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Summary
• Resonance energy range
- Fitting
- Resolved resonance range
- Unresolved resonance range
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• 50 years old, married, two kids, one dog

A short CV

1999-2002         2002-2004 2004-2007     2007-2014 2015-

PhD Post Doc. Scientist Scientist Scientist
ILL Los Alamos      Brookhaven     NRG Petten PSI

(99Mo production)

• PhD on fission yield measurements

• Postdoc on cross section measurements

• Scientist: - nuclear data evaluation

- reactor calculations

- spent nuclear fuel characterization
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Neutron induced reactions
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Neutron induced reactions
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Neutron induced reactions
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Neutron induced reactions
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Neutron induced reactions: examples
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Neutron induced reactions: separation



http://www.psi.ch/stars 2023.10.18/STARS/RD41 - ( 10 / 53 ) 

Neutron induced reactions: separation
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Compound nucleus: spin and parity
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Compound nucleus: spin and parity
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Thermal and resonance region
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Thermal and resonance region
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Thermal and resonance region
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Thermal and resonance region
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Thermal and resonance region
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Thermal and resonance region
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Thermal and resonance region
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Thermal and resonance region
• Approximation of the R-matrix:
- Single level Breit Wigner
- Multi level Breit Wigner (& Multi Niveau Breit Wigner)
- Reich Moore
- R-Matrix limited

• Applied to (n,el), (n,g), (n,f)
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Thermal and resonance region
• For resonances far from the resonance range, the capture cross section at 0.0253 eV is

• Gn
0 is the reduce width:

- For l=0, Vl=1
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Thermal and resonance region
• Example for SLBW, l=0 
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Thermal and resonance region: interference
• Example for SLBW, l=0 
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Thermal and resonance region: interference
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Thermal and resonance region
• Specific codes are used to “fit” observed resonances: SAMMY, REFIT

• And extract resonance parameters
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Thermal and resonance region
• Specific codes are used to “fit” observed resonances: SAMMY, REFIT
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Thermal and resonance region
• Specific codes are used to “fit” observed resonances: SAMMY, REFIT
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Thermal and resonance region
• Specific codes are used to “fit” observed resonances: SAMMY, REFIT
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Thermal and resonance region
• Specific codes are used to “fit” observed resonances: SAMMY, REFIT
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Resonance region: Doppler broadening 
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Resonance region: Doppler broadening 

• The reaction rate is maintained
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Resonance region: Doppler broadening 
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Resonance region: Doppler broadening 
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Thermal and resonance region
• Additionally, recommended resonance parameters can be found, such as in the “Atlas 

of Neutron Resonances”
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Thermal and resonance region
• Additionally, recommended resonance parameters can be found, such as in the “Atlas 

of Neutron Resonances”
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Resonance region: level density
• Used both in the resonance range and fast neutron range
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Resonance region: level spacing
• Used both in the resonance range and fast neutron range
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Resonance region: scattering radius R
• Used for the potential scattering cross section (1.35A1/3, A target mass)
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Limit Resonance – fast neutron range
• The limit between the resonance energy range and fast neutron range is called the

unresolved resonance range
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Unresolved resonance range
• The limit between the resonance energy range and fast neutron range is called the

unresolved resonance range



http://www.psi.ch/stars 2023.10.18/STARS/RD41 - ( 41 / 53 ) 

Unresolved resonance range
• The limit between the resonance energy range and fast neutron range is called the

unresolved resonance range
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Unresolved resonance range (URR)
• The limit between the resonance energy range and fast neutron range is called the

unresolved resonance range
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URR: create “statistical” resonances
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URR: create “statistical” resonances
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URR: create “statistical” resonances
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Statistical resonances
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Statistical resonances
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Statistical resonances: 3 groups of isotopes
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URR: Converting average parameters to 
statistical resonances



http://www.psi.ch/stars 2023.10.18/STARS/RD41 - ( 50 / 53 ) 

URR: example for known thermal cross sections
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URR: example for known resonances
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Conclusion
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Conclusion
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Wir schaffen Wissen – heute für morgen


