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CODATA BULLETIN 

The first issue of the CODATA Bulletin is now available on request 
and free of charge from the CODATA Central Office. The Bulletin 
comprises the first report of the CODATA Task Group on Com-
puter Use, entitled „Automated Information Handling in Data 
Centers" (see pages 5 and 7, CODATA Newsletter 2, August 1969). 

INTERNATIONAL COMPENDIUM 
OF NUMERICAL DATA PROJECTS 

The CODATA International Compendium of Numerical Data Pro-
jects, described on pages 1-5 of CODATA Newsletter 2, was pub-
lished in September 1969 by Springer-Verlag, Berlin, Heidelberg, 
New-York, (Title Number 1611), and is now available from the 
retailer at a price of DM 48,-; US $ 13.20; £ 5 10. 

CODATA CENTRAL OFFICE 

Two new staff members will join the CODATA Central Office on 
1 January, 1970, Dr. Tangis V. Golashvili (U.S.S.R.) as Scientific 
Officer, and Mile. Marie-France Lienard (France) as Secretary/ 
Translator. These appointments will bring the Central Office staff 
to its full complement of five. 

CODATA NATIONAL MEMBERSHIP 

ITALY 

The Italian National Committee for CODATA has now been formed 
with the following membership: 

Prof. Michele Caputo, 
Istituto di Fisica „A. Righi", 
Universitä di Bologna, 
Via Irnerio, 46, 
40 126 B o l o g n a . 

Prof. Marcello Carapezza, 
Istituto di Mineralogia e Petrografia, 
Universitä di Bologna, 
Piazza di Porta S. Donato, 1, 
40 126 B o l o g n a . 

Prof. Guido Sartori, 
Istituto di Chimica Generale, 
Universitä di Roma, 
Cittä Universitaria, 
00100 R o m e . 

Prof. Paride Stefanini, 
Direttore II Clinica Chirurgica, 
Policlinico, Universitä di Roma, 
00161 R o m e . 
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CODATA UNION MEMBERSHIP 
1. INTERNATIONAL ASTRONOMICAL UNION (IAU) 

The Executive Committee of the International Astronomical Union 
(IAU) has recently set up a special working group to consider 
activities and problems in the field of astronomy, which are of rele-
vance to the work of C O D A T A . The membership of the working 
group is as follows: 

Prof. C. W. Allen, 
University of London Observatory, 
Mill Hill Park, 
London, N . W . 7, U . K . 

Prof. A.Blaauw, Director, 
Kapteyn Astronomical Laboratory, 
Broerstraat 7, 
Groningen, T H E N E T H E R L A N D S 

Prof. Dr . W. Fricke, 
Astronomisches Rechen-Institut, 
Mönchhofstraße 12-14, 
6900 Heidelberg, G E R M A N Y - B R D 

Dr. Charlotte Moore-Sitterly, Consultant, 
National Bureau of Standards, 
Washington, D C . 20234, U . S . A . 

iDr. Charlotte Moore-Sitterly is also the present IAU Member on 
' C O D A T A . 

In the International Astronomical Union, the current activities in 
the numerous specialized fields of astronomy and astrophysics are 
dealt with by 38 commissions, of which four, those on Documenta-
tion, Fundamental Spectroscopic Data , Stellar Spectra, and Spectral 
Classifications and Multi-band Colour Indices, are concerned with 
the work of C O D A T A . 

The activities of the Commission on Fundamental Spectroscopic 
Data are most uniquely and naturally co-ordinated with those of 
C O D A T A . The report of this Commission (Trans. Intern. Astron. 
Union, 13A, 229-266, 1967) prepared for the last General Assembly 
of the IAU (1967) summarizes the general programmes dealing with 
spectroscopic data. 

The next General Assembly of the International Astronomical Union 
will be held at the University of Sussex, Brighton, U . K . , from 
18-27 August, 1970. 

2. INTERNATIONAL UNION OF CRYSTALLOGRAPHY (lUCr) 

At the Eighth General Assembly of the. International Union of 
Crystallography held at Stony Brook, U.S.A. , in August, 1969, 
Dr. F. W. Matthews, Corporate Planning Office, Canadian Industries 
Ltd. , P . O . B o x 10, Montreal 101, Quebec, Canada*, was elected 
to succeed Dr. Olga Kennard as Chairman of the IUCr Commission 
on Crystallographic Data . Dr . Matthews was subsequently nominated 
as the IUCr Member on C O D A T A . In this capacity he is succeeding 
Dr . Olga Kennard who has served as the IUCr Member since the 
formation of C O D A T A . 

Of the 13 commissions of the International Union of Crystallography, 
the aims of the Commission on Crystallographic Data , „to promote 
the collection and publication of crystallographic data, and to 
co-operate with other bodies working in the same field", are most 
uniquely associated with those of C O D A T A . 

Recent activities of the Commission have included the preparation 
of a memorandum on the publication of powder data in primary 
journals. A previous memorandum on single crystal data had wide-
spread influence in ensuring that all essential data are presented in 
an easily retrievable format; it is hoped that the new memorandum 
will have a similar effect. Revision of the single crystal memorandum 
is being considered in the light of new requirements. The Commis-
sion also initiated an international discussion on the desirability of 
publishing certain numerical data in primary journals and various 
alternative storage techniques, e.g., computer based data banks, 
document storage using microfilm and microfiche. The results of 
these discussions were considered at a joint meeting of the IUCr 
Commissions on Acta Crystallographica, Crystallographic Computing, 
Crystallographic Data , and Structure Reports, on the „Storage, 
Evaluation and Utilization of Crystallographic Data" , held during 
the Eighth General Assembly of the Union. 

In addition to the four IUCr Commissions mentioned above, those 
on International Tables, Crystallographic Nomenclature, and Neutron 
Diffraction are concerned with the work of C O D A T A . 

CODATA TASK GROUPS 
1. TASK GROUP ON COMPUTER USE 

Two new members have been appointed to the C O D A T A Task 
Group on Computer Use, as follows: 

Dr . B. V. Alexeyev, 
Computing Center, 
Academy of Sciences of the U.S.S .R. , 
Leninskiy Prospekt 14, 
Moscow, B-71, U.S.S .R. 

Dr . Olga Kennard, 
University Chemical Laboratory, 
Lensfield Road, 
Cambridge, U .K . 

The first report of the Task Group, entitled Automated Information 
Handling in Data Centers, has now been published as the first 
issue of the .CODATA Bulletin (see above). 

2. TASK GROUP ON DATA FOR CHEMICAL KINETICS 

The CODATA Task Group on Data for Chemical Kinetics has now 
been formed with the following membership: 

Chairman: Dr . Sidney W. Benson, 
Stanford Research Institute, 
Menlo Park, 
California 94025, U.S.A. 

Members'. Dr . D. L. Baulch, 
School of Chemistry, 
The University of Leeds, 
Leeds LS2 9JT, u T k . 

Dr . E. T. Denisov, 
Institute of Chemical Physics, 
U.S.S.R. Academy of Sciences, 
Vorobyevskoye Chaussee 2-b; 
Moscow V-334, U.S.S.R. 

Prof. J . E . D u b o i s , 
Laboratory of Physical Organic Chemistry, 
University of Paris, 
1, rue Guy de la Brosse, 
Paris 5e, F R A N C E 

Prof. J. Durup, 
Laboratory of Physical Chemistry, 
Orsay, F R A N C E 

D r . David Garvin, 
Institute for Materials Research, 
National Bureau of Standards, 
Washington, D . C . 20234, U.S .A. 

Present address: Central Technical Information Unit, 
Imperial Chemical Industries Ltd. , 
Imperial House, Millbank, 
London, S .W.I , U .K . 



TASK GROUP ON DATA FOR CHEMICAL KINETICS 

Members (cont.): 
. Prof. H. Har tmann, 

Institute of Physical Chemistry, 
University of Frankfur t , 
6000 F rankfu r t /Ma in 1, G E R M A N Y - B R D 

Dr . K . U . I n g o l d , 
Division of Chemistry, 
National Research Council of Canada, 
Ottawa 7, C A N A D A 

Prof. J . A . K e r r , 
Department of Chemistry, 
The University of Birmingham, 
Birmingham 15, U .K . 

Dr . Masao Koizumi, 
Tohoku University, 
Sendai, JAPAN 

Dr . T . W . N e w t o n , 
Los Alamos Scientific Laboratory, 
University of California, 
Los Alamos, 
New Mexico 87544, U.S .A. 

Prof. H . G . W a g n e r , 
Institute of Physical Chemistry, 
University of Göttingen, 
3400 Göttingen, G E R M A N Y - B R D 

SECOND INTERNATIONAL CODATA CONFERENCE 
On the Generation, Compilation, Evaluation and Dissemination of 
Numerical Data for Science and Technology will be held at St. 
Andrews, Scotland, f rom 7-11 September, 1970. 

The Conference programme will include: current activities of C O D A T A 
Task Groups; reports f rom new data centres; computer processing 
and transmission of data; output of data centres; computerized and 
automated storage and retrieval of data (data banks) and literature 
in data centres; industrial data; and the role of C O D A T A in a 
world-wide information network. In addition, working groups and 
panels will discuss specific problems in tha work of data centres and 
compilers. 

Organization of the Conference will be similar to that of the first 
International C O D A T A Conference: invited and selected papers will 
be presented, and organized panel discussions will take place in the 

mornings and evenings, while afternoons will be available for infor-
mal discussion groups, computer demonstration or recreation. Atten-
dance at the Conference will be limited to ca. 100, and the conference 
language will be English. 

The first notice, giving details of the programme, location, registra-
tion and reservation, and application forms are available from the 
CODATA Central Office. Applications should be returned not later 
than 1 March, 1970, to: 

Mr . N. H. Robinson, 
British National Committee on 
Data for Science and Technology, 
The Royal Society, 
6, Carlton House Terrace, 
London, S . W . 1, U .K . 

NEUTRON NUCLEAR DATA COMPILATION AND EVALUATION 
- PAST, PRESENT AND FUTURE 

J. J. SCHMIDT* 
Institut für Neutronenphysik und Reaktortechnik, Kernforschungszentrum, Karlsruhe, Germany - BRD 

other physics domains the terms „compilation" and 
have about the same meaning and are almost inter-

they have acquired quite different and distinct 
field of neutron physics and nuclear data. This 

ABSTRACT 

Whereas in 
„evaluation" 
changeably used, 
meanings in the 
peculiar distinction in the case of neutron physics data comes about 
in the main not only because of the very great numbers of those 
data but also because the accuracy available, even now after years 
of extensive research, is still not adequate enough to the stringent 
needs of nuclear reactor technology and other applied branches 
of nuclear physics. As a consequence, continuous centralized efforts 
of gathering the data are needed as an essential prerequisite to 
their effective comparison, evaluation and utilization. 

Thus in the field of neutron physics compilation means the gathering 
of experimental references and of experimental nuclear data contained 
in these references for a certain neutron reaction with a given nuclide 
in a given energy range. Today it involves in addition the storage 
and organization of the compiled information in computer data 
files; for this purpose data storage and retrieval programmes have 
to be prepared in order to satisfy various requests f rom the data 
files. Compilation also involves extensive extraction and document-
ation of information regarding experimental details (frequently un-
available elsewhere) and the publication of data compendia. 

Evaluation denotes the comparison and critical assessment of the 
compiled experimental data and the selection by some appropriate 
averaging procedure of a complete and self-consistent set of preferred 
values. Much more than that, the requirement of completeness, 
particularly for reactor physics purposes, involves the necessity of 
using appropriately parameterized nuclear theories and considerations 

of nuclear systematics to fill in gaps and to help to remove inconsis-
tencies in the available experimental information. Furthermore, the 
effective utilization of the evaluated data necessitates, as a large 
part of the whole evaluation effort, the development of computer 
libraries of evaluated data, together with a variety of associated 
computer programmes for data checking and handling, which serve 
as input to programme systems converting the evaluated data into 
forms suitable for use in nuclcar reactor and other applied nuclear 
physics calculations. As a final indispensable laborious part, eval-
uation includes careful and comprehensive written documentation. 

In response to the increasing demands of the nuclear community a 
world-wide organizational effort has developed particularly in the last 
ten years in the compilation and evaluation of all experimental 
information in the field of neutron nuclear data. Supraregional 
committees like the European American Nuclear Data Committee 
(EANDC) and its local subcommittees and more and more also the 
International Nuclear Data Committee ( INDC) have made substantial 
contributions to the international organization and co-ordination 
of this effort. At present the task of getting the bibliographic and 
experimental information systematically compiled all over the world, 
stored and distributed to a variety of customers is subdivided prim-
arily among four ccntres for neutron nuclear data at Obninsk in 
the U.S.S.R. (NDIC), at the IAEA in Vienna (NDU), through the 
ENEA at Saclay in France (CCDN) and at Brookhaven in the U.S.A. 
(NNCSC) with separate service areas. More and more these centres 
also provide for the storage and exchange of evaluated neutron 
nuclear data files originating from various laboratories all over the 
world. 

* Now Head, Nuclear Data Unit, International Atomic Energy 
Agency, Kärtner Ring II, A-1011 Vienna, Austria. 

3 



NEUTRON NUCLEAR DATA COMPILATION A N D 
EVALUATION - PAST, PRESENT A N D FUTURE 

Neutron nuclear data compilation and evaluation actually dates back 
as far as the Manhattan District Project during World War II. 
The nuclear data needs for the development of the atomic bomb 
started and forced a rather ambitious programme of measurement, 
compilation and evaluation of important neutron nuclear data for 
this project. Physicists as eminent as Enrico Fermi and Eugene 
Wigner were among the first nuclear data compilers and evaluators. 
At that time the data output of the experiments and thus the data 
handling problems were still rather small. In 1952 it was still possible 
for all information which had been gathered so far to be put to-
gether in one fairly small volume (1). 

It was at Brookhaven National Laboratory, at the instigation of 
the USAEC Neutron Cross Sections Advisory Committee, where the 
information for the AECU-2040 report had been compiled and the 
first systematic neutron data compilation activities been set up in 
what was to become the well-known Brookhaven Sigma Center 
under the vigorous guidance of Donald Hughes. Three years later 
in 1955 as an enlarged successor of the AECU-2040 report (1) 
the first edition of the well-known BNL-325 work came out (2) 
just in time for the opening of the First Geneva Conference on 
Peaceful Uses of Atomic Energy and gained world-wide distribution 
and acknowledgement through this conference. Whereas data com-
pilation in the U.S.A. before this conference had mostly responded 
to military purposes and demands, so from this conference on it 
became more and more directed towards peaceful applications. By 
the time of the Second Geneva Conference on Peaceful Uses of 
Atomic Energy in 1958 nuclear data information was almost com-
pletely released and in particular a second edition of BNL-325 was 
published (3). . 

This second edition of BNL-325 still represented a fairly comprehen-
sive review of available neutron data measurements mainly in the 
form of graphs with a few tables. The graphical display of measured 
neutron cross sections as a function of neutron energy over the range 
f rom about 0 to 20 MeV for most elements, and many isotopes from 
hydrogen to americium, with eye-guide curves through the experi-
mental data, highlighting the physical behaviour of the cross sections, 
found the particular interest of neutron experimentalists and reactor 
physicists throughout the world. At that time in the nuclear reactor 
field thermal reactor design was still predominant, and reactor 
physicists could find in BNL-325 tabulated best values of thermal 
neutron cross sections and fission parameters for the purpose of 
reactor physics calculations. Tables with resonance parameters for 
many isotopes were also given and served many fundamental and 
applied purposes in the nuclear community. However, the bulk of 
the neutron cross section data appearing in the graphs in BNL-325 
were not generally well-documented, and were not yet available in 
tabular form outside the Brookhaven Sigma Center. 

r 

In 1958 R. J . Howerton from the Lawrence Radiation Laboratory, 
Livermore, published in three volumes the results of an extensive 
several year's work on compilation of experimental neutron cross 
section data (4). Complementary in a sense to BNL-325, this publi-
cation contained experimental neutron cross sections in tabular form 
as a function of neutron energy, together with the experimental errors 
in energies and cross sections. This particular feature made it one 
of the widely used standard works on neutron cross sections in the 
years to come, of particular usefulness to neutron data evaluators for 
various applied purposes and to reactor designers. As in BNL-325 
the whole range of atomic weights was covered; neutron energies 
ranged from 1 keV to 14.5 MeV. In 1961 this work was comple-
mented by a similar tabular collection of available neutron scattering 
angular distribution data (5). 

As was indicated above, at the beginning of the nuclear reactor 
development in the fifties the interest was still centered on thermal 
neutron reactors and rather crude calculational methods; at that 
time only the rather limited amount of neutron nuclear data infor-

mation in the range of thermal and low resonance energies was 
essentially needed. Since the second half of the fifties and the 
beginning of the sixties the situation has changed completely. 
Neutron nuclear data compilation and evaluation rapidly evolved 
into a large international effort going on amongst various laboratories 
and centres. This has been the consequence mainly of the fact that 
interest has become more and more focussed on the development 
of fast and intermediate reactors, and thus on the much larger energy 
range between meV and MeV energies. Simultaneously the rapid 
computer development allowed and forced steadily increasing refine-
ments of the reactor theory methods; these went parallel with and 
were also provoked by the increasing refinements of the measurement 
techniques of experimental reactor physics. These refinements in 
reactor theory and experiment opened the possibility of much more 
detailed and reliable predictions of reactor physical properties with 
almost the only condition that the neutron nuclear data involved be 
known to sufficient completeness, detail and reliability over the 
whole energy range of reactor neutrons. Since then it has become 
indispensable that compilation and evaluation of neutron nuclear data 
for a given element or isotope should cover in a much more com-
prehensive way the whole neutron energy range from almost 0 to 
at least 15 MeV, and all possible neutron reactions occurring in 
that range. Moreover it has been increasingly recognized that the 
data must be available on punched cards or magnetic tape so that 
the computer can be used to prepare derived quantities (such as 
multigroup constants) needed for reactor calculations. 

As a matter of fact the neutron nuclear data field is concerned 
with the following data types (6): 

a) microscopic cross sections for all neutron induced reactions 
between 0 and at least 15 MeV (for example, (n,f), ( n . f ) , (n,n), 
(n,n ') , (n,p), (n ,a) , (n,2n) and other threebody break-up reactions), 
together with quantities involving cross section ratios such as 

/ onf : t»'d r i = v ' ' + a : 

b) angular distributions for elastically scattered neutrons and elastic 
scattering polarization data; 

c) angular and energy distributions for inelastically scattered neutrons; 

d) differential angular and energy dependent excitation data for 
outgoing neutrons, protons, tt-particles, gamma-rays, etc., out-
going combination of these particles; 

e) number, energy spectra and angular distributions of prompt and 
delayed fission neutrons and the half-lives of delayed neutron 
precursors; 

f) resolved and statistical resonance parameters, statistical distribu-
tions of resonance partial half widths and level spacings; 

g) Legendre polynomial coefficients of scattering angular distribu-
tions; 

h) nuclear temperatures and single particle level densities derived, 
e.g. , f rom neutron inelastic scattering to the „continuum" range 
of residual- nuclear energy levels and similar physically significant 
parameters derived by experimenters from their measurements; 

i) fission product yields and cross sections; 

j ) „clean" integral data having immediate application in experimental 
neutron physics and in evaluation. The principal types are average 
cross sections measured in well-defined neutron spectra, such as 
thermal reactor and neutron fission spectra, together with so-
called infinite dilution resonance integrals for neutron absorption 
and fission processes. 



In the second half of the fifties and later on the requirement 
mentioned above of a comprehensive nuclear data basis for reactor' 
calculations and other applied purposes and the increasing installation 
of large computers led to an increasing systematization of the eval-
uation efforts. Shortly after the edition of UCRL-5226, Howerton 
published a volume frequently used in later evaluation work of semi-
empirical curves of the most important neutron cross sections for 
almost all elements in the neutron energy range 0.5 to 15 MeV, 
which was based on the available still scarce experimental data and 
supplemented by inter- and extrapolations and by theoretical esti-
mates (7). 

Compilation and evaluation work was also going on in a number 
of the U.S. laboratories; among these Los Alamos, Nuclear Develop-
ment Corporat ion of America, General Atomic, Atomics Inter-
national and Hanford should be mentioned in particular. 

In Western Europe at about the same time, pioneering work in 
neutron data compilation and evaluation was done by two closely 
collaborating British groups headed by H. Parker at the Atomic 
Weapons Research Establishment, Aldermaston, and by J . S. Story 
at the Atomic Energy Establishment, Winfrith. At least in Europe 
these groups were the first to make comprehensive data compilations 
and evaluations, and to establish an extensive computer library of 
evaluated neutron cross sections in the energy range from 0.025 eV 
to 15 MeV for a large variety of nuclides most important for 
further applications particularly in reactor calculations (8). The work 
was shared between the two groups in the following way: Winfrith 
concentrated on thermal and resonance neutron cross sections, 
whereas Aldermaston was engaged in fast neutron cross sections. 
Somewhat later from 1960. on also in the German Nuclear Research 
Centre at Karlsruhe systematic compilation and evaluation work was 
started. Also Swedish and Italian research groups became engaged 
in evaluation work. 

In the beginning of the sixties also the Institute of Physics and 
Power Engineering at Obninsk in the U.S.S.R. entered the evaluation 
field. The results of this extensive work became widely distributed 
in the form of published tables of energy averaged group cross 
sections for many important nuclides (see for example (9) and (11)) 
and found useful application also in Western Laboratories. 

In the first stages of all these developments the necessary literature 
references and the data information contained in these references 
had to be collected as before by very cumbersome manual proce-
dures. Immediately huge gaps in the experimental information became 
apparent: for important nuclei the parameters of only few resonances 
were known, only few reliable data on neutron capture in reactor 
materials were available, the knowledge of inelastic level excitation 
cross sections was still very sparse, to give only a few typical ex-
amples. Simultaneously there was still no co-ordination between 
reactor evaluation, experimental and theoretical nuclear physicists: 
in particular, the nuclear physicists were not well-acquainted with the 
data needs of the reactor physicists. 

Already in 1956 the fact that most nuclear data measurements were 
being performed in the U.S.A. , U .K . and Canada, and the desire to 
co-ordinate more effectively the nuclear data efforts of these three 
countries led to the foundation of the Tripartite Nuclear Cross 
Section Committee (TNCC). With the increasing release of nuclear 
data information particularly from the U.S.A., beginning with the 
first Geneva Conference, and with the increasing nuclear data efforts 
in Western Europe, the need for collaboration with Western European 
Countries and laboratories became apparent. Thus in 1960, under 
the sponsorship of the ENEA, the European American Nuclear 
Data Committee (EANDC) was founded in which now all O E C D 
countries participate (12). The E A N D C meets at intervals of about 
nine months. 

The primary responsibilities of the E A N D C are the stimulation and 
.co-ordination of nuclear data research within the OECD area. 
In order to achieve these aims, one of the continuing most important 
actions of the E A N D C consists in the critical consideration of lists 
of requests for neutron nuclear data measurements, received from 

reactor and other applied nuclear physicists, which are compiled 
and sent to the E A N D C by the various national and supranational 
data committees in the O E C D area. These request lists specify the 
neutron nuclear data to be measured for given materials and energy 
ranges, and the desired experimental resolution, accuracy and priority 
according to the needs of the physicists involved in various national 
and supranational nuclear power development programmes. Recently 
a joint request list has been- produced and has been widely distri-

b u t e d among experimental physicists in the O E C D member countries: 
it is called R E N D A (Requests for neutron data measurements), and 
has been prepared by a computerized system which allows for rapid 
up-dating (13). 

In order to help fulfil these requests the E A N D C discusses and 
stimulates the development of measurement techniques and the 
establishing of . new experimental groups and facilities. It advises on 
the allocation of enriched isotopes and other special samples needed 
for the requested measurements. It simultaneously encourages the 
co-ordination and distribution of the experimental work along various 
research lines and according to the experimental capabilities and ex-
periences of the various laboratories. Upon the advice and recom-
mendation of EANDC, Euratom established the Central Bureau 
for Nuclear Measurements at Geel/Belgium as the European counter-
part of 'the American National Bureau of Standards and the British 
National Physical Laboratory. The Geel Centre is primarily concerned 
with nuclear standardization problems, precision measurements of 
neutron standard cross sections and data, and the fabrication, assay 
and isotopic analysis of targets and samples. 

Upon, the recommendation of the scientific council of the Internation-
al Atomic Energy Agency, an international group of experts in the 
neutron nuclear physics data field, with participants f rom Western, 
Eastern and Developing Countries, was first convened in Vienna 
in 1963. This group, known as International Nuclear Data Scientific 
Working Group ( INDSWG), met five times between 1963 and 1966 
and explored the possibility of an extension of the scope of E A N D C 
to a world-wide scale, concerning particularly the free exchange of 
information on neutron nuclear physics experiments and facilities, 
and of neutron nuclear data and bibliographic references amongst 
all countries concerned. A successful operation of the I N D S W G 
evolved rather slowly and led in 1967 to the foundation of the 
International Nuclear Data Committee ( INDC). According to its 
Terms-of-Reference this committee has „the dual purpose of serving 
as a means of promoting international co-operation in all phases 
of nuclear data activity of general usefulness to nuclear energy \ 
programmes, and of advising the Director General of the IAEA; 
in this field". In all those countries not directly represented in the] 
INDC, liaison officers are or will shortly be appointed to provide: 
communication links between the data activities in their countries, 
the Nuclear Data Unit ( N D U ) of the IAEA, and I N D C . 

Several large conferences have been held upon the recommendation 
and/or. with the sponsorship of the E A N D C and of the I N D S W G . 
Particular mention may be made of the Conference on Neutron 
Time-of-Flight Methods at Saclay in 1961, the Conference on Auto-
matic Acquisition and Reduction of Nuclear Data at Karlsruhe in 
1964, the International Conference on the Study of Nuclear Structure 
with Neutrons at Antwerp in 1965, and the IAEA Conference on 
Nuclear Data for Reactors in Paris in 1966. A second IAEA Con-
ference on Nuclear Data for Reactors will be held in Helsinki in 
June 1970; this will be the first Conference sponsored by the I N D C . 
These conferences, which covered both fundamental and applied 
aspects of neutron physics measurements, compilation and evaluation, 
had many merits, one of which was bringing nuclear physicists, 
compilers, evaluators, and reactor physicists together, and helping 
them to understand each other 's problems. 

As a primary result of all these international discussions and co-
ordination efforts, particularly those of the E A N D C during the last 
years, new experimental facilities, especially electron linear accelera-
tors and Van de Graaff machines, were built in many laboratories, 
and the experimental capabilities, especially the energy resolution, 
were very much improved. The consequence of this great progress 
on the experimental side has been a very large increase in thf 
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amount and quality of neutron nuclear data produced. With a strong 
neutron source like a modern electron linear accelerator, and high 
resolution experimental techniques like the neutron time-of-flight 
method, of the order of a few hundred resonances in individual 
nuclei can be resolved. A single measurement series in the resonance 
range commonly yields several thousand data points; for more im-
portant nuclei like Au 197 or Pu 239 quite a few such measure-
ments are available. One typical inelastic scattering experiment 
covers the cross sections for excitation of, say, ten different nuclear 
energy levels over a larger neutron energy range. One typical elastic 
scattering angular distribution measurement covers of the order of 
ten different angles at 20 or 30 neutron energies. This data ex-
plosion created a series of new problems, such as the necessity of 
on-line conversion of the experimental raw data into cross section 
data, or the computerized parametric analysis of neutron resonance 
measurements by the experimental physicists themselves. In particular, 
new ways had to be found in order to make this vast amount of 
reference and data material available to the reactor physicists in a 
rapid and useful way. 

It became rapidly apparent that the Brookhaven Sigma Center could 
not keep pace with the increasing production of neutron nuclear 
data both in Western Europe and in the U.S.A. and Canada. 
Recognizing this fact the E A N D C recommended in 1963 the creation 
of a centre for the compilation and dissemination of neutron cross 
section information and data in Western Europe and Japan (14). 
This recommendation was carefully explored and finally supported 
by a Study Group of experts convened by the European Nuclear 
Energy Agency (ENEA), and led in 1964 to setting up the Centre 
de Compilation des Donnees Nucleaires (CCDN) of the ENEA, near 
the Centre d 'Etudes Nucleaires at Saclay in France. In 1965 a 
co-operative arrangement was made between the ENEA and the 
U.S. Atomic Energy Commission for the exchange of information 
between Brookhaven and Saclay. 

In 1967 the Brookhaven Sigma Center, within the framework of the 
USAEC programme, was enlarged to the National Neutron Cross 
Section Centre (NNCSC) comprising now in one large unit the 
formerly dispersed compilation, evaluation and programming efforts. 
Upon the recommendation of I N D S W G in 1964, a Nuclear Data 
Unit ( N D U ) was created at the IAEA in Vienna, with the particular 
objectives of compilation and dissemination of neutron nuclear data 
in non -OECD countries, and of the exchange of such information 
between O E C D . and non -OECD countries. The increasing nuclear 
data measuring efforts in the U.S.S.R. necessitated in 1964, the 
creation of a Nuclear Data Information Centre (NDIC) at Obninsk, 
which serves similar purposes for the many laboratories in t heU.S .S .R . 
as does Brookhaven for North America, and which communicates 
through the N D U of the- IAEA with the Western centres. After 
improvements had been made in the regional organization of the 
compilation efforts and some restrictions to a free release and ex-
change of information and data, particularly between Western and 
Eastern countries, had been overcome, the international co-operation 
now proceeds in an increasingly satisfactory way, according to 
mutually agreed contracts between the four world nuclear data 
centres and their sponsors. The work of the centres is surveyed and 
guided respectively by local Centre Committees (NNCSC, C C D N , 
NDIC) , and by the I N D C (NDU) . During the last few years, Four-
Centre meetings have become a regular custom at which items of 
common interest are discussed in order to strengthen and improve 
the co-operation among the four centres. 

Concerning ' the technical tasks of the centres, one of the basic • 
purposes is the collection and dissemination of neutron nuclear data 
references. Originally many users of neutron data, in particular 
evaluators in various laboratories, had tediously built up their own 
reference indexes; much parallel and often not fully comprehensive 
work was done in this way. One of these indexing activities had a 
unique feature which later enabled it to be adopted and developed 
on a world-wide co-operative basis. This was the computerized 
reference index C I N D A (Computer Index of Neutron Data) first 
started in 1956 by Professor H. Goldstein and his collaborators at 
the Nuclear Development Corporat ion of America (later absorbed by 
United Nuclear Corporat ion) in the U.S.A. It was not until 1963 

that this work gained international recognition and that a systematic 
and co-ordinated scanning of the literature all over -the world was 
started and supported by a net of voluntary readers, individuals in 
many laboratories and other scientific institutions and in the centres 
themselves. The C I N D A 1 entries are collected and stored in the 
centres mentioned above, except that in the U.S.A. , the CINDA 
work is now centralized at the Division of Technical Information 
Extension (DTIE) at the Oak Ridge National Laboratory, and not at 
Brookhaven. Each year a print-out of the whole content of the 
C I N D A reference file is published and distributed to a large number 
of centre users throughout the world; in addition, half-yearly supple-
ments are published. The last edition of C I N D A as of May 1969, 
C I N D A 69 (15), contains about 60,000 entries corresponding to 
about 20,000 literature references; it also contains references to data 
evaluations and to theoretical articles and reports of interest in the 
neutron data field. Although coverage of the literature is not yet as 
complete as could be desired, there has been a steady improvement 
with each edition, and C I N D A is coming more and more into 
general use as a primary reference source, particularly by evaluators 
and in the experimental laboratories. The real importance of C INDA 
is that the number of journals and report series considered contain-
ing neutron nuclear data is now so large that it is no longer possible 
for individuals to maintain private indexes covering the whole field. 

The situation in the field of compilation of the data, being the 
second main purpose of the centres, is not yet so satisfactory. The 
data files in the centres contain now of the order of 10 data 
points, but neither the back-coverage of data sets is complete, nor 
are the centres yet keeping pace with the current production of new 
information. There are several reasons for this: At the best a large 
amount of time and effort is required to establish the suite of pro-
grammes needed for a computer based data storage and retrieval 
system in a fully operational way. In addition, historical reasons and 
the use of different computers at the four data centres have neces-
sitated the development of separate sets of programmes at each 
centre (NNCSC: SCISRS-I (16), C C D N : N E U D A D A (17), N D U : 
DASTAR (18), NDIC: programme without particular name known 
to the author (19)). For about two years, a new improved data stor-
age and retrieval system called SCISRS-II has been under develop-
ment, with the main initiative and work coming from the NNCSC, 
supported (for example, by attachment of staff) by the CCDN and 
N D U , and with particular emphasis on compatibility with various 
computer types. In order to facilitate the transmission of experi-
mental data between the four centres, a computer format for the 
centre-to-centre exchange of experimental data and associated char-
acteristic physical information has been developed in a joint effort 
by all four centres, the main characteristics of which were est-
ablished at the last Four-Centre Meeting in Vienna in December 1968. 

In February 1969, tHe IAEA convened a Panel on Neutron Data 
Compilation at Broojkhaven, with the principal objective of reviewing 
the capability of the four centres to meet the data demands of the 
nuclear community, consisting of theoretical and experimental neutron 
physicists, evaluators, reactor physicists, and other existing and 
potential users (10). Recognizing the fact that with the present 
available manpower the centres could not compile the data in an 
encyclopaedic way, the Panel identified the following areas of data 
which are likely to be of special importance in the next few years, 
and should therefore be covered most comprehensively (6): 

a) data for fissile and fertile nuclides, 
b) data relating to cross section standards, 
c) data for reactor structural and coolant materials, 
d) data for shielding materials, 
e) data for transactinium nuclides produced during realtor operations. 

It is hoped that the Panel can serve as a base from which to launch 
a vigorous campaign to promote effective use of the facilities that 
the four data centres can now provide. In the future, these should 
be extended so that dissemination of information is as prompt and 
effective as possible by modern means, and so that a variety of ser-
vices can be provided which will give the best possible knowledge of, 
or comparison with, all existing information. The aim of these 
measures is to provide utmost incentive to all experimental neutron 
physicists for the immediate release to the data centres of all publi-
cizable results. 
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For historic, reasons, the development of the C I N D A reference file 
has been separate f rom the development of the various data storage 
and retrieval systems. Efforts are continuing in the data centres 
to deal with the general problem of correlating the contents of the 
data libraries with the appropriate entries in the C I N D A reference 
file. 

In the field of evaluation of neutron nuclear data, international 
co-ordinat ion is still rather poor. As in the beginning most of the 
evaluation work is still performed in national laboratories in close 
contact to national reactor and other technological development 
programmes. In order to keep pace with the steadily increasing 
amount of the available compiled data information, the evaluation 
effort in the last few years had to be much intensified in the already 
existing groups. In addition, quite a few new groups were created 
which work partly in close bilateral co-operation or contact with 
the already existing groups. Such co-operation developed for ex-
ample between a French group at Cadarache and the British groups 
at Aldermaston and Winfrith, between a group at the Technion 
Institute at Haifa in Israel and the German group at Karlsruhe. 
In the U.S.A. , the national evaluation effort has become better 
co-ordinated and is now concentrated in the Cross Section Evaluation 
Working Group (CSEWG). This group was founded in 1966, its 
work is directed by the Brookhaven NNCSC, and its members come 
f rom about 15 different laboratories and industrial firms, each re-
presenting small evaluation groups (20). In the U.S.S.R. , the N D I C 
acquired a similar role: part of its function is to co-ordinate the 
scientific work in the U.S.S.R. on the measurement and evaluation 
of nuclear data (19). 

Today many of the larger nuclear laboratories in the world have 
comprehensive computer libraries of evaluated neutron data. Formats 
which found particularly wide distribution are those developed at 
Aldermaston and Winfrith in the U . K . ( U K N D L = United Kingdom 
Nuclear Data Library (21)), at Brookhaven in the U.S.A. ( E N D F / B 
- Evaluated Nuclear Data File B (22)) and at Karlsruhe in Ger-
many (KEDAK - Karlsruhe Evaluated Nuclear Data File (23)). 
The NNCSC, C C D N , and N D I C have taken over the task to 
compile, store, and distribute upon request, evaluated data files 
in their respective service areas; exchange of evaluated data through 
the N D U at Vienna is only in its beginnings. It is to be hoped 
that, as already with experimental neutron data, the free exchange 
of evaluated data throughout the world will become possible. 

Regarding evaluation work in the neutron data centres, so far larger 
efforts have only been undertaken by the NNCSC, and by the N D I C . 
Less work, with an emphasis on neutron standard cross sections, 
has been performed by the N D U (review work on the 2200 m/sec 
constants for the main fissile nuclides (24) in collaboration with 
physicists f rom Canada, the U .K . , and the U.S.A.) , and by the 
C C D N (review work on the L i 6 (n , a ) cross sectioiji (25) in col-
laboration with some Swedish physicists). 

Some of the evaluation work mentioned above has been extensively 
documented in tables, graphs and physical descriptions. A fairly 
comprehensive review' of references for"presently (1969) available 
neutron nuclear data evaluations may loe found in Newsletter N o . 9 
of the Saclay C C D N , which succeeded corresponding reviews in the 
Newsletters No. 5 and No. 7 of the C C D N for 1967 and 1968, 
the first systematic survey being given by K. Parker et al. (26) in 
1966. Particularly illustrative examples are given by the comprehensive 
documentat ion of the Aldermaston/Winfri th (see, e.g., (27)), and of 
the Karlsruhe (28) evaluations and data libraries. The most recent 
editions of the well-known BNL-325 work mentioned 'above (29) 
represent a substantial step towards a comprehensive documentation 
of compiled experimental data, and also involve much data evaluation; 
they comprise as the earlier editions the whole range of atomic 
weights. , , , , , 

Computerized automatic evaluation is still in the beginning.j Recently, 
a group at Atomics International, in co-operation with IBM; has 
begun to develop semi-automatic evaluation procedures in a program-
me called SCORE (30). This programme uses graphical display units 
developed by IBM, and allows continuous man-machine interaction 
during evaluation. The experimental data information stored in the 
computer can be made visible in tabular or graphical form on a 
screen, and can be changed, deleted, corrected, and averaged in least 
squares or spline fits by light pen or typewriter manipulation in 
desired, programmed ways. This procedure, although still expensive 
in its present form, promises to replace successfully the eye-guide 
curves drawn previously through experimental data sets, and, in addi-
tion, should considerably speed up the evaluation process in appro-
priate cases. 

In conclusion, the experience in the last decade has been that the 
evaluation task in the neutron data field is very hard due to the 
large amount of data to be handled and the sheer quantity of work 
to be done, which is still not satisfactorily counter-balanced by an 
adequate number of skilled people working on evaluation and by an 
effective co-ordination of the existing evaluation efforts. The evalua-
tion task is made still harder by the large systematic errors and 
discrepancies encountered in many of the available, even modern, 
experimental data sets, despite the great and continuing progress in 
the experimental techniques. On the other side, the reliability require-
ments for the evaluated data of the data users in the reactor and 
other applied fields have been increasingly strengthened in recent 
years. While the bare calculational basic data input needs, at least 
for the most important nuclides and neutron cross sections, are satis-
fied to a fair degree by the existing main computer libraries of 
evaluated neutron data, the confidence level of theoretical design and 

.prediction in the field of nuclear technology based on these evaluated 
data libraries, although certainly not exclusively due to data un-
certainties, is still not to be considered satisfactory, and necessitates 
much more detailed investigations, particularly of important neutron 
cross sections and standards. This entails that merits and faults 
of individual experimental results are understood in greater detail, 
and judged to a higher degree of confidence, than was- usually the 
case before. Certainly, it is the experimental physicist himself who 
is genuinely suited for a critical assessment and comparison of his 
own results with those of his colleagues, and for the explanation 
of observed discrepancies, however difficult in individual cases these 
tasks nowadays might be. The evaluator, if it is not the experi-
mentalist himself, is supposed to draw attention to, and to comment 
critically and to the best of his knowledge on, discrepancies in 
experimental results, taking the assertions o f ' nuc l ea r theory and 
systematics into consideration. Nevertheless, while being in a worse 
position to resolve discrepancies than the experimentalist, the eval-
uator is expected to choose a reasonable average in the case of 
conflicting data, to assign realistic errors, and to complement and 
improve existing evaluated data files. In this situation, a much closer 
co-operation and co-ordination of the efforts of experimental phy-
sicists, compilers and evaluators, in close contact to and with effec-
tive response to the needs of the nuclear communi ty .as a whole, 
will be required over the next years. In this respect, the four neutron 
data centres are expected to play an increasingly important role in 
the future. 

For careful reading of the original wording and many helpful and 
constructive criticisms and suggestions, which were thoroughly con-
sidered and in. part directly incorporated in the revision of the first 
manuscript, the author is gratefully indebted to J.S. Story, A.B. 
Smith, R. F. Taschek and L. Stewart f rom the laboratories, to 
V. J . Bell, M. Goldberg, W. M. Good, and several of their col-
leagues f rom the data centres, and to the present Chairmen (1969) 
of the international data committees, G. H. Kinchin ( INDC) and 
P. H. Weinzierl (EANDC) . 
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