ITERATIVE OPTIMIZATION IN QUANTUM METROLOGY
AND ENTANGLEMENT THEORY USING SEMIDEFINITE
PROGRAMMING

Arpad Lukacs, Robert Trényi, Taméas Vértesi, Géza Toth
University of Szeged, Szeged, Hungary
HUN-REN Wigner Research Centre for Physics, Budapest, Hungary

Quantum metrology [1] is about measuring physical parameters with precision be-
yond classical limits by exploiting quantum effects. The metrological performance of
a quantum state is measured by how much it can outperform all separable states in a
metrological task. We present efficient optimization techniques to maximize this perfor-
mance by searching for the optimal local Hamiltonian generating the unitary dynamics
for a given bipartite initial state [2]. We show that this is equivalent to maximizing
the Quantum Fisher Information over a specific set of local Hamiltonians. This task is
highly non-trivial, as it involves maximizing a convex function over a convex set. We
reformulate the problem in a bilinear way and optimize it using an iterative see-saw
method, where each optimization step is solved via semidefinite programming. This
way we obtain a lower bound to the maximally achievable performance. We also apply
relaxation methods that give upper bounds for the optimum.

We further show that the same optimization framework can be adapted to problems
in entanglement theory, such as identifying bound entangled states that maximally vio-
late the Computable Cross Norm-Realignment criterion. Finally, we provide examples
where two copies of a quantum state outperform a single copy, demonstrating metro-
logical activation [3] for certain small systems.
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