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Kinetic equations such as the Boltzmann and Landau equations describe nonequilibrium regimes
in rarefied gases, plasmas, and related multiscale systems. Their numerical approximation has led
to a mature high-order methodology, combining spectral methods for collisional operators, high-
order finite-volume or discontinuous Galerkin discretizations for transport, and implicit-explicit
time integration in stiff regimes, with conservation and asymptotic consistency built into the nu-
merical design. Uncertainty quantification changes the computational perspective: the challenge
is no longer a single accurate kinetic simulation, but the repeated evaluation of high-fidelity mod-
els over random inputs and across regimes. For kinetic equations, each such evaluation already
involves a high-dimensional and stiff phase-space computation, so that direct sampling rapidly
becomes a major computational bottleneck. This makes machine learning relevant as part of
a multifidelity numerical strategy. Neural surrogates are used as control variates, where their
role is governed by approximation error, evaluation cost, and correlation with the high-fidelity
solver. Within this framework, their impact on the final statistical estimator can be quantified
by rigorous error estimates. I will discuss asymptotic-preserving and structure-preserving neural
architectures, with emphasis on positivity, conservation of moments, entropy consistency, and
the correct fluid limit. Micro-macro decompositions and tensorized representations of velocity
moments are used to obtain genuine computational gains. Examples for the Boltzmann equation
and the Vlasov-Poisson-Landau system illustrate how high-order kinetic solvers and neural sur-
rogates can be combined for reliable uncertainty quantification across kinetic and fluid regimes.
This is joint work with Wei Chen (Xiamen University) and Giacomo Dimarco (University of
Ferrara).


