
WPEC Subgroup 30:

Quality improvement of the EXFOR database

Status report June 2008

Arjan Koning

NRG, Petten, The Netherlands

Introduction

The retrieval of experimental data from EXFOR runs the danger of becoming a delaying factor
in contemporary data evaluation. Therefore, SG-30 was founded, which is is a subgroup that
aims to establish EXFOR as an easy accessible and correct database, with as most important
spin-off a computational database that contains the entire EXFOR in easy-to-use tabular format.
This will enable

- a huge increase in efficiency for the use of experimental data in data evaluation,

- easy and extensive validation of nuclear model codes,

- more feedback from users to the Data Centers to correct data.

To reach this goal, SG30 will focus on the following activities:

- attempt to translate (almost) the entire EXFOR database into computational format,

- Solve the most obvious quantitative errors, using checking codes, plotting packages and
comparisons with model codes,

- Identify data which are stored incorrectly and attempt to harmonize the format.

In this document, the status of SG-30 after 1 year will be presented. Before we do that, we here
list the most important internet information:

- SG30 mailing list: sg30@nea.fr



- SG30 website at NEA: www.nea.fr/html/science/SG30

- IAEA repository of entire EXFOR and computational format (XC4) databases: www-
nds.iaea.org/x4toc4-master

Progress in 2007-2008

On April 20, 2007, Subgroup 30 was endorsed at the WPEC meeting. After discussion, the most
important change relative to the initial proposal was to remove quality flagging of individual
data sets from the official SG30 activities. In the following month, initial emails to probe the
interest in SG30 were sent. A lot of moral support for this was received. The mailing list
sg30@nea.fr was created, which currently has about 40 members. About 150 emails have been
sent to the list so far.

In June 2007, a first important step towards more X4 user-friendliness was taken by Viktor
Zerkin (IAEA), who translates the entire X4 database into the so called XC4 format, a conve-
nient extension of the C4 format that has been in use for years now. Use is made of X4toC4,
a code maintained by Andrej Trkov, to perform this translation. The IAEA is now regularly
providing updated versions of both the entire EXFOR master database and the computational
database to SG30, so that plotting, checking and nuclear model codes of EXFOR users can fre-
quently be re-run with a new version of the database. The databases are available at the IAEA
website mentioned above. The latest version is from May 7 2008.

Out of this XC4 database, a directory structured database (see Appendix) can be created (Arian
Koning). In the process, a simple checking filter can be applied to find the most flagrant errors.
A first list of such errors has been sent to the IAEA in July 2007, after which Otto Schwerer
and Svetlana Dunaeva corrected all cases where this was necessary.

Various other error reports were sent to both the IAEA and SG-30, among others by Alexander
Konobeyev, Stepan Mashnik, Helder Duarte, Emmeric Dupont, and Sylvie Leray. As mentioned
above, some of these errors emerged for the first time, as a filtering product of the automatic
checking of new computational databases. Others were encountered by users who were inter-
ested in particular data. Svetlana Dunaeva and Otto Schwerer have taken care of most of these
errors in the meantime.

Emmeric Dupont (CEA) has performed various statistical checks on the entire collection of
tabulated data. This includes calculation of cross section averages over many data sets and
individual deviations from that average. This allowed to identify various problems, mostly in
the categories of dimension errors or wrong units. A set of tables with possible problems have
been added as Appendix.

Nicolas Soppera and Henriksson (NEA) have used the Janis package to read in raw X4 data and
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produce C4 tabulated outputs. This is all available on the NEA SG-30 website.

Alexander Konobeyev (FZK) has done large-scale model versus X4 comparisons with the AL-
ICE and TALYS nuclear model codes, for thousands of reaction channels. Obvious problems
on the X4-side have been reported to the NRDC.

On October 10-11 2007, the first SG-30 meeting was held at IAEA (see Appendix for the
meeting minutes). All issues mentioned above were discussed. In addition, high-energy data
testing is taking place at CEA (Jean-Christophe David and Sylvie Leray), showing consistency
problems for the storage of residual yields and double-differential spectra. A final issue under
study is the possibility to consistently distinguish between systematical and statistical errors
(Ohtsuka, JAEA/IAEA)

The current claim is that 91% of the X4 database can be translated into the computational XC4
format. Out of this, about 80% has been translated into a directory-structured (reaction-by-
reaction) database by Arjan Koning. One of the Appendices gives the current content statistics
of EXFOR.

Translation now includes, cross sections, differential spectra, double-differential spectra, angu-
lar distributions, number of fission neutrons, fission yields, resonance parameters, and ratios.
Not all of the resulting datasets have been tested however.

Plans and possibilities for the second year

The most error-free X4 database can probably be obtained by using as many different, indepen-
dent checking methods as possible: through automatic chi-2 based comparison with models,
statistical methods, visual inspection, etc., using many different translation and database man-
agement codes. Some of the activities mentioned below have been announced by volunteers or
have been suggested by others to be valuable additions to the working program. We hope these
can be performed in the second year of SG-30:

Robin Forrest (UKAEA): general cross section input, on the basis of comparison with the
EAF X4-derived database, and advice on the issue of isomeric versus ground state data,

Boris Pritychenko (BNL): Sigma web interface for testing the quality of X4,

Dorothea Wiarda (ORNL): database management in relation with X4,

David Brown (LLNL): python package x4i to read X4 and put it into python data struc-
tures. This route also finds X4 bugs,

Emmeric Dupont (CEA): Use of Inter (BNL Checking codes) to check the quality of
resonance integrals.



Actual implementation of these plans would be very helpful, as well as additional independent
tests of the current X4 library.

As for X4 in computational format, Viktor Zerkin is currently investigating the issue of data
sorting, to get e.g. all equal Legendre coefficients or emission energies in one data block, which
seems to be the last major step for the creation of a full user-friendly database. With this, the
issue of inconsistently stored reaction data, i.e. under the wrong X4 identifier, is of course not
yet solved. Hoever, almost all data is now at least accessible for testing. To solve the remaining
format problems, the above mentioned list of different checking routes is indispensible.

Summary

SG-30 is well underway. Basically all milestones and deliverables (See Appendix) foreseen in
the original working plan have been met. Now that almost the entire EXFOR database is avail-
able in computational format, the second year will mostly be devoted to extensive checking of
the data in as many different ways as possible. The previous section lists some of the partici-
pants that could contribute to this. A continuously ongoing activity is the reporting of errors to
the data centers, after which corrected versions of the entire database can be made available to
SG-30.

As final product, a significantly improved X4 database, and related computational databases,
can be expected in May 2009.
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1. General

The first meeting of Subgroup 30 of the NEA/OECD WPEC on the Quality improvement of
EXFOR was held at IAEA Headquarter in Vienna, Austria, on 10-11 October 2007. These
discussions followed on from a meeting of the International Network of Nuclear Reaction
Data Centers Network (NRDC) to ensure input and comments from the centres maintaining
the EXFOR database.

2. Presentations and related discussions

A. Koning presented the general objectives of SG30 to the members of the NRDC0 as
formulated in the proposal to WPEC. A general discussion followed on the objectives and
planned activities of SG30.
A. Koning provided a list of "problems" he has recently encountered in analyzing the
tabulated form of EXFOR provided by V. Zerkin. Not all of them turned out to be errors.
Instead some of them are allowed within the EXFOR format. The tabulated ("C4" or "T4"
formats) file extracted from EXFOR via a translation tool developed by V. Zerkin has been
available to SG30 participants since mid-2007. Work is in progress in order to improve the
translation capabilities.
A. Mengoni suggested inclusion of an estimate of the level of completeness of EXFOR in the
work plan of SG30 (SG30 work plan did not include this task). This proposal was approved.
A. Mengoni, together with S. Dunaeva and other IAEA/NDS staff will investigate how such
an estimate can be made. The current estimates are 85% of all incident neutron measurements
are contained in EXFOR and about 25% are compiled for incident photons.

P. Oblozinsky gave a short overview of related activities at NNDC that are planned in the
coming years. One central issue is the Global Nuclear Data Initiative (GNDI), which
integrates nuclear data evaluations and validations into one automated computational scheme.
Clearly, a good-quality EXFOR file plays an important role in such an initiative.

V. Zerkin presented another intermediate EXFOR format, which he calls XT4 ("extended
T4") representing a more readable version of the original EXFOR file in which the data are
properly aligned in colunms. There is 100% conversion from the original EXFOR file to the
XT4 file. Another important issue is the conversion of EXFOR to a table in numerical format
- the C4 file. Currently, the conversion ratio is about 50%. If the entire reaction dictionary is
used for the X4toC4 code, a conversion ratio of 93% can be achieved. This conversion can be
done, but the results have not been tested. V. Zerkin will continue to work on increasing the
conversion ratio from the current 50% and testing the results.

H. Henriksson and N. Soppera presented the plans of the NEA Data Bank for SG30. A
website has been set up: ww~v.nea.fr/science/wpec/SG30. Although the NEA tabular format
(which is different from C4) is unlikely to be further exteuded, the NEA will focus on reading
EXFOR directly with the JANIS tool. The success of this translation route will be tested by
NEA producing data in C4 tabular format running JANIS in batch mode. The results can then
be compared with the X4toC4 route, which will be of benefit to all parties. The production of
tabular formatted files will be initiated by the NEA in the coming months.

N. Otsuka presented work on EXFOR undertaken in Japan, primarily by JAEA and Hokkaido
University. There is an EXFOR-related website available: www.jcpr~.or~/exfor. His
presentation addressed two important points for SG30: (1) storing uncertainties in a well-
defined manner - as a simple example, he showed the problem in distinguishing between
systematic and statistical uncertainties in EXFOR; (2) storage of residual products from high-



energy reactions - there is the option of storing them as one product per subentry or by using
the ELEMiMASS keyword (no clear preference could be inferred from the discussions).

S. Dunaeva gave a short overview of some recent errors that have been corrected (including
the list sent by A. Koning), and stated that error corrections can now be executed much faster
than before.

J.C. David presented some problems encountered by CEA while attempting to retrieve
complete high-energy data sets. There are at least two problems: (1) double-differential
particle spectra, e.g. for (p,xn) reactions - there appear to be different ways to retrieve these
data, and for every isotope the identifier required for retrieval is different; (2) residual nuclide
production, where the data are stored in too many subsections (same issue as raised by N.
Otsuka).

3. Other discussions
The C4 format needs to be extended, maybe even beyond the width of 80 characters, in order
to distinguish between the statistical and systematic uncertainties,

Statistical tests performed by E. Dupont are very valuable and they have already given rise to
some EXFOR improvements as outlined in one of the NRDC documents of V. Zerkin.
However, the participants in the meeting would like to see a different presentation of the
results, enabling a clearer view on possible problems.

A. Koning will make available his directory-structured database based on C4. Web links will
be placed at the NEA and/or IAEA website.



4. Tasks/Actions

V. Zerkin: continue the X4toC4 translation process and aim for 93% conversion.

H. Henriksson/N. Soppera: extend the capabilities of JANIS to read EXFOR and produce a
C4 file from this material

A. Koning: make available his directory structured database.

A. Mengoni, S. Dunaeva: investigate how to obtain an estimate of the completeness of
EXFOR for all incident particles.

V. Zerkin, N. Otsuka and A. Trkov: work on an extension of the C4 format to include the
product ZA for residual production cross sections (translation of the ELEM/MASS keyword)
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Appendix A
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Consultants’ Meeting of
SG30 WPEC on

"Quality improvement of EXFOR"
International Atomic Energy Agency (IAEA)

Vierma, Austria
10 and 11 October 2007

Preliminary AGENDA

Wednesday~ 10 October - Meeting Room A0742

14:30 - 17:30 Presentations

¯ Subgroup 30-General introduction and goals, A.J.Koning
¯ Possibilities of IAEA translation tools, V. Zerkin
¯ JANIS and revised computational formats, H. Henriksson / N. Soppera
¯ Ideas from JAEA, N. Otsuka

Thursday~ 11 October - Meeting Room A2313

9:00 - 12:00 Presentations (continued)

¯ Input from BNL, B. Pritychenko
¯ Experience and proposals from FZK, A. Konobeyev
¯ Proposals and experience for spallation reactions, S. Leray
¯ Some recent progress in error correction, S. Dunaeva
¯ From X4 to C4 to a human-readable database: an example of testing X4,

A.J. Koning
12:30 - 14:00 Lunch at VIC restaurant

14:00 - 17:00 General discussions

¯ Central repository for current X4, C4etc. data collections
¯ Format conversion tools (X4 to C4, JANIS, NEA comp format codes,

Koning’s software, others)
¯ Order: work on all issues continuously or divide into subsets (cross

sections, angular distributions, etc.)
¯ Tests: - Statistical
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-Nuclear Models

- Volunteers for model code testing

¯ Insight in available time at NRDC-link to ambitions
¯ Set milestones
Close
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WPEC Subgroup 30:
Quality improvement of the EXFOR database

Arian Koning
NRG, Petten, The Netherlands

Justification for a subgroup

A subgroup is proposed that establishes EXFOR (CSISRS in the USA) as an easy accessible and
correct database, with as most important deliverables an EXFOR master database from which
many data and format errors have been removed, and a computational database that contains
the entire EXFOR in tabular ("x-y-dy") format. This enables

- A huge increase in efficiency for the evaluation of data files.

- Easy and extensive validation of nuclear model codes, from low to high energies.

Bringing the EXFOR database to this level can only be accomplished through collaboration of
the EXFOR providers, i.e. the Nuclear Reaction Data Centres Network (NRDC) and users.
To constrain the ambitions, we should clearly define the plan. SG30 will:

- Attempt to translate (almost) the entire EXFOR database into computational format.

- Solve the most obvious quantitative errors, using checking codes, plotting packages and
comparisons with model codes.

- Identify data which are stored incorrectly and attempt to harmonize the format.

SG30 will NOT:

- Assign quality "flags" to experiments in EXFOR. Not only would this be a huge task, it
also does not justice to the essence of EXFOR as a compiled, rather than an evaluated,
database. Quality flagging is useful but too subjective for SG30.

- Focus on the completeness of EXFOR, i.e. missing data (already handled by NRDC).

- Insist on drastic changes of the EXFOR master format.

If this project is successful, then

- If you ask for all data of a particular reaction channel, either through a web-interface or
through tabulated files, you have a larger possibility that you indeed get everything you
were looking for.

- The data retrieval will be much easier, enabling users to spend more time on other things.

- These data have a larger probability to be conect.



Proposed activities

The subgroup addresses the accessibility, quality, and formatting issues of the EXFOR database,
from the point of view of a user. For this, various activities have to be performed iteratively.

Translation of the entire EXFOR database into tabular format

This is an essential component of the project and requires some effort by the NRDC. The further
this is developed, the more errors and problems in EXFOR can be uncovered by users, and the
better it will be for the quality of the EXFOR master database. Possible tools:

- X4toC4, a code maintained by Andrej Trkov and used extensively by Victor Zerkin at the
IAEA to translate EXFOR. Currently, Victor is using the code to produce many quantities
(double-diff x.s. etc.) into tabular format, and will make the resulting database available.

- NEA’s computational format (Pierre Nagel), which is different from the X4toC4 format.

- JANIS-3.0 (Nicolas Soppera, Hans Henriksson), which has just been released and which
can read the EXFOR format directly.

- Other?

Proposed activities:

- IAEA: To regularly provide the entire EXFOR master database and computational database
to the other members of SG30, so that plotting, checking and nuclear model codes etc.
of EXFOR users can frequently be re-run with an updated version of the database. This
would only require a few links on e.g. the IAEA EXFOR website, with a few large
gzipped files. Additional retrieval/translation tools would also be helpful.

- NEA: if possible, to do the above for NENs computational format

- NEA: Can JANIS be set in batch mode so that it produces x-y-dy tables out of EXFOR?

At first, some (apparent) redundancy is welcome, since not all methods may catch all problems.

Correction of obvious numerical errors

Some obvious errors in the data can easily be found. One could e.g. run a check on the entire
database and filter out all partial cross sections above 1 MeV that exceed 4 barns (which is
unphysical), and report that to the NRDC (a first batch was sent last year). Closer inspection is
then neede to reveal whether it is indeed a published value or that by mistake e.g. barns instead
of milIibarns were entered by the compiler.
Possible contributions:

2



- Arjan Koning translates the X4toC4 generated database into his own directory-structured
database. The above mentioned filter is used as check. Other filters (for spectra, etc.)
could be added, and the problems will be reported to the NRDC. Automatic comparisons
with nuclear model codes are also underway.

- Robin Forrest and Jura Kopecky have an experimental database for EAF, derived from
NENs computational format, which is post-adjusted to account for EXFOR errors (it is
also quality-flagged). The errors could be reported, so that everybody will have access to
the same correct data in the future.

- Luigi Mercatali and Alexander Konobeyev (Karlsruhe) do large-scale model-experiment
comparisons with ALICE, TALYS, CEM etc. for thousands of reaction channels. Obvi-
ous problems can be, and some have already been, reported to the NRDC.

- Other? Mike Herman, Patrick Talou, Don Smith, David Brown or LLNL colleagues,
Cyrille de Saint Jean, Arjan Plompen, Toshihiko Kawano, Osamu Iwamoto, Yu Hongwei
or colleagues?

Proposals for format harmonization

This is probably the most complicated part and causing the most EXFOR problems. Format
errors in the reaction identification give problems to the codes used at the NRDC to handle the
numerical data, e.g. X4toC4. Even worse, some reaction data may appear not to exist, since
they are hidden under a different reaction identifier. Actually, some nuclear reactions, from
different measurements, are stored in two or even more different reaction classes, again leading
to incomplete retrievals.
Possible contributions:

- Reporting of storage of quantities in the wrong reaction channel, e.g. activation data
for the [Z,A] (n,x) [Z-1,A-1] should not be stored under the (n,d) reaction since also the
(n,np) channel contributes. There are many examples like this.

- Isomeric cross sections: This information is essential for activation Iibraries such as EAF.
Robin Forrest and Jura Kopecky may have proposals for a small format extension so that
isomeric data is appropriately included. Also, the wrongly stored data should be reported.

- From the high-energy community, energies above 200 MeV, there are some complaints
about retrieving the EXFOR data. For example, some residual nuclide yields, which for
some reactions may amount to thousands, are not stored in a logical way. Maybe some
of you (Sylvie Leray, other people from the HINDAS project, Helder Duarte, Stepan
Mashnik, Alexander konobeyev, etc.) can suggest proposals for changing this.

- Others? See list above.



Meetings

As usual, a lot can be handled via email. However, it is also useful to have a meeting every
now and then. Often, SG meetings are done in conjunction with other meetings, workshops etc.
where a few participants are already present anyway. Half-day, two horn; or even pre-, during-
or post-dinner meetings could be organized. Possibilities in 2007 that come to mind are the
NEMEA Workshop in Prague, Oct 16-18 2007, the IAEA RIPL meeting Dec 10-14 2007, and
the next WPEC meeting in May 2008 (place unknown).

Deliverables

As the mandate for SG30 is for 2 years, the following deliverables are foreseen for april 2009.

1. An improved EXFOR master database.

2. An improved computational, tabular database, automatically created from [1.].

3. A final WPEC SG30 report (coordinator: Arian Koning), describing

- the status of EXFOR in april 2007

- the SG30 activities performed to check, correct and improve the EXFOR database
- the status of EXFOR in april 2009

Time-schedule and milestones

- July 2007-April 2009 continuous: Report to SG30 (and thus automatically to NRDC)
about problems and suggestions for improvement.

- September 2007: Zeroth version of the full EXFOR and computational library, i.e. the
current situation.

- October2007: Statement about all software that processes EXFOR (X4toC4, NEA’s code,
JANIS-3.0), and outline of ideas to make use of this.

- December 2007: Correction of EXFOR with first lists of errors (as provided by For-
rest/Kopecky, Koning, and others).

- January 2008: A list of all format issues that require attention. (A first version will be
sent soon).

- July 2008: First version of a corrected computational library. Target: All cross sections
+ angular distributions + differential energy spectra + double-differential energy-angle
spectra. If possible: + resonance parameters + ratio’s + everything else.

- April 2009: Final version of the full computational library + updated EXFOR.
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X4Statistics pagina 1 van 2

EXFOR General Statistics
Information updated: 26-May-2008, 09:27:46

Total Number of ENTRY: 17909
Number of ENTRY with data: 17191
Total Number of SUBENT: 147215
Number of SUBENT with data: 116649
Number of Datasets: 129303

EXFOR
# Code Count Percent [~uantity

cs 61478 47.5

DAP 15219 11.7 )ar~ial differential data with respect to angle
RP 12084 9.34 ~,esonance parameters
DA 10339 7.99 Differential data with respect to angle

~5 DAE 6327 4.89 Differential data with respect to angle and energy
6 POL 4798 3.71 Polarization data
7 CSP 4746 3.67 Partial cross section data
8 299C 2,31 Fission product yields
9 198,- 1.53 Thick target yields
lCRI 147(. 1.14
lJ DE 1374 1.06 Differential data with respect to energy
1~ MFQ 121~ 0.94 Miscellaneous fission quantities
1~ sP 97? 0.75 Gamma spectra
14PY 844 0.6.~ Product yields
15 L 711 0.54 Scattering amplitudes
1~ 5 682 0.52 Kinetic energies
17 NQ 525 0.4 Nuclear quantities
18 [NT 462 0.35 Cross section integral over incident energy

19 FTD 27~ 0.21 Differential thick target yields
20 ~LT 226 0.17 Outgoing particle multiplicities
21 ~R 114 0.088 Reaction rates

22 ~Q 84 0.064 Special quantities
23DEP 80 0.061 Partial differential data with respect to energy
24CST 64 0.049 Temperature dependent cross section data
25COR 23 0.017 Secondary particle correlations
26 8 0.0061 Partial thick target yields

EXFOR Tal EXFOR Incident
rargel Count # Projectile Count Percent
J 9175 7.09 1 59802 46.2
~b 6392 4.94 2 33097 25.5
~li 5613 4.34 3 % 701,’ 5,42

!H 5281 4.08 4 5105

c 5069 3.92 5 3 624( 4.83
We 488] 3,77 6 IHE3 226; 1.75
Cu 403( 3.11 7 )2-U-238 2245 1.73
Li 326( 2.52 8 6-C-12 168,= 1.3
Sn 322( 2.49 9 82-PB-208 1635 1.26
Pu 3071- 2.37 lO 0 125(- 0.97

11AI 306~ 2.37 11 8-O-16 771 0.59
12 Mo 3014 2.33 123-LI-6 74C 0.57
13Zr 296~ 2.29 1379-AU-197 73E 0.57

0 269? 2.08 14 T 575 0.44
Au 2431 1.88 153-LI-7 53~ 0.41

t6 Si 2344 1.81 167-N-14 515 0.39
17Ti 226e 1.75 1710-NE-20 291 0.22

EXFOR Reactions
# Reaction Count Percent

P,X 13575 10.4
N,G 10814 8.36
N,EL 8931 6.9
N,TOT 612C 4.73

N,F 6053 4.68

N,INL 5264 4.07

7 N,0 4252 3.28

18 P, INL 418~ 3.23

19 N,P 390g 3.02
11o N,X 3704 2.86

!11 N,2N 3522 2.72
12P,EL 2987 2.31

13P,F 2837 2.19
14N,A 2588 2
15P,N 240(3 1.85
16G,X 1876 1.45
17 U-238,X 1854 1.43
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18-AR-40

19 Bi 2176 1,68 ’19 8-O-18 17c~ 0.i?
2O Ca 2167 1.67 2O PIP 166 0.1;
’21Mg 2020 1.56 21 14-SI-28 148 0.11
22 Zn 1959 1,51 2~ 4-BE-9 125 0.09~
23 Be 1931 1.4~. 22 2-HE-6 119 0.09~
24 Cr 1871 24 9-F-19 115 0.08E
25~ Co 1861 1,45 25PIN 105 0.081
2~ B 1734 1.34 5-B-11 104 0.06

Nb 1675 1.2g 27 28-NI-58 94 0.07~
26Cd 1640 1.26 26 91 0.07

2~ 1585 1.22 2g 5-B-10 88 0.066
3C 1577 1.21 3O6-C-13 75 0.056
31 ~g 1552 1.2 31E 68 0.052
32 154~ 1,19 3254-XE-129 59 0.045
33 !Ta 1492 1.15 3320-CA-40 53 0.04
34 Te 132~ 1.02 34 4-BE-I1 52 0.04
35V 1286 0.99 35 3-LI-8 5O 0,038
36Se 128C 0.98 36 26-FE-56 48 0,037
37 He 1141 0.88 37 29-CU-63 41 0.031
38 1113 0.86 384-BF-7 38 0.029
39 1087 0.84 39 16-S-32 38 0.029
�0 Y 1070 0.82 ~o 54-XE-132 36 0.027

,,, ..,

19 Pb-208,X 1628 1.2[
2O P,D 1267 0.97
~-1 D,P 1260 0.97

!22 G,N 1254 0.9(:
23 D,X 1226 0.94
24 D,EL 1085 0.82
25P,A 1020 0.7E

26i C-12,X 1005 0.77
23 G,F 98O 0.75

2EA,EL 907 0.7
2c. N,THS 889 0.66
36 P,G 881 0.68
31 P,T 867 0.67
32 N,ABS 859 0.66
33 3,F 810 0.62
34 749 0.57
35 727 0.56
36 $,P 681 0,52
37 ~,NON 551 0.42
36 ~,SCT 511 0.39
39 ),A 5O6 0,39
4O %,INL 487 0.37

,,,

Total: 104 Total: 316 Total: 1909

EXFOR database management: Otto Schwerer (O.Schwerer@iaea.org)
Web and database programming: Viktor Zerkin (V.Zerkin@iaea.org)
]AEA, Nuclear Data Section, 1999 - 2008

http ://www-nds.iaea.org/exfor-master/x4compil/exfor stat.htm 26-5-2008



X4Statistics pagina 1 van 3

EXFOR General Statistics
Information updated: 30-Apt-2008, 11:39:13
Database as of: April 30, 2008

Nu[-~umb~?~ -I" 171721 experimental works
Number of SUBENT |1165561 data tables (can contain data of more than one reaction)
Number of Datasets|129193 ! data tables of reactions

Percent: [Counts]/[Number of ENTRY], i.e. = [Counts]/17172
Note. 2[Percent] of a table below can be > 100% because one experimental work

can contain many data tables with data of many types

Percent
8855

resp .~ct to angle 3313
a wil h respect to angle 2988

1635 lllrHlrl~ 9.52
ata 1410 IIIHIII 8.21

915 ,I, 5.32
901 IIII~ 5.24

resp, ~ct to angle and energy 785 ) 4.57
416 ii 2.42

luan :ities 413 2.4
370 2.15

resp~ ct t~o energy 344 II 2
243 1.41
214 1.24
182 1.05
iii 0.64

over incident energy 107 0.62
93 0,54
45 0.26

iplici :ies 39 0.22
t yie ds 26 0.15
nt cr )ss section data 16 0,093

12 0.069
relat ons 6 0.034
ds 6 0.034
i witll respect to energy 3 0.017

Quantity
1 cs Cross section data
2 DA Differential data with resp
3 DAP Partial differential da a

i4 RP Resonance paramete s
5 CSP Partial cross section ( ata
6 POL Polarization data
7 FY Fission product yield~ _
8 DAE Differential data with resp,
9 SP Gamma spectra
io MFQ Miscellaneous fission luan
11 RI Resonance integrals
12 DE Differential data with resp~

Thick target yields
E Kinetic energies
L ScaL~ering amplitude.,

16 PY Product yields
17 INT Cross section integral over
18 NQ Nuclear quantities
19 RR Reaction rates
20 MLT Outgoing particle mul iplici

21 TTD Differential thick targ~ t yie
22 CST Temperature depend~ nt cr
23 sQ Special quantities
24 COR Secondary particle COl feint
25 TrP Partial thick target yi~ ds
26 DEP Partial differential dat. ~ witl

EXFOR Tar~
# Target Counts Percent

1 U 2244 13
2 c 1499 8.72
3 H 1256 7.31
4 i Fe ii_~586.74
5 )AI 1152 6.7
6 Ni 1106 6.44
7 Pb 1044 6.07

Cu 957 537
9 Li 875 5.09
10 Pu 852 4.96
11 O 779 4.53
12 Be 737 4.29
13 Th 689 4.01
14 Si 665 3.87
15 Au 660 3.84
16 Zr 648 3.77

608~ 3,54

(# Target Counts [Percent
)1 U-235 114, 6.66

A1-27 1136 6.61
C-12 1042 6.06
U-238 943 5.49

5 Be-9 704 4.09
6 Au-197 651 3.79
7 Th-232 633 3.68
8 Pu-239 606 3.52

Bi-209 586 3.41
583 3.39

11 Ni-58 583 3.39
12 O-16 572 3,33
13 Fe-0 553 3.22

Cu-0 551 3.2
15 H-2 548 3.19

16 Co-59 531 3.09
17 Pb-O 516 3

EXFOR Incident ~articles
# I Projectile Counts Percent

9317 54.2

3252 18.9
3 ~D 1289 7.5
4 A 1216 7.08
5 G 896 5.21
6 HE3 502 2.92
7 o 328 1.91

8 6-C-12 160 0.93
9 T 157 0,91
lO 8-O-16 130 0,75

3-LI-6 117 0,68
12 99 0.57
13 2-HE-6 55 0.32

48 0.27
15 5-B-11 37 0.21

L~6_j 4-BE-9 36 0.2
i 17 18-o-18 35 0.2

EXFOR

P

P
E

P
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Zn

Yb
TI 14210.82

Li-7
-G-T--
Fe-56

N b-9____~3
Pb-208
U-23~3

24
Si-28
Ta-1
Zr-90
Mn-5~
Cu-6~3_
N-1~4
V-51

le-4

le-3

:r-52
I-3
,s-75

~o-92

7o I Ho-165

73 I Zn-68

I Cf-252
I Ag-107

I Mo-98

455 ! 2.64

4361 2.53 _

37212.~6

360! 209
355 t 2,06

341 [ 1.98

332 1.93
1.92
1.92
1.88
1.86
1.78

302 i 1.75

294 1.71
293 1.7
286 1.66
284 IL65
264 1.53
262 1.52
247 1.43
242 1,4
240 1.39
236 1.37
236 1.37
229 1.33
227 1.32
225 1.31
22_~ 1.3~
215 1.25
212 1.23
207
205 t.19

1961134

18711.O8

183t1.06

169 0.98
165!o.9~-
16010.93 _
160]0.93

IO-NE-20
9-F-19
18-AR-40
E
14-SI-28
92-U-238
PIN
PIP
3-LI-8
4-BE-7
5-B-10
6-C-13

20-CA-40
4-BE-10
26-F£-56
28-NI-58

20-CA-48

5-B-15
8-O-17
13-AL-27
28-NI-64
36-KR-84
4-BF-14

7-N-13

i0 7-N-17

12-MG-32
17-CL-37

9 5-8-17
0 54-X£-132

7~-i 6-C-17

75 18-O-15
76 8-0-20
77 8-O-21

4

4
4
4
4

1,023
1.023
L023
L023
~.023
L023

L023

P

h
h
l-
h

c
I-
F
P
h
.a
h
P
0

66 IK

7O
71
72

73
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Ar

128 0.74 8o
Os 125 0.72 81

82 Ir 122 0,71 182
83 Tb 118 0.68 83
84 Re 114 0,66 84

i85 Tm 107 0.62 85
86 Lu 105 0.61 86
87 Kr 72 0.41 87
88 Xe 72 0.41 88
89 ! Pa 57 0,33 89
90 iTc 42 0.24 90
91 Ra 27i0.15 91
92 Pm 25 0.14 92
93 Fm 1810.1 93
94 Bk 17 0.098 94
95 Es 14 0.081 95
96 NN 14 0.081 96
97 AC 11 0.064 97
98 No 4 0.023 98
99 Po 3 0.017 99
100 Rf 3 0.017 100
101ELEN/NASS 2 0.011 101
102 Nd 2 0.011 102
103 LF 1 0.0058 i103
104 Rn ~ 0.0058 104

rotal: 104 105
106
107
108
109

~9-F-21
9-F-22

La-139 I 15Slo.89-1
S-O 1S3 0.89 82 10-NE-17
In-0 150 0,87 I83 10-NE-19
No-100 i50 0.87 :84 10-NE-23
Pu-240 150 0.87 85 10-NE-24
Ni-64 149 0.86 86 10-NE-25
Sn-120 149 0.86 87 11-NA-23

Iw-186 148 0.86 88 11-NA-26
!Pu-241 147 0.85 89 11-NA-27
Ti-46 147 0.85 90 11-NA-28
Sb-0 141 0.82 91 11-NA-29
O-0 134 0.78 92 Ill-NA-30
Pb-206 134 0.78 93 12-NG-26
Mg-26 133 0.77 94 12-MG-28
Zn-66 130 0.75 95 12-MG-29
Sn-124 1291 ).75 96 12-MG-31
Zr-94 127i0.73 97 12-MG-34
Am-241 126 0.73 98 14-SI-26
U-236 124! ).72 99 14-SI-30
Cr-50 120 0.69 100 17-CL-35~ |
Tb-159 118 0.68 101 2-HE-3
Ta-0 114 0.66 102 26-FE-52
Zr-92 114 0.66 103 28-NI-57
B-0 113 0.65 104 30-ZN-70
Sn-118 113 0.65 105 5-B-13
Si-30 110 0.64 106 7-N-12
Ti-50 108 0.62 107 7-N-18
Eu-151 107 0.62 108 7-N-19
Cl-35 106 0.61 1109 7-N-20

1 106 0,61 110 79-AU-197Sb-121

Total: 316Total: 749

4 0.023
4 0,023
3 0,017
3 0.017
3 0.017
3 0.017
3 0.017
3 0.017
3 0.017

3 0.017
3 0.017
3 0.017
3 0.017
3 0.017
3 0,017

3i0.017

310,017
3i0,017
3 0.017

3 0.017
3 ).017
3 0.017

30,017
3 0.017

3 01017
3 ),017

3 0,017

3 0.017

3 0.017
3 0.017
3 0.017

c

P
F

F
L
P
T

P

L
h

L

Total:

Web and database programming: Viktor Zerkin (V.Zerkin@iaea.org)
IAEA, Nuclear Data Section, 1999 - 2008
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E. Dupont (CEA) Working doctmaent 26/05/2008

Outliers in the EXFOR database

Warning: Further checking is necessary before to conclude whether this is a
bug in X4, or in loeal X4 (C4 or Arjan’s database), or simply poor quality data.

The following table lists the main outliers identified within sg30 work

The "Pb" column indicates the possible source (most likely) of the problem,
FA = this outlier is mistakenly detected (false alarm, there is no perfect test)
C4 = this outlier only exists in AK (and probably C4) database
X4 = this outlier is a true X4 outlier

The "Status" column is subdivided into two sub-columns.

The first/left "Status" column indicates whether the outlier was reported or not,
Ok = this outlier is not worth to be reported
~ (empty cell) = this outlier was not yet reported
other text = this outlier was reported, additional details about the submission are also given

The second/right "Status" column indicates the following actions relative to this outlier: data corrected
or not (data as published, only CRITIQUE keyword added), X4toC4 dictionary updated, etc...
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