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Summary
1. General information on nuclear data
− Context
− What are we talking about, who’s a user ?
− Can we predict a cross section ?
− International efforts, Nuclear data lifecycle 

2. Application and examples
− Astrophysics, medical 
− Reactor physics 
− Spent nuclear fuel

3. Current and Future developments
− Better nuclear data
− Better QA
− Better integration for optimization
− Better measurements

4. Conclusion

(no deep details will be provided in this presentation, but specific points can be discussed later)
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1. General information on nuclear data
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Context 1: A representative case: 88Zr(n,γ)
• The thermal 88Zr(n,γ) cross section was recently measured, see Nature (2019).
• Its value is 861 000 barns ± 8 %
• The last time such a large cross section was “discovered” was in the 1940s.
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Context 1: A representative case: 88Zr(n,γ)
• The thermal 88Zr(n,γ) cross section was recently measured, see Nature (2019).
• Its value is 861 000 barns ± 8 %
• The last time such a large cross section was “discovered” was in the 1940s.

• Before the measurement, the prediction from the “nuclear data libraries” was

No predictive 
power
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Context 2: fit well, but still uncertain
• Measured cross section: nominal well known, but uncertainty beyond engineering 

expectations
• Example on the Jezebel benchmark (≈16 kg of Pu239), performed in 1954-1955
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Context 2: fit well, but still uncertain
• Measured cross section: nominal well known, but uncertainty beyond engineering 

expectations
• Example on the Jezebel benchmark (≈16 kg of Pu239), performed in 1954-1955

The “good fit” is not translated in “confidence interval”
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Nuclear data on the news
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What are nuclear data ?

• Neutron-induced reactions:
− Microscopic cross sections, thermal scattering data, from 0 to ≈200 MeV
− Angular distributions, emitted spectra, fission yields…

• But also charged particle-induced reaction
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What are nuclear data ?

• Neutron-induced reactions:
− Microscopic cross sections, thermal scattering data, from 0 to ≈200 MeV
− Angular distributions, emitted spectra, fission yields…
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Who is using them ?

• All of us ?

• Neutron, gamma, charged-particles transport (Monte Carlo, deterministic)
• Reaction rates (energy, astrophysics, medical)
• Derived quantities based on neutron transport (decay heat, inventory, 

temperature)
• fuel/cladding performance, 
• transient, safety parameters…

• Radiation shielding, 

• Age of the Moon, …



http://www.psi.ch/stars 2019.10.08/STARS/RD41 - ( 13 / 33) 

Can we predict them ?

• No !! 

Without experiments (e.g. n_TOF at CERN), no resonances can be predicted, no 
fission, capture, inelastic… can be accurately predicted. 

• But, statistical rules exist (average quantities can be predicted), sometimes good 
enough (astrophysics), sometimes not (nuclear energy)

Phenomenological models are applied (good fitting models)

• Recently, with (very) large computer power, microscopic descriptions based on the 
n-n interaction produce some accuracy, and better predictions

Microscopic models can be applied (less parameters to fit)
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Can we predict them ?

Slide from S. Goriely, JEFF meeting, November 2019
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International efforts

• All evaluated nuclear data go into “nuclear data libraries”: JEFF, ENDF/B, JENDL, 
CENDL, BROND, FENDL, TENDL… and many others

ENDF/B JENDL
CENDL

BROND

JEFF FENDL

TENDL

+ WPEC activities, EU projects, IAEA projects
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Nuclear data lifecycle

Measure
Publish 

&

Compile
Evaluate

Process 
&

Validate
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2. Application and examples
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Application: in astrophysics
• Cross sections (or reaction rates MACS) are needed for 8000 isotopes (and isomers)
• Only ≈500 of them are (partially) experimentally known
• Impact of calculations (and models) is large, especially for extrapolation 
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Medical application
• Many users in medical application rely on rate predictions based on nuclear data
• Last year, the IAEA has released a “Medical Isotope Brower” based on the TENDL 

library:
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Application: Uncertainty in reactor/fuel
• Total Monte Carlo approach: random nuclear data for the full calculation chain.
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Application: in reactor physics and spent 
nuclear fuel (SNF)

• Example on a boron curve for real PWR cycles
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Application: in reactor physics and SNF
• Example on keff for real BWR cycles
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Application: in reactor physics and SNF
• Example for the spent nuclear fuel (SNF) isotopic contents for BWR assemblies
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Other applications at PSI
• Nuclear data adjustments (S. Pelloni, LSM)
• Uncertainties (M. Hursin, EPFL)
• Measurements at CROCUS (V. Lamirand, EPFL)
• GEN-IV systems (LSM)
• Spallation & fusion (E. Alhassan LRT & GFA)
• DNBR (R. Mukin, LRT)
• Criticality-safety (A. Vasiliev, M. Frankl, LRT)
• Local effects in LWR core (M. Pecchia, LRT)
• Medical & Target preparations for n_TOF (D. Schumann, R. Dressler, J. Ulrich, LRC)
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3. Current and Future developments
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Example of keff as a function of decay time (actinide only)

Figure from O. Cabellos, ICTP-IAEA, 2017

Better nuclear data

400-1000 pcm
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Less “evaluators” worldwide
Loss of knowledge due to manual work, no reporting

Old nuclear data saying: “manual work good, automation bad”

=
Risk (and reality): repeating what was done before

Or worth:  keeping everything unchanged to avoid breaking it

• Solution: Computer power/connection/ML is a push for 
− better structure, better automation
− Machine readable databases, integrated calculation scheme

• The nuclear data community is slow to change, but
− New horizon with automated approach (TENDL)
− New OECD efforts within NSC/WPEC
− Less evaluator worldwide: change is unavoidable 

Better QA

+
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• This is part of our efforts at the LRT: optimization of our resources

− (1) link nuclear data to spent fuel (all core physics in one script): automation & 
integration of knowledge

− (2) apply to all Swiss cores: systematization of work

− (3) Calculate canister loading possibilities (keff and decay heat) with ML algorithms: 
optimization (currently performed by our Master student V. Solans)

− (4) Calculate uncertainties and biases for canister loading: best estimate approach

• This opens possibilities for other applications (fuel accountability, inventory, additional 
reactors, saving on canisters, integration with LSM…)

Better integration: from basic physics to spent fuel
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• Because of our limited understanding of nuclear reaction mechanism, we still need 
measurements

• There is a need for better data  (lower uncertainties, smaller biases)

• PSI has unique installations: isotope/target producer, intense neutron source
• Great combination for cross section measurements on small (nanograms) radioactive 

targets for fundamental and applied physics.

• SwissFel and its 3rd beam line is a unique opportunity !

Better measurements: back to the origin
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• Everybody is using nuclear data, often without knowing it.

• The control from basic physics (nuclear data) to quantities of general public interest 
(nuclear waste) is a pledge for confidence and quality.

• A lot of work still needs to be done (if someone pays ?) to improve the prediction and 
the confidence interval

• Only four steps to summarize the whole concept: understanding, automation, 
systematization and optimization

• One challenging step: making the nuclear data ready for the computer area.

Conclusions



Wir schaffen Wissen – heute für morgen
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