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【【【【abstract】】】】 A web-based nuclear data service software system, NDOS ( Nuclear Data Online 
Services), has been developed and released in Sep. 2001. Through the Internet, this system 
distributes charge of free 8 international nuclear databases: 5 evaluated neutron databases 
(BROND, CENDL, ENDF, JEF and, JENDL), Evaluated Nuclear Structure and Decay File 
ENSDF, Experimental Nuclear Data Library EXFOR database and IAEA Photonuclear Data 
Library. A software package, NDVS (Nuclear Data Viewing System), facilitates the visualization 
and manipulation of nuclear data. The computer programs providing support for database 
management and data retrievals are based on the Linux implementation of PHP and the MySQL 
software. 
 

 
 

   Introduction 
   Nuclear data cover both the properties of nuclei 
and the fundamental law governing nuclear 
interactions. The major nuclear databases are 
developed by the network of co-operating Nuclear 
Reaction Data Center and held by the IAEA. The 
most comprehensive collection of nuclear data, more 
than 100 nuclear databases, are available free of 
charge to scientists in IAEA member states on 
computer media or online through the Internet 
(Worldwide Web, Telnet, FTP), like most of the other 
nuclear data centers[1]. The data bank of the OECD 
Nuclear Energy Agency maintains large databases 
containing bibliographic, experimental and evaluated 
nuclear data and makes these databases available to 
scientists in Member countries. Those databases are 
maintained in close co-operation with other nuclear 
data centers and allowed interactive retrieval of the 
data using web-based technology[2]. Through the 
Internet, NNDC (National Nuclear Data Center , 
U.S.A.) offers extensive bibliographic, experimental 
data, and evaluated data files[3]. The Nuclear Data 
Center at Japan Atomic Energy Research Institute 
mainly develops Japanese Evaluated Nuclear Data 
Library (JENDL) and offers the online data 
services[4]. Many very useful nuclear data instruments 
and software packages，such as the Nuclear Data 
Viewer[5] of Los Alamos, the JANIS[6] of the NEA 
Data Bank, the NDX[7] of the RFNC-VNIIEF (in 
Russia), the ZVView[8] of the IAEA and the Nuclear 
Reactions Video[9] of the JINR (in Russia)，were 
developed and offered by the different labs and 
nuclear data centers.  

   Since 1990’s, the Internet services in China in 
nuclear field have grown step by step. Many of 
Chinese nuclear institutes, companies and 
departments of universities have constructed their 
own networks to offer different nuclear information 
services. But before 2000’s for the numerical nuclear 
data, the users only can be served by different data 
dissemination services from the China Nuclear Data 
Center (CNDC), using different media such as 
ordinary mail for hardcopies of documents, PC 
diskettes, magnetic tapes, CD-ROMs, e-mails with 
attached retrieval data or electronic documents. But 
most of Chinese users and the public have limited 
access to the nuclear data information service of the 
international community over the Internet due to two 
barriers: one comes from the excessive international 
network traffic during working hours, the other is that 
most of Chinese users have to pay high international 
traffic cost of the Internet. In order to change this 
situation, a new project was sponsored and funded in 
the beginning of 2001 by the Minister of Education 
of China[10]. Its primary goal is to distribute 
international major nuclear data libraries via the 
Internet networks and to facilitate the visualization 
and manipulation of nuclear data by developing a 
web-based nuclear data services software system 
named as Nuclear Data Online Services (NDOS). 
   The following two sections will introduce main 
features of database support system and data services 
on the NDOS web site. The section IV will provide 
information on a plotting software, Nuclear Data 
Viewing System (NDVS). The last section gives the 
concluding words. 
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1  Design and Features of the NDOS 
   The NDOS software package has been developed 
since 2001 and can be divided into three parts: 
relational nuclear databases, database administration 
tools, and data service software. The relational 
databases of the NDOS software integrated and 
stored large amounts of diverse source data from the 
evaluated data and experimental data libraries. In the 
original databases, these source data are saved as the 
ASCII textual files in different standardized formats. 
For example, the evaluated nuclear reaction data are 
stored in ENDF (Evaluated Nuclear Data File) format 
which provides a comprehensive way to restore and 
retrieve these data. These format systems are 
generally too complex for a non-specialized user. The 
NDOS software makes a more general approach to 
the system design and development. Its software 
platform is based on the advanced relational database 
management system (RDBMS). Common design of 
tables and relations of new relational databases just 
keeps logical structure of those original data. The 
nuclear data not in original standardized formats from 
source libraries were loaded into the designed 
relational databases which are convenient for the data 
retrieval programming as well as visualization and 
manipulation of data. The user of this relational 

system can easily get access to numerical and 
graphical representations without prior knowledge of 
the storage structure. The NDOS also can easily 
reconstruct nuclear data in original standardized 
formats from the relational databases.  
   The web site (http://ndos.nst.pku.edu.cn/) of the 
NDOS offers access to 8 main international nuclear 
databases: 5 ENDF data bases for evaluated data, 
ENSDF for nuclear structure and decay data, EXFOR 
for experimental data and the international 
photonuclear data files. The ENDF, ENSDF and 
photonuclear data files also include on-line plotting 
capabilities. They offer some flexibility for the 
comparison of different nuclear data sets and on-line 
processing of the nuclear data and information. All of 
these services are available 24 hours a day, 7 days a 
week. Users may obtain an overview of the online 
services without receiving any authorization. The 
web page of the NDOS is shown in Fig. 1. The 
version 1.0 of this software was tested and released in 
Sep. 2001, which included the ENDF format 
evaluated library JENDL3.2 and on-line plotting 
display of the cross-section data. In May 2002, the 
version 2.0 was released and included all of five 
ENDF format evaluated neutron data libraries, the 
ENSDF library, the EXFOR library and the 
international photonuclear data library. 

 
 

 
Fig. 1  Web page of the Nuclear Data Online Services (NDOS) 
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   The computer programs providing support for 
database management and data retrievals are based 
on the Linux implementation of PHP and the MySQL 
software, the SQL-compliant RDBMS. PHP language 
is used for common software development, including 
programs for data loading and updating, as well as 
programs for access to the data through Web. The 
platform for nuclear data and services in this system 
are platform independent in the wide sense 
(independent of type of computer, operating system 
and RDBMS). Some management functions of this 
system such as database adding, data loading and 
updating can be remotely implemented. The main 
server of this web site is maintained and hosted by 
the IHIP (Institute of Heavy Ion Physics) of Peking 
University. A small group of the IHIP, a trio of 
undergraduates, graduates and professors, has 
developed the software system and is also responsible 
for providing the site hardware and networking 
supporting.  
 
2  Online Nuclear Data Libraries on  
   the NDOS web site 
 
   The web-based services of main nuclear data 
libraries on the NDOS web site are as follows. 
2.1 Evaluated Nuclear Reaction Data Libraries 
(ENDF libraries) 
   Evaluated data sets are produced through 
evaluating the available experimental data, normally 
complemented by nuclear model calculations. For 
evaluated neutron data on the NDOS web site, there 
are five major evaluated libraries originating in 
different countries: BROND-2.2 (Russia), 
CENDL-2.1 (China), ENDF/B-VI (USA), JEF-2.2 
(Europe), and JENDL-3.3 (Japan). These libraries 
cover the neutron energy range from 10-5 eV to 20 
MeV with high degree of completeness[1].    
   The retrieval page of evaluated data files on the 
NDOS web site is shown in Fig. 2.  It is easy to 
request all of numerical data from these libraries 
according to nuclide (material), reaction and library. 
The numerical data can be given in the ENDF format 
or listed into pointwise files. Users can construct 
some of plots containing evaluated data such as cross 
section and angular distribution. 
2.2 Evaluated Nuclear Decay Data Library 
(ENSDF library) 
   Nuclear structure and decay data refer to the 
properties of single nuclide, such as mass, excitation 
energy, spin and parity, half-life, mean decay energies, 
decay modes, nuclear level properties, energies and 
intensities of Gamma-rays and emitted particles, etc. 
The major library is ENSDF (Evaluated Nuclear 

Structure Data File) which includes more than 2500 
evaluated experimental data. After entering a mass 
number or a nuclide, users can quickly retrieve the all 
data from the ENSDF library on the NDOS web site. 
The output data files can be chosen as ENSDF format 
data files, decay data tables, evaluated nuclear 
structure drawing and tables made by the program 
ENSDAT. The decay data table of one retrieved 
dataset lists decay energy and absolute intensity for 
every β radiation and γ radiation. Fig. 3 shows the 
data table including some decay data for the EC 
decay from 26Mg to 26Al. 
   The program ENSDAT (Evaluated Nuclear 
Structure Drawings And Tables), released by the 
Brookhaven Science Associates, Inc., can be used to 
produce the PostScript file of tables and drawings in 
a form similar to the Nuclear Data Sheets. For each 
dataset of the ENSDF evaluated experimental data, 
all possible tables, band drawings, and gamma 
drawings are produced and stored into a PF file and a 
PDF file using the program ENSDAT. Users can 
easily retrieve these tables and drawings from the 
retrieval page of the ENSDF online service. One 
example of plotting of the decay scheme using the 
retrieved data from ENSDF library is shown in Fig.4. 
2.3 Experimental Nuclear Reaction Data Library 
(EXFOR library) 
   The EXFOR (Exchange FORmat) database 
contains experimental nuclear reaction data mainly 
for incident neutrons. This library also contains 
experimental data’s bibliographic information, like 
experimental facility, method, detector, source of 
uncertainties etc. Users may specify a reaction (or a 
desired residual nucleus and projectile) and the 
program NDOS will generate a list of data sets which 
satisfy the retrieval criteria. The user may select to 
see and/or save all or some of those data sets in 
original EXFOR format. The users can see those data 
sets in a computational format which is more suitable 
if the data are to be processed by the user's own 
programs. One example of EXFOR retrieval page 
from our database for all reaction channels of 
element Al is shown in Fig.5. But so far the 
experimental data (EXFOR) online graph has not 
been offered. 
2.4 The International Photonuclear Data Library 
   Photonuclear data describe interactions between 
photons and nuclei. These data are very useful in 
different fields such as radiation shielding, 
radiotherapy and inspection technologies. The IAEA 
initiated a project on Compilation and Evaluation of 
Photonuclear Data in 1990’s. The project included all 
active groups in compilation and evaluation of 
photonuclear data and produced the IAEA 
Photonuclear Data Library[11]. This Library includes 
evaluated cross sections and emission spectra data for 
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164 isotopes for incident photons with energies 
mostly up to 140MeV. The IAEA website supplies 
these recommended files in ENDF format, graphical 
presentations in PDF and other files from 6 
national/laboratory libraries[12].  
   All data of the IAEA Photonuclear Data Library 

has been rebuilt into the NDOS built-in relational 
database. Users are allowed to online-retrieve all of 
these data in ENDF formats and pointwise files. The 
cross sections are plotted using the online retrieved 
data. Fig. 6 shows an example of the retrieval pages 
of the International Photonuclear Data Library. 

 
 

 
Fig. 2  ENDF retrieval page 

 

 
Fig. 3  Example of a database retrieved form on NDOS web page: ENSDF 
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Fig. 4  Plotting of decay scheme using retrieved data from ENSDF library 

 
Fig. 5  Example of a database retrieved form on the NDOS web page: EXFOR 

 

3  Nuclear Data Viewing System  
   One useful software package, Nuclear Data 
Viewing System (NDVS), has been developed and 
helps users access to all of the international evaluated 
databases on the NDOS system. Users are allowed to 
make online plots and over-plots for the evaluated 
cross section data retrieved from our different built-in 
nuclear databases, including BROND, CENDL, 
ENDF, JEF，JENDL and IAEA Photonuclear Data 
Library. The over plots mean that a selected cross 
section may be plotted on the same plot from one or 
more libraries. Users can use a scrolling list to select 

one or more library sets to be plotted. The ranges, 
titles and scales of  X- and Y-axes are easily chosen 
and changed. The axes (X,Y) can be set as either 
linearity or logarithmic and the default is linear. 
Logarithmic graphs do better job for the cross 
sections. Whose values is in large range. These plots 
and overplots can be saved as high-quality Postscript 
graphs or GIF images and then shipped to user’s 
computer. Users can easily see these graphs and print 
them on their own printer. Fig.7 shows the cross 
section curves for 56Fe(n, total) reaction for the 
neutron data online-retrieved from five evaluated 
libraries, using different color curves to draw the 
different data sets. 
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Fig. 6  Example of the retrieval pages of the International Photonuclear Data Library. 

 

 

Fig. 7  Example of plotting for retrieved neutron cross-section data from five ENDF libraries: BROND, CENDL, 

JEF2.2, ENDF, JENDL3.3. 

 
   Angular distributions of secondary neutrons are 
given for the particles resulting from (n,n), (n,n’), 
(n,2n), and other neutron emitting reactions in the 
evaluated libraries. These data are widely used and 
presented in File 4 in ENDF format libraries. 2-D 
plots of angle distributions for secondary particles, 

using the data retrieved from our nuclear databases, 
can be obtained using the program NDVS and 
viewed on the screen of user’s local computer by 
using an auxiliary application without any 
preimposed resolution limits. The absolute 
differential cross section and normalized probability 
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can be separately plotted for every element and 
isotope. Fig. 8 shows an example of online plotting of 
the angular distribution data for 27Al(n, n’) retrieved 
from the JENDL3.3 database and Fig.9 the angular 

distribution for the same reaction at E=5.0 MeV. 3-D 
perspective plots, such as angular distributions vs. 
incident energy or secondary energy distributions vs. 
incident energy, will be developed and released later. 

 

 

Fig. 8  Plotting of the angular distribution data for 27Al(n, n’) from the JENDL3.3 database 

 

 
Fig.9  Angular distribution of emitted neutrons for Al27(n, elastic) reaction at E=5.0 MeV. 
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4  Conclusions 
   The current version of the system NDOS 
described above has offered the online services of 8 
international nuclear data libraries. The future 
developments are ongoing for adding more new 
databases into the relational databases and then offer 
better online services. The future online service 
system  will include the CINDA (Computer Index of 
Neutron Data), FENDL (Fusion Evaluated Nuclear 
Data Library) and the charged-particle cross section 
data files etc. The basic functions of the software 
package NDVS would be expanded in the near future. 
For example, this online-plotting software will allow 

users to plot 3-D figures to enter their own numerical 
values, such as experimental data or theoretical 
points, to be plotted together with curves or data from 
the evaluated databases.  
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