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Nuclear data landscape
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Number of target nuclides:
Stable: 287
τ > 1 year + stable: 407
τ > 1 day + stable: 675
τ > 1 hour + stable: 995
τ > 1 sec + stable: 2854

Nuclides with EXFOR cross sections:
(n,tot): 347
(n,el): 223
(n,γ): 402
(n,f): 32
(n,n’_1): 176
(n,2n): 198
(n,p): 212
(n,α): 169

Nuclides in nuclear data libraries:
ENDF/B-VIII.1: 495
JENDL-5.0: 667
JEFF-4.0: 547
TENDL-2023: 2854

Exp. nuclear structure:
Discrete levels: ~1200
Masses: 2550 (3558)

D. Rochman and A.J. Koning, 
TENDL-2011: TALYS-based Evaluated
 Nuclear Data Library, 
PHYSOR2012



IAEA Nuclear Data Section

Nuclear data at the IAEA
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Nuclear Data

Compilation Evaluation

Verification/ 
Validation

Dissemination

Nuclear Data Pipeline

D. Brown, JEFF Stakeholders Meeting, 2019

Unless measurements go through the nuclear data pipeline and are  
incorporated in the nuclear databases they ARE NOT USED



• Levels, spins, parities, 
   band structure 
• Multipolarities, mixing 

ratios, conversion 
coefficients 

• Half-lives, transitions 
strengths, emission 
energies and 
probabilities 

• Level schemes

• 298 mass chains 
• 3421 nuclides 
• 19697 datasets 

Evaluated Nuclear Structure Data File (ENSDF)

A mass chain



IAEA Nuclear Data Section

Isotope Browser – for Mobile Devices
• App for Mobile Devices 

• Properties of over 4,000 isotopes  
• No internet connection needed 

• ~180,000 downloads,   4.8 ⭐  
• 11 languages (Arabic, Chinese, English, French, Spanish, Russian,  Japanese, Slovenian, Italian, Trad. Chinese, German) 
• Regularly updated with new features and data
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Available for both  
 - Android  
 - Apple



EXFORCISM: flag evil experimental data sets from the 
EXFOR database as outlier
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Inclusion ratio: 7500 experimental data sets (7 year average)

S-curve
Accept ratio

Koning, Dzysiuk, Alhassan, Gaughan
Scanned 12 000 EXFOR data sets for neutrons 
up to alpha particles. Cross sections only.
Outliers based on comparison with other 
exp. data, nuclear data libraries and TALYS:
• Visual, 
• Rms goodness-of-fit
• reading papers (Dzysiuk, Alhassan)

Essential for automated parameter
optimisation with TALYS

My subjective statement:
~1960: 25% of exp. data sets not included
> 2000: 5% of exp. data sets not included

“New exp. data are better than old ones”



This is now the basic reference 
for TALYS



Input Physical 
parameters

Reaction 
models

projectile n
element Fe
mass 56
energy 14.0  

Optical model (ECIS) 

- Local/global OMP 
- Phenomenological 
- Semi-microscopic (JLM) 

Nuclear Structure (RIPL-3) 

- Masses 
- Discrete levels 
- Level densities 
- Resonance parameters 
- Photon strength functions 
- Optical model parameters 
- Fission barrier parameters

Direct reaction 

- Spherical OMP 
- DWBA 
- Coupled-channels 

- Rotational 
- Vibrational 

- Giant resonances 

Pre-equilibrium reactions 

- Exciton model 
- Particle hole level density 
- Kalbach systematics 

‣ Angular distribution 
‣ Cluster emission 

- γ-ray emission 

Compound reactions 

- Hauser-Feshbach 
- Width fluctuations 
- Blatt-Biedenharn ang. dis. 
- Particle, photon and fission 

transmission coeff. 

Multiple 
emission

Multiple emission 

- Hauser-Feshbach 
- Multiple preeq. exciton 
- Fission competition 
- γ-ray cascade 
- Exclusive channels 
- Recoils 
- Fission fragment de-

excitation 

Output

Output files per reaction 
channel 

- Cross sections

- Total

- Exclusive: (n,γ), (n,f), 

(n,n’), (n,2n), (n,p) etc.

- Per level

- Residual production

- Particle production

- γ-ray production


- Emission spectra

- Single-differential

- Double differential

- Recoils


- Angular distributions

- Elastic

- Per level


- Particle multiplicities

- Fission yields, neutron 

observables

- Astrophysical reaction 

rates, MACS

- …etc

Other 

- Fission fragment 
distributions 

- ‘Best’ nuclear model 
parameters optimised to 
experimental reaction data

TALYS

~ 400 keywords

- Phenomenological parameters

- Microscopic tables 

Nuclear reaction models



“Macroscopic” Nuclear Inputs

Ground-state properties
(Masses, β2, matter densities, spl, pairing…)

Nuclear Level Densities
(E-, J-, π-dep., collective enh., …)

Fission properties
(barriers, paths, mass, yields, …)

Optical potential
(n-, p-, α-potential, def-dep)

γ-ray strength function
(E1, M1, def-dep, T-dep, PC)

β-decay
(GT, FF, def-dep., PC)

STRONG ELECROMAGNETIC WEAK

Mic-Mac model

BSFG model Mic-Mac model

Woods-Saxon Lorentzian Gross Theory

Most of this is implemented in the TALYS code



Ground-state properties
(Masses, β2, matter densities, spl, pairing…)

Nuclear Level Densities
(E-, J-, π-dep., collective enh., …)

Fission properties
(barriers, paths, mass, yields, …)

Optical potential
(n-, p-, α-potential, def-dep)

γ-ray strength function
(E1, M1, def-dep, T-dep, PC)

β-decay
(GT, FF, def-dep., PC)

STRONG ELECROMAGNETIC WEAK

Mean-Field model

HFB+Combinatorial HFB model

HFB-type HFB+QRPA HFB+QRPA

“Microscopic” Nuclear Inputs

Most of this is implemented in the TALYS code



Models of γ-ray strength function 
•  Standard Lorentzian (SLO)

•  Lorentzian with E-dependent width 

• Generalized Lorentzian with T- and 

E-dep. width: at the origin of GLO, 

EGLO, MLO, SMLO, …

• Mean-Field + QRPA
➢ Skyrme-HFB+QRPA
➢ Gogny-HFB+QRPA
➢ RMF+QRPA 
Provided empirical corrections are made, QRPA calculations 
can accurately reproduce experimental data !



Gogny-HFB QRPA E1 strength function in n-rich Sn isotopes 

GLOD1M
+QRPA

GLOD1M
+QRPA

GLO
D1M

+QRPA

GLO
D1M

+QRPA

Exp

Sn Sn

Sn Sn

GLO = Kopecky & Uhl (1990)



Essential for (n,γ) reactions: Photon strength functions
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(From the TALYS manual)



Essential for (n,γ) and all other channels: Level densities
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Candidate for default



2015-2025: Significant improvement of photon strength functions
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Older, analytical models QRPA + M1 upbend

From Goriely et al



Global (n,γ) : Ba isotopes
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Adjusting (n,γ ) cross sections with PSF width parameter

Exp
SMLO
wtable +10%
wtable -10%

10-8

10-7

10-6

0 5 10 15 20 25 30

120Sn

f E1
 [M

eV
-3

]

E
γ
 [MeV]Sn + Ein: range 

important for 
(n,γ )



Optimised (n,γ) : Ba isotopes
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Simultaneous adjustment to MACS, <Γγ> and (n,γ) 
cross sections
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Adjustment with 1 parameter: width of the QRPA GDR
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Spin distribution of level densities
are essential for isomeric branching ratios.
HFB BSKG3 model does a good job for this!
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From: Jessica Hollis, UKAEA

HFB-based nuclear structure —>
Microscopic level densities —>
TALYS nuclear model code —>
Better description of isomer/g.s. ratio —>
TENDL and JEFF nuclear data libraries —>
Improved prediction of decay heat for future
fusion reactors



Conclusion
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• Nuclear data for applications uses a variety of sources: 

• Compiled experimental databases for nuclear structure and reactions 

• Evaluated experimental databases for nuclear structure and reactions 

• Nuclear model codes 

• Fortunately, all these topics are continuously revisited by the IAEA! 

• Fundamental nuclear physics has an impact on nuclear energy and other applications:  

• Fundamental nuclear structure and reaction measurements lead to improved 
photon strength functions and level densities 

• Powerful nuclear model codes predict nuclear data, and interpolate between 
experimental data. 

• TALYS model code now more combined with DL techniques, reaction code 
simulators



Thank you for your 
attention!



Implicit neural representations are an extremely powerful tool to 
encode complex signals

Precision of reconstruction is superior to typical experimental/model uncertainties

• Simultaneous encoding of 4 different channels 
with factor ~30x compression 

• AI/ML can learn physical properties from 
encoding alone! 

Mitra, Choi, Liu, Glatt, Wendt and Schunck, arXiv:2404.02332 - 
Lawrence Livermore + Arizona state Univ.

Deep Learning versus TALYS/TENDL


