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Exploring the QCD EoS with AI: Constraints from
Current Data and tools for Future Experiments

Various approaches to exploring QCD Equation of State (EoS) using modern machine learning/deep learning
techniques are presented. In the first part, various existing experimental measurements are used in a Bayesian
framework [1] to constrain the density dependent potentials in UrQMD [2] for densities from 2 to 6 times
saturation densities (n0). It is shown that while the observables used in the study tightly constrain the EoS
from 2- 4.5 n0, the constraints on the EoS beyond 3 n0 are highly sensitive to the choice of observations,
highlighting the importance of future experiments.
The second part discusses novel AI based analysis techniques for next generation experiments. We show
that DL based models can accurately identify different types of QCD transitions, directly using experimental
information such as hits/tracks of particles in the detectors [3]. These methods outperform conventional
methods and can be used in experiments for online event characterisation or analysis. We also present a more
robust approach using generative models. A point cloud diffusion model capable of ultra fast generation of
event-by-event collision output is presented [4]. The model is able to generate realistic collision events with
26 distinct hadron types. The model can be used as a versatile alternative to conventional surrogate models
such as the Gaussian process, for a comprehensive Bayesian inference. By being differentiable, such methods
can also be directly used for various inverse problems or parameter estimation tasks in experiments. The
point cloud representation also makes the model easily adaptable not only to other model calculations or for
detector simulations but also in other fields such as cosmic ray air shower simulations.
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