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This work shows progress towards
fulfilling NCSP milestones of LANL ND1
(Nuclear Data Evaluation and Testing).
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FY21-22 milestones:

« 239Py, 233U: “Update fission cross section based on TPC results (from
239Pu/235 ratio data)” (DUE FY21 Q4),

o« 235, 239Py: “Evaluate PFNS and multiplicity consistently, including angular
information about prompt neutrons” (DUE FY22 Q4),

« 235: “Finalize prompt fission neutron spectra based on LANSCE high-
energy emission data from Chi-Nu” (DUE FY22 Q2),

» And 233U: “Develop consistent evaluation of fission yields, neutron multiplicity, and
spectra from thermal to 20 MeV” (DUE FY22 Q4).
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FY21-22 milestones:

« 239Py, 233U: “Update fission cross section based on TPC results (from
239Pu/235 ratio data)” (DUE FY21 Q4),

‘ . 255(J, 2%Py; "Evaluate PFNS and multiplicity consistently, including angular‘
information about prompt neutrons” (DUE FY22 Q4),
« 235: “Finalize prompt fission neutron spectra based on LANSCE high-

energy emission data from Chi-Nu” (DUE FY22 Q2),

* And 235U: “Develop consistent evaluation of fission yields, neutron
multiplicity, and spectra from thermal to 20 MeV” (DUE FY22 Q4)

Two of the milestones are reached with the LANL-developed Hauser-Feshbach
Fission Fragment Decay Codes CGMF (Monte Carlo) and BeoH (deterministic)
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Modeling

« CGMF and BeoH, LANL’s Monte Carlo and deterministic fission fragment
decay codes

« Challenges in the PENS
» Consistency between neutron multiplicity and fission product yields

SS
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Monte Carlo and deterministic models at LANL

Deterministic: BeoH (prompt and delayed)
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Input needed from theory and

experiment: Monte Carlo:

* First-principle calculations of CGMF (prompt)
fission yields

e Multi-chance fission

probabilities
o_> @

* Pre-fission neutron energy
spectra

* Mass, charge, and kinetic
energy of fission yields
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Initial conditions of the fission fragments are modeled
phenomenologically, fit to available experimental data
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These initial conditions are
essentially shared between
the two codes — we can utilize
optimization from one code
for the other.
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Additionally, many global models are needed in the de-
excitation of the fission fragments

A*, L« A*-l, L+ A*—2, L«
— ( —_— —

— (
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e Discrete nuclear levels (RIPL)

* Optical model potential (e.g.
Koning Delaroche)

* Level densities

* Nuclear masses

Many models are constrained by
experimental data, which is plentiful
closer to the stable nuclei — not the
case for the excited nuclei that are
created during the fission process



Historically, the PFNS has been a challenge to
reproduce with any Hauser-Feshbach decay model

1.50 Changes to the fission fragment initial
235(7(n, f) conditions that stay within the bounds
of other observables (e.g. Y(A), TKE,
multiplicities) can only move the PFNS
...'“'I---....L.,, so far.

PFNS/Maxwellian (kT=1.32 MeV)

0.75 R == In FY21 towards the current milestones,
e ENDF/B-VIILO . . L ]
e CGMF =7 we spent a significant amount of time
) - ﬁ(F)pr E exploring different global models within
0.25 | 4 vorobyevetal, 2013 CGMF and BeoH to improve the quality
Kornilov et al., 2010 Of the PFNS
0.00 : . : .
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Average neutron multiplicities and fission product yields
can be reproduced simultaneously (BeoH)
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Evaluation

« Evaluation technique
» Estimating experimental uncertainties in detail
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We get evaluated data and covariances with GLLS using
model data as a prior and updating with exp. info.

GLLS combines:
o BUHGK (1)M+S$, -4, ,W/B0L, #8123, -1304

o O"S$. 0/ ,88#+SF, 4. ,W/B0k, —#EL"" ., 23, -1P0&" (7" 08)*h:" 28, & ; <&:3hBéusing,
» The design matrix S that either transforms from model parameter space to
observable space or from energy lattice of the model to exp. one.

?post — 9\1 s Covp()(sts—f—(COVI)_l (91 B SQ‘U) |
Cov?”*!|= [Cov™| — Cov S+ (SCov!S* + Cov®) " SCov

As prior, we either use information from CGMF or Los Alamos model.
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Exp. database & covariances are obtained with the code
ARIADNE

Correlations of 2°U PFNS Experimental Data
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VIII.0 exp. cov. estimated with ARTADNE.

* A python notebook exists for each exp.

%@ DN, EPIN 4, 34 (2018).



Evaluation

» Milestone: 23°U, 23°Pu: “Evaluate PFNS and multiplicity consistently, including
angular information about prompt neutrons” (DUE FY22 Q4)
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We have for the first time produced ENDF/B-quality nu-
bar using CGMF. ! "#8'# = (&) (*+#,6- . &) W/801114h2+34#65-$3 . 6
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Difference to ENDF/B-VIII.O:

(a) New high-precision data by Marini (CEA) using Chi-Nu array,

(b) improved UQ of past experimental data (template of expected exp. unc.),
(c) using CGMF modeling consistent with TKE, FY, etc.
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The eval. parameters of ' “Pu(n,f) nu-bar produce
realistic estimates of fission quantities with CGMF.

inc

Edata=0 72 Me

mm First fixed

v
D

& B=1Mev

Fit all

Fit ENDF
Fit down-selected grid
Akimov et al., 1971

120 140 160

1.8
m— First fixed -
= = Fitall I
= == Fit ENDF . .
1.6 == Fit down-selected grid o
’ ¥ Verbinskictal., 1973 . .
Chyzh etal., 2013 . .
1 Gateraetal, 2017 : .
1.4 +  Chyzhetal, 2014 : .
. %
. .
. "
- H .,
S 1.2 : .
= :
:
.
1.0 .
B
__,----.-......---------..
08 e - m == =o=o
0.6

5.0

75 10.0 12.5
Incident energy (MeV)

15.0 17.5 20.0

6 EAkimov:4 48 ye FE;.=5 MeV
inc : ) me
51 ESwin=5.5s Mgl W Z

.
*Te ‘k

m First fixed
== = Fitall
= = = Fit ENDF
=== Fit down-selected grid
4+ Surinetal., 1972
Akimov et al., 1971

Yef

-2 3

\’n . *

80 100 120 140 160

A
235 m— First fixed
= = Fitall
2.30 = = = Fit ENDF |
== Fit down-selected grid
t Nefedovetal., 1983
2.25 Vorobyev etal., 2016
¥ ChiNu, prelim j
2.20 || | i
215 | | |
S
2.10
2.05
2.00
1.95

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Incident enerev (MeV)

=
3

Total Kinetic Energy (MeV)
3
3

Wagemans etal., 1986
Thierens et al., 1981
Lestone etal., 2014

First fixed

= Fitall

* Fit ENDF

Fit down-selected grid
Vorobyeva etal., 1974
Surin etal., 1972
Kolosov etal., 1972
Schillebeeckx et al., 1992
Tsuchiya etal., 2000
Nishio et al., 1995
Akimov etal., 1971

0.0 25 5.0 75 100 125 150
Incident energy (MeV)

The only problem is
that the PFNS is

predicted too soft.
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Required detailed studies of <TKE> & fission barriers.
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Difference to ENDF/B-VIII.O:

a) Included 2 new data sets (Boikov, Khoklov),

b) Improved UQ of past experimental data (template of expected exp. unc.),
c) Using CGMF modeling consistent with TKE, Y(A), etc.
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The eval. parameters of

"$U(n,f) nu-bar also produce

realistic estimates of fission quantities with CGMF.
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The PFNS seems to
agree better than
for 239Pu BUT ...
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PFNS ratio to Maxwellian (kT=1.32 MeV)

Kalman optimization of the PFNS with baseline CGMF
either produces unphysical PFNS or parameters.

—— CGMF baseline
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We can produce PFNS together with nu-bar using CGMF.
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Evaluation

« Milestone: 23°U: “Finalize prompt fission neutron spectra based on LANSCE
high-energy emission data from Chi-Nu” -> we did that also for 23°Pu
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High-precision "#Pu & !'"*U PFNS by Chi-Nu significantly

expanded our database!
VIII.0 Database Additional data (FY21/22)
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Mean Energy from 10 keV-10 MeV (MeV)
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(a) Difference to VIII.0:New high-precision PFNS by Chi-Nu & CEA,
(b) Same as VIII.0:Used the Los Alamos model (DN et al., NDS 148, 293 (2018)).




We test eval. '"*U PFNS using Chi-Nu data now for release.
Some work needs to be done for E,;- > 7 MeV
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 The new eval. corresponds well to
independent INDEN eval. at thermal.,

« Eval. agrees well with Chi-Nu E;,. = 1-7 MeV,
« Some work needed at E;,.={8-11,13-14} MeV.
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Evaluation

 Milestone: 239Pu, 23°U: “Update fission cross section based on TPC results
(from 239Pu/23°U ratio data)” (DUE FY21 Q4).
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"#Pu/tU(n,f) niffteTPC data were included in standards
eval. The eval. data are now in 2 Vlil.1beta files!
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fissionTPC data change the evaluation significantly above 10 MeV and raised some
qguestions on past data that the standards committee are now exploring.

« TPC intp ... TPC data after standard interpolation, and normalization procedure.
« TPC org ... as reported by niffteTPC collaboration.
® « Eval. Without TPC ... current standard file.



Many changes in ' #Pu, but they work well together!
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Summary

* Currently in VIII.1 LANL and IAEA test files:

— 239Py nu-bar including CGMF modeling and
CEA data,

— 239Py PFNS including Chi-Nu & CEA data,
— 239Py(n,f) cross section including fissionTPC

data.

» Currently being tested if fit for release:
— 235U nu-bar including CGMF modeling,

— 235U PFNS including Chi-Nu data.

To-Do:
Correct /-U Chi-Nu PFNS at higher
Eso:,
Benchmark /-4U PFNS & nu-bar
evaluations,
Get /-9U nu-bar.

Thank you for your attention!
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