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PHOXS : A FORTRAN-IV CODE TO CHECK FORMAT SYNTAX,

CONSISTENCY, AND PHYSICAL RSALIS4 OF ENDF/B PHOTON PRODUCTION DATA

by

Donald J. Dudziak

ABSTRACT

The PHOXE code reade the photon production data files in ENDF/B

format, checking them for format syntax, consistency, and “physics”
errors. Suspected errors are flagged on an output listing immediate-
ly after the record in which they are detected. Some preprocessing
of the data is performed, both for error checking and for listing
convenient quantities (e.g., average photon energy of a continuum)
useful to a reviewer. The intent of this code is to provide an aid
to cross-section evaluators and reviewers in their attempts to pro-
duce an ENDF/B data aet free of typographical, syntax, and simple
“physics” errors. An attempt was made to include any reasonable
check capable of being automated and which does not require an inter-
active capability with any system external to ENDF/B (e.g., a reviewer
or data bank). The code is presently operational on CDC 6600 and IBM
360 computers and ia available from the Radiation Shielding Informa-
tion Center as PSR-21.

*

*

I. INTRODUCTION

This report describes the detailed checks per-

formed on the photon production data in Files 14
1,2

and 15 of the ENDF/B Data File. Also included

are a few checks on the neutron interaction data

(File 3), all of which are required for further

checking in Files 14 and 15. Otherwise, so-called

physics checks of neutron interaction, secondary

angular distribution, and secondary energy distri-

bution data are left to the code PSYCHE, which is

scheduled to be written by another laboratory.

PHOXS includes, in addition to checks of internal

consistency and physical realiam, some format
3

checks not performed by the CHECKSR code.

The purpose of a code such as PHOXE (herein-

after referred to as a “physics” checking code) ik

to provide an aid to both the data evaluator and

reviewer in their attempts to produce an ENDFIB

data set free of syntax, typographical, and simple

“physics” errors. An attempt has been made to in-

clude any check capable of being automated with

reasonable effort and which detects an error that

might occur with a significant probability. Specif-

ically excluded are any checks that would require

an interactive capability with the reviewer or with

data storage systems outaide the ENDF/B system. In

the context of the Cross Section Evaluation Working

Group (CSEWG) Phase I data testing, codes such as

PHOXB and PSYCHE should greatly simplify the rou-

tine review of data sets, leaving to the evaluator

and reviewer those aspects of the data requiring

professional knowledge and judgment. In this re-

gard, PHOXE also performs some processing of the

data to calculate quantities that may be more mean-

ingful to a reviewer than the baaic data. For ex-

ample, total photon energy release is calculated

and printed for some reactions.

An anteceasor of PHOXE ie the code PHOX writ-

ten at the University of Virginia for the Burroughs

B5500 computer;
4

the present code, PHOM, revises,

extends, and supersedes it. In this report, it is

assumed that the user ia familiar with the ENDF/B

format presented in Refs. 1 and 2. A users’ guide

to PIKIXE is presented in Sec. IV. A complete code



package for PHOXE is available from the Radiation

Shielding Information Center (RSIC) code collection

at the Oak Ridge National Laboratory.

II. CHECXS PERFORMED BY PHOXE

Simple format syntax checks are the first type

performed by the code, excluding those performed by

CHECXER. Therefore, the ENDF/B data file should

alwaya be preprocessed by CHECXER. The principal

kinds of format syntax checks performed by PHOXE

determine if control parameters lie within allow-

able ranges and if energies are entered in the prop-

er monotonic order. A significant difference from

CHECXER occurs upon detecting a format syntax er-

ror, however. Rather than abort the processing of

the data file, PHOXE will assume a likely value for

a parameter. The assumed value is predetermined in

the code or calculated by the code from other per-

tinent intelligence. This procedure, while flag-

ging an error on the output listing, will often pre-

vent reprocessing a complete data file because of a

trivial syntax error.

A second check performed by PHOXE is for physi-

cal realiam. These are the types of checks that

might be performed by a reviewer during CSEWG Phaae

I data testing: (1) errors or suspected errors,

and (2) processed data that the reviewer may find

valuable for further data review that has not been

(or camot be) automated. Comments concerning

checks in Category (1) above are set off by aater-

isks (*) on the PHOXE output listing, and comments

from Category (2) are set off by dollar signs ($).

See the appendix for a sample problem output for

magneaiun.

A schematic of the overall logical structure

of the code is shown in Fig. 1. The input-output

makes extensive use of standard ENDF/B retrieval

[
I

1/0 WA! ElSubroutines TEST2C CKHD FIL3 FIL14 FIL15

J
SEARCH
RREC
WREC
etc.

Fig. 1. Schematic structure of

ubSTATE
ESEGP

PHOXE.

3
aubroutinea, not all of which are shown in Fig. 1.

As can be seen from the figure, the calling program

(PHOXE)haa subroutinea that are either for a spe-

cific ENDF/B file or perform functional tasks (CXHD,

ESEGPR, STATE, and TEST2C). These calling program

subroutines are described in Sec. III.

A. File 3 Checks and Processing

Checks and calculations performed on File 3

data are aa follows.

1. Q values are reasonable.

For {5~MT~14and51~ MT:80},

-2 x 107 C Q < -104 eV.

For {MT = 15,110}, Q = 0.0 eV.

For MT = 102,

Q = 0.0 or 1.7 x 106 < Q < 1.2 x 107 eV.

Note: If Q = 0.0 is given for MT = 102, it is as-

sumed later for energetic that Q = 8 x 106 eV.

Normally, Q = 0.0 is given for polyisotopi.c materiala.

2. For Q < 0, Et ~ (0.9999) ~ ]Ql, where

Et ~ the first (threshold) neutron energy in

the cross-section table, and

A 5 AWE.

3. Calculate and print u(2200 m/see) s u(O.0253 eV)

for MT = 102 (radiative capture).

If Et > 0.0253 eV, a comment to this effect ia

printed.

B. File 14 Checks and Processing

Checks and calculations performed on File 14

data are as follows (the first four checks are for

the HEAD card).

1.

2.

3.

4.

5.

LTT should be either 1 or 2. If not, LTT = 2
is assumed, and an attempt to continue proc-
essing ia made under the ssaumption that angu-
lar distributions are given as tabulations vice
Legendre coefficients.

LI should be either O or 1. If not, LX = O is
assumed (that is, a nonisotropic distribution)
and an attempt to continue processing is made.

NC should be either O or 1. If not, NC = O is
asaumed (that is, no continuous photon energy
spectra are given) and an attempt to continue
processing la made.

If MT <14and ND>(MT- 4)orif MT~51 and
ND > (tiT- 40), a comment is written to question
the necessity of so many discrete photons
(especially for inelastic scattering to discrete
levels).

MT should be in the range 3-29, 51-80, 101-108,
110, or 301-450.

b

b

4
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6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

{MT} in File 14muat be a subset of {MT} in
File 3.

For each MT value, keep track of the number of
ES-EG pairs and the values of ES and EG (store
dummy valuea for isotropic photon option, LI =
1) .

If LI = 1, test that the next card is a SEND
card. If not, assume LI = O, and attempt to

continue processing on the assumption that the
angular distribution is given explicitly.

For {5 ~MT~14 and 51 ~MT < 80], that is,
inelastic scattering to discr~te levels, check
that O.O~EGI~ES = [Q(. Also, a comment is
written ,fi EGI < 105 eV, if ES < 104 eV, or if
ES > 2 x 107 evo Here ES is the level energy,
and EGI is the energy of any discrete photon
given for that level.

For MT values not included in Item 9, that is,
other than inelastic scattering to discrete

levels, EGI ~ 0.0 is checked. If EGI # 0.0,
then a comment is written if EGI < 105 eV.
(This helps detect erroneous entry of energies
in MeV units.) Also, it is checked that 0.0 ~
ES < 2 x 107 ev; if ES # 0.0, then EGI < ES.

Rec=llz that ES S 0.0 is used if the le~el en-
ergy is unknown or inapplicable, and EG ~ 0.0
is used for continuous photon energy spectra.

For a continuous spectrum (ES = EGI = 0.0), it
is checked that NC = 1 was given and that no
more than one continuous spectrum is given.

For inelastic scattering to discrete levels
{5 < MT < 14 and 515MT ~ 80}, all aubsec-

tio& wi~hin a section must have the same
value of ES.

Subsections for any MT must be given in de-
scending order of EGI.

For the interpolation scheme in a TAB2 record,
NE > NR > 0; the number of neutron energy

points must be greater than the number of in-
terpolates, and there must be at least one
region. If not, an error comment is written,

and NR is set equal to unity. Also, NR = 1
and INT(l) = 2 or 3 are expected, that is,
only one interpolation region, and that region
should have linear interpolation in the depen-
dent variable (the angular distribution). If
NE < NR, then NH is set equal to 1, and If NE

~ l; then NE is set equal to 2.

For the interpolation scheme in a TABI record

(tabulated angular distribution), NY > NR > 0
is required as for a TAB2 record. Also, NR =
1 and INT(l) = 2 or 3 are expected, that is,
only one interpolation region, and that region
should have linear interpolation in the depen-
dent variable (probability density).

For a tabulated distribution, the first neu-
tron energy, El, should not be less than the
first energy, Et, in the File 3 cross-section
table, that is, El ~ Et. Also, the incident
neutron energies, Ei, must be in aacending
order, that ia, Ei < EI+l.

17.

18.

19.

A tabulated distribution is checked to see if
all p(B,Ei) valuea are such that 0.499 <

P(P,E1) ~0.501. If ao, a comment is w~itten
suggesting the use of the isotropic option,
LI = 1.

The LIST record for a Legendre representation
of the angular distribution must have El ~ Et

and El < Ei+l, the same as for a tabulated
distribution.

For all TAE1 and TAB2 records, INT(m) ~
INT(m + 1), that is, no two consecutive regions
should have the same interpolation scheme. If
they do, a comment la printed, but processing
continues with the given values.

c. File 15 Checks and Processing

Checks and calculations performed on the File

15 data are as follows (the firat eight checks are

for

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

I

the HEAD card):

LO should be either 1 or 2. If not, an error
comment la written and processing is continued,
assuming LCI = 1 (that is, multiplicities).

The fourth (L2) position on the HEAD card is
checked to be blank or O, if LO = 1.

Under Option 1 (LO = 1, multiplicities), if MT
~14and ND>(MT -4) orifMT~51andND >

(MT - 40), a comment is written to question
the necessity of so many discrete photons (es-
pecially for inelastic scattering to discrete
levels).

Under Option 1, if NK > ND + 1, an error com-
ment is written and NK = ND + 1 is assumed for
further processing (that is, no more than one
continuous photon spectrum can be given in a
section).

Under Option 2, LG should be either 1 or 2. If
not, an error comment is written, and process-
ing is continued, asauming LG is the integer
1 or 2 nearest to the ratio of the fifth to
sixth fields on the first card of the LIST
record.

Under Option 2, if the MT number la not in

{5 < MT~14 and 51~MT~ 80}, a comment is
wri~ten and processing continues.

The sixth (N2) position on the HEAD card is
checked to be blank or O, if LO = 2.

Under Option 2, it is required that for MT <
14,NS=MT- 4, and for MT~ 51, NS = MT -–40.
If not, a comment is written and NS = MT - 4 or
NS=MT- 40, whichever is appropriate, is
assumed for further processing.

Under Option 1, in the TABl record for a sub-
section, LF should be either 1 or 2. If not,
an error comment is written and processing is
continued, assuming LF = 1 (that is, a con-
tinuous photon spectrum).

If a continuous photon spectrum is present, it
must appear laat in the section.

3



11. Under Option 1, the interpolation scheme for
the total and partial yields (TAB1 records) is
checked for NP > NR > 0 and for ~ - 1 and
INT(l) = 2 or 3$ that is, linear intercalation
of the total yields. Also, INT(m) f INT(m + 1).

12. Under Option 1, the firat energy in the total
yield table, ET1, must have ETl~ Et. It ia
previously determined in File 14 that El ~ Et.
The same applies for t e first energy in each

kpartial yield table, E , namely, E~~ Et.

13. The first energy in every partial yield table,
=k k
1’ ‘Uat ‘ave ‘l~ET1’

and the last energy,

Ek k
~p, must have E

NP–< ‘TNP”

14. At each energy mesh point in the total yield
table, the sum of the partial yield
equal the total yield, within a 10-t ~a:t ,on_

al error criterion, that is,

Y(Ei) -
T

Yk(Ei)
-4

T

<10.—
Yk(Ei)

If not, the three values Ei, Y(Ei), and

&

yi(Ei) are listed.

15. For LF - 1, a continuous photon energy distri-
bution, the interpolation scheme for the
g(Ey+ Ei) TAB2 records ia checked for NE =

NP, that is, one and only one distribution is
given for each yield value. If not, NP is aet
equal to NE, and processing continues. Also ,
the TAE2 record is checked for NE > NR > 0,
for NR = 1, and for INT(l) = 2 or 3. Also,
INT(m) # ‘fNT(m + 1). If NE~ NR, then NR is
set equal to 1; if NE ~ 1, then NE is aet
equal to 2.

16. The same interpolation scheme checks as are
made on the yield tables are made on the TAR1
records for the g(~ + Ei).

17. In the TAE1 records for g(~ + Ei), the first
incident neutron energy, EN1, must have EN1 z
Et. (This is a redundant check.) Also, each
such incident neutron energy must equal its
corresponding energy in the partial yield
table, that is, ENi = E!.

18. The tabulated continuous photon energy distri-

bution, g(Ey + Ei), must be such that

@y g@y
-4

+ Ei) - 1.01 ~ 10 ,

where the integral ia taken by the trapezoidal
method.

19. The average photon energy,

~y(Ei) =
1

dEy Ey g(E + Ei),
Y

is listed for each incident neutron energy,
where the integration is again by the trape-
zoidal method.

20.

21.

22.

23.

24.

25.

26.

27.

28.

For inelaatic scattering to discrete levels,

{5 ~~~ 14 and 51:MT: 80], all subsections
within a aecti.on (MT) must have the same value
of ES.

Subsections for any MT must be given in descend-
ing order of EGI.

For {5~MT: 14 and 51~MT~ 80}, the code
determines that O.O~EGI~ES = lQI. Also, a
comment is written if EGI < 105 eV, if ES < 104
eV, or if ES > 2 x 107 eV.

For MT values not included in Item 22, EGI ~
0.0 ia checked. If EGI # 0.0, then a comment

is written if SIX < 105 eV. Also checked is
that O~ES~ 2 x 107 eV, and if ES # 0.0,
then EGI C ES.—

For {5 ~MT: 14 and 51~MT~ 80}, a comment
is written if the total photon energy released
at any incident neutron energy exceeds {Ql for
that level. The total photon energy, the Q
value, and the incident neutron energy are all
listed.

For all MT numbers not included in Item 24 (that
is, for all reactions except inelastic scat-
tering to discrete levels), a similar comment
is written if the total photon energy exceeds
Q + ECM, where ECM is the incident neutron en-
ergy in the center-of-the-mass system.

()~m= A+lE— .
A

The total photon energy released at incident
neutron energy EL is given by

where% is computed for a continuous photon
spectrum or is given directly for discrete
photons by EGI under Option 1. Conservation
of energy is implicit in the transition proba-
bility arrays. For radiative capture,

Q= 8 x 106 eV is asaumed if Q = 0.0 is given.

In the LG = 1 case of Option 2 (that is, doublet
TP arrays), the last two fields of the first
card in the LIST record are checked to assure
that the N1 parameter ia twice the N2 parem-
eter. If not, a comment is written and N1 is
set equal to 2*N2. Similarly, for the LG = 2
option, N1 = 3*N2.

In Option 2, the energies of the lower levels,
ESi, must be such that ESi < ESNS and ESi+l <
ESi. Also, ESNS = IQI. Each ESi is, inaddf-
tion, checked against the list of lower-level
energies to assure that it is a valid transi-
tion (in the sense of allowing reconstruction
of the cascade).

In Option 2, the number of transitions must be
leas than or equal to the level number, that is
NT < NS.— If not, aet NT - NS.

●
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.

29.

30.

31.

32.

The transition probability arrays must have
0.0 < TPi~ 1.0 and

0.9999 G z TP1 < 1.0001.
.

MT should be in the range 3-29, 51-80, 101-108,
110, or 301-450.

{MT} in File 15 must be a subset of {MT} in
File 3.

A final set of checks are made on ES-E-G pairs
in Files 14 and 15 to ascertain that:

a. Any ES-EG pair for which an angular distri-
bution appears in File 14 appears in File 15.

b. An ES-EC pair that appears in both Files
14 and 25 is in the same section (MT) number
in both files.

c. Any ES-EG pair that is given under dif-
ferent section (MT) numbers in Files 14 and 15
is flagged.

d. Any ES-EG pair in File 15 that does not
have an angular distribution given in File 14
is flagged.

Comments relative to condition (a) appear at

the end of File 15; all other comments are
printed at the end of the appropriate subsec-
tions in File 15.

III. FUNCTIONAL DESCRIPTION OF PHOXE AND ITS
SUBROUTINES

PHOXE : The main calling program, PHOXE, pro-

vides the usual initializing and executive func-

tions. It reads the input control carda from the

input stream and then calls the standard ENDF/B

input-output routines to search and read appro-

priate files. Processing starts with File 3 and

proceeds through Files 14 and 15, calling appro-

priate subroutines to check HEAD cards, the range

of MT numbers, etc. Various options (for example,

tabulated angular distributions or Legendre coeffi-

cients) are sensed and appropriate loops are set

up for reading subsections. Checks made explicitly

by the calling program include:

1.

2.

3.

Verifying the presence of a file on the tape,
using the SEARCH subroutine.

Determining that no angular distribution is
given explicitly when LI = I (isotropic flag),
and if so, changing the flag to LI = O and
proceeding on this assumption.

Verifying that the continuum photon energy dis-
tribution, if present, appears in the last
subsection.

Input-Output Subroutines (SEARCH, RREC, WREC,

etc.). The input-output subroutines are standard

ENDF/B retrieval subroutines that have very minor

alterations.

TEST2C: Minor modifications were made to the

CHECKER code3 subroutine TEST2 in order to devise

a subroutine to check that a reaction type (MT)

n~ber is in a defined set.

CRHD: The HEAD cards for Files 14 and 15 are

checked by this subroutine to determine if all param-

eters are consistent and in an allowable range. If

not, appropriate comments are printed and reasonable

values are assumed to attempt continued processing.

FIL3 : Only checks of the reasonableness and

possibility of Q values and threehold energies are

made for File 3. These values are also stored for

later consistency checking of incident neutron en-

ergies in Files 14 and 15.

FIL14: This subroutine is called by PHOXE for

all checks noted in Sec. 11 for File 14. Every

ES-EG pair for which an angular distribution is

given results in a call to ESEGPR to etore ES and

EC. Dummy values are stored for isotropic

distributions (LI = 1).

FIL15 : All checks listed in Sec. 11 for File

15 are performed by this subroutine. As each ES-EG

pair is encountered, it is referred to ESEGPR for

matching with an identical pair in File 14, if pos-

sible. Under Option 2 (LO = 2), the level energies

in a cascade are checked against previous level en-

ergy data in a call to the subroutine STATE(LG).

ESEGPR: In addition to the functions described

under FIL14 and FIL15, the subroutine ESEGPR does an

accounting check to verify that every ES-EG pair in

File 14 aleo appeara somewhere in File 15. Comments

are printed if the pair appears under different MT

numbers in the two files. The ES-EG pair in File

15, which is matched to an isotropic distribution

(LI = 1) in File 14, is printed after the subsection

record containing that pair in File 15.

STATE(LG): See FIL15 description.

Iv. USERS’ GUIDE TO PHOXB

The input for PHOXE is exceedingly simple, con-

sisting of two input data cards and an ENDF/B data

tape. The term “tape” is used here as a general

description for an input unit (for example, magnetic

tape, disk, extended core storage, or photostore).

Unit number 5 is assigned to the card reader, and

unit number 6 is assigned to the line printer. The

ENDF/B data tape is assigned unit number NT, an

input parameter, and the tape can be in ENDF/B mode

1 or 3. The input data cards are as follows.

3



Card 1 (3111):

NT - the unit number of the ENDFIB input data
tape,

MODE - the mode of the ENDl?/B input data tape
(1 or 3),

MATN - the material number of the material on
the ENDF/B input data tape to be checked.

Card 2 (20A4):

Any Hollerith information to be used aa a head-
ing on the first page of the output listing.

The output of PHOXE consists of listings of

Files 3, 14, and 15 with any error or information

comments. Comments are written after the record to

which they correspond.

Computer Requirements and Running Times

The PlK3XE code is presently operational on a

CDC 6600 with a small fast memory capacity (65k10),

and uses the available core (=45k10). It requires

no special hardware or software, but does use one

msgnetic tape or other 1/0 unit for the ENDF/B data

file, namely, Tape NT. The code presently runs

under the SCOPE 3.2 Operating System for the CDC

6600. A version of this code at the Radiation

Shielding Information Center is operational on an

IBM 360 computer (cf. RSIC Code Package PSR-21).

It has not been tested on the Burroughs B5500 since

the major revisions of the PHOX code were performed.

All coding is in FORTRAN-IV and, with the possible

exception of end-of-file tests, should be reason-

ably compatible with FORTRAN compilers on other

computers.

A typical problem, such as the processing of

the magnesium data in the appendix, requires approx-

imately 0.5 min of central processor time.
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APPENDIX

SAMPLE PROBLEM INPUT AND OUTPUT

Given here are the two cards required in the not be considered to be a working set of ENDF/B

input stream for PHOXE, as well as an output list- data for magnesium. They are, in fact, a prelimi-

ting, for a sample set of magnesium (MAT - 5002) nary ENDF/A veraion4 presently undergoing further

data that appear on an input file called Tape 2. Phase I data testing.

This sample problem was chosen to illustrate the

application of the PHOXE code, and the data should

SAMPLE PROBLEM INPUT

1 2 33 77
COLUMN 1 5 03 02

2 3 5002

SAMPLE PROBLEM FOR PHOXE DOCUMENT. MG (MAT=5002). D.J. DUDZIAK 6-1-70
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SAMPLE PROBLEM OUTPUT
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