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Schrödinger operators with real potentials V acting in L2(Ω) with Ω ⊂ Rd, i.e.

T = −∆ + V, V : Ω→ R,
are fundamental objects in quantum physics and their mathematical, in particular spectral,
properties are very well understood. However, this changes dramatically if the potential V
is allowed to be complex-valued, which arises in various other branches of physics like optics,
superconductivity, damped systems or hydrodynamics, where typically losses or gains of energy
are modeled or stability of nonlinear systems is investigated. Even the very basic questions like
non-emptiness of the spectrum of T , the existence and properties of the associated semigroup,
i.e. solvability of the time-evolution problem

i∂tf = Tf, f(0) = f0,

or basis properties of eigenfunctions of T cannot be answered by abstract theorems of operator
theory in general (unlike in the self-adjoint case with the real potential‘ V ). In fact, it has
been observed that complex potentials are responsible for new and unexpected phenomena
like spectral instabilities, a non-reliability of approximations, a strong transient growth of
solutions of the time-dependent equation, etc. In order to tackle such issues, new methods and
tools, relying usually on a combination of approaches from PDEs, operator theory, functional,
complex and harmonic analysis, need to be developed.

Several more specific directions of the project are possible (pseudospectral analysis, esti-
mates on eigenfunctions, bounds on the semigroup, essential spectra, asymptotic regimes of
strong/weak interactions, new Lax-Milgram-type theorems, related problems in wave equa-
tions, etc.) and this can be tailored according to the student’s interests. In general, non-
self-adjoint spectral theory, where the project naturally belongs, has been a very active field
since 2000, and it allows for both national and international collaborations and postdoctoral
research in the future.

A sound background in analysis and a strong motivation and commitment to study new
methods, in particular at the start of the project, are vital. No previous knowledge of physics
is needed. The interested student may consult [1] offering an introduction to some aspects of
the non-self-adjoint spectral theory, further introductory texts can be provided on request.

References
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