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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, photon interaction cross sec-
tions, secondary angular, energy, energy-angle distributions, and atomic form

factors are included.



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.?! 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
for the revision of the ENDF neutron data format specifications.2 Sections 2 and
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 names 1s 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 Honeck? 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 (0 or 0.0) used previously for ENDF/B. The



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).



2. ©PHOTON PRODUCTION

Photon production data are divided into five distinct files,

File Description

12 Multiplicities and transition probability arrays
13 Photon production cross sections

14 Photon angular distributions

15 Continuous photon energy spectra

16 Photon energy-angle distributions

With the exception of File 12, all 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, TABl, 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 the photon production, with each section being dis-

joint with all others.

(3) Let us consider how one might represent the inelastic gamma-ray production
data. The differential 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 + 1), includ-

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

mo-j mg-1-1
89 (5 ,E,m ,1,j) = 6(E_ - g, + g)A, , o (E) E TP (1)
dEvy Y’ syl Y 3 i775,1 m z[} mﬂ—l’mﬂ ’

= =j



where

c (E) neutron cross sections for exciting the myth level with
o neutron energy E,

S(E. - g, + ei) = delta function with €,, €y being energy levels of the
Y J residual nucleus,

0l

TPk 2 probability of the residual nucleus having a transition
g to the £th level given that it was initially in the ex-
cited state corresponding to the kth level, and

A

probability of a gamma ray of energy E, = €| - €p being
emitted as a result of the residual nucleus having a
transition from the kth to the £th level,

K, £

We are at once beset with no clear choice of ENDF representation in terms
of section number. The data may naturally be identified both with the m,th

level and the jth level. To avoid this problem, we can sum Eq. (1) over mg

9 ZN do '
EE—.(E'Y’E’i’j) = E(EY’E’mO’i’j) ’ (2)
Y m =] Y
(¢}

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

AWR + 1

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

ener E (i.e., €, < E). This gives us a de-excitation cross sec-
gy ’ N—

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

(E E,m ) ZZ —-(E ,E,m ,i,j) . (3)

j=1 i=0

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, 1If Eq. (2) is summed over i and j, or equivalently Eq. (3)

is summed over m s then

N dUZ N j-1 dgl
E‘}'Z—"(E E) E —EE;(EY’E’I“O) = E E —-E— E s E, 1,_]) . (&)
Y m0=1 3=1 i=0



(4)

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 Egs.
(1) through (4) over Ey.

The same remarks as given in Item (3) apply for discrete gamma rays from
(n,pY), (n,dy), (n,ty), (n,3Hey), and (n,0y) reactions, and the use of
MT = 103, 104, 105, 106, and 107 is recommended for these cases.



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
multiplicites is the recommended method of presenting (n,Y) capture gamma-ray
cross sections provided, of course, that the (n,Yy) 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 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 (L¢ = 2).

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

2,1.1,1. Option 1 (Lg = 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)] 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 yy(E) is defined by
OE(E)
yk(E) = SE® (photons) ,

where E designates neutron energy and O0(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, OZ(E) is the photon production cross section for
the discrete photon designated by k. In the case of photon continua, GZ(E) is

the cross section for the photon continuum integrated over photon energy.
In the continuum case,

'/‘dc?('

OK(E) I By« DAE
y, (E) = = Y

k o(E) o(E)

fr(E) vy (B, < E)AE, E %

Y
= G (E) = f }’k(EY*-E)dEY ,

o

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

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




where EY designates photon energy (eV), ———{E

dGY

< E) is the absolute photon energy

distribution in barns/eV, and yk(EY < E) is the relative energy distribution in

photons/eV.,

v (B, < E) = 3, (E) £, (E < E)

The quantity yk(EY < E) can be broken down further as

which results in the requirement that

max

E
[
o

£ (E « E)dE_ = 1,
By < E)E,

Any time a continuum representation is used for a given MT number in either

File 12 or 13, then the normalized

in File 15 under the same MT number,

energy distribution fk(EY <«

As a check quantity, the total yield

NK

YE) = )y ®

k=1

(photons)

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

The structure of a section for L = 1 is

r-[MAT, 12, MT/ZA, AWR; L@=1, b;
[MAT, 12, MT/ b, b; b, b;
<:subsection for k =

<:subsection for k

<: subsection for k
0/ b, b; b, b;

[maT, 12,

NK, b]HEAD
NR, NP/E
1>
2 >

/Y (E)]TABL*

NK >

b, b]SEND ,

and the structure of each subsection is

[MAT, 12, MT/EG,, ES,;

b, LF; MR, NP/E, .

/9, (E)ITABL

*If the total number of discrete photons and photon continua is one (NK =

then this TABl record is omitted,

E) must be given

1),



where

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
ESk = 0,0 should be used,

EGk = the photon energy. For a continuous photon energy distribution,

EGk = 0.0 should be used.

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.

2.1,1,2. Option 2 (L@ = 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 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)NS. (ES0 = 0,0, the ground state.)
i

TPi = TPN 4 the probability of a direct transition from level NS to level
1,M82% 0()NS - 1,

GP, = 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).

A, = (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 is independent of incident neutron energy.

The structure of a section for L@ = 2 is

[MAT, 12, MT/ ZA, AWR; L@=2, LG; NS, bJ]HEAD ,
[MAT, 12, MT/ESyg, b5 b, b; (LGHL)*NT, NT/B,JLIST ,
[MAT, 12 0/ b, b; b, b; - b, Db]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 1 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.



12

2,1.2, File 12 Procedures

Under Option 1, the subsections are given in decreasing magnitude of EGk'
Under Option 1, the convention is that the subsection for the continuum pho-
tons, i1f present, is last, In this case, the last value of EGk (EGNK)

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

Under Option 1, the values of EG, should be consistent to within four signi-

k

ficant figures with the corresponding EG, values for the File 14 photon

k
angular distributions., This allows processing and "physics" checking codes

to match photon yields with the corresponding angular distributions.

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.

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 mﬁltigroup photon production

matrices from such data.

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) = Yy (®) | ]

k=1
should hold within four significant figures.

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

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

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.



9. If only one energy distribution is given under Option 1 (NK = 1), then the
TAB1 record for the Y(E) table is simply 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.

13, The energies of photons arising from level transitions should be consistent

within four significant figures with the corresponding EG, values in File

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

priate number of significant figures.

14, Under Option 2, the sum of the transition probabilities (TP;) over i should

equal 1.,0000 (that is, should be unity to within five significant figures).

15, The limit on the number of energy points in any table of Y(E) or yyk(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.

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—5 eV < E<2x lO7 eV, where practical. Threshold data should be

given from threshold energy up to 2 x lO7 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,

14



2.2,1, File 13 Format

Similar to File 12, File 13 1is 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,GI(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. 1In the case of diécrete photons, OI(E) is the photon
production cross section (b) for the photon designated by k. In the case of the
photon continuum, UK(E) is the integrated (over photon energy) cross section for

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

max
y EY dcl
Ok(E) =/ T (E_Y < E) dEY ) »
0 Y
do{
where EY designates photon energy (eV), and I (EY < E) is the absolute photon
energy distribution in b/eV. The energy distrIbution can be further broken
down as
dof y
® Oy TR o G oD,

which obviously requires that

max
E

:

f (E « E) dE_ = 1,
[ e m e,
0

Any time a continuum representation is used for a given MT number in File 13,
then the normalized energy distribution, 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 is desired, this can be
accomplished in File 15.

15



As a check quantity, the total photon production cross section,

NK

Y = Y

oYor(® = D oL () ®),
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

7
[MAT, 13, MT/ZA, AWR; b, b; NK, bJHEAD
[MAT, 13, MT/ b, b; b, b; NR NP/Eint/0¥OT(E)]TAB1*
<subsection for k=1
< < subsection for k = 2 :>

<:subsection for k = NK:>
 [MAT, 13, 0/ b, b; b, b; b, Db]SEND

and the structure of each subsection is

) Y
b, LF; MR, NP/E _ /o) (E)]TABL

’

[MAT, 13, MT/EG,, ES,;

where

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 ESk = 0,0 should be used.

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

m

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.

mon

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

16



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 EG, should be consistent to within four significant figures

k
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 sectioms.

The total photon production cross section table, 0¥0T(E)’ should exactly

span the same energy range as the combined energy range of all the Gl(E)'

Within that range, NK
Y = Y
OroT (E) §k=:1 ck(E)

should hold within four significant figures. If only one energy distribu-
tion is given, either discrete or continuous (NK = 1), then the TABL record

for the 0¥0T(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 1072 eV <E<2x 10/ eV, where practical., Threshold data should be

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



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 (MI 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 Filé

13, The data are given in ascending order of MT number,

The angular distributions are expressed as normalized probability distribu-

tions, that is,

1
f p(,E)du =1,
-1

where pk(u,E) is the probability that an incident neutron of energy E will re-
sult in a particular discrete photon or photon energy continuum (specified by k
and MT number) being emitted into unit cosine about an angle whose cosine is M.

Because the photon angular distribution is assumed to have azimuthal symmetry,

the distribution may be represented as a Legendre series expansion,

pk(u,E)

DAL Em pm

where
U = cosine of the reaction angle,
E = energy of the incident neutron in the laboratory system.,

Y
Uk(E)

11

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,

18



order of the Legendre polynomial.

= differential photon production cross section in barns/steradian,

|%I

= the £th Legendre coefficient associated with the discrete photon or
photon continuum specified by k. (It is understood that ag(E) = 1.0.)

o)
~
—~
=1
~
I

1
aIE(E) =f Pk(U)E) Pz(“)du .
-1

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(u,E), or the Legendre polynomial egpansion coefficients, aE(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.)

19



2.3.

1., File 14 Format

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

The following definitions are required.

LTT

LI

NE
NI

20

= 1, data are given as Legendre coefficients, where ag(E) = 1.0 is
understood,

= 2, data are given as a tabulation.

= 0, distribution is not isotropic for all photons from this reaction
type (but may be for some photons),

= 1, distribution is isotropic for all photons from this reaction type,

number of neutron energy points given in a TAB2Z record,

number of isotropic photon angular distributions given in a section
(MT number) for which LI = 0, 1i.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 LT = 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=1, b; NK, b]HEAD
[MAT, 14, 0/ b, b; b, b; b, bJSEND .,
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, LTIT; NK, NI]HEAD .
i, LTT = 1l: Legendre Coefficient Representation
r‘[MAT, 14, MT/ZA, AWR; LI=0, LTT=1; NK, NI]HEAD
< subsection for k = 1 >
{l <subsection for k = 2 >
<subsection for k = NK> —_
k'[MAT, 14, 0/ b, b; b, b; b, DbJSEND .,




The structure of each record in the first block of NI subsections,

which is for the NI isotropic photons, is

[MAT, 14, MT/EG , ES,; b, b; b, bJCONT .

That is, there is just one CONT record for each isotropic photon.
(The set of CONT records is empty if NI = 0.) The subsections are
ordered in decreasing magnitude of EGk’ and the continuum, if pres-

ent and isotropic, appears last with EG, = 0.0.

k
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 EG, = 0,0, The structure for the last NK-NI sub-

k
sections is
(‘

[MAT, 14, MT/EGk, ES
' [MAT, 14, MT/ b,

" [MAT, 14, MT/ b,

.3 bs b3 NR, NE/E,_ ]TAB2
E3 b, by NLy, b/ai(El)]LIST
E,; b, b; NL,, b/a%(Ez)]LIST

_[MAT, 14, MT/ b, E.5 b, b; NLNE,b/aE(ENE)]LIST .

Note that lists of the aE(E) start at £ = 1 because ag(E) = 1.0 is

always understood.

ii, LTT = 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]JHEAD
i <§ubsection for k = 1 :>

2 >

<§ubsection for k

<§ubsectio; for k = NK>

[MAT, 14, 0/ b, b; b, b; b, bISEND .

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

21
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in decreasing magnitude of EGk (photon energy). The continuum, if

present and isotropic, appears last with EG, = 0,0,

k

The structure of the first NI subsections is

[MAT, 14, MT/EG,, ES ; b, b; b, bJCONT .

K’
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]TABZ
i [MAT, 14, MT/ b, E;; b, b; NR, NP/u, . /p, (4,E;)]TABL
< [MAT, 14, MT/ b, E,; b, b; MR, NP/, ./p, (4,E,)|TABL

[MAT, 14, MT/ b, E_.; b, b; NR, NP/u,_ /p, (,E ) ]TABL .

NE’ i



1.

10.

2.3.2, File 14 Procedures

The subsections are given in decreasing magnitude of EG, within each of the

k
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 EG, values in File 12 or 13, In the case of File 12,

k

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

k
determined by the level energies.

ESk is the energy of the level from which the photon originates, if known.
Otherwise, ESk = 0.0 (as 1s 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 TABl records for the péu,Ei)within a subsection are given in increasing
order of neutron energy, Ei'
The tabulated probability functions, Pé“’Ei)’ should be normalized within

four significant figures (to unity).

The interpolation scheme for pk(u,E) with respect to 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 U be
linear-linear (INT = 2),

For LI = 1 (isotropic distribution), the parameter NK is a count of the num-
ber of photons in that section and should be given 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"
checking code.6

23
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12.
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The minimum amount of data should be used that will accurately represent

the angular distribution as a function of both U and E,

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 discour-
aged, Likewise, isotropic distributions should not be entered explicitly

as a tabulation or as a Legendre expansion with az(E) =0, 2>1,



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_l and are norma-

lized such that

max
E

n
f€E, « E) dE_ =1
f 5, « B) B =1,

0]

where E$ax is the maximum possible secondary photon energy and its value depends
on the incoming neutron energy as well as the particular nuclei involved.* The
energy distributions f(EY < E) can be broken down into the weighted sum of sev-

eral different normalized distributions in the following manner

NC
-1
f(E <« E) = .(E (E. < E (ev
(Y ) EPJ)qu ) ) T,
j=1
where
NC = the number of partial distributions used to represent f(EY < E).
qj(EY < E) = the jth normalized partial distribution in the units eV_].
pj(E) = the probability or weight given to the jth partial distribution,

(E <« E).
qJ(Y )

*Note that the subscript k that occurs in the sections describing Files 12 and
13 has been dropped from f(E, « E). 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. )

max

.Y
. E € E dE - 1

a\-‘\pj

The absolute energy distribution cross section, OY(EY < E), can then be con-

structed from the expression
OY(EY « E) = o' (E) £(E, « E) (b/ev),

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

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

The system used to represent continuous photon energy distributions in File
15 is similar to that used in File 5, At present, however, there is only one —_

continuous distribution law activated for File 15, i.e.,
,(E. « E) = g(E_ <« E)
qJ Y g Y s

where g(EY <« E) represents an arbitrary tabulated function., In the future, new

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

26



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 :>
? { subsection for j = NC >
[MAT, 15, O/ 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, NB/E;  /p(E)]TABL
[MAT, 15, MI/b, b3 b,  b; NR, NE/E,__]TAB2
[MAT, 15, MT/b, E); b, b; NR, NP/E /g(EY <+ El)]TABl

Y int
ﬂ [MAT, 15, MT/b, Ez; b, b; NR, NP/EY int/g(EY “ E2)]TABl

| [MAT, 15, MT/b, E_; b,  b; NR, NP/E

NES y int/8(Ey © Eyg) 1TABL
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,

27



3.

28

2.4,2, File 15 Procedures

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

The TABl records for the g(EY+ Ei) within a subsection are given in in-
creasing order of nuetron energy, Ei'
The tabluated functions, g(EY + Ei)’ should be normalized to unity within

four significant figures,

The interpolation scheme for pj(E) must be either linear-linear or log-
linear (INT = 1, 2, or 3) to preserve probabilities upon interpolationm.
Likewise, the interpolation scheme for g(EY < E) must be linear-linear or

log=~linear with respect to E.

The neutron energy mesh should be a subset of that used for the yNK(E) tabu-
lation in File 12 or for the GEK(E) tabulation in File 13, and the energy
ranges must be identical, However, the neutron energy mesh for the pj(E)
need not be the same as for the g(EY « E), as long as they span the same

range.

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,

The minimum amount of data should be used that will accurately represent

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

The limit on the number of neutron energy points for either pj(E) or
S(EY < E) is 200, The limit on the number of photon energy points for
g(E, + E) is 1000.



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 1s 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,u),

where the angular dependence is normalized such that

1

/ F(EY < E,¥) du = Y(EY < E) .
-1

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

h(EY + E,U), normalized in both EY and J.
F(E_ < E,u) = y(E) h(E_ « E,u) .
Y Y
The differential photon production cross section is then obtained from

2
3 O(EY,+ E,u)
9E_ 9
Y [

= 0(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, nZ(EY < E)., The Legendre expansion
is

NL
} : 22 + 1

h(EY < Es“) = '—_2'—" nE(EY “ E) Pe(“) .

£=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 (LIT = 1)

or by tabulated angular distributions (LIT = 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 LIT = 1 is

( [MAT, 16, MT/ZA, AWR; b, LTT=1; b, bJHEAD
' [MAT, 16, MT/ b, b; b, b; NL, b]CONT
< subsection for £ =0 >

1>

<:subsection for ¢

<:subsection for £ NL:>
! [mMAT, 16, O/ b, b3 b, b; b, bJSEND .,

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 SEND record is deleted.
b. The HEAD record is changed to read
[MAT, 16, MI/b, b; b, b; NC, b]JCONT .
C. g(EY + E) is replaced by nE(EY < E).

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

sections consist of tabulations for h(EY « E,um), m = 1(1)NA., The structure of

a section for LIT = 2 is

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

E [MAT, 16, MT/ b, b; b, b; NR, NA/u,  ]TAB2
{ subsection for m =1

< subsection for m = 2 >

1 .

< subsection for m = NA D
\_[MAT, 16, 0/ b, b; b, b; b, bISEND .

30



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, W3 b, b; NC, b]CONT ,
C. g(EY + E) is replaced by g(EY « E,um), where each subsection i1s for a
particular value of W = 1(1)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,



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
routines in processing codes for photon interaction data (as in CHECKER).4
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
(>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 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 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 1s essentially the same in structure as File 3, These data are
given as a function of energy, Ey’ where EY is the energy of the incident photon
(in eV). The data are given as energy-cross-section pairs. An interpolation
scheme is given that specifies the energy variation of the cross section for
photon energies between a given energy point and the next higher energy point.
The photon cross sections are given in one or more energy ranges, Within any
one energy range, 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
[MAT, 23, 0/ b, b; b, b

Y int/O(EY)]TABl
; b, DbISEND ,



1,

d.
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3,1.2., File 23 Procedures

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

ZA = Z x 1000; also, AWR should be for the naturally occurring element,

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.

The total pair production values are given for reaction type MI = 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.
Interpolation is normally log-log (INT = 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.



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

as the Legendre coefficients, fE(EY)’ in

do (E_, 1) 3L
X 2 +1
Y O(Ey)E 5 fZ(EY) Pﬁ(u) R
£=0
£ (E) = 1.0 .

Here, U = cos 0, where O 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 = 0 [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 6, and the other is by Legendre coefficients. Actually, neither of
these is a 'matural” 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
dGi dO'C
— = . ——— ’

where d%/du is the Klein-Nishina cross section, which can be written in closed
form, The factor K(q3;Z) is the incoherent scattering function, which is often
symbolized as S(q;Z) in the literature. At high (21 MeV) energies, K approaches

unity. The quantity q is the momentum of the recoil electron (in units of moc),
1
-3

- 2 -
o [0
ol 1l +(a—) - 2U(a-> R

2
o = EY/moc ,

£
]

E; = gcattered photon energy, and
U = cos 6,

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, Coherent Scattering. The coherent scattering cross section is given

by

do

gzh = ﬂri Zz(l + uz) G(q;2) ,
where
q = a[2(1 - u)]li , the recoil momentum of the atom (in units of moc), and
t, = ez/mocz, the classical radius of the electronm,

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 (21 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.
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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, bJHEAD
[MAT, 27, MT/ b, Z; b, b; NR, NP/qint/H(q;Z)]TABl
L[MAT, 27, 0/ b, b;b, b; b, bISEND.

\
1

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

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.

The value of Z is entered in floating-point format.
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alz(E)

AWR

Ey
EG

ES, ,ES,
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E « E
‘g( y )

G(q;2)

h(EY « Eyp)

H(q;2)

APPENDIX A

GLOSSARY OF VARTABLE NAMES AND SYMBOLS

(TP i, )(GPJ ), the probability of photon emission by a direct
transition from level j to level i,

The (neutron) energy-dependent Legendre coefficients in the
Legendre expansion of the kth photon angular distribution,

The atomic weight ratio of the target nucleus, i.e., the ratio
of the atomic mass to the mass of the neutron,

A blank field or the unit "barms.”
Incident neutron energy (eV).
Photon energy (eV).

The photon energy for the kth subsection within a reaction type
(eV).

The energy of the level from which a photon originates. 1In a
transition probability array, ES{ is the energy of the ith level
(eV).

An energy-angle distribution function for photon production
(photons/eV).

A normalized (to unity) photon energy distribution (or proba-
bility density) function at incident neutron energy E for the
kth subsection within a reaction type (ev-i),

The (photon) energy-dependent Legendre coefficients in the
Legendre expansion of the secondary angular distribution.

A particular class of the functions q. (E < E) in File 15;
those which are tabulated (eV—1 ). i

The form factor for coherent photon scattering.,

The conditional probability of photon emission in a direct
transition from level j to level i, 1 < j.

A normalized (to unity) energy-angle distribution function for
photon production (ev-1),

A general symbology for a form factor or incoherent scattering
function; either G(q3;Z) or K(q;Z), respectively.
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int

K(q32)

LF

LG

LI

LY

LCT

LFS

LTT

LVT

MF

MT

NA

NC

NE

NI

48

The interpolation table for variable x (cf. Ref., 2, pp. 3.8, 4.5,

and 4.6).

The incoherent scattering function for incoherent photon -
scattering,

The photon energy distribution law number.

The transition probability array flag for distinguishing between
doublet and triplet arrays in File 12,

The isotropy flag in File 14.

The option flag to determine whether multiplicities or transi-
tion probability arrays are to be given in File 12,

The option flag to determine whether secondary angular or energy
data are given in the laboratory or center-—of-mass system,

The final state number (Ref. 2, p. 7.1).

The option flag to determine whether angular distributions are
to be given as Legendre coefficients or as tabulatioms.

The flag to determine whether or not a transformation matrix is
given for converting between the laboratory and the center-of-
mass systems,

2 2
The mass of the electron (eV~sec /cm').
The file number (positive integer < 100).
The reaction type number (positive integer < 1000),

The material number (positive integer < 10,000).

A count of the number of subsections in File 16 for an energy-
angle distribution that has tabulated angular distributions,
(for h(Ey < E,um), m = 1(1)NA).

A count of the number of subsections in File 15 for normalized
continuous photon energy distributions, (for q, (EY + E),

j = 1L(1)NC)y,

A count of the number of energy tabulation points in a TAB2
record.

A count of the number of isotropic photon angular distributions
given in a section for which LI = 0; i.e., a section with at
least one anisotropic distribution,

a—



NK

NL

NP

NR

NS

NT

B{H,E)

pj(E)

qj(EY < E)

TP,
Jsi

'y(EY < E)

Y(E)

¥y (E)

[H]

A count of the number of subsections in Files 12 and 13 for pho-
ton production multiplicities or cross sections, i.e., for yk(E)
or Oﬁ(E)’ respectively, k = 1(1)NK,

A count of the order of the Legendre expansion in Files 14, 16,
24, and 26, i.e., £ = O(1)NL.

A count of the number of points in a tabulation in a TABl record.

A count of the number of interpolation regions in a tabulation
in either a TABl or a TAB2 record.

A count of the number of levels (including the ground state) be-
low a level for which a transition probability array is being
given in File 12, Thus, NS is the order number of the level
being considered.

A count of the number of tfansitions for which data are given in
a LIST record in File 12, Option 2 (L¢ = 2).

A normalized (to unity) photon angular distribution function at
incident neutron energy E for the kth subsection.

The occurrence probability of the jth plecewise continuous and
normalized photon energy distribution function in File 15,
qj(E_Y + E).

The momentum of the recoil electron after an incoherent photon
scattering event or the momentum of the recoil atom after a
coherent photon scattering event (moc2 units).

The reaction energy balance; the usual "Q-value" (eV).

A normalized (to unity) piecewise continuous photon energy dis-
tribution function that_comprises the jth component of the
total such function (eV l).

TPy, the probability of a direct transition from level j to
level i, 1 < j.

A total photon yield (multiplicity) energy distribution function
for photon production (photons/eV).

The total photon yield (multiplicity) for a reaction type
(photons).

The partial photon yield (multiplicity) for the kth subsection
within a reaction type (photons).

The atomic number of a material in File 27.

1000.0 x Z + A, where A is the atomic mass number.
isotopic materials, A is set to 0.0.

For poly-
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E
70 @ dimensionless energy unit.

mc

o

The neutron- and photon-energy-dependent Legendre coefficients
in the Leﬁendre expansion of the photon energy-angle distribu-
tion (ev™4).

cos 0, the cosine of the polar angle of scattering.

The integrated Klein-Nishina cross section (b).

The integrated coherent photon scattering cross section (b).

The integrated incoherent photon scattering cross section (b).

The total photon production cross section in File 13 for a reac-
tion type MT (b).

The partial photon production cross section in File 13 for the
kth photon energy distribution subsection (b).

The cross section to produce the photon that arises from decay
of level j to level i, i < j (b).

The neutron interaction cross section for inelastic scattering
to level k (b).



APPENDIX B

BCD CARD-IMAGE FORMATS
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FILE 12: Multiplicities and Transition Probability Arrays -

NBT; , INT;
Eq

Y(E{)

vk(E{)

52

Lg = 1 (Option 1, Multiplicities)

the total number of subsections for a reaction type section (MT
number), i.e., the number of discrete photons, plus one if a
photon continuum is given.

the number of interpolation ranges given.

the total number of neutron energy (E) points in the tabulation to
follow, i.e., the number of energy-multiplicity pairs.

the interpolation scheme for the ith interpolation range.
the neutron energy for the ith pair in the tabulation,

the total yield for all subsections (not given if NK = 1),
NK

Y(E) = Z ¥ (B

k=1

the partial multiplicity or yield for the kth subsection within a

reaction type section, i.e., for a particular discrete photon or a

photon continuum. In the case of a continuum, it is the integrated —
(over photon energy) multiplicity; the normalized photon energy

distribution is given in File 15.

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 = 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.



B

3 C
BCD CARD-IMAGE FORMAT FOR FILE 12
19039.0 3.8766 +01 1 3 500512103 170
MULTIPLICITIES AND TRANSITION PROBABILITY ARRAYS 1 21500512103 t71
: 21 2 500512103 172
g =1 (Option 1, Muleiplicities) l.7 +06 1.0 -20 1.8 +06 2.43902-02 2.0 +06 2.52100-02500512103 1732
2.2 +06 5.20693-0Z2 Z.4 +06 5.9165T-02 2.6 +06 9,68443-D25005121C3 174
Field Field Field Fileld Field Field Racord 2.8 +06 1,04603-01 3.0 06 la36449-01 3.2 +06 1.62693-01500512103 175
1 2 3 4 5 6 Type 3.4 +06 1.66827-01 3.6 +06 2.03428-01 3.8 +06 2.41745-01500512103 176
— —— —22 4.0 +06 2.45322-01 4.5 +06 2.15197-01 5.0 +06 1.74247-01500512103 177
ZA AWR Lg=1 b NK b HEAD 545 +06 1.41290-01 6.0 +06 1.11B75~0L 6.5 +06 B8,93938-02500512103 178
-_ 7.0 +06 6.69615-01 7.5 406 5.47975-01 8.0 +06 4.53520-02500512103 175
b b b b - NP 1.52 +06 1.5z +0é 2 i 19500512103 180
19 2 500512103 181
NBT, Nty NBT, 18T, NBT, INT, 2.0 +06 1.0 -20 2.2 406 9.34570-03 2.4 +06 1.16391-02500512103 132
. = . . NBT INT 2ab +06 1.95865-02 2.8 +06 2.09205-02 3.0 +06 2.62143-025C0512103 183
NR NR 3.2 +06 ..58918-02 3.4 406 2.78846-02 3.6 +06 3.24561-025005121C3 184
E, Y(El) E, Y(Ez) E, Y(E3) 3.8 +06 3,.7804R-02 4.0 +06 3.84328-02 4.5 +046 2,81625-02500512103 185
-~ o - o o - 5.0 +06 3,44481-02 5.5 +06 3.06451-02 6.0 +06 2.65625-02500512103 186
a 6.5 +06 2,21212-02 7.0 +06 1.79941-02 7.5 +06 1.46551-02500512103 187
-— ~— —— - Eyp Y(Ey,) TAB1 8.0 +06 1.26760-02 500512103 188
— 1,27 4085 1,27 +04 2 1 21500512103 189
21 2 5005121C3 190
EG ES F
1 1 L NR NE 1.7 406 1.0 =20 1.8  +06 2.43902-02 2.0 +06 2.52100-025005121C3 191
NBT, INT, NBT, INT, NBT, INT, 2.2 +06 3.20427-02 2.4 08 2.49175-02 2.4 +06 5.76713-02500512103 192
- . e L NET INT 2.8 +06 6.27615-02 3.0 +06 8.40400-02 3,2 +06 9.09090-02500512103 143
NR NR 3.4 +06 1.10577-01 3.8 +06 1.35965-01 3.8 #06 1.65322-02500512103 194
Ey ¥,(E) 2 ¥, (E)) E ¥,(E,) 4.0 +06 1.67910-01 4.5 +06 1.38516~01 5.0 +056 1.04882-015005121C3 195
L 1 z 172 3 173 S.5 406 7.96774-02 6.0  +06 5.81250-02 6.5  +06 4.48484-02500512103 196
- 7.0 +06 3.06784=02 T.5 +06 2.47126—02 8.0 +06 1,97183-02506512103 197
-— —— — -— E vy (E.) TAR1 2.5 E45 1,52 Ees 2 1 19500512103 198
NP 1'“np 19 2 500512163 199
EG, S, b LF FR NP 2.0 +06 1.0 -20 2.2 06 1.06809-02 2.4 +06 1.26091-02500512103 200
NET INT N 2.6 +06 1,95865-02 2.8 +06 2.09205-02 3.0 +06 2.62143-02500512103 201
8Ly NLy NBT, INT, NBT INT, 3.2 +06 2.58918-02 3.4 +06 2.83653-02 3.6 +06 3.24561-02500512103 202
— — _— -— NBT, INT 3.8 +06 3.86178~02 4.0 +06 3.91791-02 4.5 +06 3.85159-02500512103 203
= oy - - R NR 5.0 406 3.51170-02 5.5 +06 3.09677-02 4.0 +06 2.T1875-02500512103 204
Ey Y &) E, ¥5(Ey) E, ¥o(Eq) 6.5 +06 2.24242~02 7.0 +06 1.82890-02 7.5 +06 1.52298~02500512103 205
_— _— — — — — 8.0 +06 1.29577-02 500512103 208
L . _ 500512 0 201
- - Eyp o (Byp? TABL
EGNK ESNK b LF NR NP
NBTl It\e'Tl “ETZ INTZ NBT 3 INT3
— -— — — NBT, o INT
Ey Yok (Ep) E, Y (Bp) Ey Vi (B3
=== === —— —_— ENP yNK‘ENP) TABL
b ] b b b b SEND
Field 7 {Cols. 67 through 70) = MAT
Fleld 8 (Cols. 71 through 72) = MF = 12
Field 9 (Cols. 73 through 75) = MT (except for SEND card, where MI = Q)
Field 10 (Cols. 76 through 80) = gard sequence number

A, .
"This record is omitted if NK = 1 (only one subsection),
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B=1 B=2
D

»=l

FILE 12: Multiplicities and Transition Probability Arrays FILE 12: Multiplicities and Transition Probability Arrays
Lg = 1 (Option 1, Multiplicities) L$ = 2 (Option 2, Transition Probability Arrays)
Y(E) LG = 1, simple case (all transitions are Y emission).
o, - , , .
Yk(E) = _gTET = 2, complex case (internal conversion or other competing processes occcur).
: NS number of levels below the present one, including the ground state. (The
O(E} is given in File 3 for same MT number, present level is also uniquely defined by the MT number and by its energy
level.)
yk(EY < E) =y, (E) fk(-EY *« E) .
ESyg  energy of the present (NS) level for which the decay scheme {(transition
ghax " probabilities) 1s being specified,
Y - - - C e . . i e Ean ‘s
{ f (E + E) dE. = 1,000 NT number of transitions for which data are given in a list to follow (i.e.,
_/0 ky Y : number of nonzero transition probabilities), NT < NS,
NK By 1If LG =1, B; is the doublet (ESy,TP).
L if LG = 2, B; is the triplet (ES;,TP,,GP.).
Y(E) = E yk(E) . *» 1 LR R Al |
. EQ. anargv of the 1ith level i = 0{1YNS. (FS. = 0.0. tha gcround atata. )
idy Chimrafy Ve wilio Lwii LCViiay =« WL AT A Sadd's ] Valy Wi BaVMLE ey
TPy = TPNsbi! the probabllity of a direct transition from level NS to level i,
i =0(1)NS - 1,

GP{ = GPyg,is the probability that, given a transition from level NS to level
1, the transition is a photon transition (i.e., the conditional proba-
R N

3
bility of photon emissionj).
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BCD CARD-IMAGE FORMAT FOR FILE 12

MULTIPLICITIES AND TRANSITION PROBABILITY ARRAYS

19 = 2 (Option 2, Transition Probability Arrays).

Field Field Field
1 2 3
ZA AWR Lg=2

ESyq b b
ES, TP, (GPl)
b b b

Fiald 7 (Cols. 67 through 70) = MAT
Fiald 8 (Cpls. 71 through 72} = MF = 12

Field
'y

LG

ES

aaping

Field
5

NS

(LG+1)*NT

Field 9 (Cols. 73 through 75) = MT (except for SEND card, whare MT = 0)
Field 10 (Cols, 76 through B0) = card sequence number

Field

(GP,)

(GRyy)

Record
Type

LIST

SEND

12024.,0 2.4103E+0]
6.0000E+06
4.2320F«06 0.045

2

4.1290E+06 0,045

is
[+
1. 30H80F+06 0.91

B

(1]

S00212 64 7627
3500212 64 7628
500212 64 7629
500212 0 7630
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FILE 12: Multiplicities and Transition Probability Arrays

FILE 13:

x
L

Photon Production Cross Sections

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

A, = (TP, )(GR,)

NR
m —J my ,-= -
A= L
ZZ NP
(E ,E) = E G(E-e +e)A1i (E)H E TP —
Je m '-1" 1%
-1 i=0 m uj m -j
NBT; ,INT;
NS-1 | Ey
2 TP, = 1.0000 . ofor(Eq)
1=0

59=60

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
continuum is given.

the number of Iinterpolation ranges given.

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

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 (not
3

NK
ot -3 ]
E= E.
Oror (Ey) o, (Ey)
=1

the P&ftial Ph@ﬁﬁﬁ pro ductlon cross section for the kth subsection
within a reaction type section; 1.e., for a particular discrete pho-
ton or a phntgp continuum, In the cage of a continuum, it ig the

RSl B b e B8 8 AALRE & Adi Wi OGO T VL Ll L ALy kD sl

integrated (over photon energy) cross section; the normazlized photon
energy distribution is given in File 15.

the photon emergy. For a continuous photon energy distribution,
EGy = 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 is produced, then
ESk = 0.0 should be used.

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

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



BCD CARD-IMAGE FORMAT FOR FILE 13

PHOTON PRODUCTION CROSS SECTIONS

Field Field Field
1 2 3
za AWR b
b b b
NBT, INT, T,
Y
L ror (Ey) )
EG, £S b
NBTI INT NBTZ
Y
E, o] (e} E,
EG ESZ b
NBTl INTl NBT2
¥
B (E;) E,
EGy, ESy, b
NBTl INTl NBTZ
Y
By Ok (Eq) E,
b b b

Fleld 7 (Cola., 67 through 70) = MAT
Field 8 (Cols. 71 through 72) » MF = 13

Field 9 (Cols. 73 through 75) = MT (except for

Field
4

b

Field
5

NK

NR
NBT3

NBTNR

NBT
NBT

NBT
NBT

SEND card, where MT = ()
Field 10 (Cols. 76 through 80) = card sequence uumber

4 This record omitted if NK « 1 (only one subsaction).

Fleld

INT
iNTNR
Ong (B3}

=
Py Eyp?

B

[==]]

Record
Type
HEAD

TaB12

TAB1

TAB1

SEND

+0A

LTI

LR R

+0h

+04
"D{"i

«0h
+Q07

+01

3
=21

-
0t

-20
-7
+Ub

=03
-0

o]
+06 1.6
i 2.dY

&

+08 le5
0l 2.0

+06 3.0

—
L -
o

—
- -
oo

7.0

2
2
+06 2.4
+07 2.02
2
«06 2.1

+07 1.8
1

+06 9.0

500513
6500513
500513
-02500513
~02500513
6560513
500513
-025005%13
«02500513
4500513
500513
=03500513
500513
500513

=S VLI SR FURY U PVRE FUIN U BN MU SCJ PR JURN K By )

B=3

21n
2ty
22U
221
222
223
224
225
2ét
eed
228
229
230
231
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ﬁ BEZII
FILE 13: Photon Production Cross Sections FILE 14: Photon Angular Distributions
do Y LI = 1 (Isctropic Distributions for all Photons)
_k _—
dEY(EY “ E) 0-k(E) fk(EY © E) NK the total number of subsections for a reaction type section (MT number) ;
i.e., the number of discrete photons, plus one if a photon continuum
glhax _ is given.
Y
f. (E_ <« E) dE_ = 1.000
f k(By © B 4B
(o}
KK
Y =z : i

k=1
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BCD CARD~IMAGE FORMAT FOR FILE 14
PHOTON ANGULAR DISTRIBUTIONS

LI = 1 {Isotropic Distribution for All Photons)

Field Field Field Field Field
1 2 3 4 ' 3
ZA AWR LI=1 b NK
b b b b b

Field 7 {Cols. 67 through 70) = MAT

Field B (Cols, 71 through 72) = MF = 14

Field 9 (Cols. 73 through 75) = MT (except for SEND card, where MI = 0}
Field 10 (Cols. 76 through 80) = card sequence number

Fleld

B

=] |

Record
Iype
HEAD

SEND

-

-

ul ui

DD
<

=]

N MY

—

£

W
(=3

o e

o >

(2 A4 o
—

B

ol
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FILE 14:

Photon Angular Distributions

67-68

LT = 1 (Isotropic Distributions for all Photons)

|=

pk(u,E)

a}f:(E)

all

111

0.5

0.0,

£

1(1)NL

)

all k

LTT = 1 (Legendre Coefficient Representation

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

the number of isotropic photon angular distributions given in a
the photon energy. For a continuous photon energy distribution,

the energy of the level from which the photon originates. If the
level is unknown or 1f a continuous photon spectrum is produced, then

the number of neutron energy points given in a TAB2 record.
the interpolation scheme for the ith interpolation region.
the neutron energy for the ith LIST record in a subsection,

the number of Legendre coefficients used to represent the angular

distribution at neutron energy E;, excluding a§(E) = 1.0 that is

FILE l4: Photon Angular Distributions
LI = 0 (Anisotropic Dis
NK
continuum is given.
NI
section (MT number).
EGy
T EGy = 0.0 should be used.
ESk
ESy = 0,0 should be used,
NR the number of interpclation ranges given.
NE
NBT;, INT;
E4
&y
understood; that is, £ = 1(1)NL.
ak (E4)

the £th Legendre coefficient for the angular distribution of the kth
photon at incident neutron energy Ej.



BCD CARD=-TMAGE FORMAT FOR FILE l4
PHOTON ANGULAR DISTRIBUTIONS

L1l = 0 {Anisctropic Distributions for Some Photona)
LTT = 1 {Legendre Coefficient Representation}

Fleld Fleld Fleld Field Fleld Field Record
1 2 3 4 5 ] Type
Za AWR LI=0 1TT=1 K NI HEAD
£, ES, B b B b CONT
EG, ES, b b b b CONT
B, ESy; b b b b CONT
EGy1yy ESyr1 b b ¥R NE
NBT N NBT, T, NET, INT,
-— — -— - NBT. VT TABZ
b E, b b WL, b
NI+l NI+ 1 . . ! NI+1
a (El) 2 (El) L (El) LIST
B E, b b ML, b
NI+1 NI+1 —— _— _— NI+L
8 THEY sy THEY (E,) LIST
b Byg b b Myp b
NI+1 NI+ NI+1
8 By ey By - - - oy (EByg? _LIST
Sy1es S 140 b b NE NE
HBT, INT, NET, T, NBT, mr,
- —— — _— WBT, T, TaB2
b £ b b NL b
NI+2 NT+2 NI+2
81 (Bl) e, (El) —_— —_— -— ay (El) LIST
b E, b b M., b
NI+2 NI+2 NI+2
o ey aRE) — — — LT (E, LIST
b Bp b B ML b
NI+2 NI+2 NI+2
1 (Bygd 8y (Eygd - - - ay (Byg)  LIST
Gy ESgy b b NR NE
NBT, mr, NBT, T, NBT, INT,
-— -— -— — NBT, Ty TAB2
b El b b NLI b
MK NK
() 8, (E) - -— - eNNE(El) LIST
b E, b b ML, b
NK NK
a) (&) 8, (E,) --- -~ — agftzz) LIST
; By b b M, b
NK. NK
ay (Egg) 8y (Eyg) - - - e (Byg? LIST
b b b b b b SEND

Pigld 7 (Colse. 67 through 70) = MAT
Figld 8 (Cola. 71 throuygh 72) = MF = 14

Field 9 (Cols. 73 through 75) = MT (except for SEND card, whera MT = {)

Field 10 (Colu. 76 through 80) = card sequence number

B

=-1]

FILE 14:

This page left blank because no data presently exist in ENDF format
under the LTT = 1 option,

[@]]
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FILE 14: Photon Angular Distributions

LI = 0 (Anisotropic Distributions for Some Photons)

LTT = 1 (Legendre Coefficient Representation)

.
do
by (1B} = —T— K@, E)
o (E) "=

NL

~ 2l +1 X
£=0

1 &b 2 e

Pp(H) = —~p— —5-(1" - 1)
£ 278 dug

1

a%(E)

1

f Pk(U,E) dy = 1.000 ,
-1 .

T1=72

B=5

==T]

FILE 14:

B=6

Photon Angular Distributions

NBT 4, INT;
Ej

3

Pk (MsE4)

LI = 0 (Anisotropic Distributions for Some Photons)

LTT = 2 (Tabulated Angular 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
continuum is given,

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

the photon energy, For a continuous photon energy distribution,
EGy = 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 is produced, then
ES, = 0,0 should be used.

the number of interpolation ranges given.

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

the interpolation scheme for the ith interpolation region.

the neutron energy for the ith TABl record in a subsection.,

the cosine of the reaction angle, U = cos 6,

probability distribution function (normalized) at Y of photons pro-
duced by a neutron of incident energy E; for the kth photon energy,
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FILE 14: Photon Angular Distributions FILE 15: Continuous Photon Emergy Spectra
N vinimhar AF mared al AL atwdhasbd nrmm crmm A e mamrinsmmende o smsmstmm e T d ] o em oo
.LI = 0 'Anisotro iC Distributions for Some Photons— Nye Mudier VL POl bldd HAIOSLLLUULLUNID UOBU LV LEPILESTEIL da Lvilallstl celuel gy
$ P ) : distribution, f(E_ <+ E).

LTT = 2 (Tabulated Angular Distributions)

LF the photon energy distribution law number, which presently has only
Y one continucus distribution defined: LF = 1, a normalized tabulated
o1 de function.
pk(UsE) = HQ_(Q’E)
Uk(E) - NR the number of interpolation ranges given.
1 NP the total number of neutron or photon energy points in the tabulation
~ " to follow.
f pk(u,E) dy = 1,000 .
~1 NBT4,INTy the Interpolation scheme for the ith interpolation range.

=i

i the neutron energy for the ith TABl record.

P1(E;) the probability given to the first partial distribution [pj(Ey) = 1.0
~— because only one distribution law is presently defined]. :

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

EIk the photon energy for the kth pair in a TABl record for the tabulated
photon energy distributicn.

g(EYk < Ey) the probability distribution tabulated at photon energy EYk for an
——— incident neutron energy E; (units of ev-1),

75=76
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CONTINUQUS PHOTON ENERGY SPECTRA
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FILE 15: Continuous Photon Energy Spectra FILE 23: "Smooth" Cross Sections
NC BR the number of interpolation ranges given,
f(E, + E) = s P, (E) q,(E, + E) NP the total number of photon energy (E,) points given in the tabula-
I F="_J J J ] bt — = = 1 =
§=1 tion to follow; i.e., the number of energy-cross—section pairs.

NC NBT;,INT; the interpolation scheme for the ith interpolation range.

é Pj(E) = 1.000 %:j the photon energy fior the jth pair in the tabulation.,

3=1

G(E:j) the photon interaction cross section.
max
E
Y
f(E_+ E) dE_ = 1,000
Y Y
0
Mmax
I
= 1.000 .

Y
(E_ + E) dE
f 9 (Ey ) dE,
0
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"SMOOTH" CROSS SECTIONS
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SEND card, whera MT = 0)
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FILE 23:

"Smooth" Cross Sections

83-84

FILE 27:

Atomi¢ Form Factors or Scattering Functions

KR

NP

NBT{,INT{

|

the number of interpolation ranges given.

the total number of recoil momentum (q) points given in the tabula-
tion to follow; 1.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 mge).

nf Camn

da Kins=+7) the incnharant epattarine funetdian Iin rtha ~faca -
AT AR Y] ey s LT AL WHGL GLL Sh@kLLLlls AWMU CLiUL LAl Ll oot WL wwnips
ton scattering; or G(qy;Z), the form factor in the case of coherent
scattering.
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FILE 27:
BCD CARD~IMAGE FORMAT FOR FILE 27
This page left blank because no data presently exist in ENDF File 27.
ATOMIC FORM PACTORS OR SCATTERING FURCTIONS
Field Field Field Field Field Field Racord
1 2 3 & 5 6 Type
ZA AWR b b b b HEAD
b b FR NP
NBT, INT, NBT, INT, NBT, INT,
— — _— —— NBT Ny,
q H(q,;2) 9, H(q,32) 9 H(q432)
_— — — —_ e Hiqyp;2) TABL
b b b b b b SEND
Field 7 (Cols. 67 through 70) = MAT
Field 8 (Cols. 71 through 72) = MF = 27

Field 9 (Cols. 73 through 75) = MT (except for SEND card, where MT = {)
Field 10 (Cols, 76 through 80) = card sequence number
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FILE 27: Atomic Form Factors or Scattering Functions

E'! is the scattered photon energy.

Y
M= cos O
@ =E /m c?
T\ NP
q = a{l + (—g—) - Zu(-g:—)] y incoherent scattering
= af[2(1 - u)Z]% , coherent scattering.
dO’i dOc
rral ZK(q;2) TR
dg
coh 2.2 2 .
o me Z°(1 + u°) G(gsz) .
ALT /bd:858(600)
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