
 

Predictive power of TALYS
Arjan Koning

Head of Nuclear Data Section, Division of Physical and Chemical Sciences, Department of Nuclear Sciences and 
Applications, International Atomic Energy Agency

Technical Meeting on Short-lived nuclides 
IAEA, August 25-29, 2025



Contents

2

• Introduction 
• Global quality of level density and photon strength function 
• EXFOR cleanup 
• MACS database  
• Neutron reactions up to 30 MeV 
• Summary



Short-lived nuclides?
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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



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



Goodness-of-fit: Frms with experimental uncertainty

Frms = 1.40 means “~40% off”

Erms = 1. means “no model bias”

Usual C/E value

C/E value including uncertainties

Instead of

we use
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TALYS Average radiative width vs. experiment
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Level densities optimised to discrete levels and D0
Photon strength functions: global model
Nuclides with experimental <Γγ> data: 228
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Level densities optimised to discrete levels and D0
Photon strength functions: global model
Nuclides with experimental MACS data: 277
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Global (n,γ) : Ba isotopes
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MACS unfolded to pseudo cross section data



Global (n,γ) : Ba isotopes
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Adjusting (n,γ ) cross sections with PSF width parameter
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Optimised (n,γ) : Ba isotopes
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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 (wtable): width of the QRPA E1 PSF



Maxwellian-Averaged Cross Section (MACS)
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• In general: consistent with experimental data for average radiative width Γγ and ‘normal’ cross section 
measurements 

• Global rule for this work: Astral > Kadonis > Bao et al > Mughabghab > Sukhoruchkin > EXFOR (to be judged/
overruled by real experts!) 

• Exceptions: 
• Cu63: Bao et al 
• Cu65: Bao et al 
• Br81: Bao et al 
• Cd106: Mughabghab Atlas 2018 
• Cd108: Sukhoruchkin Atlas 2012 
• Sm148: Kadonis 
• Sm154: Sukhoruchkin 

• Any database should clearly distinguish experimental values from the rest 
• EXFOR data mining so far: Tm171(Guerrero), W185(Mohr), Th232(Poenitz), U235,238 (Wallner) in EXFOR but not in 

Astral/Kadonis/Bao
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Use all MACS 
sources we can find



Outlier: Cu65
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Outlier: Cd106
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Outlier: Cd108
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Outlier: Sm148
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Experimental data

• TALYS/TENDL methodology requires all EXFOR to 
be available instantaneously 

• Best current option: EXFORtables - directory 
structured database 

• All data normalised to latest standards/monitors 
• Outlier assignment: 

• 23444 cross section data sets 
• 10969 declared inlier 
• 1975 declared outlier 
• Still need to put 23444 JSON files on IAEA-github 



EXFORCISM: flag evil experimental data sets as outlier
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Koning, Dzysiuk, Alhassan, Gaughan
Now 13 000 data sets for neutrons up
to alpha particles. Cross sections only.
Outliers based on comparison with other 
exp. data, NDL’s and TALYS:
• Visual, 
• Rms goodness-of-fit
• reading papers (Dzysiuk, Alhassan)

Essential for automated parameter
optimisation with TALYS

For our horizontal data evaluation:
~1960: 25% of exp. data sets not included
> 2000: 5% of exp. data sets not included





Parameter optimisation up to 20 MeV
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• Use TASMAN code (nds.iaea.org/talys): Either Czendes global optimization based on Boender-
Rinnooy-Kan-Timmer-Stougie stochastic method, or Nelder-Mead optimisation 

• Multi-dimensional parameter landscape not too wild 
• 20 TALYS runs per varied parameter usually enough: 120-160 TALYS runs for optimal result 

• (n,γ): 
• PSF: wtable(0,0) - width of PSF of compound nucleus 

• (n,n’), (n,2n), (n,3n), (n,p) and (n,np): 
• rvadjust p - radius of proton OMP for outgoing channel 
• gadjust(0,0), gadjust(0,1), gadjust(1,0) - particle-hole density for pre-equilibrium 

• (n, α) 
• rvadjust a - radius of α OMP for outgoing channel 
• cstrip a - Kalbach parameter for stripping reaction 

• Isomer versus ground state: 
• Risomer - discrete level branching ratio of final nuclide 
• s2adjust - level density spin distribution of final nuclide

http://nds.iaea.org/talys


            Global                      versus               optimised
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Global calculations for actinides
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BSKG3

Capote et al RIPL 2408



Global calculations for U isotopes

30



Global calculations for U isotopes: low energies
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Global calculations for Pu isotopes
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Global calculations for Cm isotopes

33



Optimised calculations for first chance fission
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n + U238n + U237

n + U236n + U235

Use these parameters separately for first-chance fission calculation.
Also with ‘ngfit y’
Keep ground-state level density parameters untouched.



Optimised calculations for first chance fission: U isotopes
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Summary, observations, questions
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• TALYS seems to be reaching convergence (unfortunately) for global predictive power: 

• (n,γ) in fast range: ~40% 

• (n,f) in fast range: 50-80%  

• (n,n’): ~20%, (n,2n): ~30%, (n,p): ~40%, (n,α): ~50% 

• Above numbers hold for global calculations versus measured reaction channels, i.e. the 
200-300 most ‘important’ nuclides 

• Above numbers after serious exforcism. 

• We assume this to be applicable for unmeasured nuclides close to stability 

• Estimate for shorter lived nuclides underway (see Goriely) 

• Significant improvement of descriptive power with relative small number of parameters (—> 
TENDL, JEFF), i.e. smaller deviations than the global numbers above. 

• Consolidated, readable, computer accessible (and ideally: evaluated) experimental nuclear 
reaction database essential for assessment of quality of nuclear models. 



Thank you for your 
attention!


