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What is part of the source term session?

• We consider effects up until the fission process

– Independent fission product yields (pre-fission fragment decay)

– Reactor parameters which impacts yields or ҧ𝜈𝑒 spectrum

• Neutron reaction cross-sections (fission, absorption, etc.)

• Design and operational considerations

– Not data related to decay, individual 𝛽 or ҧ𝜈𝑒 spectra 

• Antineutrino Spectrum Calculations (Day 3 – Wednesday)

• Antineutrino Detector Response (Day 4 – Thursday)



33 Open slide master to edit

Reactor Source Term: Session Goals

• Fission product yield data

– What are the uncertainties in the independent fission product yields?

– What is their dependence on neutron energy?

– Which fission product yields are most important?

– What measurements are still needed?

• Fission product absorption cross-section data and uncertainty

– What are the key fission products with high absorption XS uncertainties?

– How is this calculated for reactor physics vs. neutrino measurements? 

– What reactor modeling can be done to ameliorate?

• Status of non-equilibrium corrections

– What are irradiation environment effects on FP concentrations?

– What are their uncertainties? How are they calculated?

– What reactor modeling can be done to ameliorate?

• Opportunities/challenges with advanced reactors?

• Streamlining calculations
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Fission product yield data

• 𝛽/ ҧ𝜈𝑒 spectra directly related to fission yields:

–

– 𝛽 delayed n’s ?

• Which are the most important?

– MTAS measurements needed?

Sonzogni, Phys. Rev. C. (2015)
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.91.011301
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FPY uncertainties for LWR systems

Wieselquist, NRC Report (2017)

https://www.nrc.gov/docs/ML1900/ML19009A313.pdf
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Fission yield data of “non-equilibrium” isotopes

• Long time to reach equilibrium of certain FP

– 135Xe builds up over ~ hours/days

– 149Sm builds up over ~ month

– Impacts neutron flux and fission distributions

• Isotopes previously identified

– 97Zr, 132I, 93Y, 106Ru, 144Ce, 90Sr  

– (Hayes, Rev. Mod. Phys. (2016))

• Is better modeling needed?

Kopeikin, Phys. At. Nuc. (2001)

235U

Ratio of ҧ𝜈𝑒
to t=1 day

https://www.annualreviews.org/doi/abs/10.1146/annurev-nucl-102115-044826
https://link.springer.com/article/10.1134%2F1.1563708


77 Open slide master to edit

Cross-section data for better modeling

• For current and advanced reactors:

– 235U(n,f) fast

– 239Pu(n,f) – fast

– 135mXe(n,X)

– Various scattering (graphite, salt, FLiBe, iron, etc.)

• How has CIELO helped improve?

– Collaborative International Evaluation Library Organization

– 𝑘𝑒𝑓𝑓 in nuclear tech.

– 235,236,238U

– 239Pu

– 16O, 56Fe, 1H 

• What about?

– Sensitivities

– Uncertainties

Bostelmann, ORNL report (2019)

https://www.sciencedirect.com/science/article/pii/S009037521830022X
https://info.ornl.gov/sites/publications/Files/Pub118616.pdf
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Key cross-section data uncertainties

Wieselquist, NRC Report (2017)

https://www.nrc.gov/docs/ML1900/ML19009A313.pdf
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En impact on 235U fission mass distributions

C. Romano, Y. Danon, R. Block, J. Thompson, E. Blain, and E. Bond, Fission fragment mass 

and energy distributions as a function of incident neutron energy measured

in a lead slowing-down spectrometer, PHYSICAL REVIEW C 81, 014607 (2010)

Changes in shape of 235U fission mass distributions 

as a function of incident neutron energy

Vratio = ratio of 
resonance to 
thermal yields

Hambsch (1989)

https://orproxy.lib.utk.edu:2054/science/article/pii/0375947489902066?via%3Dihub
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Neutron energy dependence on FPY

• ENDF/B-VIII.0 has changed no fission yield data

• Reactor yields only for thermal, intermediate, and fast

• Does this need to be better understood?

Mattera, BNL Report (2021)

80% of LWR 
fissions 

caused by 
En < 0.1 eV

Littlejohn, Phys. Rev. D. (2018)

https://www.osti.gov/biblio/1762758
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.073007


1111 Open slide master to edit

Other contributions?

PROSPECT @ HFIR
Conant, Phys. Rev. C. (2020)Brdar, Phys. Rev. App. (2017)

• Used nuclear fuel

– 244Cm SF > 90% of high energy 𝛽 in PWR

– 240Pu SF > 90% of high energy 𝛽 in breeder blanket

• Nonfuel (capture, activation, etc.)

1-Total
2-Fission

3-Act. Cap.

Kopeikin, Phs. At. Nuc. (2003)

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.101.054605
https://journals.aps.org/prapplied/abstract/10.1103/PhysRevApplied.8.054050
https://link.springer.com/article/10.1134%2F1.1563708
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Reactor Power and Energy Uncertainties

Source
Power Uncertainty 

(%)

Daya Bay 0.5

PROSPECT 2.1

Daya Bay, CPC (2017)

Prompt E release, ENDF/B-VII.0

Precision depends on application!

Bowden 
(2008)

https://iopscience.iop.org/article/10.1088/1674-1137/41/1/013002/pdf
https://orproxy.lib.utk.edu:2054/science/article/pii/S0090375206000871
https://iopscience.iop.org/article/10.1088/1742-6596/136/2/022008
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What tools can be used for reactor analysis?

Workshop on Applied Nuclear Data (2020)
Proceedings from 2020 iteration

https://www.osti.gov/biblio/1649010-proceedings-workshop-applied-nuclear-data-wanda
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Speakers for today’s session

Speaker Topic Time

Amy Lovell (LANL) Overview of fission yield 

evaluations

11:20

Muriel Fallot (U. of Nantes) Non-equilibrium corrections and 

the MURE utility for neutrinos

11:40

Anna Erickson (GT) Reactor Operational Uncertainties 

and Effect on Detection Precision

12:00

Steve Skutnik (ORNL) Uncertainty in fission product yields 

and absorption

12:20

Robert Mills (UK NNL) Modeling of Neutrino Production 

and Spectra From a Magnox 

Reactor

12:40

Break 1:00

Nick Smith (INL) Advanced reactor instrumentation 

at NRIC and potential for neutrino 

measurements

1:15

Discussion 1:35



Thank you

Be prepared for an open 
discussion following the 
presentations and break
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