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Motivation

» Fitting complex nuclear physics models

* Models/ functionals can have many parameters

- Standard Skyrme - 9
e N2LO - 13
e N3LO - 17

- Standard Gogny - 10
» | east squares fitting (X2 minimisation) with

experimental data (e.g. nuclear masses, radii, ...)
IS typically used
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Liquid Drop Model (LDM)

 Phenomenological model for nuclear binding
energy with 5 parameters:

BE. = ay A — agA?3 — ac ZE70 o \(AZ220 4 4 15(A, 7)

 Exponent in final term (pairing) can be varied

« AME2012 data, with A>15, and nuclel with error
<0.1MeV



¥~ fitting

X' =B — BT’

1

e Aim IS to minimise this multi-dimensional
function

 Liquid Drop Model is a very fast and simple
model, but functionals are slow

— need to reduce number of x2 evaluations



2D demo: lterations = 1

Test with first 2 parameters only: a,, and a_
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» Posterior mean — emulation of x2 surface by GPE
» Posterior sd. - confidence intervals provided by GPE
« Acquisition function — maximum gives location for next point
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2D demo: lterations =5

Test with first 2 parameters only: a,, and a,
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» Posterior mean — emulation of x2 surface by GPE
» Posterior sd. - confidence intervals provided by GPE
« Acquisition function — maximum gives location for next point
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2D demo: lterations = 10

Test with first 2 parameters only: a,, and a,

Posterior mean Posterior sd. Acquisition function
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» Posterior mean — emulation of x2 surface by GPE
» Posterior sd. - confidence intervals provided by GPE
« Acquisition function — maximum gives location for next point



2D demo: lterations = 20

Test with first 2 parameters only: a,, and a,

Posterior mean
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» Posterior mean — emulation of x2 surface by GPE
» Posterior sd. - confidence intervals provided by GPE
« Acquisition function — maximum gives location for next point
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Full (5D) Liquid Drop Model

* The x2surface is flat

14.0

along dimension for a, !
parameter (pairing term
gIVES Very Sma” 150y 1189000
contribution to binding 125} | 162000
energies) .l

. 4108000

 El algorithm appears to
struggle: a, always last
to converge 105} 27000

0

- a, fixed for now, vary — 95—
other 4 parameters



Results (4D)

o After 60 iterations of El,
best minimum found at:

ay g

GPE + El True
a, 15.62 15.69
a, 17.53 17.76 %
a_ 0.7103 0.7129
a, 22.29 23.17 .

» Corner plot is important
tool for examining X2

. a
surface around minimum

A



Summary

» Tested with basic LDM model to become familiar
with Expected Improvement (EIl) algorithm

» Currently our “simulation” (LDM) is trivially quick

e Real test of El will be with a non-linear model with

multiple local minima, where each simulation run
takes minutes - hours

- Skyrme, Gogny nuclear energy density functionals
(NEDFs)
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