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ABSTRACT

The paper describes the computer library of experimental neutron
data at the Obninsk Nuclear Data Centre. The format of the library
(EXFOR) and the system of programmes for supplying the library are
briefly described.

Introduction

The nuclear data requirements of the growing nuclear power engineering
industry have led to a need for the systematic collection of bibliographic
and numerical data on the subject of nuclear physics and for establishing
a computerized library of experimental neutron data to serve as a basis
for a library of recommended evaluated nuclear data. The establishment of
a fairly complete experimental data library was possible thanks to the
development of international co—operation in the exchange of experimental

nuclear data.

At present an exchange of neutron data is being carried on under a
system embracing four neutron data centres: Brookhaven (USA),
Saclay (France), IAEA (Austria) and Obninsk (USSR). Each of the four
centres collects and abstracts the entire literature from its geographical
region for the CINDA computerized bibliographic catalogue; it also records
factographic information in a special exchange format (EXFOR), which is
processed and accepted for exchange purposes and which is now being
improved and extended at the annual meetings of the four centres [1, 2].
The Obninsk Nuclear Data Centre is collecting and abstracting information
on neutron physics within the USSR [3]. The documentation abstracted in
exchange format is recorded on magnetic tape and sent out to the other
centres abroad, 1In this way a computer-based worldwide library of

experimental neutron data is being set up at each of the centres,
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The exchange format provides for the recording not only of numerical
value but also of additional information supplying facts about experimental
conditions and methods of processing measured values, which is very
important for the subsequent evaluation of these data., The exchange format
is similar to the SCISRS-II library format (Brookhaven), a detailed
description of which is given in a report of M,D., Goldberg, which also
traces its background. In the case of the Nuclear Data Centre, EXFOR is
not only the input format but also the format of the library itself. At
present the library contains 1100 experimental studies, representing
approximately l.1 million lines of infommation, of which around 900 000 are

lines with numerical data. The library has a computerized catalogue,

In the sections that follow we briefly describe the content of the
library, the main positions and the structure of the exchange format, and
also the associated system of programmes supplying the library, as

processed and supplied to the Nuclear Data Centre for the M-222 computer.

Content of the library

The library of experimental neutron data in EXFOR format contains the

following types of data:
(a) Total cross-sections obtained from transmission experiments;

(v) Cross—sections for elastic and inelastic scattering, radiative
capture; cross—sections with emission of charged particles
(py 4y t, a), differential (in tems of angle and energy) cross—
sections for the reactions in question, partial cross-sections
of excited levels of a residual nucleus, integrals and average

cross-sections for various spectra;

(c) Resonance parameters (energy, spin, level width), neutron

strength functions;

(d) Cross—sections for coherent and incoherent scattering and

coherent scattering amplitude;

(e) Fission~reaction cross-sections, values of a,v ,n , fission

product yields,

In addition to numerical data on the above-mentioned reaction cross-
sections and values, the library includes the following types of
information conceming experimental conditions and methods of deriving and

processing data:
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(a) Neutron source characteristics (intensity, neutron energy,

polarization);
(b) Characteristics of particles emitted or scattered by a sample;

(c) Standards used for nomalizing cross—sections (in relative

measurements);
(4) Experimental facility (type of reactor, accelerator etc);
(e) Experimental methods;
(f) Experimentally recorded particles and type of detector;
(g) Description of sample (isotopic composition, number of nuclei);

(h) Indication of systems of co-—ordinates used for data on angular

distribution;
(i) Method of processing experimental results, error analysis;

(j) Description of corrections applied to experimental data and error
thereof,

In preparing their reports experimenters must include essential
information on the points listed above, Analysis of errors and of corrections
is particularly important. In view of the different correlation characteristics
of errors, it is essential to indicate separately the statistical error, the

standard errors and the corrections made,

The library format

At present the formmat of the experimental neutron data library is the
exchange format (EXFOR). The exchange format provides for the recording
of numerical and bibliographic information, the latter term being under-
stood as meaning not only a reference to the data but also a description
of the methods used for processing them. Each input into the library
corresponds to a published item containing the results of a neutron
experiment and is termed an ENTRY, The entry is divided into SUBENTRIES
in such a way that the subentry is a record of informmation relating to

only one type of cross-section for a single isotope.

The subentry is divided in tum into three sections: BIB, COMMON and
DATA. The BIB section contains information which can be used in making a
bibliographic search (reference, authors! names, institute) and a
description of the experiment by means of key words, codes and free text,
The COMMON section contains data common to all the subentries, e.g. energy

of incident neutrons in the case of differential scattering cross-—sections,



-4 -

The DATA section contains direct numerical data from experiments. The
words ENTRY, SUBENTRY, BIB, COMMON, DATA are systems identifiers and
denote, respectively, the start of operations, subentries, the biblio-
graphic sections, the common data sections and the data sections, The
systems identifiers used to denote the temination of operations, sub-
operations or work with one of the subsections are: ENDENTRY,
ENDSUBJECT, ENDBIB, ENDCOMMON and ENDDATA,

The fact that the relevant section is lacking is indicated by the
identifiers NOBIB, NOCOMMON, NODATA.

The first subentry under every entry concerms only the BIB and COMMON
sections, which contain bibliographic and common numerical data relating
to subentries under the particular entry, Within the bibliographic
section BIB the infomation is differentiated in temms of key words (see
Annex No, 1), the data themselves being presented by means of special
codes which can be used for computer retrieval of essential information.
The BIB section contains free text, which is used for the description of
bibliographic information. For the input of information written in the
exchange format use is made of a format based on a standard 80-column
punch card, i.e. the line length of an individual recording is limited
to 80 symbols. Columns 1-66 are occupied by the text (bibliographic
information and numerical data). The system identifiers and key words are
placed in columns 1-11, the codes are placed in brackets and begin from
the 12th column. After this comes the free text., Columns 67~80 are used
for the sample identification of each line. Columns 67-71: ENTRY number;
72=74: SUBENTRY number; 75-79: number of line in SUBENTRY. The symbol
of the data editing body appears in column 80, With the format organized
in this way, any line or subentry can be corrected, replaced or deleted

by means of the programmes used for supplying the system,

The first figure of the ENTRY number denotes the number of the centre

which wrote the paper in the exchange fommat:

1 -  NNCSC (Brookhaven, USA)
2 - NDCC (Saclay, France)

3 - NDS (Vienna, Austria)

4 -  TsYaD (Obninsk, USSR)

The centres are working continuously to improve and extend the fommat

with a view to including new types of data and also to recording the data

in a more convenient and compact form,
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Programme support of the library

A system of programmes has been developed and set up in the Nuclear
Data Centre for the purpose of processing the flows of information,
Depending on the purpose for which they are intended the programmes can

be subdivided into a number of groups,

The first group of programmes covers the preliminary preparation of

neutron data for input into the library.

The second group has to do with internal library operations: sorting,

ordering, cataloguing etc,

The third group is concerned with exchanges of information with

centres abroad.

The fourth group covers the retrieval and extraction of data relating
1o inquiries of users by printouts, perforated tapes, recordings on
magnetic tape in various formats, The programmes of the system are written
in ALGOL (translator TA-1M) [5, 6] and FORTRAN [7].

The nucleus of the system consists of programmes which serve to

perform the following operations:

1, Preparation of the information for input into the library

This process covers programmes of reading standard IBM tapes which
come from foreign centres; it involves the preparation of a recording of
the contents on magnetic tapes of an M-222 computer or the preparation of
printouts., Programmes prepared by the Nuclear Data Centre for recording

in an ML-222 compilation also come under this heading.

2e Checking the prepared infommation

The prerequisite for avoiding uncertain situations in operations with
data in EXFOR format is strict compliance with the formmalism of EXFOR,

This involves:

- The external structure, as described in the introduction, i.e. sub~-
division of the information into entries, subentries and sections of
subentries, each part being differentiated by means of identifier

words, auxiliary infomation and numerical identification of lines;

- Intermal structure, i.e, key words, the infomation associated with
them, the retrieval mnemonic codes, rules for recording numerical

tables etc,



-6 -

The programme checks compliance with the conditions of external and
intemal structure in the recording of compilations and indicates the

errors which have been found,

In principle there is also the possibility of making checks for
meaning in the compilation of the separate groups of recordings in the
entries, It is intended to supplement this step in future on the basis

of advanced mathematical treatment.

3. Correction of errors

The condition of unique identification of each line of the data
library on EXFOR format provides a fairly simple means of identifying the
place for introducing changes in the original text., The programmes for
error correction constitute operations either on individual lines or on
groups of lines in the subentries and on the subentries as a whole,
involving the deletion, introduction or exchange of data items, as

appropriate,

4. Compilation of catalogues

In order to familiarize data users with the contents of the library,
the programmes are devised for fomulating data catalogues. These include
the catalogue of the library as a whole or of parts thereof and the
catalogue of exchange tapes sent to foreign centres, The first-mentioned
catalogue is a list of the data available at the Nuclear Data Centre, The
catalogue data are concentrated in lines which are ordered on the basis
of the elements of the periodic table and by reactions., Each line contains
information about the element (isotope), reaction, energy interval, number
of points, brief bibliographical infommation and number of the reference
in which the corresponding material is to be found, To some extent this

catalogue is identical with the CINDA catalogue.

The second catalogue is an abridged version of the first, the items
recorded corresponding to the order of the numbers of the entries and

subentries in the exchange tape.

There are also programmes for the compilation of specific catalogues

in response to intemal requirements connected with library processes.

5e The input of infomation into the library

At present the library consists of texts of studies recorded on M-222
magnetic tape in EXFOR format., The studies are arranged in ascending
order of the numbers assigned to them, The inclusion of new studies is

effected by merging incoming infommation with that already included in
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the library and by simultaneous re—ordering in accordance with established
rules, The recording of the original library is conserved, so that the
operation can be repeated if errors are found or if difficulties occur in

the compilation of a new data library.

6. Bxtraction of data from the library

At the Nuclear Data Centre a number of programmes have been developed
and written for the retrieval and extraction of data from libraries on
magnetic tape, punched tape, punched cards and printouts., A special programme
transforms the data into some intermediate fommat for subsequent processing

by an 1-222 computer and output on a plotter,

In conclusion the authors would like to mention that at various stages
of the work of developing algorithms and of writing and setting up the
programmes for supplying the data library, they had the benefit of
co—operation from the following associates of the Nuclear Data Centre:

SeMe. Nasyrova, V.M, Pantkov, N,E, Kuznetsov and E.N. Korolf?,
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6-C-012 DHG ccp 1.47 YEI 19 77 75 BEZOTOSHY
moP, SIG. THL
7-H-014 DNG ccp 1.47 YEI 19 77 5 BEZOTOSNY
TOF. SIG, TBL
8-0-016 DNG ccP 1.47 YBI 15 T7 75 BEZOTOSNY
TOF, SIG, TBL
13-41-027 NG cce 1,47 Yer 19 717 75 BSZOTOSIY
TOF, SIG, TBL
26-PE NG ccP 1.47 YEI 19 77 5 EEZOTOSIY
TO¥, SIG, TBL
73-7a-181 DNG cCcP 1.47 YEI 19 77 75 BEZOTOSNY
10P, 516G, TEL
T4-¥ DNG cce 1.47 YEX 19 T7 5 BEZOTOSNY
TOF, SIG, TBL
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15070pPs

CROSS SEC- °

TE

INSTITU~-

REFLATHCE

: DATE

TIRST AUTHOR,

COUEHTO

22~Ptb

24-0x

26-Fe

27-Co-059

28-Ni

39-Y-089

26-Pe-05€

41-5b-093

26-Pe-056

NG

DIN

DIX

DIN

DIN

DIN

EVL

DIN

TION_TYPE_:

PEI

PEI

FEI

YEX

YEI

YBI

YEI

19

19

19

77

84

84

84

84

19 110

19 143

19 143

75

75

75

75

75

75

-3
(e

75

3EZ0TOSNY
TOP, SIG. IBL
BIRJURQOV
DETERN OF SPIN CuT-
~ OFF PAR
BIRJUKQY
DETER# CP SPIN CUT-
OFF PAR

BIRJUKOV
DETERM OF SPIN CUT-
OFF PAK
BIRJUKOV
DETER}1 OF SPIN CUT-
OFF PAR
BIRJUROQV
DETERM OF 3FIN CUT-
OFF PAR

BYCHKOV
S1G,NG,DId, NP, %A,
TOT, TBLS

SAPRYEIN
METHOD CF ANAL DI,
GRAPHS
SAPRYLTN
HUZTHOD COF ANAL DIA,
GRAPHS



