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Legacy formats
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Will we continue to be enslaved by 
this “modern technology”? 

Slide based on slide from M. Herman
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No, seriously

 A good format can determine the data structures used to 
interact with it

 These data structures are the components we use to create 
new things

 We are trying to create a development environment 
(tools + components) that we enjoy working with

 We will be working with these tools for a long time
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Good tools == Happy developers
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Nuclear Science 
Community

✦ experiments
✦ theory

Nuclear Data 
Community

✦ compilation
✦ evaluation
✦ dissemination 
✦ archival

Application 
Community

  needs data:
✦ complete
✦ organized
✦ traceable 
✦ readable 
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Fig. 14. The DANCE detector (picture credits: LANSCE-NS
LA-UR-0802953).

processed into physical quantities, like the total γ cascade
energy, γ multiplicity, individual gamma ray energies, and
neutron time of flight. After analysis of these data and sev-
eral corrections (calibration, dead time correction, back-
ground subtraction) the neutron radiative capture cross-
section σ(n,γ)(En) is obtained. Results are presented here
for three energy ranges: i) thermal energy, ii) resolved res-
onance region, and iii) above 1 keV in the unresolved res-
onance region.

i) For an incident neutron energy of 0.025 eV, the mea-
sured cross-sections for 175Lu(n, γ) and 176Lu(n, γ), are in
good agreement with published values [64] while improv-
ing their precisions. The thermal capture cross-sections of
Lu are important for nuclear reactors, where they are used
to measure the core temperature.

ii) The analysis of the neutron capture experimental
data in the resolved resonance region allows the determi-
nation of the energies of resonances as well as their radia-
tive and neutron widths, and spins. For that purpose, we
rely on a R-matrix code to fit the experimental cross-sec-
tions and determine the characteristics of the resonances.
Figures 15 and 16 display the radiative capture cross-sec-
tions measured for 175Lu and 176Lu, respectively. These
new measurements agree with previous experiments [65,
66]. Moreover, since γ multiplicities have been measured,
spin values could be attributed to several resonances.
In the resolved resonances domain, the analysis of mea-
sured data allowed to extract values of the mean radia-
tive width (〈Γγ〉), the mean s-wave level spacing (D0)
and neutron strength function (S0). These values are use-
ful for connecting the evaluations performed in the re-
solved resonance region (using R-matrix) with evaluations
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Fig. 15. Cross-section for the 175Lu(n, γ) reaction measured
with a natural Lutetium sample in the resolved resonance
range.
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Fig. 16. Cross-section for the 176Lu(n, γ) reaction in the re-
solved resonance range.
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Fig. 17. Cross-section for the 176Lu(n, γ) reaction in the con-
tinuum energy region.

performed in the continuum (using the Hauser-Feshbach
model).

iii) For the Lu isotopes, the unresolved resonance re-
gion extends from a few keV to 1MeV. Unlike the re-
solved resonance region where models only produce a
parametrization of experimental data, continuum mod-
els like the optical model potential can describe experi-
mental data in a more predictive way. Figure 17 displays

DANCE detector 
LANSCE
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Our users determine the products we 
develop, so who are our users?
Everybody...
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What makes an enjoyable development 
environment for nuclear data 
applications?
 Simple

• Structures “obvious” to nuclear 
physicist/engineer

• Don’t want to have to read the 
manual to get something done

• Enable rapid development
• Enable good bookkeeping

 Legacy support
• Don’t like rewriting it all
• Need something to benchmark 

against

 Unrestricted
• Programming language agnostic
• Unicode, localization support
• Don’t box us in with poor design 

choices

• Open source
• No export controls 

 Reusable
• Write once, reuse often
• Tested, trusted, discrete 

components

 Powerful
• Smartphone to Supercomputer
• Big iron, Big data
• All nuclei in the Table of Isotopes 

and all the particles in the The 
Review of Particle Physics

• From thermal neutrons to GeV’s 
and beyond
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S.L.U.R.P.
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We as a community support many 
database products
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Library Root node Main use

NSR Publication Bibliographic: archival

EXFOR Publication
Experimental data: 
archival; reaction 
evaluation; basic science

ENSDF, 
XUNDL Nucleus

Structure data: archival, 
reaction evaluation, 
basic science

RIPL Parameter type Input parameters: 
reaction evaluation

ENDF Target+Projectile Reaction data: particle 
transport, activation

The hierarchy 
of a library 
should be 
clear from the 
application 
domain, 
without 
relying on 
documentation
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EXFOR format already is hierarchical; 
root node corresponds to 1 “publication”
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V.Zerkin, IAEA-NDS, EXFOR format: problems of extension and possible solutions, September-December 2011 

4. Structure of EXFOR file and logic of compilation 

 
Conceptually, the EXFOR formatted information /data can be seen as nested and repeated text 
blocks, regulated by EXFOR rules and dictionaries. 
 
 
 
 
 
 
 
 
 
 
 
 
 
   

░TRANS    ID 
░░░░░ENTRY    ID 
░░░░░░░░░SUBENT    ID 
░░░░░░░░░░░░░BIB 
░░░░░░░░░░░░░░░░░KEYWORD1 (CODE1, CODE2, …) Free text 
░░░░░░░░░░░░░░░░░░░░░         . . . (CODE3) Free text  
░░░░░░░░░░░░░░░░░KEYWORDn Free text  
░░░░░░░░░░░░░ENDBIB 
░░░░░░░░░░░░░COMMON 
░░░░░░░░░░░░░░░░░ . . . 
░░░░░░░░░░░░░ENDCOMMON 
░░░░░░░░░ENDSUBENT 
░░░░░░░░░SUBENT    ID 
░░░░░░░░░░░░░BIB 
░░░░░░░░░░░░░░░░░KEYWORD1 (CODE1, CODE2, …) Free text 
░░░░░░░░░░░░░░░░░░░░░         . . . (CODE3) Free text  
░░░░░░░░░░░░░░░░░KEYWORDn Free text  
░░░░░░░░░░░░░ENDBIB 
░░░░░░░░░░░░░DATA 
░░░░░░░░░░░░░░░░░ . . . 
░░░░░░░░░░░░░ENDDATA 
░░░░░░░░░ENDSUBENT 
░░░░░░░░░SUBENT    ID 
░░░░░░░░░░░░ . . . 
░░░░░░░░░ENDSUBENT 
░░░░░ENDENTRY 
░░░░░ENTRY    ID 
░░░░░░░░ . . . 
░░░░░ENDENTRY 
░ENDTRANS 

This structure more or less reflects the way (logic and sequence) of publication of the 
experimental data in the literature: 

• bibliographical information, experimental conditions and description of the reaction 
correspond to set of keywords united in a BIB section in EXFOR 

• common parameters of experiment – to COMMON block in EXFOR 

• measured data (given in tables and figures) – to DATA block in EXFOR 

Nested 
blocks 

Repeated 
blocks 

. . . . . 
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Figure from V. Zerkin
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Nevertheless, many “low-level” 
concepts can and should be reused
 Bibliographic references
 Particles:

• Hadrons, elementary (transportable 
or not)

• Nuclei

 Nuclear levels: energy, spin, 
parity, etc.

 Reaction designator
 Cross sections

• Simple tables
• Resonance parameters
• Spectrum weighted

 Units
 xLinks

 History/versioning
 Documentation 
 Common, low level, data 

types:
• List
• Vector
• Matrix
• Table
• Legendre series

 Higher level constructs
• Uncertainties
• Covariances

 ...

9
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But, we cannot guess everything that 
future users will want
 Today’s models 

are tomorrow’s 
collision kernels: 
• FREYA, CoH being 

integrated into MCNP
• Enables correlations
• Needs RIPL....

 Cloud computing:
• Assemble new apps from current 

databases, apps
• Needs URLs to low level data...
• Relational vs. hierarchical 

databases

 Uncertainty Quantification:
• Needs support for big data...
• Ensembles of libraries or 

covariances or both?

 But what else 
will users want?
• New particles? neutrinos? 

muons? heavy-ions? 
hyperons?

• All of our databases 
to (gasp) be in sync 
with each other?

• Data mining?
• Mobile apps?
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Optimizing developer 
happiness optimizes the 
quality of the products 
delivered to customers

15 

15 

Targeted modeling gaps of high value to DNDO 
All three physics models released on external website: http://nuclear.llnl.gov 

Lawrence Livermore National Laboratory 

15 

Multiple neutrons and gamma-rays 
produced from fission 

Essential physics for fission-chain 
detector concept: can detect shielded 
HEU 

Source term for SNM in all gamma-ray 
detection concepts 

Significant background in neutron 
detection, especially for maritime 
cargo applications 

Gamma-ray source intensity for aged 
mixtures of Special Nuclear Material 

Energetic particles produced in upper 
atmosphere that reach the ground 

Fission multiplicity Gamma-ray Emission Cosmic-ray showers 

DHDO 06-08: $1.6M 

Interface also provided for MCNP, MCNPX, Geant4, COG 

Doug Wright (PI), Dave Brown, John Buyer, Chris Hagmann,Tom Gosnell, Jeff Gronberg, Larry Hiller, David Lange, Jerome Verbeke, Ramona Vogt 

Multiple Neutron Emission

Several neutrons can be emitted when Sn is small (neutron-rich).
Precursor A-1,Z+1

β decay

A,Z+1
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de
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d 
γ •• We have extended CGM to include

all γ-rays, even if more than one
neutron is emitted.•• Calculation performed at every 10 keV
energy bin.
•• very time consuming calculations
•• in some cases, takes a week

We calculated the delayed neutron and γ-ray spectra
for 1412 precursors, and converted the results into CINDER library.
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