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Research profile
My research is based on the combination of methods from probability theory and other branches of mathematics, including differential equations and functional analysis, numerical analysis, geometry, and mathematical physics. A current focus is on coupling methods for stochastic
processes on continuous state spaces. Here, a common goal is to quantify stability properties
and convergence to equilibrium, for example for stochastic differential equations, systems with
mean-field interactions, processes with high and infinite dimensional state spaces, numerical
approximations, and both Markov Chain Monte Carlo and sequential Monte Carlo methods. An
important tool is an approach developed in recent years that is based on contraction properties
for combinations of reflection couplings and other couplings in specifically adjusted Kantorovich
distances. Both the underlying metric and the coupling are adapted carefully to the corresponding problem, thus providing quantitative non-asymptotic bounds that are often relatively precise. The approach has first been applied successfully to non-degenerate diffusion processes.
More recently, it has been extended to mean-field systems and nonlinear equations with weak
interactions, and variants have been applied to numerical approximations and a class of MCMC
methods.
Markov Chain Monte Carlo methods are the source of a variety of non-trivial mathematical
problems. One example of current interest is the observation that often non-reversible processes seem to approach equilibrium faster than the more standard reversible ones. The question
how to implement non-reversible processes in MCMC in the most effective way is still widely
open. This is complemented by a much more incomplete mathematical understanding of the
long time behavior of non-reversible Markov processes compared to reversible ones. Coupling
methods are not based on reversibility. Therefore, they might help to clarify these important
questions. First steps in this direction are made in current work in progress which shows that a
similar coupling approach as described above yields qualitatively new bounds for convergence
to equilibrium of (kinetic) Langevin equations. A goal of my future research is to extend these
results to related Monte Carlo methods, and also to other stochastic systems with degenerate
noise. Another important question, arising for example in the study of sequential Monte Carlo

methods, is how to quantify the deviation of a mean-field approximation from a corresponding
nonlinear SDE. Coupling methods might help to gain new insight. More generally, coupling
approaches are natural for deriving long-time stable bounds for the difference between two different stochastic dynamics. First steps in this direction are done in current work in progress on
sticky couplings.
Editorships
• Annals of Applied Probability (Associate Editor, 2014 - 2019)
Supervised theses
Master theses: 32, currently 8
Diplom theses: 30
PhD theses: 4
Selected PhD students
Nikolaus Schweizer (2012): “Non-asymptotic Error Bounds for Sequential MCMC Methods”,
now Assistant Professor, Tilburg University, Netherlands
Daniel Gruhlke (2014): “Convergence of multilevel MCMC methods on path spaces”
Raphael Zimmer (2017): “Couplings and contractions with explicit rates for diffusions”
Mateusz Majka (2017): “Stability of stochastic differential equations with jumps by the coupling
method”
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