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Classifying X-ray sources with Supervised Machine
Learning: Challenges and Solutions

Millions of serendipitous X-ray sources have been discovered by modern X-ray observatories like Chandra,
XMM-Newton, and recently eROSITA. For the vast majority of Galactic X-ray sources the nature is unknown.
We have developed a multiwavelength machine-learning (ML) classification pipeline (MUWCLASS) that uses
the random forest algorithm to quickly perform classifications of a large number of sources to learn about
their astrophysical nature. This approach enables quick follow-up observations of interesting sources and
population studies of various kinds. MUWCLASS has been applied to Chandra Source Catalog and XMM-
DR13 catalog, augmented with multiwavelength properties obtained by cross-matching to surveys performed
at other wavelengths. In this talk, I will demonstrate and discuss some common obstacles encountered in
supervised ML (e.g., biases between training data and unclassified data, imbalanced training data, missing val-
ues, high-dimensionality) in the context of X-ray source classification. I will also present recent developments
we have implemented to address some of those issues (e.g., astrophysically-motivated oversampling, account-
ing for feature uncertainties and absorption/extinction biases, probabilistic cross-matching and probabilistic
class inference).
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