Inverting Non-invertible Maps Through Recovering Maps
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Abstract.

We investigate the concept of irreversibility in open quantum systems analyzing qubit quantum
channels. Also, we propose an approach to classify the non invertibility degree of a quantum map
based on the theory of recovering maps. The inverse will be constructed exploring the Petz recovering
map. This strategy will be explored to define a domain of Markovianity for these evolutions.

Keywords: invertibility, quantum channels, recovering maps, NM dynamics.

The development of quantum technologies for
information processing, communication and
high resolution metrology among other
applications has renewed the interest in a
better understanding of the dynamics of open
quantum systems. Analyzing qubits dynamics
is the simplest way to understand the
fundamental properties of these systems. In
this work we analyze the behavior of typical
quantum  channels totally dephasing,
depolarizing and amplitude damping in the
domain where the inverse map is not well
defined, and also is not a physical process [1].

According to thermodynamics, the entropy
defines the irreversibility degree of a system.
If the entropy grows, the system changes its
state irreversibly. We want to explore the
concept of irreversibility in open quantum
systems. The former concept is fully
characterized in terms of the monotonicity
theorem of the relative entropy [2.,3],
according to which, after a dynamical
evolution, the wvalue of relative entropy
between two quantum states can be equal to
the value before the evolution if and only if a
recovering map exists capable to reverse the
physical evolution of both states [4].

Using information recovery maps, here to be
the Petz recovery map [4,5,6], we show how
the inverse can be easily computed. Also we
quantify how non-invertible a dynamics is

Fidelity”

compared to another. This demonstrates that
there exists a difference in the efficiency of
recovering the states between the quantum
channels and consequently a hierarchy
between the dynamics. We also explore the
formalism to identify a domain of
Markovianity for non-Markovian evolutions
[7,8]. Briefly, we simulate a non-Markovian
dynamics by a Markovian one [9,10].
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Figure 1 (a) Schematic representation of a system
under the action of the Petz recovering map.
(b)Fidelity of the state recovered by the Petz in
terms of the radial and polar coordinates of the
initial random mixed state in the Bloch sphere,
azimuthal coordinate due to symmetry fixed in
Zero.
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