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« Gaussian Surrogate Models
 Validation of Method with Pb-208
* Application on Be-9
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* |n nuclear data evaluations there are often difficulties In
replicating experimental phenomena with the theories,
models, or formats available to evaluators

« Even in the best circumstances evaluators might have to
adjust ENDF outside of their models
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* |In the previous talk, | used the Blatt-Biedenharn (BB) formalism to get
ESAD which are derived from resonance parameters.

* These could constitute the “True” solution to the ESAD since its
based on scattering physics over resonances

 What happens when the BB treatment isn’t available but there’s
structure that should be replicated in scattering?
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* Option 1: Fit data directly

— Quasi-differential scattering is not a true double differential
measurement of a partial channel - Not Possible

* Option 2: Brute force

— Sample all possible combinations of secondary neutron distributions,
problem goes expensive as polynomial order increases

* Option 3: Surrogate Process Modeling

— Define objective function based on scattering simulation/data and
Legendre polynomials coefficients, optimize this objective.
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 Numeric method to approximate the
Important responses of a function that Is
normally expensive to evaluate

Surrogate Process

F(x,y,2) fw)

F(x,y,z) = f(w)

® Rensselaer



e Surrogates can be
constructed with any semi-
positive definite function,

here Gaussian distributions
will be used A
_ _ _ J J

« These multivariate Gaussians o aave

can replicate any smooth

function and enables several m

orders of differentiation for

optimization X1
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« MCNP transport calculations are expensive,
come with statistical noise, and have
hundreds of variable inputs

* Looking to develop a function dependent
only on the scattering distribution coefficients

F(o,0,E) = f(ag, a,a,, ...ay)
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* The objective is to minimize a chi-square-like FOM between simulation
and experiment, using coefficients to Legendre Polynomials a; = [ay, a4, a,, a,,]

# detectors Eresmax

Obj. = min(a;) Z z (Coim,i,j l)z exp.i,j)

i=0 ] =E res,min Uexp
1 N Y ol+1
tShin\(:h fE 2 PGde =1 Z aPdp =0 p=[-11]
R (=0

e Assumptions

- Fit between simulation and experiment is solely dependent on elastic scattering angular distribution
- Can use one elastic scattering angular distribution (ESAD) in the energy range of interest
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« With the objective function defined, need a
minimum data set of the calculated function to
form the model

* This involves choosing the order of Legendre
polynomials and the step-size for evaluating
each coefficient




Sampling scattering coefficients

Latin Hypercube sampling for a;

« Use sixth term Legendre
polynomial (a0 — ab) .
« Sampling done using
Latin hypercube sampling |
* This defines minimal set  _
of scattering distributions 2
from fully backscattering
to forward scattering
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 To validate this methodology, employ the
surrogate model to fix ESAD for Pb-208
resonance at 814 keV

* The outcome of optimization should provide
similar level of agreement to the Blatt-Biedenharn
derived ESAD

« Surrogate model and optimization done with
MATLAB
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 MATLAB constructed the surrogate model
hypersurface and found a global minima of

scattering coefficients

« ESAD for 814 keV resonance was adjusted
to align better with experimental data

« With method validated, can other isotopes
be explored?
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* Be-9 Is a pesky Isotope to evaluate due to
the R-matrix needing to handle both
uncharged and charged particle channels

At the beginning of the (n,2n) threshold
there appears to be disagreement between
the simulation and data for ENDF/B-VIII.O
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Be-9 Cross Sections
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Be-9 Quasi-Differential Scattering
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Be-9 Quasi-Differential Scattering
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Be-9 Quasi-Differential Scattering
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Be-9 Quasi-Differential Scattering
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* Performing the adjustment for 2.7 MeV
resonance does show overall improvement

 However, at perpendicular scattering there
IS a worsening of response, possibly need
different order Legendre or elastic
scattering assumption Is incorrect




« Surrogate Process Modeling proves a useful tool in adjusting
ESAD when its appropriate

— Poor prediction of scattering data due to single isotope

— Issue with single isotope is the ESAD

— Possible issues with fitting arise from normalization between simulation and experiment,
poor detector responses

« Since the number of simulations is constant for polynomial
order, disconnected energy regions can be simulated and fit
for no additional cost

« Future work is expanding to multiple energies and isotopes
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why not change the world?®
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