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Preface

Quantum physics with non-Hermitian Operators:
Theory and Experiment

The description of quantum mechanical systems by means of the Schrödinger equation was developed more
than 80 years ago. At that time only a few states in nuclei and atoms were known which are well separated
from one another. The energies of these states could be well described by a Schrödinger equation whose
Hamiltonian was Hermitian with real eigenvalues. However, already as early as 1929, Gamow introduced
the concept of complex eigenvalues to explain the α-decay of nuclei within the new quantum mechanics.
To describe the finite lifetimes of resonance states in open systems, the R-matrix theory was developed,
which is, however, too complicated for practical calculations. Instead the finite lifetimes of the individual
states are usually calculated perturbatively. In 1954, Dicke considered a new phenomenon, superradiance,
that is related to coherence in spontaneous radiation processes. Later however, systems at high level density
moved into the centre of interest. Under these conditions, a statistical description of the systems turned out
to be very efficient. The resonances are well isolated from one another, and the lifetimes of the states do
not play a role.

In the course of time, experimental studies were performed for different quantum systems with greatly
improved precision. Today theoretical calculations can be carried out not only for states well separated
in energy from each other but also in the regime of overlapping resonances. Here the single individual
states can no longer be identified, which results in problems of their interpretation. Contradictions between
experimental results and conventional Hermitian quantum physics appeared in different small quantum
systems. For example, about 10 years ago Heiblum et al. found a crossover from the mesoscopic to a
universal phase for electron transmission in quantum dots which, in spite of much effort, could not be
explained within conventional quantum physics. Recently Koehler et al. observed that neutron resonances
cannot be accounted for by random matrix theory. These and other experimental results demonstrate that
the Schrödinger equation, originally introduced with a Hermitian Hamiltonian operator for the description
of well isolated resonances, has to be extended. Above all, the lifetimes of the resonance states have to be
calculated also in the regime of overlapping resonances, and the justification of statistical assumptions has
to be proven for small quantum systems. Most extensions of conventional quantum theory are (effectively)
equivalent to the introduction of a non-Hermitian operator instead of a Hermitian one. In the non-Hermitian
quantum physics, a dynamical phase transition takes place in the regime of overlapping resonances, which
allows one to explain many of the problems of conventional quantum theory.

The aim of the present Special Issue Quantum Physics with non-Hermitian Operators: Theory and
Experiment is to bring together papers with theoretical and experimental results that go beyond Hermitian
quantum physics. On the one hand, we have theoretical papers that are (directly or indirectly) related to
solutions of the Schrödinger equation with a non-Hermitian operator. On the other hand, we have papers
on experimental studies that are analyzed independently of theoretical expectations and show results that
are difficult to understand within the framework of conventional quantum mechanics. What is common to
all these papers is that the non-Hermitian quantum physics is – in contrast to the widely held opinion –
not a further approximation introduced in the theory. Instead the non-Hermitian Hamiltonian operator in
the Schrödinger equation appears as a natural extension of Hermitian quantum physics. The limits of the
applicability of standard quantum theory with Hermitian Hamiltonian operators can be seen best at high
level density, where the individual resonance states overlap and interact with each other via the continuum

c© 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



58 Preface

of scattering wavefunctions. Here, results are obtained theoretically as well as experimentally, which are
counterintuitive at first glance : due to width bifurcation, coherent short-lived states are formed together
with states that are almost decoupled from the continuum of scattering states. Moreover, in an experiment
with non-locally coupled pairs of quantum point contacts it is shown that discrete states undergo a robust
interaction that is achieved by coupling them to one another through the continuum. These and other results
are presented and discussed in the special issue at hand. They are of high value for fundamental questions
of quantum mechanics as well as for applications.

The special issue Quantum physics with non-Hermitian Operators: Theory and Experiment contains
contributions from different fields of physics. The contributions are written in such a manner that the
essential part of their contents is understandable also for non-specialists in the field. Some of them are
review-like, however with new results in any case.

We thank all authors for their interesting contributions to the present special issue of Fortschritte der
Physik – Progress of Physics. We thank also the co-editor of the journal Wolfgang Schleich for a very
effective cooperation.
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