2 337
2.00000- 1 4.99250- 1 4.00000- 1 4.984*0- 1 6.00000- 1 4.97640- 11269 4 2 338
8.00000- I 4.96820- 1 1.00000+ 0 4.95980- 1 1269 4 2 339
0.00000+ 0 4.00000+ 6 0 0 1 111269 4 2 340

11 2 1269 4 2 341
-1.00000+ 0 5.06770- 1-8.00000- 1 5.05420- 1-6.00000- 1 5.04070- 11269 4 2 342
-4.00000- 1 5.02750- 1-2.00000- 1 5.01430- 1 0.00000+ 0 5.00110- 11269 4 2 343

2.00000- 1 4.98730- 1 4.00000- 1 4.97340- 1 6.00000- 1 4.95890- 11269 4 2 344
S.00000- 1 4.94410- 1 1.00000+ 0 4.92830- 1 1269 4 2 345
0.00000+ 0 6.00000+ 6 0 0 1 111269 4 2 346

11 2 1269 4 2 347
-1.00000+ 0 3.09990- 1-8.00000- 1 3.077OO- 1-4.00000- 1 5.0560O- 11269 4 2 348
-4.00000- 1 3.03620- 1-2.00000- 1 5.01770- 1 0.00000+ 0 4.99930- 11269 4 2 349

2.00000- 1 4.98080- 1 4.00000- 1 4.96280- 1 6.00000- 1 4.94390- 11269 4 2 350
8.00000- 1 4.92460- 1 1.00000+ 0 4.90400- 1 1269 4 2 331
0.00000+ 0 8.00000+ 6 0 0 1 111269 4 2 332

11 2 1269 4 2 333
-1.00000+ 0 5.12880- 1-8.00000- 1 5.0952O- 1-6.00000- 1 5.06760- 11269 4 2 334
-4.00000- 1 5.04340- 1-2.00000- 1 5.02070- I 0.00000+ 0 4.99870- 11269 4 2 355

2.00000- 1 4.97660- 1 4.00000- 1 4.95460- 1 6.00000- 1 4.93140- 11269 4 2 356
8.00000- 1 4.90770- 1 1.00000+ 0 4.88180- 1 1269 4 2 337
0.00000+ 0 1.00000+ 7 0 0 1 U1269 4 2 338

U 2 1269 4 2 359
-1.00000+ 0 5.17270- 1-8.00000- 1 5.12010- 1-6.00000- 1 5.07940- 11269 4 2 360
-4.0OOOO- 1 5.04610- 1-2.00000- 1 3.01680- 1 0.00000+ 0 4.99080- 11269 4 2 361
2.00000- 1 4.94690- 1 4.00000- 1 4.94350- 1 6.00000- 1 4.92020- 11269 4 2 362
8.00000- 1 4.89690- 1 1.00000+ 0 4.87160- 1 1269 4 2 363
0.00000+ 0 1.20000+ 7 0 0 1 121269 4 2 364

'2 2 1269 4 2 365
-1.00000+ 0 3.22720- 1-9.00000- 1 3.18230- 1-8.00000- 1 5.146+0- 11269 4 2 366
-6.00000- 1 5.0898O- 1-4.00000- 1 5.04730- 1-2.00000- 1 5.0129O- 11269 4 2 367
0.00000+ 0 4.98230- 1 2.00000- 1 4.95560- 1 4.0O0OO- 1 4.93130- 11269 4 2 368
6.00000- 1 4.90850- 1 8.00000- 1 4.88660- 1 1.00000+ 0 4.86540- 11269 4 2 369
0.00000+ 0 1.40000+ 7 0 0 1 121269 4 2 370

1 2 2 1269 4 2 371
-1.00000+ 0 3.28230- 1-9.00000- 1 3.21880- 1-8.00000- 1 5.16980- 11269 4 2 372
-6.00000- 1 3.09820- 1-4.00000- 1 5.04560- 1-2.00000- 1 5.00480- 11269 4 2 373
0.00000+ 0 4.97030- 1 2.00000- 1 4.94310- 1 4.00000- 1 4.91950- 11269 4 2 374
6.00000- I 4.90050- 1 8.00000- 1 4.88330- 1 1.00000+ 0 4.86880- 11269 4 2 373
0.00000+ 0 1.60000+ 7 0 0 1 121269 4 2 376

12 2 1269 4 2 377
-1.00000* 0 5.34330- 1-9.00000- 1 3.25730- 1-8.00000- 1 5.19240- U269 4 2 378
-6.00000- I 5.1024O- 1-4.00000- 1 5.04040- 1-2.00000- 1 4.99390- 11269 4 2 379
0.00000+ 0 4.93670- 1 2.00000- 1 4.92880- 1 4.00000- 1 4.90810- U269 4 2 380
6.00000- 1 4.89360- 1 8.00000- 1 4.88330- 1 1.00000+ 0 4.88330- 11269 4 2 381
0.00000+ 0 1.80000+ 7 0 0 1 121269 4 2 382

12 2 1269 4 2 383
-1.00000+ 0 5.40920- 1-9.00000- 1 5.29620- 1-8.00000- 1 5.21340- 11269 4 2 384
-6.00000- 1 3.10380- 1-4.00000- 1 3.03270- 1-2:00000- 1 4.98020- 11269 4 2 385
0.00000+ 0 4.94060- I 2.00000- 1 4.91260- 1 4.00000- 1 4.89630- 11269 4 2 386
6.00000- 1 4.89050- 1 8.00000- 1 4.89400- 1 1.00000+ 0 4.90910- 11269 4 2 387
0.00000+ 0 2.00000+ 7 0 0 1 121269 4 2 388

'2 2 1269 4 2 389

-1.00O00+ 0 5.48070- 1-9.00000- 1 5.33480- 1-8.00000- 1 3.23320- 11269 4 2 390
-6.00000- 1 5.1029O- 1-4.00000- 1 5.02210- 1-2.00000- 1 4.96330- 11269 4 2 391
0.00000+ 0 4.92180- 1 2.00000- 1 4.89580- I 4.00000- 1 4.88400- 11269 4 2 392
6.00000- 1 4.88660- 1 8.00000- I 4.90730- 1 1.0OO0O+ 0 4.94660- 11269 4 2 393

1269 4 0 394
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File 4 Angular Distributions of Secondary Neutrons D

(Only Tabulated Distributions given)

The angular distributions are expressed as normalized probability dis-

tributions , i.e.,

,£)du -

-1

/ p(u,

1

where p(u,E)du i s the probability that a neutron of incident energy E wil l be

scattered into the interval du about an angle whose cosine i s u-

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

f§ (B.E) - - § 7 - p(w.E)

where o (E) is given in File 3 (for the saae MT number) and p(u,E> is given in

File 4.
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File 5 Energy Distributions off Secondary Neutrons A

(General Structure)

The following quantities are defined

NX 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 < E' < E - U (given in the Lob system).

8_ 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 the excitation energy, |Q| , of a level in the

residual nucleus.

If LF » S, 7, or 9, 9 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

~~~~~~ th
can be described by the k partial energy distribution at

th
the N incident energy point.

rac
N0TE: £ W " l-°

k-1

th
f, (E * E') is the k partial energy distribution. The definition depends

on the value of LF.

SR is the number of interpolation ranges.

NP 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 8(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/ZA, AWR, 0, 0, NX, 0]HEAD

'subsection for k • 1>

<subsection for k « 2>

<subsection for k » SK>

[MAT, 5, 0 /0.0, 0.0, 0, 0, 0, 0]SEND

The structure of a subsection depends on the value of LF. Subsections

should be ordered by increasing values of LF. For cases in which more than

one subsection contains data using the same LF, these subsections should be

ordered by increasing values of 6.



File 5 Energy Distributions of Secondary Neutrons
(General Structure)
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(General Structure)

The energy distributions, p(E -• E') , are normalized so that

^'max

/ p(E -• E') dE' - 1 ,

o

where E' „ is the maximum possible secondary neutron energy and its value depends

on the incoming neutron energy E and the analytic representation of p(£ -* E 1 ) . The

secondary neutron energy E1 is always expressed in the laboratory system.

The differential cross section is obtained from

da (E * Z')

where a(E) i s the cross section as given in File 3 for the same reaction type

number (MT) and a i s the neutron mult ipl ic i ty for this reaction type (a i s

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;

NK

p ( E - E ' ) - ^ P k
( E ) f k ( E * E ' ) ,

k-1

and at a particular incident neutron energy E,

NK

where p, (E) is the fractional probability that the distribution f,<E -• E') 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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(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 a constant that defines the upper energy limit for the secondary

neutron so that 0 < E' < E - U (given in the Lab system).

9_ 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| , 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 It partial energy distribution at

the N incident energy point.

MX

NOTE: "V"* p (E ) - 1.0

k-1

th
f. (E * E1) is the k partial energy distribution. The definition depends

on the value of LF.

NR is the number of interpolation ranges.

M? 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.)
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N-23
B

LF « 1. Arbitrary tabulated function

[MAT, 5 , MT/T , 0 . 0

[MAT, 5 , MT/0.0 , 0 . 0

[MAT, 5 , MT/T , E,

E i

(MAT, 5 , MT/T S_ t

[MAT, 5 , MT/T , Ev

LT

0

LT

LT

E :

LF-l

0

0

NR , NP/E. /p(E)]TABl
int

NR

NR

E 3

3TAB1

NR

9 ' E3 '

1TAB1

' NF/Eint

Note that the incident energy oe»h for Py(E) does not have to be the same

as the E mesh used to specify the energy d i s t r ibu t ions . The interpolation scheme

used between incident energy points , E, and between secondary energy points , E ' ,

should be l inear - l inear . T and LT refer to possible temperature (physical)

dependence.
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(Tabulated Distributions)

IS • I, Arbitrary tabulated functions

f (E - E') • g(E * Z') .

A set of incident energy points is given, E, and g(E. -* E") is

tabulated as a function of E'.
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(Discrete Level s General Evaporation)

The following quantities are defined

NX is the number of partial energy distribution*. 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).

9_ 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.

i

If LF » 3, 9 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

th
the N incident energy point.

NX

k-l

thf.(E -• E') is the k partial energy distribution. The definition depends

on the value of LF.

NR is the number of interpolation ranges.

N? 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.)
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File 5 Biergy Distributions of Secondary Neutrons B

(Discrete Level £ General Evaporation)

IT • 3, Discrete l e v e l ex c i ta t i o n

[MAT, 5, MT/ T , 6 , LT,LF-3, NR, NP/E. /p(E)]TABl

Only one record i s given for each subsect ion .

IT • 5, General evaporation spectnja

[MAT, 5, MT/ U , 0.0 , 0 , LF-5, NR, NP/Z. ./p(E))TABl
u i t

[MAT, S, MT/0.0 , 0 . 0 , 0 , 0 , NR, NE/E. ^ /

[MAT, 5, MT/0.0 , 0 . 0 , 0 , 0 , NR, NF/x,

E'
8(E)

' X N P '
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(Discrete Level & General Evaporation)

LF " 3, Excitation of discrete levelsi

f (E •* E1) - 4 E' - A * 1 E
(A • I} 2 -•]

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 - E1) • g[E'/6(E)] .

6(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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(Maxwellian, Evaporation, & Watt Spectrum)

The following quantities are defined

NX is the number of partial energy distributions. There wil l be one

subsection for each partial distribution.

0_ is a constant that defines the upper energy limit for the secondary

neutron so that 0 < E' < E - U (given in the Lab system) .

9_ i s 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 i s the excitation energy, [Q| , of a level in the

residual nucleus.

If LF • 5, 7, or 9, 9 i s an effective nuclear temperature.

LF i s 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 ) i s the fractional part of the particular cross section that

can be described by the Ic partial energy distribution at

th
the N incident energy point.

UK

MOTE: V^ W " 1-°
lc-1

th
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 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 8(E)

is given. (HE <_ 200.)

N7_ 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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(Maxwellian, Evaporation, fi Watt Spectrum)

LF - 7, Simple f i s s i o n spectrum (Haxvelllan)

[MAT, 5, MT/ 0 , 0.0 , 0 , LF»7 , NR, NP/E, /p(E)]TABl
i n t

[MAT, 5, MT/0.0 , 0.0 , 0 , 0 , NR , NE/E, . /6(E)]TAB1
, i n t

IT - 9, Evaporation spectrum

[MAT, 5, MT/ U , 0 . 0 , 0, LF-9,NR, NP/E. /p(E)]TABl
i n t

[MAT, 5, MT/0.0 , 0.0 , 0, 0 , MR, NE/E. ./6(E)1TAB1

IT • 10, Watt spectrum

[MAT, 5, MT/0.0 , 0 .0 , 0, U - 1 0 ^ , NP/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

If » 7, Simple fission spectrum (Maxwcllian):

I is the normalization constant.

= 3/21 - 6 "

6 is tabulated as a function of energy, E;

0 is a constant introduced to define the proper upper limit for

the final neutron energy that 0 <_ E' ̂ _ £ - U.

LF » 9, Evaporation spectrum;

I is the normalization constant,

,2
i - e 1 - e

•(E-u)/e L + s-u\

8 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 ̂ _E' <_ E - U.

LF » 10, Watt spectrum:

a and b are constants.

NOTE: Distribution laws are not presented for IS » 2, 4, 6, or 8.
These laws are no longer used.
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There is only one section in File 7, but the format varies slightly, de-

pending on whether temperature-dependent data are given. Ttie 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

MS 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) .

NX 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).

NR is the number of interpolation ranges for a particular parameter,

either 3 or a.

NB is the total number of 3 values given.

WP is the number of a values given for each value of S for the first

temperature described/ NF is the number of pairs, a and S(a,3), given.
3. and a. are the interpolation schemes used (see Appendix E for
xnt a.nt

interpolation formats).
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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 , N I , N S / B ( 1 ) , B < 2 ) , . . . B ( N I > ] L I S T

[MAT, 7 , MT/0 .0 , 0 . 0 , 0 , 0 , NR, NB/8. JTAB2
i n t

[MAT, 7 , MT/T, 6 ^ LT, 0 , NR, N P / a ^ ^ S (o , B ^ ]TAB1

[MAT, 7 , MT/T, 8_, LT, 0 , KR, NP/a . / S < o , 6 . ) ] T A B 1
2 int 2

[MAT, 7, MT/T, B , _ , LT, 0 , NR, NP/a. . / S ( a , B m ) ]TAB1
NS Xnt NB

[MAT, 7, 0 / 0 . 0 , 0 . 0 , 0 , 0 , 0 , 0]SEND

T and LT refer to possible temperature dependence. If the scattering law data

are completely specified by analytic functions [no principal scattering atom

type, as indicated by B(l) - 0], tabulated values of S (a,8) are emitted and

the TAB2 and TABl records ar* not given.
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file 7 Scattering Law Data C

8.01600+ 3 1.58380+ 1 0 0 0 01276 7 4 4761
0.00000+ 0 0.00000* 0 0 0 12 11276 7 4 4762
0.00000* 0 0.00000* 0 0.00000* 0 0.00000* 0 0.00000+ 0 0.00000* 01276 7 4 4763
1.00000* 0 3.74310* 0 I..38580* 1 0.00000* 0 0.00000* 0 0.00000* 0L276 7 4 4764

1276 7 0 4763
1276 0 0 4766
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i i e ' Scattering Law Data D

Inelastic scattering is represented by the thermal neutron scattering

law, S(a,B,T), and is defined (for a moderating molecule) by

NS

n«0

where there are (NS + 1) types of atoms in the molecule (i.e., for H O , NS - 1)

M is the number of atoms of the n type in the molecule,
n

T is the moderator temperature (*1C),

£ is the incident neutron energy (aV),

E' is the secondary neutron energy (eV),

_B is the energy transfer, 8 » (E1 - E)AT,

a is the momentum transfer, a • (E' + E - 2UVEE'')/A kT,

~ O
A is the mass of the n type atom, A is the mass of the principal
n o

scattering atom in the molecule,

th
o. is the bound atom scattering cross section of the n type atom,
bn

o. • a.
bn fn

\ n /

o. is the free atom scattering cross section of the n type atom,

zn
)c is Boltanarm's contant, and

u i s the cosine of the scattering angle (in the lab system).
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(Photon Multiplicities)

ES the tnergy of the level from which the photon originates. If the

level is unknown or i f 4 continuous photon spectrum is produced,

then ES. =0 .0 should be used.

EG the photon energy for L? - 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 i s a primary:

LP « 0, origin of photons i s not designated or not known/ and

the photon energy is EG j

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

** -EG* * sSSr 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

- 2, a discrete photon energy.
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(Photon Multiplicities)

The structure of a section for L0 » 1 is

[HAT, 12, KT/ZA, AWR; L0-1, b; NK, b]H£AO

IMAT, 12, MT/ b, b; b, b) NR, WP/E. /Y(E)]TAB1*

int
< subsection for k • 1>

< subsection for k • 2>

<subsection for k » NK>

[MAT, 12, 0/ b, b» b, b» b, b]SEND

and the structure of each subsection is

[MAT, 1 2 , HT/EG. , ES. ; LP, LF; NR, NP/E, / y . (E) ]TAB1
K K Ult K

•If the total number of discrete photons and photon continue is one (NK - 1),

this TAB1 record is omitted.



File 12 Multiplicities and Transition Probabilit ies
(Photon Multiplicit ies)

N-27
C

9.22350+
0.00000+

I 2.33023+
3 0.00000+

29
1.30350+
3.2Z18O+
1.50630+
2.239*5+
3.68541*
4.28793+
3.35239+
7.00000+
9.00000+
1.09000+
7.71000+

7.74238+
1.00000+
2.00000+
7.58000+

7.74238+
1.00000+ <
2.00000+

. 0.00000+
k 1.00000+
S 1.42470+
5 1.49120+
5- 1.73810+
5 1.87680+
S 1.93480+
5 2.23460+
S 2.16840+
S 0.00000+
1 7.71000+
7
S 0.00000+
i 1.19000-
r 0.00000+
5 7.71000+
1
5 0.00000+
> 3.82000-
' 0.00000+

oassiac UKIS)

2.
8.23440+
1.71718+
2.96239+
3.95655+
4.75991+
6.00000+
7.74238+
1.00000+
2.00000+
5.20000+ t

s
> 0.00000+
i 1.92700-
S 2.19300-
i 2.04700-
5 1.73200-
S 1.70400-
S 1.74100-
S 1.19800-
i a.00000+
• 5.20000+

26 •
5.22180* i
1.30630+
2.2394J+
3.68541+
4.28793+
5.35239+
7.00000+
9.00000+
1.09000+
3.90000+

. 0.00000+
5 5.66800-
5 3.39400-
S 5.30900-
S 3.18500-
S 4.98600-
5 4.47800-
S 3.33300-
S 0.00000+
. 5.20000+

26
3.22180+
1.50630+
2.25945+
3.68541+
4.28793+
5.35239+
7.00000+
9.00000+
1.09000+
1.30000+

. 0.00000+
5 2.13200-
5 1.86000-
S 1.98400-
5 1.77800-
5 1.69600-
5 1.53500-
5 1.23700-
i 0.00000+
t 1.30000+

29
1.30530+
5.22180+
1.30630+
2.25945+
3.68541+
4.28793+
5.33239+
7.00000+
9.00000+
1.09000+

. 0.00000+
I 1.00000+
S 4.67000-
S 4.66600-
S 4.37300-
S 4.09000-
! 3.93700-
S 4.13600-

4.20000-
> 0.00000+

2
0
2
0
0
0
0
0
0
0
0
0
0
3
2
0
1
0
5
2
0
2
0

2
0
1
1
1
1
1
1
1
0
4
2
0
1
1
1
1
1
1
1
0
4
2
0
1
1
I
1
1
1
1
0
4
2
0
0
1
1
1
1
1
1
1
0

1.3OS6O+
8.23440+
1.71718+
2.96239+
3.93635+
4»73W1+
6.00000+
7.74233+
1.00000+
2.00000+

8.00000+
1.09000+

8.00000+
1.09000+

1.03433+
1.97827+
3.34400+
4.15739+
5.00000+
6.54738+
8.00000+
I.09000+

8.23440+
1.71718+
2.96239+
3.95635+
4.75991+
6.00000+
7.74238+
1.00000+
2.00000+

8.23440+
1.71718+
2.96239+
3.95655+
4.75991+
6.0000O+
7.74238+
1.00000+
2.00000+

1.30360+
8.23440+
1.71718+
2.96239+
3.95655+
4.75991+
6.00000+
7.74238+
1.00000+
2.00000+

1
0

4
4
5
5
5
5
5
5
6
7
0

5
6

0

5
6

5
5
5
5
5
3
5
6

0

4
5
5
5
5
5
3
6
7
0

4
5
5
5
5
5
5
6
7
0

4
4
5
5
3
5
5
5
6
7

1.00000+
1.19210+
1.43780+
1.37010+
1.79790+
1.87330+
2.13210+
2.24560+
2.14020+
0.00000+

1.00000-
1.23300-

3.00000-
3.97000-

7.81000-
2.13200-
2.16000-
1.94400-
1.6S7OO-
1.30100-
1.66700-
1.34900-

3.22600-
3.64900-
5.59900-
3.26900-
4.93800-
4.99200-
4.09200-
3.12800-
0.00000+

1.91700-
1.97600-
1.94400-
1.75600-
1.69100-
1.32100-
1.43300-
1.08000-
0.00000+

1.00000+
4.77800-
4.57900-
4.16700-
4.08000-
3.99100-
4.04400-
4.30600-
3.83400-
0.00000+

0
0

0
0
0
0
0
0
0
0
0
0
2

2
1

2

3
2

2
1
1
1
I
1
1
1

1
1
1
I
1
I
1
1
0
2

1
1
1
1
I
1
1
1
0
2

0
I
1
1
1
1
1
I
I
0

4.OO0OO+
1.03433+
1.97827+
3.34400+
4.13739+
3.00000+
6.34738+
8.00000+
1.09000+

9.00000+
1.09000+

9.00000+
1.09000+

1.30630+
2.23945+
3.68341+
4.28793+
5.33239+
7.00000+
9.00000+
1.09000+

1.03433+
1.97827+
3.34400+
4.13739+
3.00000+
6.34738+
8.00000+
1.09000+

1.03433+
1.97827+
3.34400+
4.13739+
5.00000+
S.54738+
8.00000+
1.09000+

4.00000+
1.034:3+
1.97827+
3.34400+
4.15739+
3.00000+
6.34738+
8.00000+
1.09000+

10
1

4
3
5
5
5
5
5
3
6

1

5
6

1

5
6

5
5
3
5
5
5
5
6

1

5
3
5
5
5
3
5
6

1

5
5
5
5
3
3
3
6

1

4
5
5
5
5
5
5
5
6

1.00000+
1.28190+
1.46330+
1.64930+
1.79140+
1.93490+
2.23330+
2.25100+
2.12850+

7.11000-
0.00000+

2.31000-
0.00000+

1.70900-
2.32500-
2.08200-
1.S74OO-
1.60600-
1.72100-
1.41200-
0.00000+

5.35300-
5.57800-
5.3510O-
5.14400-
5.06100-
4.92100-
3.98600-
3.29500-

2.03900-
1.94000-
1.83600-
1.75100-
1.84800-
1.69800-
1.36500-
1.13400-

1.00000+
4.44600-
4.63300-
4.34900-
3.99900-
3.89600-
3.98000-
4.36700-
4.10600-

0126112
29126112

126112
012(112
0126112
0126112
0126112
0126112
0126112
0126112
0126112
0126112

126112
7126112

126112
2126112
0126112

126112
7126112

126112
2126112
0126112

126112

126112
1126112
1126112
1126112
1126)12
1126112
1126112
1126112
0126112

126112
26126112

126112
U26U2
1126111
1126112
1126112
1126112
1126112
1126112
1126112

126U2
26126112

126112
1126112
1126112
1126U2
1126112
1126112
1126112
1126112
1126112

126112
29126112

126112
0126112
1126112
1126112
1126112
1126112
1126112
1126112
1126112
1126112

126112
126112

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

4
4
4
4
4
4
4
4
4
4
4
4
4

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
0

6169
6170
6171
6172
6173
6174
6175
6176
6177
6178
6179
6180
6181
6182
6183
6184
6185
6186
6187
6188
6189
6190
6191

6378
6379
6380
6331
6382
6383
6384
6385
6336
6387
6388
6389
6390
6391
6392
6393
6 394
6395
6 396
6397
6398
6399
6400
6401
6402
6403
6404
6405
6406
6407
6408
6409
6410
6411
6412
6413
6414
6413
6416
6417
6418
6419
6420
6421
6422



N-27
File 12 Mult ip l ic i t ies and Transition Probabil i t ies D

(Photon Mult ipl ic i t ies)

The multiplicity or yield yfc(E) i s defined by

°k(E>

yk(E) - g ( £ ) (photon*) ,

where E designates neutron energy and a(E) is the neutron cross section in File

2 and/or File 3 to which the multiplicity is referred (by the MT number).

V E y ~ E> " V E > V E
Y *

 E) '
which results in the requirement that

Y
f. (E • E)dE - 1 .
k Y Y

o

As a check quantity, the total yield

NX

V(E) - ̂ J yk(E) (photons)

is also tabulated for each MT number if NX > 1.



N-2B
Fi le 12 Mul t ip l i c i t i e s and Transition Probabi l i t ies A

(Photon Transition Probability Arrays)

LG - 1, staple 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 at the ith level, i - 0,1,2... NS. (ES =0.0, the ground
i o

state.)

TP. TF ., the probability of a direct transition from level NS to
i NS, i

level i, i - 0,1,2... (NS-1).

GP G? ., 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 - ESVI_ - ES. , and its multi-

Y «5 i

plicity is given by y(E • E) - (CT ) (GP ) . It is implicitly assumed that the

transition probability array is independent of incident neutron energy.
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(Photon Transition Probability Arrays)

The structure of a section for US « 2 is

[MAT, 12, MT/ ZA, AWE; L0"2, LG> NS, b]HEAD.

[MAT, 12, MT/ES , b; LP, b) (I£+l) *NT, NT/B.]IJST.

[MAT, 12 0/ b, b» b, bj b, bJSEND.

1! LG - 1, the array B. consists of NT doublets (ES.,TP.)i if LG • 2, it con-

sists of NT triplets (ES.,TP,,G?.). 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..



File 12 Multiplicities and Transition Probabilities
(Photon Transition Probability Arrays)

N-28
C

1.70000+
1.22000+
0.00000+

1.70000+
1.76200+
0.00000+

1.70000+
2.64500+
0. 00000+

1.70000+
2.69300+
1.2200O+

1.700OO+
3.0O6OO+
0.00000+

1.70000+
3.16300+
2.6*500+

1.7000O+
4.05SOO+
1.76200+

1.70000+
4.11300+
1.22000+

1.70000+
4.17400+
1.22000+

1.70000+
3.13000+
0.0000O+

1.7000O+
5.22000+
0.00000+

4
6
0

4
6
0

4
6
0

4
6
6

4
6
0

4
6
6

4
6
6

4
6
6

4
6
6

4
6
0

4
6
0

3.51480+
0.00000+
1.0000O+

3.31480+
0.00000+
1.00000+

3.31480+
0.00000+
1.00000+

3.51480+
0.00000+
6.00000-

3.51480+
0.000 00+
1.00000+

3.51480+
0.00000+
1.60000-

3.51480+
0.00000+
1.80000-

3.31480+
0.00000+
1.00000+

3.31480+
0.00000+
6.2OOOO-

3.51480+
o.ooooo*
1.00000+

3.31480+
0.00000+
1.00000+

1
0
0

1
0
0

1
0
0

1
0
1

1
0
0

1
0
1

1
0
1

1
0
0

1
0
1

1
0
0

1
0
0

0

0

1

0

.00000+

.00000+

.22000+

.00000+

2
0

2
0

2
0

2
0
0

2
0

2
0
0

2
0
6

2
0

2
0
0

2
0

2
0

4.

8.

6.

3.

00000-

40000-

40000-

80000-

1
0

1
0

1
0

1
0
1

1
0

1
0
1

1
0
1

1
0

1
0
1

I
0

1
0

1
2

2
2

3
2

4
4

5
2

6
4

7
6

0.0O00O+ 0

8
2

9
4

10
2

11
2

0114912
1114912

114912
114912

0114912
1114912

114912
114912

0114912
1114912

114912
114912

0114912
2114912

U4912
114912

3114912
1114912

114912
114912

0114912
2114912

114912
114912

0114912
3114912

1.80000- 1114912
U49I2

0114912
1U4912

114912
U4912

0114912
2114912

114912
114912

0114912
1114912

114912
114912

0114912
1114912

114912
114912

51
51
51

0
32
52
52
0

33
33
53

0
54
54
54

0
S3
33
35
0

56
36
56

0
37
57
57
0

58
38
58

0
59
39
59

0
60
60
60

0
61
61
61

0

3401
3402
3403
3404
3403
3406
3407
3408
3409
3410
3411
3412
3413
3414
3415
3416
3417
3418
3419
3420
3421
3422
3423
3424
3423
3426
3427
3428
3429
3430
3431
3432
3433
3434
3433
3436
3437
3438
3439
3440
3441
3442
3443
3444
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(Photon Transition Probability Arrays)

The differential cross section for producing a y-ray

of energy E resulting froa the excitation of the mQ level of the

residual nucleus and the subsequent transition between two definite

levels (j •+ i) , including the effects of cascading from the m - j
o

levels higher than j, is

c_ (E) rr
where

o (E) » neutron cross sections for exciting the m level with neu-
O

tron energy E,

6(E - c. + 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 1 level given that it was initially in the excited

state corresponding to the X level, and

\ , » probability of emission of a y ray of energy E • E - e as
, x y K £

a result of the residual nucleus having a transition from the

k ^ to the Ith level.
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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 Cor IS » 0 or 1 or Binding Energy for IS - 2.

For a continuous photon energy distribution, EG, - 0.0 should be

used.

IS Indicator of whether or not the particular photon is a primary:

If • Of origin of photons is not designated or not known, and the

photon energy is EG, ;

IS • 1, for nonprimary photons where the photon energy is again

simply EG, ; and

IS m 2, for primary photons, where the photon energy is given by

^ k + AWR + 1 V

If 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 F i l e 13 i s

[MAT, 13, MT/ZA, AWR, b, b; MX, b]HEAD

IKAT, 13 , MT/ b , b; b , b; MR, K P / E ^ / a ^ C E ) JTAB1*

<«ubsection for k • 1>

<subsection for k • 2>

and the structure of each subsection is

[MAT, 13, MT/EG. , ES.J LP, LP; NR, NP/E.
K K

<*ubs«ction for k »

[MAT, 13, 0/ b, b, b, b; b, b]SEND

•If the total number of discrete photons and photon continua 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
0.00000+ 0 0.00000+ 0 0 1 1 12126113 3 6437

12 2 126113 3 6438
1.0OO0O- } 0.00000+ 0 1.00000- 1 0.00000+ 0 1.09OOO+ 6 0.00O00+ 0126113 3 6439
1.09000+ 6 1.38200+ 1 2.10000+ 6 1.43200+ 1 3.00000+ 6 1.48200+ 1126113 3 6440
4.00000+ 6 1.47700+ I 5.00000+ 6 1.70000+ 1 6.00000+ 6 1.80000+ 1126113 3 6441
7.50000+ 6 2.16300+ 1 1.4S000+ 7 2.30200+ 1 2.00000+ 7 2.S210O+ 112611.3 2 6442

126113 0 6443
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do*

which obviously requires that

.max

y

o

Any tine 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,

we

cL-CE) - / ^ o7(E) (bams) ,
TOT X_^ It

k-1

is also tabulated for each MT number, unless only one subsection is present

(i.e., NX - 1).
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(Isotropic Distribution for a l l photons)

For LI - 1 (isotropic distribution), the parameter NX is the number

of photons in that section and should be consistent with the NK values in Files

12 and 13.



File 14 Photon Angular Distributions B
(Isotropic Distribution for all photons)

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 t

[MAT, 14, MT/ZA, AWR; LI-1, bj NX, b]HEAD

[MAT, 14, 0/ b, bj b, bj b, b]SZND
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(Isotropic Distribution for all photons)

9.22350* » 1.33025* 2 1 0 X 0126U* * M*7
126114 0 6*48
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{Isotropic Distribution for all photons)

LI - 1 (Isotopic Distributions)

P,(U,E) = 0.5

a* (E) S 0.0 for all K
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(Legendre Coefficient Representation)

LTT - 1, data are given as Legendre coefficients, where a (E) i 1.0 is

understood.

- 2, data are given as a tabulation.

LI - 0, distribution is not isotropic for all photons from this reac-

tion type, but may be for some photons.

» 1, distribution is isotropic for all photons from this reaction type.

NE number of neutron energy points given in a TAB2 record.

HI 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 I required at each neutron energy E..
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(Legendre Coefficient Representation)

LTT » 1; Leqcndre Coefficient Representation

[MAT, 14, MT/ZA, AMR) Ll-O, LTT-1; NX, NIJHEAD

<«ubsection for k - 1>

<subsection for Jc • 2>

The structure of each record in the first block of NT subsection*, which

is for the MI i»otropic photons, is

[MAT, 14, MT/EG^, ES » b, bi 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,

appears last, with EG. = 0.0.

This block of NI subsections i s then followed by a block of NK-NI subsections

for the anisotropic photons in decreasing magnitude of EG . The continuum,

i f present and anisotropic, appears l a s t , with EG, = 0 .0 . The structure for

the las t NK-NI subsections i s

[MAT, 14, MT/EG. , ES. f b, b; NR, NE/E. ^JTABI
k k int

[MAT, 14, MT/ b, Exi b, b) NI^, b/a^{Z^) 1 LIST

[MAT, 14, MT/ b, E2; b, b> NL2, b/a^(Ej)]LIST

[MAT, 14, MT/ b, E^.; b , b; N L ^ ^ / a J (E^) JUST

Note that lists of the a^(E) start at 1 - 1 because ak(E) = 1.0 is always

understood.

<subsection for k « NK>

[MAT, 14, 0/ b, b; b, b; b, b]SEND .
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(Legendre Coefficient Representation)

No example In ENDF-rV
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(Legendre Coefficient Representation)

The angular distributions are expressed as normalized probability distri-

butions , that is,

p (u.E)du - 1 ,

where p (u,£) 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 u.

Because the photon angular distribution is assumed to have azisiuthal symmetry,

the distribution may be represented as a Legendre series expansion,

NL

i-0

where

v " cosine of the reaction angle in the lab system.

E » energy of the incident neutron in the laboratory system, and

o7(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.

I • order of the Legendre polynomial.

— - 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. (Zt is understood that a (E) = 1.0.)

az(E) " f
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(Tabulated Angular Distributions)

LIT • 1, data are given as Leger.dre coefficients, where a (E) 5 1.0 i s
o

understood.

• 2, data are given as a tabulation.

LI • 0, distribution is not isotropic for all photons from this reac-

tion typ«, but may be for SCBMI photons.

- 1, distribution is isotropic for all photons from this reaction type.

NZ number of neutron energy points given in a TAB2 record.

NI number of isotropic photon angular distxibutions given in a sec-

tion (MT number) for which LI » 0, i.e., a section with at least

one anisotropic distribution.

KL. highest value of I required at each neutron energy E..
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(Tabulated Angular Distributions)

LTT - 2: Tabulated Angular Distr ibut ions

The structure of a sec t ion for LI « 0 and LTT - 2 i s

(MAT, 14, MT/ZA, AWRf LI-O, LTT-2; NX, NIJHEAD

<rubsection for k - 1>

<subsection for k - 2>

The structure of the f i r s t block of NI subsections (where NX may be zero)

i s the same as for the case of a Legendre representat ion; i . e . , i t cons is t -

of one CC5NT record for each of the NI i so trop ic photons in decreasing

magnitude of EG, . The continuum, i f present and i s o t r o p i c , appears l a s t ,

with EG^ 5 0 . 0 .

The structure of the f i r s t NI subsections i s

[MAT, 14, MT/EGk, ES^; b, b» b.' b]C0NT .

This block of NI subsections i s then followed by a block of NK-NI sub-

sec t ions for the anisotropic photons, again in decreasing magnitude of

EG. , with the continuum, i f present and anisotropic , appearing l a s t , with

EG, = 0 .0 . The structure of the l a s t KK-NI subsections i s

[MAT, 14, MT/EGk, ES^J b , b; NR, KE/Eint]TAB2

[MAT, 14, MT/ b, E1? b , bj NR, NP/u i n t /pk(U,EL)]TAB1

[MAT, 14, MT/ b, E2> b , b; NR, N P / y ^ / p ^ (u,E2) ]TAB1

[MAT, 14, MT/ b , 1^ . ; b, b, NR, N P / u ^ ^ (U^^,) ]TAB1

<subsection for k » NK>

[MAT, 14, 0 / b, b) b, b; b, bJSEND .
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L-1
where p (y,E) is the probability that an incident neutron of energy E will re-

sult in a particular discrete photon or photon energy continuum (specified by k

and MT number) being emitted into unit cosine about an angle whose cosine is u.

Because the photon angular distribution is assumed to have azimuthal synsnetry,

the distribution may be represented as

where

U » 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 k, as given in either File 13 or in Files 2, 3,

and 12 combined.
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NC 3 the number of partial distributions used to represent t (E -*- E),

q.(E * E) 5 the j * 1 1 normalized partial distrihution in the unit* eV , and

p, (E) 5 the probability or weight given to the j partial distribution,

q j (Ey * B> .

•Note that the subscript k used in describing Files 12 and 13 has been dropped
from t(Zy-*- 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. I t i s , In fact,
the NRtn subsection in File 12 or 13 that contains the production data for the
continuum.
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The structure of a sec t ion i s

[MAT, 15, MT/ZA. AWR; b, b; NC, b]HEAD

<subsection for j • 1>

<rubsection Cor j » 2>

For LF • 1, the structure of a subsection i s

[MAT, 15, MT/b, bi b, LF-1; NR, NP/E^^/p . <E) ] TAB1

[MAT, 15, MT/b, b> b , b> NR, NE/E. ]TAB2
int

[MAT, 15, MT/b, Z^t b, b; NR, HP/E ^

[MAT, 15, MT/b, E.i b, b; NR, NP/E . /g(E » £,)]TAB1
2 Y int y 2

[MAT, 15, MT/b, E._; b, b» NR,

<rub«ection for j - NC>

[MAT, 15, 0 / b, bf b, bi b, b]SEND
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APPENDIX 0

Format Differences Between Successive Versions of ENDF/B

Versions I and II

The following is a summary of the format differences between Version I

and Version II ENDF/B data tapes. ENDF/B Version I was released in July 1968,

and Version II was released in August 1970.

File 1 Changes

1. An index has been added to MT - 451. Each record in this index contains

a file number (MF) , reaction type number (MT) , and the number of BCD card

images required to specify the data for each section to be given for the material

The number of entries in the index is given by 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 specification of yield data for roetastable 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 dances

1. LSF, the test indicating the type of resolved resonance formula used, has

been expanded to include

ZBF • 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 LXS test has been removed. This means that the elastic scattering cross

section always must be calculated, using the resolved or unresolved resonance

parameters.

4. The constant C (used in calculating the penetration factor) has been replaced

by a quantity AWRI. AWRI is defined as the ratio of the mass of a particular

isotope to that of a neutron.

5. A new option for specifying unresolved resonance parameters has been added.

It is indicated by the test ZSF - 2. This means that all average resonance

parameters (level spacing, the width of an unspecified competitive reaction, and

the reduced neutron, radiation, and fission widths) may be given as a function

of incident neutron energy. Energy-dependent parameters may be given for each

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

E
th AWR 1W|'

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 (No.Changes)

File 5 Changes

1. The definition of LF « 3 (discrete energy loss law) was changed to read

f ( E -»• E ')
A2 x 1 E + _A
(Axl) A + l

9

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(S) for cases

in which LF « 5, 7, or 9. A value, D, replaces T. U was introduced to define

the proper upper limit for the secondary neutron energy distributions so that

0 <_ E* <_ E - 0 ,

where E", E, and U are given in the laboratory system. Further, the normalization

constants for LF - 7 and LF - 9 have been redefined to account for the use of U.

3. LF - 2, 4, 6, and 8 have been deleted.
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All Files

1. Certain reaction type (MT) numbers have been changed (see Appendix B for

definitions) ••

Old MT Number New MT 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

80 90

109 (Not assigned) 109 (n,3a) cross section

455 (Not assigned) 455 Delayed neutrons from fission

700-799 (Not assigned) 700-799 Assigned (see Appendix B)
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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. Time sequential (n,2n) reactions are described by using Sections

MT - 6-9 and MT - 46-49.

3. An LR flag was added to designate x in the (n,n'x) reactions when x is

not a photon. In this case, the temperature field S (formerly T) is

used to designate the Q-value or energy difference of the combined

reactions.
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4. Sections MX - 718, 738, 758, 778, 798, and MT - 719, 739, 759, 779,

799 are redefined to describe continuum levels for (n,x') reactions.

MT • 718 describes the (n,p') continuum cross sections as part of the

c

(n,p) cross section and should be included in the total cross section.

MT • 719 is used to describe a continuum cross section for exit protons

whose cross section is already represented in the total cross section

by other reaction types.
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Summary of Important ENDF Rales

General

1. Cross sections for all significant reactions should be included.

2. The data in ENDF are specified over the entire energy 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 are in barns, all energies in eV, all temperatures

in degrees Kelvin, and all times in seconds.

4. Summary documentation and unusual features of the evaluation should

appear in the File 1 comments.

5. Threshold energies and Q-values must be consistent for all data

presented in different files for a particular reaction.

File 2 - Resonance Parameters

1. Only one energy region containing resolved resonance parameters can

be used, if needed.

2. The cross section from resonance parameters is calculated only within

the energy range EX to EH, although some of the resonance parameters may lie

outside the range.

3. Every ENDF Material has a File 2 even if no resonance parameters are

given in order to specify the effective scattering radius.

4. In the unresolved resonance region interpolation should be done in

cross section space and not in unresolved resonance parameter space. Any INT

is allowed.

5. The Breit-Wigner single-level or multilevel formalisms should be used

in the resolved resonance region unless experimental data prove that use of the

other allowed formalisms is significantly better.



P-2

ile 3 - Tabulated Cross Sections

1. All File 3 data are given in the laboratory system.

2. The total cross section MT • 1 is the sun of all partial cross sections

ud has 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

iatisfied if data are presented:

1 - 2 + 3

3 (or 1 - 2) - 4 (or 51+...91) + (6+...9+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+...758)

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 File 2, there are contributions

to the total (MT - 1) and scattering (MT - 2) cross sections and to the fission

(MT - 18) and capture (MT » 102) cross sections if fission and capture widths are

also given. These must be added to the File 3 Sections MT - 1, 2, 18, and 102

over the resonance region in order to obtain summation 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

cross section (File 2 + File 3) should be everywhere positive.

3. Double-value points (discontinuities) are allowed anywhere but are

required at resonance region boundaries. A typical situation for MT - 1, 2,

18, and 102 in File 3 is a tabulated cross section from 10 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 2. 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. The differential scattering cross
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section in bams per steradian is determined by multiplying File 4 values by

the File 2 + File 3 summation scattering cross section a divided by 2ir.

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 oust be

given.

3. When the elastic scattering is represented by Legendre coefficients,

an energy-independent transformation matrix must be given to perform a CM to

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 Inroortant ENDF Parameters

File

1

Section Variable Max

451 NCD 294

452

455

456

151

n

n

tt

it

n

n

All

II

2

All

It

H

All

tl

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
a

Polynomial terms in expansion of v

Energy ranges

Isotopes

Resonances per J.-state

t-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

Angular mesh size

Incident energy mesh

Final energy mesh

Nonprincipal scattering atoms



R-l

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 common accelerator sources. It is also necessary to specify which secondary

particle is designated in angular and energy distributions.

The solution proposed allows these data to be included with the following

advantages:

1. No changes are 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 MAT 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 HI • 1, 2, 3, and 4 where the exit

channel would be taken to be the same as the entrance channel.*

2. Field 6 of the HEAD record is blank for all Files according to

ENDF 102, Volumes 1 and II. This field will specify the ZA as (1000*Z+A of

the incident particle (IZA) 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

lfio
3 2 s

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-
819 would be defined to describe (x,n ), (n,n )...(x,n._, Cx,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') total would be described by MT • 4; (p,pr) 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 MT 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 of ascending IZA. ENDF/B tapes that do not

contain merged neutron and non-neutron files can be supplied.

4. According to ENDF 102, field 5 of the HEAD record is blank for all

files except FilesS, for which field 4 is blank. It is proposed that this

field contain JZA, the (1000*Z+A) of the particle designated in the angular or

energy distribution following the sane code as described above.

5. The structure of File 1 would be changed to include IZA and JZA in

the dictionary- The C0NT record for a non-neutron data section would contain

JZA and IZA as floating-point numbers in the first and second fields, respectively,

to maintain the order in which they appear on the HEAD card of each section.

6. The structure of File 52 could be constructed in analogy with neutron-

induced widths, with the incident particle designated as in item 4 and resonance

energies, widths, and other data defined by new formats and procedures to be

specified at a later time.

7. Photon-induced nuclear reactions are to be handled in the same way as

other non-neutron-induced reactions. The word atomic should be added to the

definitions for MT - 501, 502, and 504 and MF - 23-26. MT = 518, 532 and 533

should be cancelled.

Examples

The structure of File 1 of a MAT containing File 3 sections for (n,np) ,

(n,Y), and File 63 (p,y) data and a File 4 section for (n,np) outgoing portion

angular distribution data only is
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[ £A, AWR, LRP, LIT, 0, NXC ] HEAD

[0.0,0.0,LDD,LFP,NWD,0/H(N) 1LIST

[MAT,1,451,0.0,0.0,1,451,UCl,01C?NT

[MAT,1,451,O.O,O.O,3,28,NC2,O]C0NT

[MAT,1,451,O.O,O.O,3,1O2,NC3,O]C0NT

[MAT,1,451,0.0,1001.0,63,102,NC4,0]C0NT

IMAT, 1,451,1001 0 , 0 , 4 , 2 8 , NC5,0]C|2NT

[ MAT, 1,0,0 .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) d a t a i s

[MAT,63,MT-102/BA,AWR,LIS,0,ISA-1001 HEAD

[MAT,63,MT-102/T,Q,LT,0,NR,NP/E. /a(E)]TAB1
int

[MAT ,63 ,0/0.0,0.0,0 , 0,0,01 SEND

The structure of File 4 containing (n,np) and File 64 containing (p,pa)

ingular distribution for the emerging proton is

[MAT,4 ,MT=28 , /ZA,AWT,LVT,LTT, J2A=1001 ,0 ]HEAD

[MAT,4,0/0.0,0.0,0,01 SEND

[MAT,64,MT-112/ZA,AWR,LVT,LTT,J2A-1001,I2A-1001]HEAD

[MAT,64,0/0.0,0.0,0,0,0,01 SEND
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Cie d i f f e ren t i a l e l a s t i c d i s t r ibu t ions would be rationed to Rutherford

sca t te r ing . Angular d i s t r ibu t ions for i n e l a s t i c sca t te r ing and react ion data

integrate to uni ty .

The s t ruc ture of Fi le 5 containing both (n,np) and Fi le 65 containing

energy d i s t r ibu t ion data for the emerging proton i s

[MAT, 5 ,MT«28/-2A, AMR, 0, J-ZA-1001, NX,0] HEVD

[MAT, 5,0/0.0,0.0,0,0,0,0]SEND

[MAT,65,M->112/2A,AWR,0, J2A-1001, NK, I-HA*1001] READ

[MAT,65,0/0.0,0.0,0,0,0,0]SEND

The s t ructure of Fi le 6 would follow the rules for Fi le 4.

Limitations

Simple addit ional t ea t s would be required for DICTION and RIGEL and

dict ionary expansions made to the display codes. RIGEL can be modified by the

NICSC to outout only neutron data f i l e s or only neutron and gamma f i l e s , e t c .

There would be no l imi ta t ion on the use r ' s receiving an ENDF tape containing

only neutron-induced reaction and gamma-gamma in terac t ion da ta . "3his wi l l

probably be the normal d i s t r ibu t ion recommended by CSEWC. However, for those

users requiring them, other types of data may be included in the ENDF system

with a minimum of modification to formats and processing codes.


