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Summary
• Background, Goal and Method

• Model variation

• Examples

• Future
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• Current evaluated covariances are usually based on 
- Dedicated assessment of experimental/theoretical uncertainties + biases
- Default theoretical calculations

• In TENDL (and partly in JEFF-3.3), covariances are based on
- BMC when experimental data are available
- TMC when experimental data are not available

• In case of covariances based on theoretical calculations
- Parameter pdf are assumed
- A set of models is fixed 

• This is fine when model predictions are “good” compared to their parameter 
variations

• What to do away from the stability line ?

Background
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- From drip line to drip line: Sn 94 – [112-124] – 169. 

- In TENDL-2021: Sn 100 – 134. 
- Covariance obtained by variation of model parameters (OMP, LD, γ-str)

Example on Sn isotopes



http://www.psi.ch/stars 2022.09.28/STARS/RD41 - ( 5 / 18) 

• In astrophysics, more than 8800 isotopes can be considered
- ≈ 270 with experimental data
- ≈ 3500 with known masses (Audi masses)
- ≈ 5400 with nothing

• Changing model parameters is not enough
• Changing models gives an indication of systematical effects

• Goal: Produce quantities as in BRUSLIB but with uncertainties:
- Cross sections & Reaction rates (n,g), (n,p), (n,a) (p,a), (p,n), (p,g)

(a,n), (a,p), (a,g)
- MACS
- Normalized partition functions

Background & Goal
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• Systematical TALYS calculations for 8800 isotopes (ground state)
• For each isotopes, repeat calculations with different models and extract:
- 9 cross sections from 0.01 eV to 20 MeV: 

(n,g), (n,p), (n,a)
(p,a), (p,n), (p,g)
(a,n), (a,p), (a,g)

- 9 Reaction rates for all temperatures taking into account the thermal population of 
the target

- 1 Normalization partition function

- 1 Laboratory (not stellar) MACS

• For isotopes with experimental data (≈270): use adjusted parameters when possible

• See next slide for examples

Method
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Example Sn-120 (stable)
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Example Sn-129 (less stable)



http://www.psi.ch/stars 2022.09.28/STARS/RD41 - ( 9 / 18) 

Example Sn-160 (even less stable)
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• In TALYS, a number of models can be changed:
- Gamma strength function
- Level density
- Optical model
- Gamma strength function for M1
- Collective enhancement
- Width fluctuation 
- Mass model

• Default TALYS is 91n3n12

Model variation
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• Ratio for (n,g) cross section at 30 keV from models log(81n8n12/91n3n12)

Model variation: example
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Correlations
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Correlations
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• Example of the 30 keV MACS values, from the variations of 288 models
6Li to 52P

Correlation between isotopes
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• Example of the 30 keV MACS values, from the variations of 288 models
6Li to 195Ce

Correlation between isotopes
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• A large part of the model calculations are available in TENDL:
https://tendl.web.psi.ch/tendl_2021/tendl2021.html

Model calculations available

https://tendl.web.psi.ch/tendl_2021/tendl2021.html
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• Large variations and different distributions from stable to short-lives isotopes

Model calculations: example
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• Systematical approach to various quantities for astrophysics
• Variation of models, and not model parameters
• Access to systematical uncertainties and correlations
• All available from the TENDL-2021 website

• Future: TENDL-2023 will include more model variations and more quantities, up to 960 
model sets

Future and conclusions
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