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ENDF FORMATS AND PROCEDURES FOR PHOTON PRODUCTION

AND INTERACTION DATA

Compiled and edited by

Donald J. Dudziak

ABSTRACT

The ENDF formats for storage of photon production and photon interaction

data are presented as are procedures for entering these data. Formats for

photon production data are a revision of those given in Los Alamos Scientific

Laboratory Report LA-3801 (ENDF-111) and supersede the earlier format. Sam-

ple sets of photon production data are given in the new format. Procedures

are given to minimize ambiguities in entering data in the format and to facil-

itate writing processing codes to use the data. Classes of data for which

formats and procedures are specified include photon production cross sections,

multiplicities, transition probability arrays, angular distributions, energy

spectra, and energy-angle distributions; also Z photon interaction cross sec-

tions, secondary angular, energy, energy-angle distributions, and atomic form

factors are included.
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1. INTRODUCTION
—_

Since the genesis of a Shielding Subcommittee of the Cross-Section Evalua-

tion Working Group (CSEWG) in early 1967, the question of formats for storing

photon production and photon interaction data has received considerable atten-

tion. A format emphasizing multiplicities (yields) and transition probabil-

ities was adopted and documented in detail.l However, in early 1969, the Sub-

committee decided to recommend a revised format, isomorphic to the existing one,

but placing photon production cross sections, multiplicities, and energy distri-

butions in separate files. This report, the second of two volumes, documents

the latest accepted format and provides recommended procedures for placing data

in the format and for writing codes to process the data. General features and

descriptions of the data formats and record types are given in Chaps. 1 through

5 of the companion (BNL 50274, ENDF-102, Revised, Vol. I) to this report. A

knowledge of those chapters is presumed for this volume.

The format for photon interaction data remains essentially unchanged, but

it is included in this report for both completeness and clarification of the

procedures.

The arrangement of this report is similar to that proposed to the CSEWG

2 Sections 2 andfor the revision of the ENDF neutron data format specifications.

3 contain specifications for photon production and photon interaction files,

respectively. Discussion of each ENDF photon data file is subdivided into two

subsections, one for formats and one for procedures. A glossary of symbols and

variable nsmes is provided in Appendix A for convenient reference. The variable

names are, in most cases, consistent with the corresponding FORTRAN variables

in the photon production data processing codes.3

The same units as specified by Honeck2 are used where appropriate, and the

set is expanded as follows:

energy - eV
angle - dimensionless cosine
cross section - barns
mass units of the neutron mass
yield - photons

In any file, sections are always arranged in increasing order of MT number.

Structures of sections are given below in the form of the binary records. Unused

fields are now denoted by “b” (blank) in the format prescriptions, as opposed to

the integer and floating-point zeros (O or 0.0) used previously for ENDF/B. The

.-

-.

.—.
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BCD card-image formats for each section are given in Appendix B, often with a

sample set of data in the format (see Vol. I, Sec. 5.3 for a detailed description

of the card-image formats).
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2. PHOTON PRODUCTION

Photon production data are divided into five

File Description

distinct files.

12 Multiplicities and transition probability arrays
13 Photon production cross sections
14 Photon angular distributions
15 Continuous photon energy spectra
16 Photon energy-angle distributions

With the exception of File 12, all of the files are closely analogous to

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

pose of File 12 is to provide additional methods for representing the energy

dependence of photon production cross sections. The parallel structure between

neutron and photon data files facilitates the use of existing neutron data re-

trieval routines4 for the photon data. Record types are identical to those used

for neutron data (e.g., HEAD, CONT, LIST, TAB1, TAB2). The allowed reaction

type (MT) numbers are the same as those assigned for Files 1 through 7, and they

continue to maintain as closely as possible the parallelism with the United King-

dom Atomic Energy Authority data file.
5

However, they may have somewhat differ-

ent meanings for photon production that require additional explanation in some

cases, as follows

(1) MT= 3 should be used in Files 12 through 16 to represent composite (n,xy)

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 pho-

ton 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

joint with all others.

(3) Let us consider how one

data. The differential

the photon production, with each section being dis-

might represent the inelastic gamma-ray production

cross section for producing a gamma ray of energy

Ey resulting from the excitation of the moth level of the residual nucleus

and the subsequent transition between two definite levels (j + i), includ-

ing the effects of cascading from the m. - j levels higher than j, is

I’no-j m~_l-1

&(Ey,E,mo,i,j) = 6(EY- Ej + si)Aj,i am ‘k) fi ~ ‘pmLl,ml , ‘1)

o
1=1 m~=j -

—.

.-.
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where

neutron cross sections for exciting the moth level with
neutron energy E,

delta function with E., Ei being energy levels of the
residual nucleus, J

probability of the residual nucleus having a transition
to the ~th level given that it was initially in the ex-
cited state corresponding to the kth level, and

probability of a gamma ray of energy Ev = Ek - Ef being
emitted as
transition

We are at once beset with no

of section number. The data

level and the jth level. To

a result of the residual nu;leus havi”~g a
from the kth to the ~th level.

clear choice of ENDF representation in terms

may naturally be identified both with the moth

avoid this problem, we can sum Eq. (1) over m.

do
N

-#(E ,E,i,j) =
~Y z

-$-(E ,E,mo,i,j) ,
~Y

mo=j

(2)

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

energy E (i.e.,
‘NSAWR+l

E). This gives us a de-excitation cross sec-

tion that has the characteristic of singling out a definite gamma-ray

transition and has the advantage when experimental data are to be repre-

sented. The de–excitation cross section is identified with the jth level.

Alternatively, we can sum Eq. (1) over i and j

m
du2

o j-1

=(E ,E,mo) =
xx

8(E ,E,mo,i,j) .
~Y ~Y

j=l i=()

(3)

This gives us an excitation cross section that has the characteristic of

singling out a definite excited state and has the advantage when calculated

data are to be represented. The excitation cross section is identified with

the moth level. If Eq. (2) is summed over i and j, or equivalently Eq. (3)

is summed over mo, then

N dU2 N j-1 do

%(E SE) = ~ q(Ey,E,mo) ‘~ ’--(Ey,E,i,ij)j) ./ (4)

mo=l j=l i=() y

5



This gives us a cross section .for all possible excitations and transitions

and thus corresponds to the total inelastic neutron cross section for dis-

crete 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 occurs if the transition probability array option is

used and if the entire neutron energy range is not covered by the known

transition probabilities. 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.

The integrated cross sections of File 13 are obtained by integrating Eqs.

(1) through (4) over ~.

(4) The same remarks as given in Item (3) apply for discrete gamma rays from

(n,pY), (n,dy), (n,ty), (n,3Hey), and (n,ay) reactions, and the use of

MT = 103, 104, 105, 106, and 107 is recommended for these cases. -

-

6



2.1. 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 the use by processing codes of neutron

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

production cross sections.

Multiplicities can be used to represent the cross sections of discrete pho-

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

numbers that appear in File 12 designate the particular neutron cross sections

(File 2 and/or File 3) to which the multiplicities are referred. The use of

multiplicities is the recommended method of presenting (n,y) capture gamma-ray

cross sections provided, of course, that the (n,y) cross sectionis 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 into 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 gamma-ray production cross sections.

This option cannot be used to represent the integrals of continuous photon

spectra.



2.1.1. File 12 Format

File 12 is made up of sections with each section giving information for a

particular reaction type (MT number). The information in each section is given

either as multiplicities (L@ = 1) or as transition probability arrays (Lo = 2).

Each section always starts with a HEAD record and ends with a SEND record.

.

2.1.1.1. Option 1 (L@ = 1): Multiplicities

The neutron energy dependence of photon production cross sections is

represented by tabulating a set of neutron energy and multiplicity pairs

[E,Yk(E)l for each discrete photon and for the photon energy continuum.* The

subscript k designates a particular discrete

the total number of such sets is represented

The multiplicity or yield yk(E) iS

o[(E)
yk(E) =—

o(E)
(photons) ,

photon or a photon continuum, and

by NK.

defined by

where E designates neutron energy and u(E) is the neutron cross section in File
-

2 and/or File 3 to which the multiplicity is referred (by the MT number). In

the case of discrete photons, u;(E) is the photon production cross section for

the discrete photon designated by k. In the case of photon continua, G:(E) is

the cross section for the photon continuum integrated over photon energy.

In the continuum case,

I

d~~

O~(E) =(E “E)dE

. ~y
Y

yk(E) =— 5(E) o(E)

Jo(E) yk(Ey + E)dE max

Y :Y
= =

U(E) J Yk(Ey+E)dE
Y’

o

*There should be no more than one

the decomposition of a continuum
accomplished in File 15.

.

energy continuum for each MT number used. If
into several parts is desired, this can be ---

8



~oY

where Ey designates photon energy (eV), &Ey + E) is the absolute photon energy

distribution in barns/eV, and y (E + E) i; the relative energy distribution in
ky

photons/eV. The quantity yk(Ey + E) can be broken down further as.

. Y~ (Ey + ‘) =‘k(E) ‘k(Ey+ ‘) ‘

which results in the requirement that

Emax

J
Y

fk(Ey+ E)dE = 1 .
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
ky

in File 15 under the same MT number.

As a check quantity, the total yield

NK

Y(E) =
E

Yk(O (photons)

k=l

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

The structure of a section for L@ = 1 is

1
[MAT, 12,

[MAT, 12,

(
\
I
I

~[MAT, 12,

MT/ZA, AWR; L@=l, b; NK, b]HEAD

MT/ b, b; b, b; NR, NP/Eint/Y(E)]TABl*

<subsection fork=l >

<subsection fork=2 >
.
.
.

< subsection for k = NK >

0/ b, b; b, b; b, b]SEND ,

and the structure of each subsection is_-

[MAT, 12, MT/EGk, ESk; b, LF; NR, NP/Eint/yk(E)]TABl ,
.

*If the total number of discrete photons and photon continua is one (NK = 1),
then this TABI record is omitted.

9



where

ESk E

EGk ~

LF E

the energy of the level from which the photon originates. If the
level is unknown or if a continuous photon spectrum is produced, then
ESk E 0.0 should be used.

the photon energy. For a continuous photon energy distribution,
EGk ~ 0.0 should be used.

the photon energy distribution law number , which presently has only
two values definedz

LF = 1, a normalized tabulated function (in File 15), and
= 2, a discrete photon energy.

2.1.1.2. Option 2 (Lf#= 2): Transition Probability Arrays

With this option, the only data required are the level energies, de-

excitation transition probabilities, and (where necessary) conditional photon

emission probabilities. Given this information, the photon energies and their

multiplicities can readily be calculated. Also, photon production cross sections

can 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

LG =

.

NS E

NT E

ESi E

TPi E

GPi E

Ai ~

determined from the data for the lower levels.

Now define the following variables.

1, simple case (all transitions are y emission).

2, complex case (internal conversion or other competing processes
occur).

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.)

number of transitions for which data are given in a list to follow
(i.e., number of nonzero transition probabilities), NT ~ NS.

energy of the ith level, i = O(l)NS. (ESO ~ 0.0, the ground state.)

TPN the probability of a direct transition from level NS to level
i, ~S~’O(l)NS -1.

GpNS,i, the probability that, given a transition from level NS to level
i, the transition is a photon transition (i.e., the conditional proba-
bility of photon emission).

(TPi)(GPi).

10



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 EY = ESNS - ESi, and its multi-

plicity is given by Y(EY + E) = (Tpi)(Gpi). It is implicitly assumed that the

transition probability array

The structure of a

{

[MAT, 12, MT/ ZA, AWR;

[MAT, 12, MT/ESNS, b;

[MAT, 12 0/ b, b;

is independent of incident neutron energy.

section for Lo = 2 is

L@=2, LG; NS, b]HEAD .

b, b; (LG+I)*NT, NT/Bi]LIST .

b, b; b, b]SEND .

If LG = 1, the array Bi consists of NT doublets (ESi,TPi); if LG = 2, it con-

sists of NT triplets (ESi,TPi,GPi). Here the subscript i is a running index

over the levels below the level for which the transition probability array is

being given (i.e., below level NS). The doublets (ESi,TPi) or triplets

(ESi,TPi,GPi) are given in decreasing magnitude of energy ESi.

—

11



2.1.2. 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 continuum pho- .

tons, if present, is last. In this case, the last value of EGk (EGM)

is set equal to 0.0, and logical consistency with Procedure 1 is maintained.
.

3. Under Option 1, the values of EGk should be consistent to within four signi-

ficant figures with the corresponding EGk 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, ESk is the energy of the level from which the photon origi-

nates. If ESk 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 use of Option 1 of File

12, instead of as 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 yk(E). Within that

range,

NK

Y(E) =
z

yk(E)

k=l

should hold within four significant figures.

7. The excitation cross sections for all the levels appearing in the transi-

tion probability arrays must, of course, be given in File 3.

8. The join of all sections, regardless of the option used, should represent

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. —_

12



9.

10●

11.

12.

13.

14.

15.

16.

17.

If only one

TAB1 record

Data should

energy distribution is given under Option 1 (NK = 1), then the

for the Y(E) table is simply deleted to avoid repetitive entries.

not be given in File 12 for reaction types that do not appear

in Files 2 and/or 3.

Under Option 2, the level energies, ESi, in the transition probability

arrays are given in decreasing magnitude.

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.

The energies of photons arising from level transitions should be consistent

within four significant figures with the corresponding EGk values in File

14. Therefore, care must be taken to specify level energies to the appro-

priate number of significant figures.

Under Optian 2, the sum of the transition probabilities (TPi) over i should

equal 1.0000 (that is, should be unity to within five significant figures).

The limit on the number of energy points in any table of Y(E) or yk(E) is

1000● This is an upper limit that should rarely be approached in practice

because yields are normally smoothly varying functions of incident neutron

energy.

The limit on the number of interpolation regions is 10.

Tabulations of nonthreshold data should normally cover at least the energy
-5 ev < E < 2 x 107 eV,range 10 _ — where practical. Threshold data should be

given from threshold energy up to 2 x 107 eV, where practical.

13



2.2 File 13: Photon Production Cross Sections

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

used to represent the neutron and photon energy dependence of photon production

cross sections. In File 13, however, absolute cross sections in barns are

tabulated, and there is no need to refer back to the neutron files.

-.

-
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2.2.1. File 13 Format

Similar to File 12, File 13 is made up of sections with each section giving

information for a particular 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 accom-

plished by tabulating a set of neutron energy-cross section pairs [E,o~(E)] for

each discrete photon and for the photon energy continuum. The subscript k des-

ignates particular discrete photons or the photon continuum, and the total num-

ber of such sets is NK. In the case of discrete photons, o:(E) is the photon

production cross section (b) for the photon designated by k. In the case of the

photon continuum, O~(E) is the integrated (over photon energy) cross section for

the photon continuum* designated by k. In’the continuum case,

E
max

J

Y
d~~

a~(E) = ~ (Ey+ E) dE
Y

(b) ,

0 Y
d~~

where E designates photon energy (eV), and ~ (Ey + E) is the absolute photon
Y

energy distribution in b/eV. xThe energy distr bution can be further broken

down as

~oY

-& (EY+E) = u:(E) fk (EY -+E) ,

Y

which obviously requires that

.max

“Y

Io
Any time

then the

fk(EY+ E) dE = 1.
Y

a continuum representation is used for a given MT number in File 13,

normalized energy distributions fk(Ey+ E), must be given in File 15

under the same MT number.

*There should be no more than one energy continuum for each MT number used. If

the decomposition of a continuum into several parts i-s desired, this can be
accomplished in File 15.

15



As a check quantity, the totalphoton production cross section,

NK

y (E) =~cT~(E)
aTOT

k=l

(b),

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/E /ay (E)]TAB1*
int TOT

<subsection fork=l >

1
<subsection fork=2 >

●

●

<subsectio~ for k=NK>

@4AT, 13, O/b, b; b,b; b, b]SEND
—.

and the structure of each subsection is

[MAT,

where

ESk ~

EGk Z

LF Z

13, MT/EGk, ESk; b, LF; NR, NP/Eint/U~(E)]TABl ,

the energy of the level from which the photon originates. If the
level is unknown or if a continuous photon spectrum is produced,
then ES

k
= 0.0 should be used.

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

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.

*If the total number of discrete photons and photon continua is one (NK = 1),
-.

then this TAB1 record is omitted.

16



1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

2.2.2. File 13 Procedures

The subsections are given in decreasing magnitude of EGk.

The convention is that the subsection for the continuum photons, if present,

is last. In this case, EGNK ~ 0.0.

The values of EGk should be consistent to within four significant figures

with the corresponding EGk values in File 14.

ESk is the energy of the level from which the photon originates, if known.

Otherwise ESk = 0.0.

If capture and fission resonance parameters are given in File 2, the cor-

responding photon production should be given by use of Option 1 of File 12,

instead of as photon production cross sections.

y (E), shouThe total photon production cross section table, UTOT ld exactly

span the same energy range as the combined energy range of all the o:(E).

Within that range,
NK

EO:OT(E) = ~ ~ u:(E)
=

should hold within four significant figures. If only one energy distribu-

tion is given, either discrete or continuous (NK = 1), then the TAB1 record

for the O~oT(E) table is simply deleted.

The join of all sections in Files 12 and 13 combined should represent the

photon production data with no redundancy. For example, MT = 4 cannot in-

clude any photons given elsewhere under MT = 51 through 91.

The limit on the number of energy points in a tabulation for any photon pro-

duction subsection is 1000. This is an upper limit; in practice, the mini-

mum number of points possible should be used. If there is extensive struc-

ture, the use of File 12 should be seriously considered, because yields are

normally much smoother functions of incident neutron energy than cross

sections.

The limit on the number of interpolation regions is 10.

Tabulations of nonthreshold data should normally cover at least the energy

range 10-5 eV E E z 2 x 107 eV, where practical. Threshold data should be—.

given from threshold energy up to 2 x 107 eV, where practical.
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2.3. 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 that

appears in Files 12 and 13, even if the distributions are isotropic.

The structure of File 14 is, with the exception of isotropic flags, 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 increasing 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 distribu-

tions , that is,

1

Jpk(W)dv = 1 ,
-1

where pk(ll,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 symmetry,

the distribution may be represented as a Legendre series expansion,

411

pk(kE) ‘—— ~K(Q,E)
O~(E) –

NL

cosine of the reaction angle.

energy of the incident neutron in the laboratory system?

photon production cross section for the discrete photon or photon con-
tinuum specified by k, as given in either File 13 or the combination
of Files 2, 3, and 12.
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~ E order of the Legendre polynomial.

day
k-

— = differential photon production cross section in barns/steradian.An
UJ6

—

a (E) ~ the ~th Legendre
i

photon continuum

1

coefficient associated with the discrete photon or
specified byk. (It is understood that a~(E) ~ 1.0.)

pk(P?E) pl(P)dp .

Angular distributions may be given in File 14 by tabulating as a function

of incident neutron energy either the normalized probability distribution func-

tion, pk(P,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.

It is important to note that File 14 assumes separability of the photon

energy and angular distributions for the continuous spectrum. If this is not

the case, File 16 (analogous to File 6) must be used instead of Files 14 and 15.

(Note that File 14 implicitly specifies an energy-angle distribution for discrete

photons, and, therefore, File 16 is required only for the continuous spectrum.)
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2.3.1. File 14 Format

AS usual, sections are ordered by increasing reaction-type (MT) numbers.

The following

1,

2,

0,

1,

definitions are required.

data are given as Legendre coefficients, where a~(E) ~ 1.0 iS
understood,

data are given as a tabulation.

distribution is not isotropic for all photons from this reaction
type (but may be for some photons),

distribution is isotropic for all photons from this reaction type.

number of neutron energy points given in a TAB2 record.

number of isotropic photon angular distributions given in a section
(MT number) for which LI = O, i.e., a section with at least one ani-
sotropic distribution,

highest value of ~ required at each neutron energy Ei.

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, thus avoiding the necessity to enter needless isotropic distri-

bution data 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=l, b; NK, b]HEAD

[MAT, 14, 0/ b, b; b, b; b, b]SEND .

b. LI = O: Anisotropic Distribution

If LI = O, 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=O, LTT; NK, NI]HEAD .

i. LTT = 1: Legendre Coefficient Representation

[

[MAT, 14, MT/ZA, AWR; LI=O, LTT=l; NK, NI]HEAD

<subsection for k = 1>

<subsection for k = 2>

—__

\

.

.

<subsection ~or k = NK>

[MAT, 14, 0/ b, b; b, b; b, b]SEND .
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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]CONT .

That is, there is just one CONT record for each isotropic photon.

(The set of CONT records is empty if NI = O.) The subsections are

ordered in decreasing magnitude of EGk, and the continuum, if pres-

ent and isotropic, appears last with EGk ❑ 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

EGk (photon energy). The continuum, if present and anisotropic,

appears last with EGk ~ 0.0. The structure for the last NK-NI sub-

sections is

[

[MAT, 14, MT/EGk, ESk; b, b; NR, NE/Eint1TA132

[MAT, 14, MT/ b, El; b, b; NL1, b/a~(E1)]LIST

)
[MAT, 14, MT/ b,

‘2; b’ b; ‘L2’
b/a~(E2)]LIST

.
●

/ [MAT, 14, MT/ b, ENE; b,-b; NLNE,b/a~(ENE)] LIST .
‘..

Note that lists of the a~(E) start at ~ = 1 because a~(E) ~ 1.0 is

always understood.

ii. LTT = 2: Tabulated Angular Distributions

The structure of a section for LI = O and LTT = 2 is

~[MAT, 14, MT/ZA, AWR; LI=O, LTT=2; NK, NI]HEAD

! ~ubsection for k = 1>

<subsection for k = 2>

\

●

●

~ubsectio~ for k = NK>

@W 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 CONT record for each of the NI isotropic photons
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in decreasing magnitude of EGk (photon energy). The continuum, if -_

present and isotropic , appears last with EGk s 0.0.

The structure of the first NI subsections is

[MAT, 14, MT/EGk, ESk; b, b; b, b]CONT .

This block of NI subsections is then followed by a block of NK-NI

subsections for the anisotropic photons , again in decreasing magni-

tude of EGk with the continuum , if present and anisotropic, appear-

ing last with EGk ~ 0.0. The structure of the last NK-NI subsections

is

[MAT, 14, MT/EGk, Esk; b, b; NR, NE/Eint]TAB2

~ [MAT, 14, MT/ b, El; b, b; NR, NP/Pint/pk(P,E1)]TABl

( [MAT, 14, MT/ b, E2; b, b; NR, NP/pint/pk(P,E2)]TABl
.

[

●

[MAT, 14, MT/ b, ENE; b, b; NR, NP/Pint/Pk(V,ENE)]TABl .

.
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1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

2.3.2. File 14 Procedures

The subsections are given in decreasing magnitude of EGk within each of the

isotropic and anisotropic blocks.

The convention is that the subsection for the continuous photon spectrum,

if present, appears last in its block. In this case, EGNK ~ 0.0.

The values of EGk should be consistent within four significant figures with

the corresponding EGk values in File 12 or 13. In the case of File 12,

Option 2 (transition probability arrays), the values of EGk are implicitly

determined by the level energies.

ESk is the energy of the level from which the photon originates, if known.

Otherwise, ESk S 0.0 (as is always the,case for the continuum).

Data should not appear in File 14 for photons that do not have production

data given in File 12 or 13. Conversely, every photon appearing in File

12 or 13 must have an angular distribution given in File 14. The neutron

energy range over 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.

For LTT = 1 (Legendre coefficients), the value of NL should be the minimum

number of coefficients that will reproduce the angular distribution with

sufficient accuracy and be positive everywhere. In all cases, NL should be

an even number less than or equal to 20.

The TAB1 records for the pk(p,Ei)within a subsection

order of neutron energy, E .
i

The tabulated probability functions, p#p,Ei), should

four significant figures (to unity).

The interpolation scheme for Pk(P,E) with respect to

are given in increasing

be normalized within

E must be linear-

linear or log-linear (INT = 2 or 3) to preserve normality of the interpo-

lated distributions. It is recommended that the interpolation in p be

linear-linear (INT = 2).

For LI = 1 (isotropic distribution), the parameter

ber of photons in that section and should be given

NK is a count of the num-

consistent with the NK

values in Files 12 and 13. This parameter could also be determined inde-

pendently from Files 12 and 13, but it is useful in File 14 for the “physics”

6checking code.
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11. The minimum amount of data should be used that will accurately represent

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 = O and NI = NK is strongly discour-

aged. Likewise, isotropic distributions should not be entered explicitly

as a tabulation or as a Legendre expansion with a~(E) ~ O, A > 1.

-_
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2.4. File 15: Continuous Photon Energy Spectra

File 15 provides a means for representing continuous energy distributions

of secondary photons. The energy distributions are expressed as normalized

probability distributions. The energy distribution of each photon continuum

that occurs in Files 12 and 13 should be specified in File 15 over the same neu-

tron energy range as used in Files 12 and 13. File 15 is divided into sections

with each section giving the data for a particular reaction type (MT number),

and the sections are ordered by increasing MT number.

The energy distributions, f(EY + E), have the units of eV
-1

and are norma-

lized such that

E
max

J
Y

f(Ey+E)dE =1,
Y

o

max
where E

Y
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-
Y

eral different normalized distributions in the following manner

NC

f(Ey+ E) =
E ‘j ‘E) ‘j ‘E’(+ ‘)

j=l

(eV)-l,

where

NC ~ the number of partial distributions used to represent f(Ev + E).
-1 ‘

qj (Ey + E) E the jth normalized partial distribution in the units eV .

pj(E) ~ the probability or weight given to the jth partial distribution,

qj(Ey+ E).

*Note that the subscript k that occurs in the sections describing Files 12 and

13 has been dropped from f(E + E).
1

This is done because only one energy con-

tinuum is allowed for each M 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 normalization condition is imposed.

E
max

J

Y
qj(Ey+E) dE =1 .

Y
o

Thus ,

NC

z pj(E) =1 .

j=l

The absolute energy distribution cross section, GY(E + E), can then be con-
Y

strutted from the expression

OY(E + E) = UY(E) f(Ey + E) (b/eV),
Y

where Oy(E) is the integrated cross section for the continuum given either di-

rectly in File 13 or through the combination of Files 2, 3, and 12.

The system used to represent continuous photon energy distributions in File

15 is similar to that used in File 5. At present, however, there is only one .-

continuous distribution law activated for File 15, i.e.,

qj(~y+ E) ‘dEy+E) ,

where g(E + E) represents an arbitrary tabulated function.
Y

In the future, new

laws (for example, the fission gamma-ray spectrum) may be added.
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2.4.1. File 15 Format

The structure of a section is

[

[MAT, 15, MT/ZA, AWR; b, b; NC, b]HEAD

< subsection for j = 1 >

{

< subsection for j = 2>
.
●

I < subsectio~ 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=l; NR, NP/E~nt/Pj (E)IT-ml
[MAT, 15, MT/b, b; b, b; NR, NE/Eint]TAB2

[MAT, 15, MT/b,
‘1; b’ Y int/g(EY+E1)]TABl

b; NR, NP/E

[MAT, 15, MT/b,
‘2; b’

b; NR, NP/E
Y int/g(Ey+E2)]TABl

.

.

[MAT, 15, MT/b, ENE; b, ;; NR, NP/E~ int/g(Ey+ENE)]TABl ,

At present, there is no other continuous energy distribution law defined.

Therefore, formats for other laws remain to be defined in the future, but their

structures will probably closely parallel those in File 5 for LF = 5, 7, 9, and

10.
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2.4.2. File 15 Procedures

1. Photon energies, EY, within a subsection are given in increasing

2. The TAB1 records for the g(EY+ Ei) within a subsection are given

creasing order of nuetron energy, E .
i

magnitude.

in in-

3. The tabluated functions, g(E + Ei), should be normalized to unity within .
Y

four significant figures.

4. The interpolation scheme for p (E) must be either linear-linear or log-
j

linear (INT = 1, 2, or 3) to preserve probabilities upon interpolation.

Likewise, the interpolation scheme for g(E + E) must be linear-linear or
Y

log-linear with respect to E.

5. The neutron energy mesh should be a

y (E)lation in File 12 or for the 5NK

ranges must be identical. However,

need not be the same as for the g(E
Y

subset of that used for the yNK(E) tabu-

tabulation in File 13, and the energy

the neutron energy mesh for the pj(E)

+ E), as long as they span the same

range.

6. For an MT number which appears 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. The minimum amount of data should be used that will accurately represent

the energy distribution as a function of both E and E. However, caution
Y

must be exercised not to use too coarse a mesh for E, even if the distri-

butions are slowly varying functions of E. This is due to the fact that the

interpolated distribution will always have a nonzero component up to the

maximum energy to which either of the original distributions has a nonzero

component.

8. The limit on

g(EY + E) is

g(~+E) is

the number of neutron energy points for either p (E) or
j

200. The limit on the number of photon energy points for

1000.
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2.5. File 16: Photon Energy-Angle Distributions

If the photon energy dependence and angular dependence 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 for Files 14 and 15 is

assumed in this discussion.

Consider a nonnormalized energy-angle distribution function F(EY + E,p),

where the angular dependence is normalized such that

-1
J.

J F(EY+ E,P) dP = y(E + E) .
Y

-1

Then the multiplicity (yield) can be separated out, leaving a function,

h(Ey + E,p), normalized in both Ey and V.

F(EY+ E,v) = y(E) h(Ey+ E,P) .

The differential photon production cross section is then obtained from

~2o(E + E,P)

2EY ap
= o(E) y(E) h(Ey+ E,u) (b-photons/eV),

where o(E) is the cross section for the reaction type being considered, as

determined by 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, TI1(EY+ E). The Legendre expansion

is

NL

h(Ey+ E,l.,i)=
z

2~j 1 VZ(EY + E) PZ(P) .

2=0

Now consider the structure of a section for the two possible forms of the

angular distribution.
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2,5.1. File 16 Format

Two options are allowed, corresponding to the options in File 14, i.e., the

angular distribution can be represented by either Legendre coefficients (LTT = 1)

or by tabulated angular distributions (LTT = 2).

LTT = 1: Legendre Coefficient Representation. In this option, the

Legendre coefficients are tabulated as functions of both,incident neutron energy

and photon energy. The structure of a section for LTT = 1 is

.~[MAT, 16, MT/ZA, AWR; b, LTT=l; b, b]HEAD

[MAT, 16, MT/ b, b; b, b; NL, b]CONT

<subsection forll= O >

<subsection for z= 1 >i
.
●

< subsectio~ for 1 = NL>

‘.-[MAT, 16, 0/ b, b; b, b; b, blSEND .

The subsections contain the energy distributions, and the structure of a sub-

section is identical to the structure of a section for a continuous energy dis-

tribution (File 15), with the following exceptions

a. The

b. The

SEND record is deleted.

HEAD record is changed to read

[MAT, 16, MT/b, b; b, b; NC, b]CONT .

C. g(E + E) is replaced by ?ll(Ey+ E).
Y

LTT = 2: Tabulated Angular Distribution. In this option, the sub-

sections consist of tabulations for h(E + E,Pm), m = l(l)NA.
Y

The structure of

a section for LTT = 2 is

([MAT, 16, MT/ZA, AWR; b, LTT=2; b, b]HWD

~ [MAT, 16, MT/ b, b; b, b; NR, NA/1-iint]TAB2

<subsection for m= 1>

(
< subsection form= 2>

‘1 .

.

< subsectio~ for m = NA>

(..[MAT, 16, 0/ b, b; b, b; b~ blSEND ●

–-

-.
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As in the case of the Legendre coefficient representation, this section

for a tabulation contains subsections. The structure of a subsection is identi-

cal to the structure of 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, Um; b, b; NC, b]CONT .

c. g(Ey + E) is replaced by g(E + E,Pm), where each subsection is for a
Y

particular value of Pm, m = l(l)NA.
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2.5.2. File 16 Procedures

The procedures for this file are the same as those listed for Files 14 and

15, where applicable.

—_
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3. PHOTON INTERACTION

Photon interaction data are divided into five files, the first four of

which are 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 Form factors for coherent and incoherent scattering.

As with the photon production data files, the photon interaction data formats

were kept as closely parallel as possible to those for the neutron data files

of the same number (modulo 10). This facilitates the use of existing retrieval

4
routines in processing codes for photon interaction data (as in CHECKER).

Also, the format is kept as consistent as possible with the United Kingdom

Atomic Energy Authority data file.5 For Compton scattering at higher energies

(21 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 form factors (incoherent scattering functions).

The secondary 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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3.1. File 23: “Smooth” 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 as follows

MT.

501
502
504
515
516

517
518
532
533
602

Reaction Description

Total
Coherent scattering
Incoherent scattering
Pair production, electron field
Pair production, nuclear and electron field

(i.e., pair plus triplet production)
Pair production, nuclear field
Photofission (y$F)
Photoneutron (y,n)
Total photonuclear
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 is essentially the same in structure as File 3. These data are

given as a function of energy, Ey, where E is the energy of the incident photon
Y

(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, the interpolation scheme is unchanged. The interpolation

scheme may change from one to another energy range.

File 23 is divided into sections with each section containing the data for

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

reaction type numbers.
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3.1.1. File 23 Format

The format is almost identical to that of File 3, as follows

[MAT, 23, MT/ZA, AWR; b, b; b, b]HEAD

[MAT, 23, MT/ b, b; b, b; NR, ,NP/E~ ~nt/a (Ey)]TAB1

[MAT, 23, 0/ b, b; b, b; b, b]SEND .
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3.1.2. File 23 Procedures

1. Values are usually for elements, hence, except for monoisotopic elements,

2A = Z x 1000; also, AWR should be for the naturally occurring element.

2. Photoelectric edges will not be multivalued. That is, the edge will be de-

fined by two energies different in the fourth or fifth significant figure.

3. The total pair production values are given for reaction type MT = 516,

Reaction type 517 is reserved for the portion of the pair production cross

section due to the nuclear field, i.e. , excluding triplet production.

4. Interpolation is normally log-log (INT = 5).

5. Kerma factor (energy deposition coefficients) libraries will normally be

local because there iS no universal definition The application will de-

termine whether annihilation or other radiation fractions are subtracted,

--
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3.2. File 24: Secondary Angular Distribution

The structure of File 24 is identical to that for File 4, so the pertinent

discussion from Vol. I of this report will be reviewed here for convenience.

Secondary angular distributions are expressed as probability density func-

tions, p(p,Ey). These functions can be represented either as a tabulation or

as the Legendre coefficients, f (E ), in
Ly

du(E ,P)
NL

= (J(EY)
z

2Lj 1 fL(Ey) pZ(P) ,
dp

1=0

fo(Ey) = 1.0 .

Here, p = cos 6, where 6 is the polar angle of scattering in either the center-

of-mass (C) or the laboratory (L) system. The secondary may be either a photon

(coherently scattered) or a particle (e.g., photoneutrons). For the case

where the secondary distribution is for a photon, the laboratory system is

always used.
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3.2.1. File 24 Format

The format is identical to that for File 4 and will not be reproduced here

(see Vol. I). However, for the case where the secondary distribution 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 (L) system].

b. LVT = O [transformation matrix is not given].
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3.3. File 25: Secondary Energy Distributions—

The structure of the analogous File 5 appears to be entirely adequate (see

Vol. I). Thus , the format will not be reproduced here, but will be adopted by

reference to File 5.
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3,4. File 26: Secondary Energy-Angle Distributions

The structure of the analogous File 6 appears to be entirely adequate (see

Vol. I). 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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3.5 File 27: Atomic Form Factors or Scattering Functions

The ENDF system for neutron and photon production data allows two alterna-

tives for storing angular distribution data. One is by probability per unit

cos 6 vs cos e, and the other is’by Legendre coefficients. Actually, neither of

these is a “natural” method for photons. The natural method for storing photon

distributions would be atomic form factors or incoherent scattering functions.

These are discussed briefly below.

a. Incoherent Scattering. The cross section for incoherent scattering is

given by

where d~/dp is the Klein-Nishina cross section , which can be written in closed

form. The factor K(q;Z) is the incoherent scattering function, which is often

symbolized as S(q;Z) in the literature. At high (?1 MeV) energies, K approaches

unity. The quantity q is the momentum of the recoil electron (in units of mot),

‘= ‘[1+($)2- 21”)~ $

where

u= Ey/moc2,

E!
Y

= scattered photon energy, and

P = cos e.

The angular distribution can then easily be calculated, given a table of K(q;Z).

Because K is a smoothly varying function of q, it can be represented by a rea-

sonably small array of numbers. The quantities K(q;Z) will be tabulated as a

function 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 appro-

priate cases by calculating q’s, looking up the appropriate values of K, and sub-

stituting them into the above formula.
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b.~. The coherent scattering cross section is given

by

do
coh— =
dp

mr~ Z2(1+ P2) G(q;Z) ,

where

q = a[2(l - P)]% , the recoil momentum of the atom (in units of mot) , and

r = e2/m c2, the classical radius of the electron.
o 0

The quantity G(q;Z) is a form factor which is often symbolized as F(q;Z) in the

literature. This quantity is also easily tabulated. At high (?1 MeV) ener-

gies, G approaches zero.

An alternative way of presenting the photon scattering data, then, would

be to tabulate incoherent scattering functions and form 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 generate

all his scattering data from a relatively small table of numbers. The inco-

herent and coherent scattering data should always be presented as scattering

functions and form factors, respectively, regardless of whether or not data are

included in Files 24, 25, or 26.

___

-_

-



3.5.1. File 27 Format

The structure of a section is then very similar to File 3 (and 23), as

follows .

[

[MAT, 27, MT/ZA, AWR; b, b; b, b]HEAD

[MAT, 27, MT/ b, Z; b, b; NR, NP/qint/H(q;Z)]TABl

‘~[MAT, 27, 0/ b, b; b, b; b, b]SEND.
L

The general symbol H(q;Z) is used for either G(q;Z) or K(q;Z) for coherent and

incoherent scattering, respectively.
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3.5.2. File 27 Procedures

1. Values of G(q;Z) and K(q;Z) should be entered for the respective entire

energy range for which integrated coherent and incoherent cross sections

are given in File 23. This is true even though the value may be 0.0 or 1.0,

respectively, over most of the (higher) energy range.

2. The value of Z is entered in floating-point format.

.–-.

-

.-
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APPENDIXA

GLOSSARYOFVARIABLENAMESANDSYMBOLS

A E (TP..)(GPj ~),theprobabilityofphotonemissionbya directj,i
tral;itionlromlevelj toleveli.

a~(E) The(neutron)energy-dependentLegendrecoefficientsinthe
Legendreexpansionofthekthphotonangulardistribution.

AWR Theatomicweightratioofthetargetnucleus,i.e.,theratio
oftheatomicmasstothemassoftheneutron.

b A blankfieldortheunit“barns.”

E Incidentneutronenergy(eV).

Ey Photonenergy(eV).

EGk Thephotonenergyforthekthsubsectionwithina reactiontype
(eV).

ESk,ESi Theenergyofthelevelfromwhicha photonoriginates.Ina
transitionprobabilityarray,ESiistheenergyoftheithlevel
(eV).

F(EY+ E,p) Anenergy-angledistributionfunctionforphotonproduction
(photons/eV).

f (E + E)ky A normalized(tounity)photonenergydistribution(orproba-
bilitydensity)functionatincidentneutronenergyEforthe
kthsubsectionwithina reactiontype(eV-l).

‘Ny) The(photon)energy-dependentLegendrecoefficientsinthe
Legendreexpansionofthesecondaryangulardistribution.

.WY+ E) A particularclassofthefunctionsqj(Ey+ E)inFile15;
thosewhicharetabulated(e~l).

G(q;Z) Theformfactorforcoherentphotonscattering.

GP Z GPi Theconditionalprobabilityofphotonemissioninadirectj,i transitionfromlevelj toleveli,i <j.

h(Ey+E,p) A normalized(tounity)energy-angledistributionfunctionfor
photonproduction(eV-l).

H(q;Z) A generalsymbologyfora formfactororincoherentscattering
function;eitherG(q;Z)orK(q;Z),respectively.
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‘int

K(q;Z)

LF

LG

LI

L@

LCT

LFS

LTT

LVT

mo
MF

MT

MAT

NA

NC

NE

NI

Theinterpolationtableforvariablex (cf.Ref.2,pp.3.8,4.5, -
and4.6).

Theincoherentscatteringfunctionforincoherentphoton
scattering.

Thephotonenergydistributionlawnumber.

Thetransitionprobabilityarrayflagfordistinguishingbetween
doubletandtripletarraysinFile12.

TheisotropyflaginFile14.

Theoptionflagtodeterminewhethermultiplicitiesortransi-
tionprobabilityarraysaretobegiveninFile12.

Theoptionflagtodeterminewhethersecondaryangularorenergy
dataaregiveninthelaboratoryorcenter-of-masssystem.

Thefinalstatenumber(Ref.2,p.7.1).

Theoptionflagtodeterminewhetherangulardistributionsare
tobegivenasLegendrecoefficientsorastabulations.

Theflagtodeterminewhetherornota transformationmatrixis
givenforconvertingbetweenthelaboratoryandthecenter-of- -.
masssystems.

Themassoftheelectron(eV-sec2/cm2).

Thefilenumber(positiveinteger< 100).

Thereactiontypenumber(positiveinteger< 1000).

Thematerialnumber(positiveinteger< 10,000).

A countofthenumberofsubsectionsinFile16foranenergy-
angledistributionthathastabulatedangulardistributions,
(forh(Ey+E,pm),m= l(l)NA).

A countofthenumberof
continuousphotonenergy
j = l(l)NC),

A countofthenumberof
record.

A countofthenumberof

subsectionsinFile15fornormalized
distributions,(forq.(E+ E),

J~

energytabulationpointsina TAB2

isotropicphotonangulardistributions
giveninasectionforwhichLI-=O;i.e.,a-sectionwithat
leastoneanisotropicdistribution.
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NK

NL

NP

NR

NS

NT

F$%E)

Pj(E)

q

Q

‘~‘EY+ ‘)

TPj,i

y(Ey+ E)

Y(E)

Yk(E)

z
ZA

A countofthenumber~fsubsectionsinFiles12and13forpho-
tonproductionmultiplicitiesorcrosssections,i.e.,foryk(E)
ora~(E),respectively,k = l(l)NK,

A countoftheorderoftheLegendreexpansioninFiles14,16,
24,and26,i.e.,~ = O(l)NL.

A countofthenumberofpointsina tabulationina TAB1record.

A countofthenumberofinterpolationregionsina tabulation
ineitheraTAB1ora TAB2record.

A countofthenumberoflevels(includingthegroundstate)be-
lowa levelforwhicha transitionprobabilityarrayisbeing
giveninFile12.Thus,NSistheordernumberofthelevel
beingconsidered.

A countofthenumberoftransitionsforwhichdataaregivenin
aLISTrecordinFile12,Option2 (Lo= 2).

A normalized(tounity)photonangulardistributionfunctionat
incidentneutronenergyEforthekthsubsection.

Theoccurrenceprobabilityofthejthpiecewisecontinuousand
normalizedphotonenergydistributionfunctioninFile15,
q+(EV+E).
JI

Themomentumoftherecoilelectronafteranincoherentphoton
scatteringeventorthemomentumoftherecoilatomaftera
coherentphotonscatteringevent(moc2units).

Thereactionenergybalance;theusual“Q-value”(eV).

A normalized(tounity)piecewisecontinuousphotonenergydis-
tributionfunctionthatcomprisesthejthcomponentofthe
totalsuchfunction(eV-l).

TPi,theprobabilityofa directtransitionfromlevelj to
leveli,i< j.

A totalphotonyield(multiplicity)energydistributionfunction
forphotonproduction(photons/eV).

Thetotalphotonyield(multiplicity)fora reactiontype
(photons).

Thepartialphotonyield(multiplicity)forthekthsubsection
withina reactiontype(photons).

TheatomicnumberofamaterialinFile27.

1000.0x Z+ A,whereA istheatomicmassnumber.ForpolY-
isotopicmaterials,A issetto0.0.
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a

$ (Ey+ E)

P

CJc
(Ycoh

‘i
c&(E)

G[(E)

oj,i(E)

Ok(E)

-2, a dimensionlessenergyunit.
moc–

Theneutron-andphoton-energy-dependentLegendrecoefficients
intheLeendreexpansionofthephotonenergy-angledistribu-

ftion(eV-)0

Cos6,thecosineofthepolarangleofscattering.

Theintegrated

Theintegrated

Theintegrated

Klein-Nishinacrosssection(b).

coherentphotonscatteringcrosssection(b).

incoherentphotonscatteringcrosssection(b).

ThetotalphotonproductioncrosssectioninFile13forareac-
tiontypeMT(b).-

ThepartialphotonproductioncrosssectioninFile
kthphotonenergydistributionsubsection(b).

Thecrosssectiontoproducethephotonthatarises
oflevelj toleveli,i< j (b).

Theneutroninteractioncrosssectionforinelastic
tolevelk (b).

13forthe

fromdecay

scattering
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APPENDIXB

BCDCARD-IMAGEFORMATS
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Bzl

FILE12:MultiplicitiesandTransitionProbabilityArrays

NK—

NR—

NP—

NBTi,INTi

Ei

Y(Ei)

Yk(Ei)

ESk

EGk

LF—

LI#= 1 (Option1,Multiplicities)

thetotalnumberofsubsectionsforareactiontypesection(MT
number),i.e.,thenumberofdiscretephotons,plusoneifa
photoncontinuumisgiven.

thenumberofinterpolationrangesgiven.

thetotalnumberofneutronenergy(E)pointsinthetabulationto
follow,i.e.,thenumberofenergy-multiplicitypairs.

theinterpolationschemefortheithinterpolationrange.

theneutronenergyfortheithpairinthetabulation.

thetotalyieldforallsubsections(notgivenifNK= 1)0
NK

Y(E)=“
z yk(E).
k=l

thepartialmultiplicityoryieldforthekthsubsectionwithina
reactiontypesection,i.e.,fora particulardiscretephotonora
photoncontinuum.Inthecaseofa continuum,itistheintegrated
(overphotonenergy)multiplicity;thenormalizedphotonenergy
distributionisgiveninFile15.

theenergyofthelevelfromwhichthephotonoriginates.Ifthe
levelisunknownorifa continuousphotonspectrumisproduced,
thenESk~ 0.0shouldbeused.

thephotonenergy.Fora continuousphotonenergydistribution,
EGk~ 0.0shouldbeused.

thephotonenergydistributionlawnumber,whichpresentlyhasonly
twovaluesdefined:
LF= 1,anormalizedtabulatedfunction(inFile15),and
= 2,a discretephotonenergy.

–-
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BE1 B#

—.
ECU GW13LAGE WJRMAT SUE FILE 12

MULTIPLICITIESANO ~2ANSIT10N PROSASILITTARF.AYS

19039.0 3.8166 +01 3
1

500512103
215005121c3

5OC5L21O3
2.52100-02500512103
9.6 B443-025005121C3
1.42693-01500512103
2.41745-01500512103
1.74247-01500512103
8.93938-02500512103

170
171
172
173
174
175
176
177
178

21
+06
+06
+06
+06
+06
+96
+06
+06
19

+06
+06
+06
+06
+06
+06
+06
+06
21

+06
+06
+06
+06
+06
+06
+06
E+ 5
19

+06
+06
+06
+06
+06
+06
+06

1.0 -2;1.7
2.2
2.8
3.4
4.0
5.5
7.0
1.52

2.0
2.b
3.2
3.8
5.0
6.5
8.0
1.27

1.7
2.2
2.6
3.4
4.0
5.5
7.0
2.5

2.0
2.6
3.2
3.8
5.0
6.5
0.0

1.8
2.4

+06 2.43902-02 2.o
+06 5.91657-02 2.6
+06 1.36469-01 3.2
+06 2.0342S-01 3.8
+06 2.15197-01 5.0
+06 1.11875-01 6.5
+06 5.47975-01 S.0

2

+06 9.345 ?0-03 2.+
+06 2.0’+205-02 3.0
+06 2.78846-o2 3.6
+06 3.84320-02 4.5
+06 3.06451-02 6.0
+06 1.79941-02 7.5

@ -1 (Option 1, Multiplicities) +06
5.20693-02

Field Field
J_

b

Field
~

LO-1

b

NST2

--

‘2

Field
~

b

b

INT2

Field
J__

Ns

NR

NS13

‘BTNR

‘3
---

%F

NR

NBT3

‘BTNR

‘3
---

‘NP

NR

NBT3

NBTNR

‘3
---

‘NP

---
---

NF.

NST3

‘TNR

‘3
-—

%F

b

1.04603-01
1.66827-01
2.45522-01
1.41290-01
6.69615-01

3.0
3.6
4.5
6.0
7.5

~

AWR

b

INT1

---

Y(E1)

---

-2Y2L
SEAD2A

b

NST~

---

%

+06

NF

INT3

*NTNR

Y(EJ)

---

y(ENP)

NP

lNTj

lNTNR
Y1(E3)

---

Y1(ENF)

NP

lNT~

*NTNR

Y2(E3)

1.52 +06
2

1

+06
+06
+06
+06
+06

1.0 -20
1..95865-02
..5 S918-02
3.78048-02
3.44481-02
2.21212-02
1.26760-02
1.27 +06

1.0 -2:
3.20427-02
6.27615-02
1.10577-01
1.67910-01
7.96774-02
3.06784-02

2.2
2.8
3.4
4.0
5.5
7.0

Y(E2)

+06 1.46551-02500512103 18?
500512103 188TAB1’

2

+06 2.43902-02 2.0
+06 3.49175-02 2.6
+06 8.40400-02 3.2
+06 1.35965-01 3.8
+06 1.38516-01 5.0
+06 5.81250-02 6.5
+06 2.47126-02 8.0

1 215 OO51Z1O3
50051Z1C3

2.521 OO-O25OO5121C3
5.76713-02500512103
9.0 S’090-025005 12103
1.65322-02500512103
1.046132-015005121C3
4.48484-02500512103

EG1

NBT1

-—

‘1
---

-—

EC2

NST1

---

‘1
-—

-—

---
---

‘NK
NST1

---

‘1
---

-—

b

ES~

lNT1

---

Yl(sl)

---

---

ES2

lNT1

---

Y2(El)

---

b

NST2

---

‘2

LF

1NT2

---

Y1(E2)

---

---

LF

1NT2

+06
+06
+06
+06
+06
+06

1.8
2.4
3.0
3.6
4.5
6.0
7.5

196
+06

1---

b

NBT2

T6sl 1.52 E+6

1.0 -2:
1.95865-02
2.58918-02
3.86178-02
3.51170-02
2.24242-02

2

+06 1.06809-02 2.4
+06 2.09205-02 3.0
+06 2.83653-02 3.6
+06 3.91791-02 4.5
+06 3.09677-02 6.0
+06 1.!32890-02 7.5

2.2
2.8
3.4
4.0
5.5
7.0

+06
+06
+06
+06
+06 204

205
206
207

‘2
-—

Yz(sz)
---

—-

------

LF

1NT2

+06 1.52298-02500512103
500512103
500512 0

1.29577-02

Y2(SJ

------

NF

1NT3

lNTNR
YNK(E3)

---

YNK% )

b

------

‘SNK
lNT1

---

YNK(E1)

b

NBT2

‘2
---

---

b

Ym(E2)

---

b

TM1

b SEND

Field 7 (Cola. 67 Cbrough 70) - FLAT
Field E (Cob. 71 thmush 72) - MF - 12
Field 9 (Cola. 73 through 73) - MT (except for SENO card, where ET - O)
Field 10 (COIS. 76 thr.a.sb80) - card .eq.ence number

%hi. record i. omitted if NK - 1 (only ... .ubsecti.an).

‘53-54



B51 BX2

FILE 12: Multiplicities and Transition Probability Arrays

LO = 1 (Option 1, Multiplicities)

u:(E)
Yk(E) ‘— u(E)

u(E) is given in File 3 for came MT number.

Yk@y + E) = yk(E) fk(.Ey+ E)

max

‘Y
J fk(Ey + E) dEy = 1.000

0

NK

Y(E) =
z’

Yk(E) .

k-l

FILE 12: Multiplicities and Transition Probability Arrays

LG =—
.

NS—

ESNs

~

Bi
—

ESi
—

TPi i
—

GPi E
—

L@ = 2 (Option 2, Transition Probability Arrays)

1, simple case (all transitions are y emission).

2. complex case (internal conversion or other competing processes occur).

number of levels below the present one, including the ground state. (The
present level is also uniquely defined by the MT number and by ite energy
level.)

energy of the present (NS) level for which the decay scheme (transition
probabilities) is being specified.

number of transitions for which data are given in a list to follow (i.e.,
number of nonzero transition probabilities), NT ~ NS.

If LG = 1, Bi is the doublet (ESi,TPi).

If LG = 2, Bi is the triplet (ESi,Tpi,GPi).

energy of the ith level, i = O(l)NS. (ESO = 0.0, the ground state.)

TPNs i, the probability of a direct transition from level NS to leval i,
i = 6(1)NS - 1.

GPNs i, the probability that, given a transition from level NS to level
i, tke transition is a photon transition (i.e., the conditional proba-
bility of photon emission).
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Bfi2 BC2

BCD CASO-IMACE FOQMAT FOR FILE 12

MULTIPLICITIESAND TBANS1T.1ONPSDSABILITYARSAYS

L#- Z (OPtiOri2, TransitionProbabilityArrays).

Field Field Field Field Field
~ ~ & ~ ~

2A AWS W-2 LG NS

‘SNS
b b b (LG+l)*NT

ES1 TP1 (GP1) Esz
‘2

—. —- .- -. .—

-— —- --
‘m ‘NT

b b b b b

Field
~

b

NT

(GP2)

—-

(GPm)

b

Sec.rd

a

SsAD

LIST

SSND

1?074.0 2.4103E+O1 2 1 14 500?12 64 7627
6.00017 E.06 6
4.2?320F+06 0.065

350(1?1? b4 7628
4.1290E+06 0.045 l..lOno.E.ob 0.91 500?1? 64 7629

Soozl? o 7630

Fiald 7 (colw. 67 through 70) - MAT
Field 8 (Cpls. 71 through 72) - MS . 12
Field 9 (Col#. 73 through 75) - UT (exceptfor SSND card, vhera MT - O)
Fi.ld 10 (Cd,.. 76 thro.8h 80) . card .equence nt.mber
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B52

FILE 12: Multiplicities and Transition Probability Arraya

L@=2 (Option 2, ‘hanaition Probability Arraya)

Ai = (Tpi)(Gpi)

NS-1

z TPi = 1.0000 .

i-o

FILE 13: Photon Production Cross Sections

g

~

~

NBTi,INTi

Ei
—

U~OT@i)

CJ~(Ei)

EGk
—

Esk
—

LF—

B~3

for a reaction type section (MT num-the total number of subsections
her); i.e., the number of discrete photons, plus-&e if a photon
cent inuum is given.

the number of interpolation ranges given.

the total number of neutron energy (E) points in the TAB1 tabulation
to follow; i.e., the number of energy-cross-sectionpaira.

the interpolation scheme for the ith interpolation region.

the neutron energy for the ith pair in the tabulation.

the total photon production cross section for all subsections
given if NK = 1).

(not

NK

U~oT(Ei) =
z

ff[(Ei).

k=l

the partial photon production cross section for the kth subsection
within a reaction type section; i.e., for a particular discrete pho-
ton or a photon continuum. In the caae of a continuum, it is the
integrated (over photon energy) cross section; the normalized photon
energy distribution is given in File 15.

the photon energy. For a continuous photon energy distribution,
EGk ~ 0.0 should be used.

the energy of the level from which the photon originates. If the
level is unknown or if a continuous photon spectrum ia produced, then
ESk ❑ O.CIshould be used.

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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B53 BE3

BCD CAF.O-3MAGEFORMAT FOR FILE 13

PWTON PRODUCTION CW3BS SECTIONS 19c39.n 3.d7?,3 .01 2 500513 3 21H~
6500513

?
3 219

3 h 2 500513 3 2,?(J
3,6 .06 1.0 .:~,,4.C +[)6 1.6 -02 5.0
7.U

+06 2.4 -0?500513 3 2,21
.[)6 .3.? -(17 1.0 .,)/ ,?.,3/ -0’$ 1.s +0”/ 2.b2

3.0<
-025005]3 3 222

.06 3.!)? .[If ?
~

6500513 3 223
,> J 6 ? 500s13 3 224

3.6 406 1.9 -2; 4.0 ●O* 1.5 -02 5.(J ●O6 2.1 -02500513 3 225
7.0 +06 2,.! -0/ 1.0 +Ur /.0 -02 1.$. .07 1.8
1.35

-02500S13
.06 3.8A +:6

3 ??h
i? 1

h 2
45(70513 3 ?27
500513 3 228

6.0 ●O6 1.0 -03 5,0 +06 3.(> -03 7.0 ●O6 9.0 -03s00513 3 229
1.5 407 8.2 -flj 5005.13 3 230

500513 0 231

Field
~

b

b

NBT2

Field
&

b

b

2NT2

Field
J_

NK

Ns

NBT3

‘BTNR

‘3
---

%,

NR

NBT3

‘BTNR

‘3
—-

%P

NR

NBT3

‘BTNR

‘3
-—

%F

---
---

Ns

NBT3

‘BTNR

‘3
---

%,

b

Field
~

b

NP

1NT3

lNTNR
0~T(E3)

-—

O& T(ENp)

NP

1NT3

lNTm

u~(Es)

.—

‘[(EN?)

NF

1NT3

‘NTNR
CT:(E3)

---

‘](ENP)

—-
—-

NF

1NT3

lNTNK
~Y
NK(E3)

-—

U:K(ENP)

b

Record

-

ENmD

Field
~

2A

b

NBT1

Field
~

AUF.

b

INT1

O;OT(E1)

-—

U;OT(E2)

-—
‘1
—-

E2
—-

TABla

TAM

—

%
hT!T1

—-

‘1
—-

EE1

lNT1

-—

U](El)

-—

b

NBT2

—-

E2
—-

LF

1NT2

-—

O;(E2)

---

---

LF

1NT2

-—

O:(E2)

—-

EG2

NBT1

—-

‘1
-—

-—

I=

‘GNK
NBT1

EB2

INT1

---

U](El)

b

NBT2

—-

‘2

—-

___—-

‘SNK
lNT1

—-

=:

LF

1NT2

----—

b

NBT2

---

‘2
—-

---

O~(E1)

___

--

b

Jm(E*)
-—

‘1
—-

--

b

TAE1

b b SEND

Field 7 (CC.lS.67 through 70) - K4T
Field 8 (C.ls. 71 thrush 72) - MF - 13
Field 9 (COIB. 73 through 75) - MT (except for SEJD card, where MT - O)
Field 10 (COIS. 76 through SO) - card .equence aumber

a Thi# record omitted if NK - 1 (only one wbawtion).



B63 BX4

FILE 13: Photon Production Cross Sections

~oY

k E + E) = u:(E) fk(Ey + E)
=( y

Y

E
max

~

Y

‘k(Ey + ‘) ‘Ey = 1“000
0

NK

FILE 14: Photon Angular Distributions

LI = 1 (Isotropic Distributions for all Photons)

~ the total number of subsections for a reaction type saction (MT number);

i.e. , the number of discrate photons, plus one if a photon continuum

is given.

U:OT(E) =
z

u{(E) .

k-l
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BCD CARD-IMAGE FORMAT FOR FILE 14

PHOTON ANGULAR DISTR1BUTIONS

L1 - 1 (laotropicDistributionfor All Photons)

Field Field Field Field Field Field Record
~ J_ ~ ~’ ~ J._ -XY.W_

2A A!iT. L1-1 b Ns b SSAO

b b b b b b SEND

Field 7 (Cola. 67 through 70) - MAT
Field 8 (COIS. 71 through 72) - UP - 14
Field 9 (Cols. 73 through 75) - ~ (except for SSND card, where MT - O)
Field 10 (Cols. 76 through 80) - card sequence number

1.2024E 04 2.4103E 01 1 1 500214 51 6680
50u214 O 6681
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FILE 14: Photon Angular Distributions

LI = 1 (IsotropicDistributions for all Photons)

Pk(u,E) = 0.5 I s11 k .

a~(E) S 0.0, L = l(l)NL

FILE 14: Photon Angular Distributions

LI = O (AnisotropicDistributions for Some Photons)

LTT = 1 (Legendre Coefficient Representation

~ the total number of subsections for a reaction type section (MT num-

bsr) ; i.e., the number of discrete photons, plus one if a photon

continuum is given.

~ the number of isotropic photon angular distributions given in a
section (MT number).

~k the photon energy, For a continuous photon energy distribution,
— EGk ~ 0.0 should be used.

ESk the energy of the level from which the photon originates. If the
— level is unknown or if a continuous photon spectrum ia produced, then

Esk ❑ O.0 should be used.

~ the number of interpolation ranges given.

~ the number of neutron energy points given in a TAB2 record.

NBTi,INTi the interpolation scheme for the ith interpolation region,

Ei the neutron energy for the ith LIST record in a subsection.
—

NLi the number of Legendre coefficients used to re resent the angular
Kdistribution at neutron energy Ei, excluding a.(E) z 1.0 that is

understood; that ia, 1 = l(l)NL.

@i) the ~th Legendre coefficient for the angular distribution of the kth
photon at incident neutron energy Ei.

67-68
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NE
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#(E1) LIST

b

.~(E2) LIST
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B55

FILE 14:

This page left blank because no data presently exist in ENI)Fformat

under the LTT = 1 option.

Field 7 (Cd,. 67 through 70) . iwT
Field 8 (Cob. 71 through 72) - MF - 14
Field 9 (Cole. 73 thmwh 75) . MT (,,cePt for SEm card, where MT - 0)

Field 10 (Ccl,. 76 through 80) - cud .equenm tier
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FILE 14: Photon Angular Distributions

LI = O (AnisotropicDistributions for Some Photons)

LTT = 1 (Legendre Coefficient Representation)

1

a}(E) =
f Pk(P,E) pi(P) dP

J-1

1

J Pk(!J,E) dP = 1.000 .

-1

FILE 14: Photon Angular Diatributions

LI = O (AnisotropicDistributions for Some Photons)

LTT = 2 (TabulatedAngular Distributions)

~ the total number of subsections for a reaction type section (MT num-
ber); i.e., the number of discrete photons, plus one if a photon
centinuum is given.

~ the number of isotropic photon angular distributions given in a
section (MT number).

EGk the photon energy. For a continuous photon energy distribution,
— EGk ❑ 0.0 should be used.

ESk the energy of the level from which the photon originates, If the
— level is unknown or if a continuous photon spectrum is produced, then

E% ~ 0.0 should be used.

~ the number of interpolation ranges given.

~ the number of neutron energy points given in a TAB2 record.

NBTi,INTi the interpolation scheme for the ith interpolation region.

Ei the neutron energy for the ith TAB1 record in a subsection.
—

& the cosine of the reaction angle, p = cos El.

pk(!JsEi) probability distribution functiOn (normalized)at v of photons pro-
duced by a neutron of incident energy Ei for the kth photon energy.

71-72
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FILE 14: Photon Angular Distributions

LI = O (AnisotropicDistributions for Some Photons)

LTT = 2 (TabulatedAngular Distributions)

2TI
daY

Pk(!J,E) - —&(Q, E)
u~(E) –

1

\
Pk(P,E) d~ = 1.000 .

-1

FILE 15: Centinuous Photon Energy Spectra

~ number of partial distributions used to represent a normalized energy
distribution, f(E + E).

Y

~ the photon energy distribution law number, which presently has only
one continuous distribution defined: LF = 1, a normalized tabulated
function.

~ the number of interpolation ranges given.

NP the total number of neutron or photon energy points in the tabulation—
to follow.

NBTi,INTi the interpolation scheme for the ith interpolation rsnge.

Ei the neutron energy for the ith TAE1 record.—

P1(Ei) the probability given to the first partial distribution [PI(Ei) Z 1.0
— becsuse only one distribution law is presently defined].

& the number of neutron energy points given in a TAB2 record.

& the photon energy for the kth pair in a TAB1 record for the tsbulated
photon energy distribution.

g(Eyk + Ei) the probability distribution tabulated at photon energy ~k for an
incident neutron energy Ei (units of eV-l).
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1.2500E+07 1.9303E-08 1.3500E+07 1.3586 E-OE 1.4500E+07 7.8655 E-09500215 15 1142
1.5500E+07 2.14516-09 500215 15 1143

500215 0 1144

%caus. only one law i. pre.aantlydefined, .nly NC - 1 i. po..ible.
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FILE 15: Continuous Photon Energy Spectra

NC

f(Ey + E) =
E

(E + Ei)Pj(E) qj ~

j-l

NC

E
Pj(E) = 1.000

j =1

max

‘Y

/
f(Ey + E) dEy = 1.000

0

B57

FILE 23: “Smooth” Cross Sections

NE the number of interpolation ranges given.—

~ the total number of photon energy (E+) points given in the tabula-
tion to follow; i.e., the number of energy-cross-section pairs.

NBTi,INTi the interpolation scheme for the ith interpolation range.

M the photon energy for the jth pair in the tabulation.

IJ(EV+) the photon interaction cross section.

max

‘Y

J qj(Ey+E) dE = 1.000 .
Y

o
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B~a

BCDCARD-WE FORM4TFOR FILE 23

BE8

5.00<300+ 4
0.00000+ o

49
1.00000+ 3
3.00’300+ 3
4.00!300+ 3
4.46500+ 3
6.00,>00+ 3
1.50000+ 4
2.Q2329+ 4
5.00000+ 4

1.17670+
o.00000+

2
0
5
6
5
5
5
5
3
3

0
0

0
0

0
49

5023602
5023602
5023602
5023602
5023602
5023602

283
284
2E5
2S6
287
288

“SMOOTH” CROSS SECTIONS

Field Field
~ ~

b b

b b

NBT2 1NT2

—. —.

Ey2
U(EY2)

--- -—

— —

b b

1.59000+
1.18000+
1.84000+
1.90000+
1.03000+
8.69000+
8.51 OIJO+

1.50000+
3.92900+
6.15600+
4.46545+
8.00000+
2.00000+

3
3
3
3
3

6.43000+
6.00000+
1.66DOO+
2. 19000+
4.01000+
3.91000+
7.87000+
1.22000+
8.97000+
5.71000+
1.06000+
1.87000 -

5
4
5
5

2.00000+
3.92939+
4.15642+
5.00000+

3
3
3

3.21000+ 5
1.9?000+ 5
2.28000+ 5
1.65000+ 5

Field
_&

b

Field Record
6 m

b NSAO

Field Field
~ ~

2A ANS

b b

NBT1 lNT1

-— —-

%
U(EY1)

-- ---

—- --

b b

5023602
5023602
50236C2
5023602
5023602
5023602
5C23602

289
290
291
292
293
2G4
295

+
3
3
3
1
0
0

1.00000+
2.92000+

2.64000+ 4
1.37000+ 3
3.70000+ 3
5.43000+ 2
3.92000+ 1
3.21COO+ O
6.63000- 1

4
4NF.

NBTs

‘BTNR

Ey3
--

NF

1NT3

lNTNR

a(EY3)

--

3.00000+
6.00000+
1.50000+
4.00000+
8.00000+
2.00000+

4.00000+
8.00000+
2.00000+
5.00000+
1.00000+

3
2
1
0
1

4
5
5
5

1.00000+ 5
3.OCOOO+ 5
6.0090(3+ 5
1.50000+ 6
4.00000+ (J
8.00000+ 6
2.00000+ 7
5.00000+ 7
1.00000+ 8

2. S7000+
1.25000+
2.06000+
3.0?ooo-

5
5
b
6

5023602 296
297
298
299
3C0
3C1
3C2
303

6
6
7
7
7

3.00000+
6.00000+
1.50000+
4.00000+
8.00000+

9.97000- 2
3.89000- 2
1.32000- 2
4.55000- 3
2.23000- 3

5023602
5023602
5023602
5023602
5023602

6.6!io(lcl-
2.72000-
9.5500 t3-
3.61000-
1.77000-

2 5.00000+
1.00000+
3.00000+
6.00000+

4.98000- 2
2.10000- 2
6.14000- 3
2.98000- 3

6
7
7
7

U(h’flp) TAB1
‘yNP

b b SEND 5023602
5023 0

Field 7 (cola. 67 through 70) - MAT
Field 8 (Cola. 71 through 72) - MS - 23
Field 9 (COIS. 73 through 75) - MC (except for SENO card, where MT - O)
Field 10 (Cols. 76 through 80) - card sequence nur@r
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FILE 23: “Smooth” Cross Sections

B58 BX9

FILE 27: Atomic Form Factors or Scattering Functions

NR—

NP—

NBTi,INTi

‘qi—

H(qi;z)

the number of interpolation ranges given.

the total number of recoil momentum (q) points given in the tabula-
tion to follow; i.e., the number of momentum-form-factor pairs.

the interpolation scheme for the ith interpolation range.

momentum of the recoil electron for incoherent scattering, or momen-
tum of the atom for coherent scattering (in units of mot).

is K(qi;Z), the incoherent scattering function in the caae of Comp-
ton scattering; or G(qi;Z), the form factor in the case of coherent
scattering.
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Field
~

ZA

b

NBT1

.—

%
.-

-—

b

Field
~

AWR

z

lNT1

—-

H(fll;’d

b

BCD CARD-IMAGE FOSMAT FOR FILE 27

ATOMIC FORM FACTORS OR SCATCSRING PJNCTIONS

Field Field Field
~ 4 5

b b b

b b m

NBT2 INT2 NST3

-— —- NSTM

qz H(q2Z) q3
— — -..

-— —-
%

b b b

Field 7 (Col.. 67 thrush 70) - MAT
Field 8 (C.ls. 71 through 72) - MS - 27
Field 9 (Cl.. 73 through 75) - 6i’2(except for SEND card, where MT - O)
Field 10 (Cola. 76 through 80) - card .equence number

Field
J._

b

NP

INT3

lNTNR
H(q3; Z)

—-

H(qw; Z)

b

Record

JYP&

SEAD

TAB1

B59

FILE 27:

This page left blank because no data presently exist in ENBF File 27.
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B59

FILE 27: Atomic Form Factors or Scattering Functions

E; is the scattered photon energy,

U=cose

= CY[2(1- ll)z]~ , coherent scattering.

dui da

T
= ZK(q;Zj -&

da
coh ~rz 2—=
d~

~ Z (1 + u*) G(q;Z) .

ALT/’bd:858(6m)
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