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Introduction

▪ AWE are creating new in-house nuclear data evaluations for a range 
of mid-mass isotopes.

▪ Neutron-induced reactions only.

▪ The main focus is on higher energy cross sections, e.g. above the 
resonance regions.

▪ However, lower energy resonance data are still required in the 
datasets.

▪ Where existing evaluated resonance data are of “good” quality, these 
are adopted.

But,

▪ If good resonance data are not available in an existing evaluated 
library, e.g. ENDF/B, JEFF or JENDL, what is the best way to 
easily generate physically realistic resonance data?
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Resonances

▪ At lower energies, 

resonance behaviour 

dominates the shape of 

the energetically feasible 

reaction cross sections.

▪ Above these energies, 

cross sections are 

smoothly varying.

▪ Can use mean-field 

approaches to perform 

calculations there.

▪ E.g. with TALYS code.
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Resolved Resonance Region 

(RRR)



Resonance data in the mid-Z region

▪ RRR data for many isotopes in this region are available in 

evaluated libraries.

▪ RRR data are stored in the form of resonance parameters.

▪ But, not all are based on rigorous analyses.

▪ E.g. R-matrix fits of experimental data.

▪ Many have RRRs generated using e.g. the TARES code.

▪ TARES is part of the same suite as TALYS. Designed to produce 

statistically correct resonances that “look correct”*.

▪ Some short-lived isotopes do not have any data in evaluated 

libraries.

*This author’s understanding of what the code is designed to do.

4



What should an RRR look like?

▪ Investigated various metrics for how resonances in the RRR for a 
particular isotope should be distributed.

▪ Porter-Thomas distribution.

▪ Wigner distribution.

▪ Simpler relationships.
▪ Cumulative number of resonances vs energy.

▪ Cumulative spin-weighted widths vs energy.

▪ Ratio of s-wave : p-wave resonances.
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What other options are there to create new RRR data?

▪ Full R-matrix fit of measurements.

▪ Transmission.

▪ Time-of-flight.

▪ Single Resonance Approximation 
(SRA).

▪ Surrogate RRR.

▪ “Transplant” RRR from another isotope.

▪ Radiator method.

▪ Uniformly spaced resonances.

▪ Smooth low energy region.

▪ High-Fidelity Resonance (HFR) 
method.

▪ Available in TARES.
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Smooth and SRA methods

▪ Smooth low energy region.

▪ With no information on the true structure of the resonance region, 

simply use a smooth average cross section. 

▪ Derived from a (probably calculated) thermal capture cross section.

▪ Pro: Not “making up” any physics.

▪ Con: Fails to reproduce any of the RRR metrics. 

▪ Single resonance approximation.

▪ Use a single wide resonance to approximate the average behaviour of 

the RRR.

▪ Pro: If correctly constructed can reproduce the RRR metrics.

▪ Con: Obviously non-physical for most isotopes.
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Surrogate and Radiator

▪ Surrogate method: “Transplant” of RRR.

▪ Simply take the resonance parameters from another isotope.

▪ The donor isotope should be physically similar with rigorously 

evaluated resonance parameters. 

▪ Pro: Real resonance parameters…

▪ Con: For a different isotope…

▪ Radiator method: Uniformly spaced resonances.

▪ Produce s-wave resonances with equal spacing D0.

▪ Neutron strength function S0 calculated using the “extreme” 

compound nucleus model.

▪ Pro: Attempts to fill the resonance region as a function of energy.

▪ Con: Non-physical distribution of resonances.
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HFR method

▪ Available within the TARES code.

▪ Uses average URR (Unresolved Resonance Region) parameters 
as inputs. These can be generated by TALYS.

▪ TARES passes the URR parameters to CALENDF.

▪ CALENDF uses the “random ladder” method to produce resolved 
resonances.

▪ TARES adjusts calculated resonance parameters to reproduce a 
desired thermal cross section.

▪ Pro: Attempt to create a physically representative RRR.

▪ Con: Resonance energies not correct.
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Integral Benchmark Model

▪ Critical assembly experiments performed in the 1950s were chosen as a 
way of testing RRRs created using the various methods listed above.

▪ Isotopes were irradiated at the Godiva, Jezebel and “Water Boiler” 
assemblies and the activity of the A+1 nucleus formed due to capture 
measured.

▪ Wanted a real experimental system where the capture cross section RRR 
could be investigated.

▪ Looked at the Godiva experiments in this study.

C. C. Byers, “Cross Sections of Various Materials in the Godiva and Jezebel 
Critical Assemblies.” Nucl. Sci. and Eng. 8 6 (1960)

C. C. Byers, “Radiative Capture Cross Sections for the Neutrons in a Critical 
Sphere of U-235 Metal.” Ph.D. thesis, Ohio State College (1955)
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Methodology

▪ Create data for an isotope using TALYS 
(high energy part) and TARES or some 
other code (RRR) .

▪ Run the Godiva model using FISPACT.

▪ Record the amount of A+1 nucleus 
created.

▪ Compare against some baseline value.

▪ The experimental result has NOT been 
used here.
▪ Some experimental details not available.

▪ Only using a simple 0D model.

▪ Not all isotopes looked at were measured.

▪ Use results calculated using data from an 
evaluated library as the baseline result.
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89Y Results

▪
89Y is the target isotope, with 90Y produced via neutron capture.

▪ ENDF/B-VIII.0 results taken to be correct.

▪ Surrogate RRR poorly chosen in this case?
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89Y Results
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Zr Results
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Other Isotope Results
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Overall results

16

▪ As may be seen, the 
HFR method is 
consistently the best 
performing method. 

▪ Perhaps surprisingly, 
the radiator method 
is overall the worst 
performing.

▪ Could the surrogate
approach be 
improved?
▪ Better choice of donor?

▪ More modifications to 

transplanted RRR?



Conclusions

▪ The HFR method for creating resonances in the absence of 
experimental data was found to perform best.

▪ Benchmark results.

▪ Metric performance.

▪ The Radiator method was the worst performing.

▪ Caveat: this study only looked at one (simplified) benchmark 
model.

▪ And assumes ENDF/B-VIII results are correct.
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Potential Future Work

▪ Use additional benchmark models.

▪ Compare against JEFF, JENDL or CENDL instead of ENDF/B.

▪ Investigate potential improvements to any of the RRR methods 
used in this study.

▪ Further investigate suitability of the different metrics used for 
rapidly assessing RRR data.
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Summary

▪ A number of methods for creating RRR data in the absence of 
experimental data have been investigated.

▪ Checked the performance of each generated RRR against a 
range of metrics.

▪ Compared performance of each generated RRR in benchmark 
calculations.

▪ Irradiations of foils loaded into the Godiva critical assembly in the 1950s.

▪ Results compared against those produced using ENDF/B-VIII.

▪ The High Fidelity Resonance method used by the TARES code 
was found to perform best.
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Comments / Questions?
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