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Note:

The IAEA-NDS-reports should not be considered as formal publications. When a nuclear data
library is sent out by the IAEA Nuclear Data Section, it will be accompanied by an IAEA-NDS-
report which should give the data user all necessary documentation on contents, format and
origin of the data library.

IAEA-NDS-reports are updated whenever there is additional information of relevance to the
users of the data library.

For citations care should be taken that credit is given to the author of the data library and/or to
the data center which issued the data library. The editor of the IAEA-NDS-report is usually not
the author of the data library.

Neither the originator of the data libraries nor the IAEA assume any liability for their correctness
or for any damages resulting from their use.
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Citation quideline:

When quoting EXFOR data in a publication this should be done in the following way:

"A.B. Author et al.: Data file EXFOR-12345.002 dated 1980-04-05, compare J. Nucl. Phys.
12,345, (1979). EXFOR data retrieved from the IAEA Nuclear Data Section, Vienna."
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PREFACE

EXFOR is the database for experimental nuclear reaction data maintained by the
international Network of Nuclear Reaction Data Centres (NRDC) co-ordinated by the
IAEA Nuclear Data Section. This manual describes the EXFOR exchange format to be
used by EXFOR compilers and software developers.

The various aspects of the EXFOR system are described in the following documents:

Name Report code Topics Intended
readership

EXFOR Exchange | IAEA-NDS-207 Description of Compilers, software
Formats Manual EXFOR exchange developers

formats
LEXFOR IAEA-NDS-208 Quantity definitions | Compilers

and compilation

guidelines
EXFOR/CINDA IAEA-NDS-213 Description of Compilers, software
Dictionary Manual dictionary formats developers
NRDC Protocol NRDC Protocol Procedures for Compilers, centre

EXFOR exchange heads
between NRDC

centres
NRDC Network INDC(NDS)-401 Scope of activities Centre heads
document and cooperation of

NRDC centres
EXFOR Basics IAEA-NDS-206 Explanation of basic | EXFOR users
Manual formats

How to use this manual

This manual serves two purposes: it may be used textbook-like as an introduction to the
newcomer, and it serves as the format reference manual for compilers and software
developers. It is strongly recommended to any newcomer to EXFOR to first take a little
time to browse through the complete manual (this will save much time later during the
compilation work), and then have it at hand as a reference manual whenever compilation
or software development work is to be done.
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INTRODUCTION

EXFOR is an exchange format designed to allow transmission of nuclear reaction data between
the members of the Nuclear Reaction Data Centers Network (NRDC)' which has been
organized under the auspices of the International Atomic Energy Agency to coordinate the
collection, compilation, and dissemination of nuclear data on an international scale. This
document has been written for use by the members of the Network and includes matters of
procedure as well as detailed rules for the compilation of data. Users may prefer to consult
EXFOR Basics’ for a brief description of the format.

History

The “EXFOR System” consists, primarily, of all experimental nuclear reaction data that has
been exchanged between the members of the NRDC, and presently includes neutron, charged-
particle, and photonuclear data files.

The EXFOR format has been designed for flexibility rather than optimization of data processing
in order to meet the diverse needs of the nuclear reaction data centers. It was originally
conceived for the exchange of neutron data through discussions among personnel from centers
situated in Saclay, Vienna, Livermore and Brookhaven. It was accepted as the official exchange
format of the neutron data centers at Saclay, Vienna, Brookhaven and Obninsk, at a meeting
held in November 1969.% As a result of two meetings held in 1975 and 1976 in which several
charged-particle data centers participated, the format was further developed and adapted to cover
all nuclear reaction data. *

The EXFOR format is continuously refined and expanded to include new types of data as the
need arises. This is accomplished through discussions among the member centers of the NRDC.

EXFOR Format

The EXFOR format allows a large variety of numerical data tables with associated textual
information, i.e., bibliographic and descriptive information, to be transmitted in a format:

» that is machine-readable (for checking and processing);

» that can be read easily by personnel (for updating, evaluating, etc.).

! See V.G. Pronyaev, O. Schwerer, ed., The Nuclear Reaction Data Centers Network, IAEA report INDC(NDS)-
401 Rev. 4 (2003).

2 \/. McLane, EXFOR Basics: A Short Guide to the Nuclear Reaction Data Exchange Format, IAEA report
IAEA-NDS-206 (2000).

® See IAEA report INDC(NDU)-16/N (December 1969).

* See IAEA reports INDC(NDS)-69 (December 1975) and INDC(NDS)-77 (October 1976).

February 2008 1
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The format was designed for flexibility in order to allow a wide range of data types to be
exchanged and stored. A series of keywords and codes have designed to implement this; these
keywords and codes are defined in the EXFOR Dictionaries.

The working language of EXFOR is English.

The following chapters describe the exchange format in detail, in addition to discussing the use
of keywords and codes.

The exchange format should not be confused with a center-to-user format. Although users may

obtain data from the centers in the EXFOR format, other center-to-user formats have been
developed to meet the needs of the users within each center's own sphere of responsibility.

2 February 2008
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Chapter 1

GENERAL STRUCTURE OF THE EXCHANGE FORMAT

Nuclear reaction data is exchanged within the EXFOR System on EXFOR exchange files
(transmissions).

This section describes the general structure and the general format of an EXFOR exchange file.
More specific information may be found in the following chapters.

Structure of an EXFOR Exchange File

An exchange file contains a number of entries (works). Each entry is divided into a number of
subentries (data sets). The subentries are composed of bibliographic (including descriptive and
bookkeeping) information, and data. The data is further divided into data values that are
common throughout the subentry (common data) and a data table.

The file may, therefore, be considered to be of the following form:

File ) Entry ___Subentry

Bibliographic
Information

Common
Data

Data
Table

February 2008 1.1
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In order to avoid repetition of information that is common to all subentries within an entry or
to all lines within a subentry, information may be associated with an entire entry or with an
entire subentry. To accomplish this, the first subentry of each work contains only information
that applies to all other subentries. Within each subentry, the information common to all
lines of the table precedes the table. Two levels of hierarchy are thereby established:

Entry Subentries

Bibliographic
Information

Common
Subentry Common Data

Bibliographic

Data Information

Subentry Common Data
Data Table

Definition of a subentry.

The originating center* is responsible for dividing entries into appropriate subentries prior to
transmission. This ensures that an entry is divided into subentries in a unique manner, which
may be referenced by all centers.

1.

A subentry is defined as a data table as a function of one or more independent variables: i.e.,
X, X" vs. Y with associated errors for X, X" and Y (e.g., X = energy; X" = angle; Y =
differential cross section) and any associated variables (e.g., standard)

When more than one representation of Y is present, the table may be X vs. Y and Y, with
associated errors for X, Y and Y’ (e.g., X = energy, Y = absolute cross section, Y ’= relative
cross section), and possible associated information. The criteria for grouping Y with Y “are
that they both be derived from the same experimental information by the author of the data.

Variables may appear either in the common data portion of a subentry (when uniformly
applied to all points), or as a field of the data table (when applied point-wise).

For some data, the data table does not have an independent variable X but only a function Y.
(Examples: Spontaneous v; resonance energies without resonance parameters)

If the function Y is given for a single value of the variable X, and if this value of X is
common for all subentries in a given entry, then X may be entered in the common data
section of the first subentry. The following subentries may then contain only the value of Y
in the data table.

! Or a designated center, see Compilation Responsibility, NRDC Protocol.

1.2
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Permitted character set

The following characters are permitted for use in the exchange format:

All Roman characters, Ato Zand ato z
All numbers,0to 9
The special characters:

+  (plus)

- (minus) ; (semi-colon)
(decimal point/full stop) I (exclamation mark)

) (right parenthesis) ?  (question mark)

( (left parenthesis) & (ampersand)

*  (asterisk) #  (number symbol)

[ (slash) [ (opening bracket)

= (equals) ] (closing bracket)
(apostrophe) " (quotation mark)

,  (comma) ~ (varies as sign)

% (percent) @ (at symbol)

< (less than) { (left curly brace)

> (greater than) } (right curly brace)

: |

(colon) (vertical bar)

Identification of Files, Entries, and Subentries.

In order to track, access, and identify data within the EXFOR Exchange System, the following
labeling systems have been adopted for files, entries and subentries.

e An EXFOR Exchange File is labeled using a four-character file identification.
e Anentry is labeled using a five-character accession number.
e Assubentry is labeled using an eight-character subaccession number.

Each of these labels includes a center-identification character as the first character in the string.
The table on the following page lists the center-identification characters that have been assigned.
These characters define both the center at which the information was compiled and the type of
data compiled.?

% Neutron, charged-particle, and photonuclear reaction data must be compiled in separate entries with
appropriate identification, even if they were reported in the same reference. See NRDC Protocol, Data
Compilation Responsibility.

February 2008 1.3
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Center ldentification Characters

0 | Preliminary For internal center use (i.e., not included on exchange files).

1 | NNDC (Brookhaven) Neutron nuclear data

2 | NEA-DB (Paris) Neutron nuclear data

3 | NDS (Vienna) Neutron nuclear data

4 CJD (Obninsk) Neutron nuclear data

6 | data from area 2 Data entered by NNDC; not part of the normal neutron nuclear

8 | data from area 4 data 2, 4 series.

9 | NDS (Vienna) Dictionary transmission (see page 6.1)

A | CAJaD (Moscow) Charged-particle nuclear data

B | KaChaPaG (Karlsruhe) | Charged-particle nuclear data®

C | NNDC (Brookhaven) Charged-particle nuclear data

D | NDS (Vienna) Charged-particle nuclear data

E JCPRG (Sapporo) Charged-particle nuclear data

F | NPDC (Sarov) Charged-particle nuclear data

G | NDS (Vienna) Photonuclear data

H | NNDC (Brookhaven) Special internal use for relativistic particle reaction data

J | JCPRG (Sapporo) Charged-particle nuclear data for projectiles with nonpositive
baryon number

K  JCPRG (Sapporo) Photonuclear data

L | NNDC (Brookhaven) Photonuclear data

M | CDFE (Moscow) Photonuclear data

N NEA-DB (Paris) Special use for memos only

O | NEA-DB (Paris) Charged-particle nuclear data

P | NNDC (Brookhaven) Charged-particle nuclear data from MacGowen file*

Q | CJD (Obninsk) Photonuclear data

R | RIKEN Charged-particle nuclear data’

S CNDC Charged-particle nuclear data

T | VNIIEF/NNDC Charged-particle nuclear data

VV | NDS (Vienna) Special use for selected evaluated neutron data "VIEN' file.

® Updates of these entries are the responsibility of CAJaD.

4 Updates of these entries are the responsibility of NNDC.
® Updates of these entries are the responsibility of JCPRG.

14
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EXFOR Records

EXFOR Exchange files consist of 80 character ASCII records. The format of columns 1-66
varies according to the record type as outlined in the following chapters. Columns 67-79 is
used to uniquely identify a record within the file. The records on the file are in ascending
order according to the record identification. Column 80 is reserved for an alteration flag.

Record identification. The record identification is divided into three fields: the accession
number (entry), subaccession number (subentry), and record number within the subentry. This
guarantees that each record can be uniquely referenced (i.e., no two records on a given file will
have the same identification).

The format of these fields is as follows.
Columns 67-71  Center-assigned accession number
72-74  Subaccession number
75-79  Sequence number

Accession number (columns 67-71). Columns 67-71 contain the five-character accession
number assigned by the originating center to a given work®. Column 67 is the file
identification character (see page 1.4); columns 68-71 contain a center-assigned entry
number,” allowing 9,998° entries for each file identification character (e.g., A0198). The
entries will appear on the exchange file in ascending order by accession number.

An accession number is associated with one work throughout the life of the EXFOR system.
If an entry is deleted from the system, the accession number is not reassigned to another
work.

Subaccession number (columns 72-74). Columns 72-74 contain a three-digit subaccession
number assigned by the originating center. The subaccession number is used to divide an
entry into a number of subentries while maintaining an interrelationship between the
subentries (i.e., all subentries within a given entry contain the same accession number). Each
subentry may be conceptually thought of as an individual data set (a data table and its
associated descriptive information). Up to 998° subentries (data sets) may be associated with
each entry (work), i.e., subaccession numbers are sequentially assigned within each entry,
starting at 1 and increasing toward 998.

A subaccession number is associated with a table throughout the life of the EXFOR system.
If a subentry is deleted from the system, the subaccession number is not reassigned to another
data table within the same entry.

® Leading zeros should always be included on an exchange file.

" See NRDC Protocol, for more information on the assignment of accession numbers.

® The integer 9999 is reserved for use in identifying the end of an exchange file (see Chapter 2).
° The integer 999 is reserved for use in identifying the end of an entry or a file (see Chapter 2).
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Sequence number (columns 75-79). Columns 75-79 contain a five-digit sequence number,
which is used to uniquely define a record within a subentry (all records within a subentry are
labeled with the same subaccession number). The numbering is sequential within a subentry.
Up to 99,999 records may be associated with each subentry, i.e., the record numbering
within each subentry begins at 1 and increases sequentially toward 99998.

The sequence number allows referencing at the record level, e.g., for updating and checking.
A given sequence number need not be associated with a given record over time. The records
within a subentry are renumbered sequentially following an update (alteration) procedure.
EXFOR records are always transmitted in sequential order.

Summary of Record Identification.

The first field (column 67-71) is alphanumeric; the next 2 fields (columns 72-79) are strictly
numeric and may vary over the following ranges:

1) Accession Number: File identification + 0001 to 9999

2) Subaccession Number: 001 to 999

3) Sequence Number: 00001 to 99999

Used in combination, these fields uniquely reference information within the EXFOR System
as follows:

1) Columns 67-71: Uniquely identifies an entry within the EXFOR systems.

2) Columns 67-74: Uniquely identifies a subentry within the EXFOR system.

3) Columns 67-79:  Uniquely identifies a record within the EXFOR system.*!

The first two fields (columns 67-74) are associated with a subentry throughout the life of the
system; that is, if a subentry is deleted from the system, the same identification is not
assigned to another subentry.

Column 80: Until 2007, the last column of each record was used for an alteration flag, to
indicate that a record and/or following records has been altered (i.e., added, deleted or
modified) since the work was last transmitted. Starting 2008, alterations are flagged in a
different way, and column 80 remains blank. See Chapter 8 for the use of Alteration Flags.

19 The integer 9999 is reserved for use in identifying the end of a subentry, entry, or file.
1 Columns 67-79 may be padded with zeros (0) or with blanks on an exchange file.
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Chapter 2

SYSTEM IDENTIFIERS

Each of the following basic system identifiers refers to one of the hierarchy of units contained
on an exchange file. These units and their corresponding basic system identifiers are:

TRANS - A transmission is the unit

ENTRY - An entry (work) is the unit

SUBENT - A subentry (data set) is the unit

BIB - The Bibliographic Information section (hereafter referred to as the BIB
section) of a complete work or sub-work is the unit

COMMON - The Common Data section of a complete work or sub-work is the unit

DATA - The Data Table section of a sub-work is the unit

These basic system identifiers are combined with the modifiers

NO
END

to indicate three conditions:
e The beginning of a unit (basic system identifier only)
e The end of a unit (modifier END preceding the basic system identifier)

e A positive indication that a unit is intentionally omitted (modifier NO preceding the basic
system identifier)

However, only those combinations of basic system identifiers and modifiers that are defined
on the following pages, and are included in Dictionary 1, are used.

System identifier records

The general format of a system identifier record is:

11 | 22 | 33 | 66 |
| SYSTEM IDENTIFIER | N1 | N2 | Free text

SYSTEM IDENTIFIER may be any of the permitted system identifiers, left adjusted to begin in
column 1. N1 and N2 are integers, and are right adjusted to columns 22 and 33, respectively.
The significance of N1 and N2 depends on the system identifier used (see following pages).

February 2008 2.1
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Columns 34-66, with the exception of the special uses listed under the system identifiers, may
contain any free text that a center wishes to use or may be used internally by the centers for
additional coded information.

The following pages describe the hierarchy of an exchange file and the use of system
identifier records in detail.

1. An exchange file (transmission) is one logical file.

TRANS is the first record on an exchange file.

N1 - The exchange file identification (CxxX), consisting of:

column 19: the center-identification character,’

column 20-22: a three-digit number (padded with zeros), sequentially assigned to allow
other centers a simple means of determining whether or not they have
received all exchange files.

N2 - An eight-digit integer containing the data (year, month, and day) on which the

exchange file was generated. The format is: YYYYMMDD.

The record identification contains the file-identification character in column 67 and zeros
in columns 68-79.1

ENDTRANS is the last record of the exchange file.
N1 - The number of entries (accession numbers) on the file.
N2 - Presently unused (may be blank or zero).

The record identification contains a character, whose value is = the file identification
number of the previous record, in column 67 and 9's in columns 68-79.

2. An exchange file is made up of one or more entries (works).

ENTRY is the first record of each entry.
N1- 5-character accession number
N2 - Date of last update (or date of entry if never updated) (YYYYMMDD)

The record identification contains the accession number (columns 67-71), the subentry
number zero (000) (columns 72-74), and the sequence number one (00001) (columns 75-
79).

The following special uses are made of the free text field in the ENTRY record:

NDS: For entries containing evaluated or recommended data, a V" is inserted
in column 44. Columns 45-55 contain the initials of the physicist who
compiled the entry or made the last revision.

1 On files that contain entries with different file-identification characters, column 67 is assigned such that the
record sorts at the beginning of the file.
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ENDENTRY is the last record of each entry.
N1- The number of subentries in the work.?
N2 - Presently unused (may be blank or zero).

The record identification contains the accession number (columns 67-71), the subentry
number 999 (columns 72-74), and the sequence number (99999) (columns 75-79).

3. Entries are divided in subentries (data sets).

SUBENT is the first record of each subentry.
N1- 8-character subaccession number (accession number and subentry number).
N2 - Date of last update (or date of entry if never updated) (YYYYMMDD).

The record identification contains the subentry number (columns 67-74) and sequence
number one (00001) (columns 75-79).

ENDSUBENT is the last record of each subentry.
N1- The number of records within the subentry.?
N2 - Presently unused (my be blank or zero).

The record identification contains the subaccession number (columns 67-74) and
sequence number 99999 (columns 75-79).

NOSUBENT is a positive indication that no subentry exists for a subaccession number.*
N1 - 8-character subaccession number (accession number and subentry number).
N2 - Date of last alter or blank (if merely assigned and not yet used).

The record identification is the same as on a SUBENT record.

4. Each subentry but the first contains three sections or, for each section, a positive
indication that the section is not given. The sections are BIB, COMMON, and DATA. The
first subentry (Common Subentry) does not contain a DATA section.

The record identification for these system identifiers contains the subaccession number
(columns 67-74), and the sequence number, assigned sequentially within the subentry
(columns 75-79).

2 NOSUBENT records are counted as subentries when computing the number of subentries in an entry.

® Not counting the SUBENT and ENDSUBENT records.

* A subentry number has been assigned, but that either the information associated with it was not ready at the
time the file was transmitted by the center, or that the subentry has been deleted or combined with another
subentry.
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BIB section contains bibliographic information.

BIB is the first record of each BIB section
N1 - Number of information-identifier keywords in the BIB section.
N2 - Number of records within the BIB section.’

ENDBIB is the last record of each BIB section.
N1 - Number of records within BIB section (same as N2 on BIB record).
N2 - Presently unused (may be blank or zero).

NOBIB is a positive indication that no BIB section is given in the subentry.
N1 - Presently unused (may be blank or zero).
N2 - Presently unused (may be blank or zero).

COMMON section contains common data.

COMMON is the first record of each common data section.
N1 - Number of common data fields.
N2 - Number of records within the common section.®

ENDCOMMON is the last record of each common data section.
N1 - Number of records within the common section (same as N2 on COMMON record).
N2 - Presently unused (may be zero or blank).

NOCOMMON is a positive indication that no common data section is given in the
subentry.

N1 - Presently unused (may be blank or zero).

N2 - Presently unused (may be blank or zero).

DATA section contains the data table.’

DATA is the first record of each data table section. (May not appear in the first (SAN=1)

subentry).

N1 - Number of fields (variables) associated with each line of a data table.

N2 - Number of data lines within the table (excluding headings and units). Note that if
N1> 6, a line will consist of more than one record.

ENDDATA is the last record of each data table section. (May not appear in the first
(SAN=1) subentry).

N1 - Number of records within the data section.?

N2 - Presently unused (may be zero or blank).

NODATA is a positive indication that no data table section is given in the subentry. (May
not appear in the first (SAN=1) subentry).

N1 - Presently unused (may be zero or blank).

N2 - Presently unused (may be zero or blank).

® Not counting the BIB and ENDBIB records.

® Not counting the COMMON and ENDCOMMON records.
" Does not appear in the first (common) subentry.

& Not counting the DATA and ENDDATA records.
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System identifier sequence

The following table specifies the permissible order in which system identifiers may appear.

SYSTEM LEGAL FOLLOWING LEGAL PRECEDING

IDENTIFIER RECORD RECORDS
TRANS ENTRY No information precedes TRANS
ENDTRANS (no information follows ENDTRANS) ENDENTRY
ENTRY SUBENT, NOSUBENT ENDENTRY, TRANS
ENDENTRY ENTRY, ENDTRANS ENDSUBENT, NOSUBENT
The following applies to the first subentry (subentry number = 1).
SUBENT BIB, NOBIB ENTRY
ENDSUBENT SUBENT, ENDENTRY, NOSUBENT ENDCOMMON, NOCOMMON
NOSUBENT SUBENT, ENDENTRY, NOSUBENT ENTRY
BIB (a bibliographic record) SUBENT
ENDBIB COMMON, NOCOMMON (a bibliographic record)
NOBIB COMMON, NOCOMMON SUBENT
COMMON (a common data record) ENDBIB, NOBIB
ENDCOMMON | ENDSUBENT (a common data record)
NOCOMMON ENDSUBENT ENDBIB, NOBIB
The following apply to the remaining subentries (subentry number # 1).
SUBENT BIB, NOBIB ENDSUBENT,NOSUBENT
ENDSUBENT SUBENT, ENDENTRY, NOSUBENT ENDDATA, NODATA
NOSUBENT SUBENT, ENDENTRY, NOSUBENT ENDSUBENT, NOSUBENT
BIB (a bibliographic record) SUBENT
ENDBIB COMMON, NOCOMMON (a bibliographic record)
NOBIB COMMON, NOCOMMON SUBENT
COMMON (a common data record) ENDBIB, NOBIB
ENDCOMMON | DATA, NODATA (a common data record)
NOCOMMON DATA, NODATA ENDBIB, NOBIB
DATA (a data heading record) ENDCOMMON, NOCOMMON
ENDDATA ENDSUBENT (a data record)
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Chapter 3

BIB SECTION

The BIB section contains the bibliographic information (e.g., reference, authors), descriptive
information (e.g., neutron source, method, facility), and administrative information (e.g.,
history) associated with the data presented. It is identified on an exchange file as that
information between the system identifiers BIB and ENDBIB.

A BIB record consists of three parts:

columns 1-11: information-identifier keyword field,
columns 12-66: information field, which may contain coded information and/or free
text,

columns 67-79:  record identification field (see Chapter 1).

A set of information identifiers has been devised so that each item of BIB information can be
identified for computer processing.

BIB information for a given data set consists of the information contained in the BIB section
of its subentry together with the BIB information in subentry 001. That is, information coded
in subentry 001 applies to all other subentries in the same entry. A specific information-
identifier keyword may be included in either subentry or both.

Information-identifier keywords

The information-identifier keyword is used to define the significance of the information given
in columns 12-66. The keyword is left adjusted to begin in column 1, and does not exceed a
length of 10 characters (column 11 is either blank, or contains a pointer, see Chapter 5).
These keywords may, in general, appear in any order within the BIB section.

An information-identifier keyword is not repeated within any one BIB section. If pointers are
present, they appear on the first record of the information to which they are attached and are
not repeated on continuation records. A pointer is assumed to refer to all BIB information
until either another pointer or a new keyword is encountered. As this implies, pointer-
independent information for each keyword appears first. (See Chapter 5 for use of pointers).

A list of all Information Identifiers is given in Dictionary 2. For detailed coding rules, see
Chapter 7.
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Coded (machine-retrievable) information

Some information-identifier keywords have associated with them a standard set of coded
information. A set of dictionaries is provided for defining the meaning of any coded information
that is not self-explanatory.*

Coded information may be used:

e to define the actual BIB information,

e asalink to the COMMON and DATA section,
e to enter associated numerical data.

Coded information may also be useful for retrieval or for identification of a data set.

Coded information is enclosed in parentheses and left adjusted so that the opening
parenthesis appears in column 12. Several pieces of coded information may be associated
with a given information-identifier keyword.

For some keywords, a restriction is placed upon the maximum length of the associated coded
information.” For some cases, the information may be continued onto successive records.
Information on continuation records does not begin before column 12 (columns 1-10 are
blank and column 11 is blank or contains a pointer (see Information-ldentifier Keyword,
above)). The coded information is kept as concise as possible so that it may be used
efficiently.

Note that some information-identifier keywords have no coded information associated with
them and that, for many keywords, which may have coded information associated with them,
it need not always be present.

Use of codes. Codes for use with a specific keyword are found in the relevant dictionary.
However, for some keywords, the code string may include retrievable information other than
a code from one of the dictionaries.

In general, codes given in the dictionaries may be used singly or in conjunction with one or
more codes from the same dictionary. Two options exist if more than one code is used:

a) two or more codes within the same set of parenthesis, separated by a comma; for
example:
KEYWORD (CODE1,CODE2) + free text

b) each code on a separate record, enclosed in it's own set of parenthesis starting in column
12, followed by free text, for example:
KEYWORD (CODEZ1) + free text ...
free text ...
(CODE2) + free text

! Authors’ names, for example, are self-explanatory, and no dictionary is needed.
2 See EXFOR/CINDA Dictionary Manual for maximum length of codes.

3.2 February 2008



EXFOR Formats Manual

Both of these options, or a combination of the two, are allowed, in general. However, for
keywords for which the code string includes retrievable information in addition to a code,
only (b) is permitted.

See detailed coding rules for each information-identifier keyword in Chapter 7 and the
Dictionaries (described in the EXFOR/CINDA Dictionary Manual) for codes.

Embedded blanks. For many information-identifier keywords, embedded blanks are
explicitly forbidden in the codes. With those exceptions, embedded blanks in the coding are
allowed if they follow a code from the dictionary. They are not permitted preceding any
code.

Examples:  STATUS (DEP )
STATUS  (DEP ,COREL)

Forbidden:  STATUS  (COREL, DEP)
STATUS  (DEP, 10048007)

Free text

Free text may be entered in columns 12-66 under each of the information-identifier keywords
in the BIB section and may be continued onto any number of records. It may include
parentheses, if necessary, although, in general, a left parenthesis in the text must not be used
in column 12 (as this implies the opening parenthesis of coded information).

The language of the free text is English, and clear English phrasing should be used; no
EXFOR codes are to be used within the free text.?

Unlimited free text is permitted with each information identifier.

See also LEXFOR, Free Text.

Codes and free text

If both coded information and free text are given under an information-identifier keyword,
the free text may appear either on records given before the coded information, on the same
record as code (always after the code), or on records following the code, as appropriate.

In general, coded information given with an information-identifier keyword is for the purpose
of machine processing and the free text is self-explanatory. That is, coded information is
expanded into clear English and amplified as necessary in the free text. However, for some
keywords, such an expansion of the codes is not given, on the assumption that such
expansion, when needed, will be done by an editing program. For other keywords, an
indication may be given that the coded information is not expanded in the free text.

® Expansions of these codes may be used, at the compiler's discretion, embedded in free text.
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An indication that the code is not expanded is given by:

either
or

Example:

DETECTOR

a decimal point (full stop) immediately following the closing parenthesis,
a completely blank field between the closing parenthesis and column 66.

(GELI). to measure gamma spectra
(SCIN)
(HPGE) Co-axial high-purity Ge p-type detector

In this example, the first two codes are meant to be expanded, while the third one is not.

See Chapter 7 for details on specific information-identifier keywords.

Example of BIB sections

1
ENTRY
SUBENT
BIB
AUTHOR

INSTITUTE
INC-SOURCE

COMMENT

ENDBIB
NOCOMMON
ENDSUBENT
SUBENT
BIB
REACTION

ANALYSIS

ENDBIB

ENDSUBENT
ENDENTRY

3.4

11

=

N =

1

22
00001
00001001

33| 44| 55 66

(J-W_Dow,M.P_.Jones) This space may contain any free text.

The beginning of a new BIB entry is indicated by a non-blank in the keyword field (columns 1-
10).

(3AAABBB) Since the keyword field is hon-blank, this is considered a new BIB entry.
(ABC,WXYZ) This is an example of a BIB entry with more than one piece of machine-
retrievable information in one set of parenthesis. The absence of a pointer in column 11 shows
that this information refers to all data.

This is an example of a BIB entry without coded information.

The pointer in column 11 indicates that this record and the following records, until a new
pointer is encountered, refer to all data with the same pointer in all following subentries.

Thisisan examplé of multiple reactions
with pointers

(92—U—235(N,Ei),,WID)
(92-U-235(N,F), ,WID)

(CDEFG). This is an example of a BIB entry with more than one piece of machine-
retrievable information, each coded in its own set of parenthesis. The pointer in
column 11 links each part of the BIB entry to other information in this subentry

(H13). and in subentry 1 with the same pointer. The point after the closing parenthesis

indicates that the content of the code in parenthesis is not expanded in free text,
as would be required if the point were absent.

February 2008




EXFOR Formats Manual

Chapter 4

COMMON AND DATA SECTIONS

The format of the Common Data (COMMON) and Data Table (DATA) sections is identical;
however, the significance of the content is different. Each section is a table of data with its
associated data headings and units. The common data consists of fields containing constant
parameters that apply to each line of a point data table; i.e., there is only one data line in the
Common Data section. The Data Table contains fields of information; each field, generally,
contains values as a function of one or more independent variables (e.g., angle, angular error,
cross section, cross section error), i.e., one or more lines of data. A data field that has a
constant value over all rows of the DATA section, e.g., gamma-ray energy, could better be
entered as a constant parameter in the COMMON section.

The number of fields in a data line is restricted to 18. Each physical record may contain up to
six information fields, each 11 columns wide. If more than six fields are used, the remaining
information is contained on the following records. Therefore, a data line consists of up to
three physical records.

Records are not packed; rather, individual point information is kept on individual records;
i.e., if only four fields are associated with a data line, the remaining two fields are left blank,
and, in the case of the data table, the information for the next line begins on the following
record. Similarly, if eight fields are used, the remaining four fields on the second record
remain blank. These rules also apply to the headings and units associated with each field.
(See example on page 4.4).

The content of the COMMON and DATA sections are as follows:

e Data headings for each field (if more than six fields are needed, the headings are
continued onto successive records). The data headings are left adjusted to the beginning
of each field (columns 1, 12, 23, 34, 45, 56). The list of legal data headings is given in
Dictionary 24 (see EXFOR/CINDA Dictionary Manual).

A one-character pointer may be placed in the last (eleventh) column of a field heading to
link the field with specific BIB records, COMMON fields, and/or DATA fields of the
same subentry or subentry 001. See Chapter 5 for more information on pointers.

» Data units for each field (if more than six fields are needed, the units are continued onto
successive records). The data units are left adjusted to the beginning of each field
(columns 1, 12, 23, 34, 45, 56). The list of legal data units is given in Dictionary 25 (see
EXFOR/CINDA Dictionary Manual).
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Records containing the numerical data (if more than six fields are used, the data is continued
onto successive records). The numerical data is FORTRAN-readable using a floating-point

format.

FORTRAN-readable according to a floating-point format means, in detail:
A decimal point is always present, even for integers.
A decimal number without an exponent can have any position within the 11-character

field.

No blank is allowed following a sign (+ or -).
A plus sign may be omitted, except that of an exponent when there is no E.

In an exponential notation, the exponent is right adjusted within the 11-character field.
The mantissa may have any position.

The values are either zero or have absolute values between 1.0000E-38 and 9.999E+38.
The following table contains examples of valid entries:

A data set consists of the three sections:

Fixed point numbers
with a decimal point

Floating point numbers with an

exponent

0.14

+0.014E+01

1.4-1

0.14

0.0014E+2

1.4E-1

0.14

0.0014E2

1.40

E-O1

+0.14

-0014E+2

-0.14

-0.140E+00

-.14

-.14E0

COMMON section of subentry nnn # 001,
DATA section of subentry nnn # 001,
COMMON section of subentry 001 of same entry.

The following restrictions apply within a data set.

Multiple representations of independent variables. Only one representation of an

independent variable may be given for each data set (e.g., either angle or cosine may be
given, not both).

Repetition of data headings. No field heading (data heading plus, perhaps, a pointer) may

be repeated except for the following cases.

Fields with identical data headings will be

adjacent and will appear within only one of the three sections mentioned above.

4.2
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1. Two or more unresolved secondary energies are entered, e.g., as follows:

E-LVL E-LVL E-LVL
MEV MEV MEV
0.077 0.107 0.177

Similarly, the data heading EN-RES may be repeated in the case of unresolved resonance
energies.

2. Anangle given in degrees and minutes and/or seconds is entered in two or three separate
fields with the data heading ANG repeated, as follows:

ANG ANG ANG
ADEG AMIN ASEC
90. 47. 10.

Other data headings beginning with ANG may be repeated in the same way.

3. Half-life values in different units, such as SEC, DAY, YR, are entered as follows:

HL HL HL
SEC D YR
15.
28.3
4.8

Any other data heading starting with HL (e.g., HL1) may be repeated in the same way.
This usage cannot occur in a COMMON section.

4. Errors or resolutions given in different units over an energy range are entered as follows:

EN-RSL EN-RSL
KEV PER-CENT
20.

10.

5. Two or more unresolved masses (for mass yields) are entered as follows:

MASS MASS
NO-DIM NO-DIM
135. 136.

6. Two or more flags defined under the information-identifier keyword FLAG that apply to
the same line of the data table are entered as follows:

FLAG FLAG
NO-DIM NO-DIM
1.

2. 3.

COMMON Section

The COMMON section is identified as that information between the system identifiers
COMMON and ENDCOMMON. (See page 2.4 for details on the COMMON and ENDCOMMON
records).

In the common data table, only one value is entered for a given field, and successive fields
are not integrally associated with one another.
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The data heading DATA and its derivatives are not used in the COMMON section, except for
those derivatives that contain the suffix -ERR.

An example of a common data table:

i1 12 123 134 145 156 66
:COMMON
EN 'EN-ERR E E-ERR

MEV MEV MEV MEV

2.73 0.16 1.38 0.21

'ENDCOMMON

An example of a common data table with more than 6 fields:

1 12 23 34 45 56 66
COMMON
EN EN-ERR EN-RSL E-LVL E-LVL MONIT
MONIT-ERR
MEV MEV MEV MEV MEV MB
MB
2.73 0.02 0.05 2.73 2.78 3.456
0.123

ENDCOMMON

DATA Section

The DATA section is identified as that information between the system identifiers DATA and
ENDDATA. (See page 2.4 for details on the DATA and ENDDATA records.)

In the DATA table, all entries on a record are integrally associated with an individual point.
If more than six fields are used, the point data is continued on successive records (maximum
of 3 records or 18 fields). The following record or records are then associated with the next
point.

Every line in a data table gives data information. This means, for example, that a blank in a
field headed DATA is permitted only when another field contains the data information on the
same line, e.g., under DATA-MAX. In the same way, each independent variable occurs at least
once in each line (e.g., either under data headings E-LVL or E-LVL-MIN, E-LVL-MAX, See
example on page 4.6). Supplementary information, such as resolution or standard values, is
not given on a line of a data table unless the line includes data information. Blanks are
permitted in all fields.

An example of a point data table is shown below with its associated DATA and ENDDATA
records.

1 12 23 34 45 56 66
DATA

ANG ANG-ERR DATA DATA-ERR DATA-MAX

ADEG ADEG MB/SR MB/SR MB/SR

10.7 1.8 138. 8.5

22.9 1.2 127. 4.2

39.1 0.9 83.2

46.7 0.7 14.8 2.9

ENDDATA
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Field Sequence in a DATA Table

There are four categories of data occurring in data tables, namely

= independent variables (EN, EN-MIN, EN-RES, E, ANG, etc.);
» dependent variables (DATA);

e associated quantities (EN-ERR, ANG-RSL, DATA-ERR, etc.);
e additional information (MONIT, MISC, FLAG, HL, etc.).

The division between different categories and families within categories is defined in EXFOR
Dictionary 24 (Data Headings)* (see EXFOR/CINDA Dictionary Manual).
DATA tables are arranged as follows:

e All fields with independent variables precede fields with dependent variables. Fields
to the left of the first dependent-variable field are considered as independent-variable
fields, or independent-variable associated quantities.

e Fields with additional information are, preferably, placed after the last dependent-
variable field, but, if they refer to a specific field, they may be placed next to it.

« Fields with associated quantities are placed right after the field to which they refer.

The EXFOR table will then look as follows.

DATA
independent variable(s) dependent variable(s) additional information
+ associated guantities + associated guantities
ENDDATA

Line sequence of a DATA Table

Values of the independent variable increase or decrease monotonically throughout the table.
If fields for more than one independent variable are given, they are arranged so that the rate
with which the values change within each field increases from left to right. Values in a given
independent-variable field increase or decrease monotonically until the value in the preceding
independent-variable field changes or the end of the table is reached.

! Note that some data headings may be used either as independent variables or as additional information.
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DATA
EN
MEV
1.
1.
1.
2.
2.
2.
3.
3.
3.
ENDDATA

EN-ERR
MEV
.02
.02
.02
.02
.02
.02
.03
.03
.03
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ANGLE
ADEG
35.
60.
90.
30.
60.
90.
30.
60.
90.

ANGLE-ERR
ADEG
10.
10.
10.
5.
5.
5.
5.
5.
5.

DATA
MB/SR

Alternatively, this table may be given in the vector common data formalism using pointers;

see page 5.2.

A slight complication arises with families of independent variables referring to basically the
same quantity, as, for instance, the fields referring to excitation energies of the residual
nucleus in the following example. In this case, the monotone rule applies to the sequence of
numbers consisting of the first (left-most) non-blank value within the group on each line.

Example:

DATA

4.6

E-LVL
MEV
0.506
0.81
0.990

1.400
0.405

E-LVL
MEV

0.998

E-LVL-MIN
MEV

1.250

E-LVL-MAX
MEV

1.300

DATA
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Chapter 5

POINTERS

Different pieces of EXFOR information may be linked together by pointers. A pointer is a
numeric or alphabetic character (1,2...9,A,B,...Z) placed in the eleventh column of the
information-identifier keyword field in the BIB section and in the field headings in the
COMMON or DATA section.

Pointers may link, for example,

e one of several reactions with its data field;

e one of several reactions with a specific piece of information in the BIB section (e.g.,
ANALYSIS), and/or with a value in the COMMON section, and/or with a field in the
DATA section;

e avalue inthe COMMON section with any field in the DATA section.

In general, a pointer is valid for only one subentry. A pointer used in the first subentry
applies to all subentries and has a unique meaning throughout the entire entry.

In the BIB section, the pointer is given on the first record of the information to which it is
attached and is not repeated on continuation records. The pointer is assumed to refer to all
BIB information until either another pointer is encountered, or until a new information-
identifier keyword is encountered. This implies that pointer-independent information for
each keyword appears first.

See also LEXFOR, Pointers

The use of pointers is restricted to the five cases given on the following pages.
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1. Multiple Reaction Formalism*

In certain cases (see page 6.7 and LEXFOR, Multiple Reaction Formalism) more than one
code unit may be given under the REACTION keyword for a subentry, each unit having its own
data field(s). Each data field is then linked to the appropriate code string by means of a
pointer.

Example:
BIB
REACTION 1 (92-U-235(N,0),,EN)
2 (92-U-235(N.0)..J)
3 (92-U-235(N.,TOT), ,WID)
ENDBIB
COMMON
MOMENTUM L DATA-ERR 1
NO-D IM EV
ENDCOMMON
DATA
DATA 1 DATA 2 DATA 3 DATA-ERR
EV NO-DIM MILLI-EV  MILLI-EV
ENDDATA

In the example above, the field headed MOMENTUM L in the COMMON section does not have
a pointer and, therefore, relates to all fields of the DATA section. The field in the COMMON
section headed DATA-ERR is linked, by means of a pointer, to fields of the DATA section and
to a specific REACTION code in the BIB Section with the pointer 1. Each field in the DATA
section is linked to the REACTION code in the BIB Section with the same pointer.

2. Vector Common Data
Multi-dimensional tables may be coded using pointers. (See page 4.6 for alternate coding of
multi-dimensional tables).

The following rules apply to the use of vector common data:

e If a pointer links a set of independent-variable data headings, (e.g., EN, ANG, E-LVL),
one of which appears in the COMMON section, all other pointers will also link with
the same set of independent-variable data headings, i.e.; the following is forbidden:

E 1E 1E-MIN 2E-MAX 2
e Units referring to a given independent variable will be the same for all pointers.

e For a given independent variable, the number of data headings repeated for each
pointer will be the same.

e The vector common formalism may not be combined with the multiple reaction
formalism.

! The multiple reaction formalism is used only for the specific cases listed in LEXFOR, Multiple Reaction
Formalism.
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Example:

COMMON g
ANG 1 ANG 2 ANG 3
ADEG ADEG ADEG

ENDCOMMON
DATA

EN DATA 1 DATA-ERR 1 DATA 2 DATA-ERR 2 DATA
DATA-ERR 3
MEV MB/SR MB/SR MB/SR MB/SR MB/SR
MB/SR

ENDDATA

3. BIB/DATA Links

Pointers used for multiple reactions or for vector common data may be also be used
elsewhere in the BIB section in order to link certain information to one of the multiple
reactions or vector common fields.

Example:

BIB

COMMENT 1

ENDBIB

COMMON

ANG 1 ANG 2/ ANG 3
ADEG ADEG ADEG
ENDCOMMON

DATA

EN DATA 1 DATA 2 DATA 3
MEV MB/SR MB/SR MB/SR
ENDDATA
or

BIB |

REACTION  1(.)

| 2 ()

PART-DET  1/(.)

| 2/¢-)

ENDBIB |

Forbidden:

BIB

REACT 10N )

PART-DET  1/(.)

2(.)

ENDBIB

COMMON

MONIT 1 MONIT 2
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4. BIB/BIB Links

Pointers may be used to link pieces of BIB information, all referring to the same reaction.

If the multiple-reaction or vector-common formalism is used, BIB/BIB links are used only to
link to existing pointers, as in BIB/DATA Links.

Example:
BIB
REACTION )
PART-DET 1.¢.)
2.(.)
DETECTOR 1(.)
2
ENDBIB

5. Alternative results

Different results for the same quantity in the same experiment, e.g., by two different methods
of analysis, may be entered in the same subentry, distinguished by the pointers. In this case,
the code unit under the REACTION keyword is repeated.” (See also LEXFOR, Status /
Interdependent Data).

Example:

BIB
IREACTION

ANALYSIS

[ENDBIB

% Froma processing point of view, this is the same concept as multiple reactions (described on page 6.7)
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Chapter 6

REACTION SPECIFICATION

The reaction and quantity for the data coded in the data table is specified using the
information-identifier keyword REACTION, therefore, this keyword must always be present in
a data set. Because of its importance, the use of this keyword will be given in detail in this
chapter, along with information on its links to the data.

A REACTION unit consists of three major fields:
(reaction, quantity, data-type)

If a code string is too long to fit between columns 12 and 66, it may be broken for
continuation onto the next record, but the break must come at the end of a field or subfield,
i.e., the comma separating the subfields should be the last character on the line.

More than one reaction unit may be given as a Reaction Combination or in the Multiple-
Reaction Formalism.

Detailed coding rules are given on the following pages.

Coding of nuclides and compounds...........ccccoererenirienienieeienenn 6.2
ReaCtion Field .........oooiie i 6.2
SF1. Target Nucleus
SF2. Incident particle
SF3. Process
SF4. Reaction Product

Quantity Field .........cooeiiiiiee 6.5
SF5. Branch
SF6. Parameter
SF7. Particle considered
SF8. Modifier
Data-type field. ..o 6.6
SF9. Data type
Reaction Combinations............cccceveieiiieieevese e 6.6
REACTION FALI0S ....vevieieeie e e 6.7
Multiple-Reaction Formalism...........ccccovvevevieiieeie e, 6.7
Variable NUCIBUS.........cceeiieicie s 6.8
Variable number of emitted particles..........cccccovevieviviieiiicieens 6.9
Links between reaction quantity and data headings .................... 6.9
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Coding of nuclides and compounds
Nuclides appear in the coding of many keywords. The general code format is Z-S-A-X,
where:
Z is the charge number; up to 3 digits, no leading zeros
S is the element symbol; 1 or 2 characters (Dictionary 8)
A is the mass number; up to 3 digits, no leading zeroes. A single zero denotes natural
isotopic composition (limited to special cases as given under the specific keyword).
X is an isomer code denoting the isomeric state (this subfield may be omitted)
X may have the following values (see also LEXFOR, Isomeric States):
G for ground state (of a nucleus which has a metastable state)
M if only one metastable state is regarded
M1 for the first metastable state
M2 for the second, etc.
T for sum of all isomers (limited to use within an isomeric ratio in SF4 of the
reaction string)
L if only one quasi-metastable state is regarded
L1  for the first quasi-metastable state, etc.

Exceptions to this coding are noted on the pages for each keyword. (See also LEXFOR,
Elements). Valid nuclide codes are given in Dictionary 227 (see EXFOR/CINDA Dictionary
Manual).

Compounds may in some cases replace the nuclide code. The general format for coding
compounds is either the specific compound code, taken from Dictionary 209, the general
form for an oxide Z-S-oxI1, or the general code for a compound of the form Z-S-cmp. (See
also LEXFOR, Chemical Compounds).

Example: 26-FE-CMP

Reaction field
The reaction field consists of four subfields, separated by commas or parentheses (not
interchangeable):

(SF1(SF2,SF3)SF4,quantity,data type)

SF1. Target nucleus. Contains one of the following:

a) Z-S-A-X, as described above, but with the following exceptions:
A = 0 denotes natural isotopic mixture,
X may not have the value G.

b) Z-S-cwmp, see above.

c) the code ELEM/MASS when the target nucleus is entered into the data table using the
heading codes ELEMENT, MASS, (ISOMER) (Variable Nucleus Formalism). Use of this
formalism is restricted to the cases specified on page 6.8. See LEXFOR, Target
Nucleus for details.

Example: (ELEM/MASS(0,B-),,PN)

SF2. Incident projectile. Contains one of the following:

a) a particle code from Dictionary 33 with an “allowed SF2 flag” (2).

b) for particles heavier than an a, a code in the form Z-S-A-X (X may not have the value G),
as described above.
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See also LEXFOR, Particles.

SF3. Process. Contains one of the following:
a) a process code from Dictionary 30, e.g., TOT.

b) a particle code from Dictionary 33 with an “allowed SF3 flag” (3), which may be
preceded by a multiplicity factor with a value of 2 . 99.*

Examples: A
4A

c) for particles heavier than a, a code in the form Z-S-A-X (see page 6.2, but the mass
number may not have the value zero). No multiplicity factor is allowed; instead the
nuclide code is repeated, if necessary.

Examples:  8-0-16
8-0-16+8-0-16

d) combinations of a), b) and c), with the codes connected by ‘+’. Outgoing particles are
ordered starting with the lightest” at the left of the subfield, followed by the Z-S-A-X
formatted codes, in Z, A order, followed by process codes given in the same order as
given in Dictionary 30.

An exception to this order is when SF5 contains the code SEQ, which indicates that the
particles and/or processes are ordered in the sequence in which the reaction proceeds (see
LEXFOR, Particles).

Examples: HE3+8-0-16
X+N

Notes on SF3

1) Gammas are coded only:
= for a capture process, e.g., (P,G).
e when they are needed to define the partial reaction considered, e.g., (N,G+F),SEQ.
In all other cases, gammas are considered as self-evident and are, therefore, not coded,
e.g., (P,N) is coded, not (P,G+N). Compare SF7, Particle Considered, page 6.5.

2) If SF5 contains the branch code (DEF)® (it is not evident from the publication whether the
reaction channel is undefined or defined), the particle codes given in SF3 may represent
only the sum of emitted nucleons, implying that the product nucleus coded in SF4 has
been formed via different reaction channels. For details see in LEXFOR, Particles.

3) For coding of SF3 in the case of scattering see LEXFOR, Scattering.

! In the few cases where the multiplicity factor may exceed 99, the Variable Number of Emitted Nucleons
Formalism may be used, see page 6.9.

% Lowest Z, then lowest A,

® The code (DEF) is presently used only for charged particle reaction data.
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SF4. Reaction Product. In general, the heaviest of the products is defined as the reaction

product (also called residual nucleus). In the case of two reaction products with equal mass,

the one with the larger Z is considered as the heavier product. Exceptions or special cases

are:

a) If SF5 contains the code SEQ, indicating that the sequence of several outgoing particles
and/or processes coded in SF3 is meaningful, the nuclide to be coded in SF4 is the
heaviest of the final products.

Example: 5-B-10(N,A+T)2-HE-4,SEQ,SIG)

b) There is no reaction product if a nuclear quantity is given (i.e., SF2 contains the code 0).

c) There is no reaction product given if the reaction specifies a resonance parameter (defined
in Dictionary 236 by using the resonance flag *.”).

d) For certain reactions that are implicit sums, the reaction product is not defined if no
specific reaction product is considered. This may occur:

» for fission processes; SF3 contains the process code F.

» for total, absorption, or nonelastic processes; SF3 contains the process codes TOT,
ABS, OF NON

e if SF3 contains a combination of the process code X with a particle code, e.g.,
(P,G+X),SEQ.

e if the reaction is measured for a target of natural isotopic composition.

e) Where emission cross sections, production cross sections, product yields, etc., are given
for specified nuclides, particles, or gammas, the product considered is defined as the
reaction product (even if it is not the heaviest of several reaction products).

e SF3 contains the process code X.

Coding: This subfield:

a.) either is blank, as in cases b, ¢, and d, above; the following comma is always present.
Examples: (26-FE-56(N,EL), ,WID)
(92-U-235(N,F), ,SIG)
(40-ZR-0(N,G), ,SIG)

b.) or contains a code in the form Z-S-A-X, as described on page 6.2.

If light particles or gammas are defined as the reaction product, these are coded using the
Z-S-A formalism (i.e., the particle codes N, G, P, etc., are not used in SF4).

Example: (28-N1-0(N,X)0-G-0,,S1G) Y production cross section

For scattering on a target nucleus which is a natural isotopic mixture (A=0) (see
LEXFOR, Scattering), A=0 is given for the product nucleus; otherwise, A=0 is not used
in SF4.

In the case of isomeric ratios and sums, the isomer code may consist of a combination of
codes separated by a slash or a plus sign.* The use of these separators is algebraic, e.g.,
M1+M2/G. The code T is used in an isomeric ratio to denote the sum over all isomers (see
page 6.2). (See LEXFOR, Isomeric States).

* The code RAT is always given in SF6 when the arithmetical / appears in the isomer extension in SF4.
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Examples: (92-U-235(N,F)54-XE-124,CUM,FY)
(51-SB-123(N,G)51-SB-124-M1+M2/T, ,SIG/RAT)

c.) or, if the reaction product is entered into the data table using the data headings ELEMENT,
MASS, and/or ISOMER (See page 6.8, Variable Nucleus), it contains one of the following
codes:

ELEM if only the data heading ELEMENT is used in the data table,
MASS if only the data heading MASS is used in the data table,
ELEM/MASS  if the data headings ELEMENT and MASS are used in the data table.

Example: (92-U-235(N,F)ELEM/MASS,CUM,FY)
Use of this formalism is restricted to those cases given on page 6.8.

d.) or, if the number of particles emitted is entered into the data table using the data heading
PART-OUT, it contains the code NPART.

Example: (79-AU-197(92-U-238,X)NPART,NUM,SIG,HF) Cross section for a given
number on heavy fragments emitted; the number of fragments
is given in the DATA or COMMON section under the heading
PART-OUT.

Quantity Field
The quantity field consists of four subfields, each separated by a comma. If a subfield is
omitted, the separating comma is included, except that trailing commas are omitted.

(reaction,SF5,SF6,SF7,SF8,data-type)

Any subfield may contain a combination of codes from the same dictionary, separated by a
slash. All combinations of codes allowed in the quantity field are given in Dictionary 236
(see EXFOR/CINDA Dictionary Manual).

SF5 Branch. Indicates a partial reaction, for example, only one of several energy levels or
particle groups has been considered. Code(s) are taken from Dictionary 31.

SF6 Parameter. Contains information about the reaction parameter given, such as, integral or
differential cross section. This subfield must always be present. Code(s) are taken from
Dictionary 32.

SF7 Particle Considered. Provides particle or nuclide code(s) indicating to which of several
outgoing particles or nuclides the quantity refers.> When more than one particle/nuclide is
entered, e.g., for a quantity describing the correlation between outgoing particles, all codes
are entered, separated by a slash. For the case where a variable is given for a correlated pair,
e.g., the center-of-mass energy of two or more emitted particles, the codes are separated by a
plus sign (+). Contains either a code from Dictionary 33 with an *“allowed SF7 flag” (7) (see
LEXFOR, Particles), or, for particles heavier than a, a code in the form Z-S-A-X (see page
6.2, but the mass number may not have the value zero).

Examples of SF7 entry:
(..(..P)4-BE-9, ,DA,4-BE-9)  angular distribution on °Be product.

® Note that the particle considered is not necessarily identical to the particle detected, e.g., the angular
distribution of an outgoing particle that has been deduced from a recoil particle detected.
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(...(.,N+P)... ,DA/DA/DE ,N/P/N+P) triple differential cross section as a function of
the angle of the emitted neutron and proton and the center-of-
mass energy of the emitted neutron-proton pair.

The particle considered should be omitted if there is no ambiguity. For integral data this
subfield is in most cases not used.

SF8 Modifier. Contains information on the representation of the data, for example, relative
data, fitting coefficients. Code(s) are taken from Dictionary 34. General quantity modifiers,
as noted in Dictionary 34, should trail other modifiers.

Data Type Field
The data type field consists of one subfield.

(reaction,quantity,SF9)

SF9 Data type. Indicates whether the data are experimental, theoretical, evaluated, etc. If
two or more data types are given, they are each separated by a slash. Code(s) are taken from
Dictionary 35. (See LEXFOR, Data Type).

If this field is omitted, the data are experimental.

Reaction Combinations

In order to deal with experimental data sets referring to complex combinations of materials
and reactions, the code units defined in this section can be connected into a single machine-
retrievable field, with appropriate separators and properly balanced parentheses. In all cases
of combined units, parentheses are used in exactly the same manner as in FORTRAN to
define algebraic operations. The complete reaction combination must be enclosed in
parentheses.

The permitted separators are:

+ ((-—-—--- )+(~——--- ))  Sum of 2 or more quantities (see LEXFOR, Sums).

- ((——---- )-(-—--- )) Difference between 2 or more quantities.

* ((------ Y*(-——-- ))  Product of 2 or more quantities (see LEXFOR, Products).

| ((-———--- Y (——-- )) Ratio of 2 or more quantities (see LEXFOR, Ratios).

I ((------ Y /(——--- ))Ratio of 2 quantities, where the numerator and denominator

refer to different values for one or more independent variables
(see Reaction Ratios, page 6.7, and LEXFOR, Ratios).
—————— )=(-----)) Tautologies (see LEXFOR, Tautologies for usage).
, ((———--- ), (———-- )) Obsolete, but may be found in older neutron entries. Used
for multiple representations of the same quantity, which are
now coded using pointers.

1
~
~

If a code string is continued onto the next record, a code unit must not be broken®, i.e., the
separator appears last on the record, with the first parenthesis of the next code unit beginning
in column 12 of the next record. Thus blanks may follow a separator if the reaction
combination is continued on the next record.

Examples: ((92-U-235(N,F),,S1G)/(79-AU-197(N,G)79-AU-198, ,SIG))
(((28-N1-58(N,N+P)27-C0-57, ,S1G)+(28-N1-58(N,D)27-C0-57, ,S1G))/
(13-AL-27(N,A)11-NA-24,,S1G))

® Except if the individual code unit by itself needs to be broken because of its length, see page 6.1.
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Note that the reaction combination formalism is not used for certain frequently occurring
sums, ratios, and products for which specific quantity codes have been introduced (see
LEXFOR, Ratios, Sums, Products).

Reaction Ratios

If a reaction combination contains the separator "//", signifying that the numerator and
denominator of a ratio have different values for one or more independent variables, then the
data table will contain at least one independent variable pair with the data heading extensions
-NM and -DN (see Dictionary 24).

Example:

BIB

REACTION (((92-U-238(N,F)ELEM/MASS,CUM,FY, ,FIS)/
(92-U-238(N,F)42-M0-99,CUM, FY, ,FI1S))//
((92-U-235(N,F)ELEM/MASS, CUM, FY, ,MXW)/
(92-U-235(N,F)42-M0-99,CUM, FY, ,MXW)))

RESULT (RVAL)

ENDBIB

COMMON

EN-DUM-NM  |[EN-DUM-DN

MEV EV

1.0 0.0253

ENDCOMMON

DATA

ELEMENT MASS DATA

NO-DIM NO-DIM NO-DIM

ENDDATA

Multiple Reaction Formalism.

If pointers are used with the REACTION keyword, the code fields associated with each pointer
may be a reaction unit or a reaction combination’. The use of this formalism is restricted to
specific classes of data that are subject to the following constraints (see page 5.2 for coding
example).

1) The incident projectile and the target nucleus are constant.
2) Quantities are functions of the same independent variables.
3) Quantities are integrally related to each other.

For the specific classes of data that may be coded using the multiple reaction formalism, see
LEXFOR, Multiple Reaction Formalism.

" See page 5.1 for general information on pointers.
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Variable Nucleus

In the case of the processes specified below, the data table may contain yields or production
cross sections for several nuclei that are entered as variables in the data table. In this case,
either SF1 or SF4 of the REACTION keyword contain one of the following codes:

ELEM - if the Z (charge number) of the nuclide is given in the data table.
MASS - if the A (mass number) of the nuclide is given in the data table.
ELEM/MASS - if the Z and A of the nuclide are given in the data table.

The nuclei are entered in the common data or data table as variables under the data
headings ELEMENT and/or MASS with the units NO-DIM.

If the data headings ELEMENT and MASS are used, a third field with the data heading
ISOMER is used when isomer states are specified:

0. = ground state (used only if nuclide has also an isomeric state),

1. =first metastable state (or the metastable state when only one is known),

2. = second metastable state, etc.

Decay data for each entry under ELEMENT/MASS(ISOMER) and their related parent or
daughter nuclides may be given in the usual way under the information-identifier
keyword DECAY-DATA. Entries under the data headings ELEMENT/MASS(ISOMER) are
linked to entries under DECAY-DATA (and RAD-DET, if present) by means of a decay flag
(see page 7.6 and LEXFOR, Flags).?

Example:
BIB
REACTION (..C..,F)ELEM/MASS, ..)
ENDBIB
NOCOMMON
DATA
EN ELEMENT MASS 1SOMER DATA
MEV NO-DIM NO-DIM NO-DIM B
» 61. 148. 0.
61. 148. 1.
61. 149.
62. 149.

Restrictions of use. Only SF1 or SF4 may become variable by using this formalism.
The variable nucleus formalism may be used:
e for SF1, only when SF6 contains the code PN (delayed-neutron emission probability)
e for SF4, only when SF3 contains one of the process codes

X - production of the product nuclei specified

F - fission

See also LEXFOR, Reaction Products.

8 |f the half-life is the only decay data given, this may be entered in the data table under the data heading HL,
although this is not recommended.

6.8
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Variable Number of Emitted Particles

If the data table contains yields or production cross sections as a function of the number of
secondary particles, and the number of particles is entered as a variable in the data table, SF4
of the REACTION keyword contains the code NPART, SF5 contains the code Num, and SF7
contains the particle considered:

See also LEXFOR, Particles.

Example:

BIB
REACTION C..C..,XINPART ,NUM, P)

ENDBIB
NOCOMMON
DATA

EN PART-0OUT DATA
MEV NO-DIM B

ENDDATA

Links between reaction quantity and data headings

The quantity given under the REACTION code string requires the presence, or absence, of
certain families of independent variables. The family code for a given data heading is given
in Dictionary 24 (see EXFOR/CINDA Dictionary Manual).

The following shorthand is used throughout this section.

e particle is used to mean particle, nuclide or radiation.

e data headings as given are understood to include their derivatives (e.g., for DATA, the
headings DATA-CM, DATA-APRX, etc., are also included).

The keyword REACTION defines the data coded in the DATA section under the dependent
variable data heading DATA. The independent variables required for each quantity are given,
below, according to family code®.

1. Incident Projectile Energy (Family A) or Incident Projectile Momentum (Family M)
is always present except in the following cases when it is forbidden:
» if SF2 of REACTION contains O (zero);
e if resonance energy is given (see below).
KT, EN-DUMMY, Or EN-MEAN is used when the quantity field contains a spectrum modifier
MXW, SPA, FST, FIS, etc.

See also page 7.13, (INc-specT), and LEXFOR, Incident-Projectile Energy and
Spectrum Average.

° See Dictionary 24 for family codes.
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Resonance Energy (Family C) is specified for resonance parameters™. It is coded either

und

er the data heading EN-RES, or, if coded under REACTION (specified by the code EN given

in REACTION SF6), under the heading DATA.

2.

Secondary Energy (Family E) is coded when:

e REACTION SF5 contains the modifier code PAR, or

e REACTION SF6 contains the code DE or sPC.

For specifying the secondary energies of more than one particle, see page 7.9 (EN-SEC),
and LEXFOR, Secondary Particles.

Angle of Outgoing Particle (Family G) is coded when REACTION SF6 contains the code
DA, except in the case of Legendre or cosine coefficients see below. (For angles in
degrees and minutes see page 4.3)

If more than one angle is specified, e.g., double-differential data, DA/DA,N/P, the angles
must be given under ANG1, ANG2, etc., in the same order as the particles are specified in
REACTION SF7. See also LEXFOR, Angle.

Fitting Coefficient Number (Family N) is coded when REACTION SF8 contains a code
denoting a fitting coefficient, e.g., LEG or cos. See also LEXFOR, Fitting Coefficients.

Half life (Family 6) is coded if SF4 of the REACTION code contains a product with a
metastable state extension (see page 6.2), and the half-life is not coded under DECAY-
DATA. See also LEXFOR, Half-L.ives.

Angular Momentum (I) (Family 2) will be coded when:

e REACTION SF6 contains the code RED.

e REACTION SF6 contains the code STF.

It is coded either under the data heading MOMENTUM L, or, if coded under REACTION
(specified by the code L in REACTION SF6), under the heading DATA. See also LEXFOR,
Quantum Numbers.

Element (Family 1) will be coded when REACTION SF1 or SF4 contains the code ELEM
(see page6.8).

Mass (Family J) will be coded when REACTION SF1 or SF4 contains the code MASS (see
page 6.8).

Number of Particles (Family P) will be coded when REACTION SF4 contains the code
NPART (See page 6.9).

19 Resonance parameters are indicated using a resonance flag of “.” (period) in Dictionary 236, see EXFOR/

CIN

6.10
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Cross References of Data Heading to Family Codes

Data heading

Family code™

Family

EN A Incident energy

EN-RES C Resonance energy

E, E-LVL, etc. E Secondary energy

MOM-SEC L Secondary linear momentum
ANG G Angle of outgoing particle
ELEMENT I Element

MASS J Mass

PART-0OUT P Number of particles

MOM M Incident beam linear momentum
NUMBER N Coefficient number

HL 6 Half life

MOMENTUM L 2 Angular momentum of resonance

February 2008

1 As given by the family flag in Dictionary 24.
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