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Introduction

Spectroscopy plays a pivotal role in materials science by
providing fundamental insights into the composition, structure,
and properties of materials at the atomic and molecular level. It
encompasses a suite of non-destructive analytical techniques
that probe the interaction between matter and electromagnetic
radiation (like light, X-rays, or infrared). By analyzing how
materials absorb, emit, or scatter this radiation, scientists can
identify specific elements and molecules present, determine
chemical bonding states and electronic structure, characterize
crystallinity and phase composition, measure layer thicknesses,
detect defects, and monitor surface reactions or degradation
processes. This study combines machine learning methods and
multiple scattering theory to take a step forward in predicting
the spectra of inorganic materials. In this study, forward
mapping and inverse mapping for spectroscopy of inorganic
materials are established. The data required to train the model is
obtained by high-throughput computation, which is the reason
why we apply so many CPU core times.

Methods

Training and test datasets were generated using the FEFF

printed 08. Jul 2026 - 10:31 https://www.hkhlir.de/projects/3879

JUSTUS-LIEBIG-
] UNIVERSITAT
\1/ GiEsSEN

A TecHNiscHE UNIKASSEL —
UMIVERSITAT e — It
DARMETADT VERSITAT

Universitdt
Marburg

Institute
Theory of Magnetic Materials

University
Technische Universitat Darmstadt

page 1 of 2


https://www.hkhlr.de/projects/3879

software. Atomic environments were encoded using the
Smoothed Overlap of Atomic Positions (SOAP) descriptor from
the Dscribe library. Spectra were predicted by training a random
forest regressor. Three models were trained on each of the three
variants of the same spectral dataset: a min-max normalized
model, an average normalized model, and an unnormalized
model. Hyperparameter tuning was performed using the optuna
framework. A random forest regressor can be trained to predict
the EXAFS spectra. On the other hand, we have modeled the
inverse mapping of AFM and HRTEM using Bayesian
optimization, which has greatly accelerated the development of
materials science.

Results

We trained a random forest regression model using EXAFS data
for selected Fe-Co compounds. Three separate models were
trained on three variants of the same spectra dataset: with
minimum-maximum normalization, with mean normalization,
and without normalization. Hyperparameter tuning is performed
using the optuna framework.

It was possible to train the random forest regressor to predict
the EXAFS spectra. The best results were obtained using
minimum-maximum normalization with an R2 score of 8.96e-1
on the training dataset and an R2 score of 8.24e-1 on the test
dataset. The

other models show greater tendencies toward overfitting. These
results demonstrate the feasibility of predicting EXAFS spectra
using machine learning models, although further work is needed
to improve accuracy and generalization.

Discussion

This research seeks to capture the spectra of compounds with Fe
atom as the absorbing atom using multiple scattering theory and
machine learning methods, with the goal of establishing an
inverse and forward mapping of the crystal structure and
spectra of the materials. The results show that our model is very
effective in realizing the intended conception. In the future, we
will also try generative modeling to further investigate the
inverse mapping. In addition, how to combine microscopy data
into the model as well, so as to realize multi-modal machine
learning models, is also something worth considering in our next
step.
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