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Mathematical Quantum Systems Theory for Engineers: The-
ory and Applications with a Focus on Fermions — eTHOMAS
ScHULTE-HERBRUGGEN!, ROBERT ZEIER!, ZoLTAN ZIMBORASZ, and
MicHAEL KEYL? — 'TU-Munich, Dept. Chem. — 2ISI Torino, Italy

The dynamic properties of closed (or open) quantum systems is pre-
sented in a unified way via dynamic system Lie algebras (or Lie
wedges).

For the quantum engineer, these algebras (or cones) encapsulate all
directions a quantum system can be steered along. This is of central
importance in quantum simulation and implementation of quantum in-
formation processing. We give a number of examples including systems
of spins, bosons, and in particular fermions building on [1].

Applications to controllability, reachability, and observability are
given. Relations to generalising notions in the mathematical field of
C-numerical ranges are pointed out, which go beyond [2, 3].
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Undecidability as a genuine quantum property — JENS
EiserT!, Markus P. MoLLER?, and eCHRisTIAN GocoLIN! —
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A famous result by Alan Turing dating back to 1936 is that a gen-
eral algorithm solving the halting problem on a Turing machine for
all possible inputs and programs cannot exist - the halting problem
is undecidable. In this talk it will be shown that surprisingly simple
problems in quantum mechanics can be undecidable in this sense, even
if the corresponding classical problem is decidable. Undecidability ap-
pears here as a genuine quantum property. This gives a new twist to
quantum complexity theory, which has up to now mostly been con-
cerned with quantitative separations between quantum and classical
physics in terms of hardness.



