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Jets are ubiquitous observables in collider experiments, composed of complex collections of particles that
require classification. Over the past decade, machine learning-based classifiers have significantly enhanced
our jet tagging capabilities, with increasingly sophisticated models leading to further improvements. This
raises a fundamental question: How close are we to the theoretical limit of jet tagging performance? To
explore this, we employ transformer-based generativemodels to produce realistic synthetic data with a known
probability density function. By testing various state-of-the-art taggers on this datasets, we estimate the gap
between their performance and the theoretical optimum for several jet types. Overall, we find that there
remains room for improvement, particularly in cases where the theoretical optimum is higher. Our approach
paves the way for investigating what modern classifiers lack in reaching optimal performance. The dataset
and software are made publicly available to provide a benchmark task for future developments in jet tagging
and other areas of particle physics.
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