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ABSTRACT

We have developed an artificial intelligence tool, XES Neo, for fitting x-ray emission spectroscopy (XES) data using a genetic algorithm. The
Neo package has been applied to extended x-ray absorption fine structure [Terry et al., Appl. Surf. Sci. 547, 149059 (2021)] as well as
Nanoindentation data [Burleigh et al., Appl. Surf. Sci. 612, 155734 (2023)] and is in development for x-ray photoelectron spectroscopy data.
This package has been expanded to the fitting of XES data by incorporating basic background removal methods (baseline and linear) opti-
mized simultaneously with peak-fitting using the active background approach, as well as the peak shapes Voigt, and an asymmetrical Voigt,
known as the Double Lorentzian. The fit parameters are optimized using a robust metaheuristic method, which starts with a population of
temporary solutions known as the chromosomes. This population is then evaluated and assigned a fitness score, from which the best solu-
tion is then found. Future generations are created through crossover of the best sets of parameters along with some random parameters.
Mutation is then done on the new generation using random perturbations to the chromosomal parameters. The population is then evaluated
again, and the process continues. The analyzed data presented here are available in the corresponding XESOasis discussion forum (https://
xesoasis.org/ai_posted).
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I. INTRODUCTION

A growing body of unreliable and irreproducible research
results has been (and continues to be) published due to improper
analysis of materials’ characterization data.1 These unreliable analy-
ses can misguide researchers, leading to wasted time and resources
in developing new materials based on inaccurate conclusions. One
of the primary causes of this issue is the limited number of experts

capable of accurately interpreting complex materials’ characteriza-
tion data. With new advancements in instrumentation2,3 making
x-ray emission spectroscopy (XES) data collection possible outside
of synchrotron facilities, an increase in quantities of XES datasets is
expected. However, only a small fraction of data can be analyzed by
characterization specialists, possibly creating a critical bottleneck in
the scientific discovery process.

ARTICLE pubs.aip.org/avs/jva

J. Vac. Sci. Technol. A 43(4) Jul/Aug 2025; doi: 10.1116/6.0004326 43, 043411-1

Published under an exclusive license by the AVS

 09 June 2025 20:14:19

https://doi.org/10.1116/6.0004326
https://doi.org/10.1116/6.0004326
https://pubs.aip.org/action/showCitFormats?type=show&doi=10.1116/6.0004326
http://crossmark.crossref.org/dialog/?doi=10.1116/6.0004326&domain=pdf&date_stamp=2025-06-09
https://orcid.org/0000-0001-9907-0241
https://orcid.org/0000-0002-7581-8769
https://orcid.org/0009-0003-2200-1856
https://orcid.org/0009-0006-1305-9556
https://orcid.org/0000-0002-9101-4058
https://orcid.org/0000-0001-5938-5070
https://orcid.org/0000-0002-6465-4981
https://orcid.org/0000-0001-7881-3667
mailto:terryj@iit.edu
https://xesoasis.org/ai_posted
https://xesoasis.org/ai_posted
https://xesoasis.org/ai_posted
https://doi.org/10.1116/6.0004326
https://pubs.aip.org/avs/jva

