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Activation cross sections with uncertainties and covariances
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Forward-propagating parameter
uncertainties
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* Using uncertainty-quantified Koning-Delaroche OMP [Pruitt et al. 2023]
* Reaction model parameter systematics fit to data near stability
 GNDS files with neutron-induced cross sections for 8°-21Y, 86-307y

Technical report is available:
https://doi.org/10.2172/2997578
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/1 Activation (Hoffman et al. 2017)
[ 1 to GS (Hoffman et al. 2017)
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Finalizing 23°Pu evaluation
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Summary of the LLNL n+%3°Pu evaluation (so far)

 Based on calculations with ~ 1.041

LLNL’s YAHFC reaction code + __

Fresco coupled channels ]
* Fission: GMAP evaluation 1.02

including fissionTPC 101 :

239pu/235U '4%
* Cross sections below 30 keV ;C +00 \/\/W

and fission productdataare  § 0.9

taken from ENDF/B VIII.1 a "

. : 0'982 —— 2017 Standards —— 2020 update + fissionTPC data
ég.zﬁll,t;resentat/on at Nuclear Data Week 0.97_§ —— II\IeudlecklerletlaII.l(IZT)ZIO) upollatel .%. IT‘PICIo!ata (Sm./der.202.1'.D(a)nn.g.w.i,2025)
10-2 10-1 10° 10!

Energy [MeV]

Up next: Add covariance data
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Covariance data from
Backward-forward Monte-Carlo (BFMC)

Develéph;\ént by
* BFMC | p(X;) can be computed:

0O.C. Gorton
1 s Vet Cortaion
+ Elx] = [ op()dx =+ 3 Xiw; ]
e With uninformative prior :
22 ; '
e And Wi X eXp (— Zl ) Bauge et al. (2007) ul z% 02
Xmin R 01 I "
* Applied to HF and OMP parameters E

separately

- Using previous fit
| as constraint

[e)}
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Merging covariance data for all components

BFMC with YAHFC constrained by GMA
&~ results for fission and data for (n,2n)
cu il
‘ \ \ GMAP (GLS) results for (n,f)
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Merging covariance data for all components

BFMC with YAHFC constrained by GMA
results for fission and data for (n,2n)
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Merging covariance data for all components

n,2n

inelastic

capture

fission

elastic

total
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Cov(tot, tot)

= Cov(el,el) + Cov(inel,inel)
+ Cov(inel,el) + -
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Cross-channel covariance
Cov(inel,el):=Cov(tot,tot) - [rest]
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Preliminary E

Comb|ned Covarlance total elastic  fission capture inelastic (n,2n)

| 1 o
matrix T
* Combined matrix is positive semi-definite é u .
* Totaluncertainty is close to ENDF/B VIII.1 o _
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To Do

 To obtain a better elastic-inelastic cross channel covariance, we
need to include the OMP parameters in the BFMC evaluation
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Adjusting the library to the fission TPC 239Pu/235U data
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Validation and Verification

1.010

x benchmark . ..
_ A ENDF/B-VIIL.1 (2.09¢-4) - GMAP analy.3|s of fissionTPC
| —e—LLNL eval. with GMA analysis incl. fTPC data (2.12e-4) data: No adjustment needed
1 --=-LLNL eval. with fTPC data as truth, adjusted (2.28e-4) A * Almostas good as ENDF/B VIII.1
1.005 1 across PMF benchmarks
] . : A [ * Uncertainty propagation is work
] ; i e : in progress
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Validation and Verification

1.010
| x benchmark
| A ENDF/B-VIII.1 (2.09e-4)
| —e—LLNL eval. with GMA analysis incl. fTPC data (2.12e-4)
| --=- LLNL eval. with fTPC data as truth, adjusted (2.28e-4) A
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Beyond v: adjusting “by hand”

Cross section (b)
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Pu-239 evaluation: nubar and inelastic cross-section
Mercury simulations - other isotopes: ENDF/B-VIII.1

—
1]

—-adj_nubar=0.0%
——adj_nubar=-0.1%
) —e—adj_nubar=-0.2%
—-adj_nubar=-0.3%
——adj_nubar=-0.4%
—-adj_nubar=-0.5%

5% 10% 15% 20%
Inelastic cross-section decrease

Turn more knobs: Capture, PFNS, Angular distributions ... too many to do by hand
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Conclusions

* LLNL n+Pu239 evaluation (using the 2021 and 2025 fissionTPC
data with GMAP, YAHFC ) from 30 keV - 20 MeV is close to finalized
* Performance in criticality benchmarks is very close to ENDF/B

VIII.1
» Taking fissionTPC ratio with 2017 %3°U fission standard makes

adjustment hard to achieve by hand
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Backup/additional slides
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Importance-sampling Backward-forward Monte-Carlo
(IBFMC)

Goal: approximate statistics of random variable x, such as the Develoe’}}t by

expected value: E[x] = [ xp(x)dx 0.C. Gorton
* Direct Monte Carlo | p(x) can be sampled:

’ E X] fxp(x)dx ~ _Z X where X; Np(x) Sampling from a uniform distribution
* BFMC | p(X;) can be computed: ey SampeS W

« E[x] = %ZiXiWi where X;~U (Xmin, Xmax)s Wi = p(X;) = p(X;)
* Importance sampling BFMC | p(x) can be sampled approximately:
* Elx] = %ZiXngV—ZWhere Xi~g(x), w; = p(X), gi = 9(Xi)
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Validation by comparing to experimental data

89Y,4(n,2n)88Y

- Activation Activation (Hoffman et al. 2017)
— to GS ===+ to GS (Hoffman et al. 2017)
== {0 state k4 to M1 (Hoffman et al. 2017)
= {0 state k3 to M2 (Hoffman et al. 2017)
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* Overall good performance for (n,2n). Capture cross sections need to be improved
* Validation for YAHFC reaction code
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Neutron Transmission Coefficients

= Pruitt & Escher have re-evaluated the
parameters of the Koning-Delaroche
optical model

= |ncluding MCMC UQ

= We consider a subset of 50 samples
(out 400+) of pre-calculated neutron
transmission coefficients
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Level Densities — shell corrections

= The fitted systematic is similar to hoffman:

N <=50 N >50 S
co = —364 + 70 co = —202 + 12 ° 1l 3 $
c1=17.2+30 ¢, = 6.67 £+ 0.43 61§ ot
co = —0.20 £+ 0.03 ¢y = —0.053 £+ 0.004 = i :
= 218
= Uncertainties S o ¢
represent the 1o ﬂ © -
quantile of the = d $
distributions that ]
results from the P
MC fitting "L : : : 35 40 a5 50 55 60 65
procedure. Close g N
to normal / \
distributions. Figure 2: Results of the Monte-Carlo fitting pro-
TERERS PSS . cedure for the shell correction parameter §W.
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Gamma-ray Transmission Coefficients

= Average radiative width trends:

. . 3507 T RIPL-3
= <I,>increases with charge number (Z) - & s @ N ¥ Ru
300 1 X Y A Mo ¥ Rh [
= <I,>;generally decreases with mass number | ¥ zr @ T
along an isotopic chain (N) 2507 ®
. S 200 - \ \
= <I,>;shows an odd-even staggeringin A, ) L7¢ %
only observable for even-Z nuclei £ ol V \ \ KAA \V *
/;. / \ A\ R /
L W\ | ,‘
< 100 \ \} \;s \( \%/
= We choose to fit with an empirical form: 50 VA \A /\
\
(Fy)o(Z,A) =co+ c1 A% + ¢ 2% + c3Z mod(A, 2) 0
80 85 90 o5 100 105 110
A
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