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Several promising innovations in quantum thermodynamics and more generally in quantum technologies
rely on the use of quantum coherences. However, it is far from obvious how coherences, most of the time as-
sumed to be present initially, are supposed to be prepared and what would be the associated energetic and/or
entropic costs. These are important questions which might challenge the realisation of these operations or at
least their overall energetic efficiency (fundamental in thermodynamic tasks). Nevertheless, it is well-known
from superradiance [1] that under
specific circumstances coherences can appear naturally in a system interacting with a bath. Focusing on
quantum thermodynamics, we ask the following question: can these bath-induced coherences be useful for
thermodynamic tasks? As a partial answer, we use the framework introduced in [2] to investigate the thermo-
dynamic impact of bath-induced coherences in the equilibrium process and steady state of degenerate systems.
Focusing on spin (or
two-level atom) ensembles, we show two promising effects emerging from bath-induced coherences. The first
one is the mitigation of the bath’s action, tending to preserve the energy and entropy of the system against the
influence of the bath. This mitigation effect can probably find applications in state protection or state prepara-
tion. The second effect is the opposite of the first one, namely the amplification of the bath’s action, tending
to increase the influuence of the bath on the energy of the system. This amplification effect is promising for
instance for cooling tasks and energy storage in quantum batteries.

This work is based upon research supported by the South African Research Chair Initiative of the Department
of Science and Technology and National Research Foundation.
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