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Extracting covariances from model-driven evaluations.

» Calculations using LLNL-developed YAHFC (yet another Hauser-Feshbach code.)

« Multiple parameters can be varied and are thus fitted to experimental data.

« Ultimate goal is the Markov-chain Monte-Carlo evaluation of the model covariances.
 YAHFC runs take significant amount of time, developed parallel version (not discussed here.)

» Explore options for quick re-evaluation of covariances in the wake of new experimental data.

i LLNL / Yet-Another-Hauser-Feshbach-Code Prublic
https://github.com/LLNL/Yet-Another-Hauser-Feshbach-Code
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Kalman filter (following NDS 109 (2008) 2752-2761)

Updated YAHFC parameter values

/

Sensitivity Matrix o: = ol F:
_— 2 ( ’L7p)

S- e ao-z Pn+1 = Pn + PnSTQn—H(O-?ez}fl — O(Dn))
ii —
ap] Pn—l—l :Pn_PnSTQn—I—ISPn

Parameter (p) covariance matrix

(Assumed diagonal) Qn—l—l — (Cn - Cz}j-pl)
Model covariance

C() — SP()ST sl il Cn—l—l = SPn_HST
ENTERe DATA /'

Updated covariances
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Backwards-Forwards Monte Carlo.

« Compute x*2 for each
parametrization

* New “mean’”
parametrization is the
Bayesian model average
of the parameters with

% Weig hts 3 (Xigjn ) 2

w; = Cexp
en New probability for
€NFERthe DATA B parametrization: £ (P) = vV P1G + p1

/

Gaussian with mean 0 and o=1

= Start from some “guess”
parametrization of YAHFC (eye”2

fit)

= Draw a bunch of samples that
follow a “guess” covariance
matrix

(a7as
N Y S

LL Lawrence Livermore National Laboratory
LLNL.

-PRES-XXXXXX



Which way to choose? BFMC seems to be performing

better in toy problem.

* Fit line to data with
random normal error.

« Both ways are
responsive when it
comes to introducing
new data.

 Unscented Kalman
filter could be next?
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BFMC applied to the YAHFC n+P9 evaluation.
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Other channels looking decent, uncertainty seems to be driven
by fission barrier parameters.
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(n,f) vs (n,2n) (n,el) vs (n,f)
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Initial use of Gaussian Processes to soften model stiffness

elastic 2n + Pu238 + photon « Model based (i.e. HF based) covariances can be stiff (small)
due to stiffness and a lack of expressivity in the model.
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Conclusions & future work

= Quick evaluation of covariances relies on parallel Monte Carlo approach.
= Incorporating new experimental data is relatively painless in the BFMC approach.

= GPs allow for the evaluation of improved means and covariances by absorbing some
of the model uncertainty.

= Estimation of sensitivity will lead to reduced number of dimensions for more efficient
MCMC sampling.

= Improved covariances from MCMC will be topped with the same GP approach as
described here.

= No optical model (o) UQ yet...
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