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Forward Model: a k-ratio model based on the M1-Model

The spatial resolution in electron probe microanalysis (EPMA) is currently limited to a pixel How: using more sophisticated reconstruction methods based on a model which
size approximately as large as the interaction volume of the electrons. precisely simulates electron transport and x-ray generation inside the material to resolve
Aim: increase the spatial resolution of EPMA to a pixel size smaller than the small concentration pixel

interaction volume

M1-Model to describe the electron fluence )" k-ratio model

The k-ratio k"/(c) can be computed as (i refers to an element, j to one

e deterministic transport/collision model of the electron fluence ¢’ at energy € and position Z in a material | AT _
of its characteristic k-ratios)

domain () described by its mass concentration field ¢(Z)
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with: stopping power S, transport coefficient I, minimum entropy closure 13,5 jonization cross section o7 , number density of atoms N/, electron number
Solution of the hyperbolic pde using the finite volume library CLAWPACK |[2] density n, electron velocity v
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Electron fluence 1)° for a material of chromium, nickel and iron (electron beam: 17keV at x=500nm) Intensity of generated x-rays of chromium and nickel (including attenuation)

Inverse Problem: reconstruct concentrations from k-ratios
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Reconstruction of a concentration field (vertical layers) with the reference (background) e, 0Cm, _
and iteration steps (lines) - 20 electron beams: centered each layer, 17keV - —% one pde solve per parameter ¢, — two pde solves per gradlent

Levenberg—Marquardt algorithm

Investigation of the objective function (Example: variation of the concentration in two cells)
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The objective function J(p1, ps) for experiment 1 & 2 with variable p, and p,
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e Uncertainty quantification for reconstructed parameters (e.g. confidence
interval)




