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PFNS Calculation in EMPIRE

= Only 15t chance fission implemented in EMPIRE

= Two prompt fission models:
- Los Alamos (Madland-Nix) — though not the latest one!
Kornilov

=" Four parameters:
PFNTKE — Scales the total kinetic energy of the fission fragments
PFNALP — Scales the energy of both the light and heavy fragments

PFENRAT — Adjusts the ratio of the kinetic energy of the light to
heavy fragments

PFNERE — Scales the total fission energy release

= PFNS independent of and uncorrelated with cross section
calculations (15t chance only — 2"d chance will correlate)



Cross-section sensitivity-matrix file
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Cross Section (barns)

Cross-section fit, an example

Improvement of the agreement of
fission cross sections with
experimental data by fitting through
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PFNS calculation

I ' / ' Default calculation

, / 1 | of PENS (Kornilov)
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Using Kalman to fit PFNS

Initial obstacles:

~——=® Different quantities

Il—=" Maxwellian normalization of experimental data
= Function of E, . VS. function of E; .

r—<= Outgoing energy instead of incident energy

= Incident energy instead of reaction

Solutions:
= KALMAN does not know
= Andrej Trkov improved PFNS data extraction from EXFOR file

= KALMAN does not know — Reformatting: Transposing the
sensitivity matrix!




Reformatting PFNS Sensitivity-matrix
file
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Fitting process (ka/man script) —
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PFNS fit — Los Alamos model

Ratio to Maxwellian (T=1.32 MeV)
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Normalized Sensitivities

PFNS sensitivity plot — Los Alamos

model
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PFNS fits — Los Alamos and Kornilov
models
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PFNS parameter correlation — 23°U

= Final values for the parameters

Parameter Los Alamos model Kornilov model
PEFNTKE 1.0084E+0 1.1315E+40
PEFNALP 9.3971E-1 8.9950E-1
PENRAT 8.5436E-1 9.4934E-1
PEFNERE 1.0157E+0 1.1129E+40

= Parameter correlations for both models:

1 2 3 4
1PFNTKEBBEAGO 1.03E+00 10068
ZPFNALPBEOOBG 9.8BE-B1 -740 10068
3PFNRATGREEEG 9.56E-81 779 -223 1000
4PFNEREGOOOBE 1.03E+80 963 -877 585 1000

Parameter correlations for the
Los Alamos model

1 2 3 4
1PFNTKEGBBOAG 1.13E+00 1060

2PFNALPGBOOGG B.99E-01 -526 10600
IPFNRATGEOOBE 9.49E-81 298 612 1800
A4PFNEREGEOOGE 1.11E+08 948 -766 -13 1088

Parameter correlations for the
Kornilov model



Energy [MeV]

PFNS correlations — 235U
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Correlations for the

Kornilov model
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Correlations for the
Los Alamos model



Conclusion

= Calculation of 18t chance prompt fission spectra was
Incorporated in EMPIRE

= Two models were implemented:
- Los Alamos model
Kornilov model

= We are now able to fit PFNS parameters to experimental
data, for any Maxwellian normalization, for either model

= This allowed also to obtain:
Sensitivities to PFNS parameters
Correlations and covariances (both for parameters and PFNS)
Uncertainties (both for parameters and PFNS)

= Still independent from cross sections calculations
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