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Abstract 

Solving high-dimensional kinetic equations (such as the Vlasov equation or the Boltzmann equations) 

numerically is extremely challenging. Methods that discretize phase space suffer from the exponential growth 

of the number of degrees of freedom, the so-called curse of dimensionality, while Monte Carlo methods 

converge slowly and suffer from numerical noise. In addition, standard complexity reduction techniques (such 

as sparse grids) usually perform rather poorly due to the lack of smoothness for such problems. Dynamical 

low-rank techniques approximate the dynamics by a set of lower-dimensional objects. For those low-rank 

factors, partial differential equations are derived that can then be solved numerically. We will show that such 

dynamical low-rank approximations work well for a range of kinetic equations due to their capacity to handle 

non-smooth solutions and the fact that in many situations important physical limit regimes are represented 

very efficiently by such an approximation (e.g. fluid or diffusive limits in radiation transport or simplified 

models of shear Alfven waves). Recently, we were able to develop a dynamical low-rank approach that is 

mass, momentum, and energy conservative. This scheme is based on modifying the Petrov-Galerkin condition 

in such a way as to ensure the preservation of these important invariants. We will demonstrate that using this 

approach greatly improves the fidelity of the computed numerical solutions.   
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