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OUTLINE

Investigation of the recent developments that have changed the
status of quantum mechanics (a new “quantum revolution”)
and led the development of Quantum Technologies.

The major objective of QUANTUM is the investigation of
typical quantum mechanical effects and phenomena via three
major, intervelated avenues.: Entanglement and other Quantum
Correlations, Quantum Simulation, and Quantum Control.

National Coordinator: S. Mancini (Perugia)

Local coordinators: L. Amico (Catania), F. Benatti (Trieste), G.
Benenti (Milano), R. Citro (Napoli), E. Ercolessi (Bologna), P.
Facchi (Bar), P. Hauke (Trento), S. Montangero (Padova)

Milano: G. Benenti (Unins), L. Razzoli (postdoc Schwinger

Foundation, till April), E. Carolan (postdoc PNRR), G.
Cenedese and S. Finocchiaro (PhD students)



Quantum Thermodynamics

Fundamental questions at the interface between
quantum theory and thermodynamics, vital for the
development of quantum thermo-machines:

Definition of heat and work 1n quantum mechanics

Role of coherence, entanglement, quantum
measurements and fluctuations 1n quantum machines
and quantum batteries

Heat management at the nanoscale (cooling hot spots,
thermal diodes and transistors)

Develop optimal control strategies for quantum
batteries and quantum thermal machines



Quantum Batteries
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A quantum battery 1s a quantum system that can be
promoted from a low energy—e.g. its ground state—to
an excited state (charged battery) through the
interaction with a charger



Collective advantage

Collective advantage 1n power, superextensive in the
number of cells
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Does the advantage remains under quantum noise, €.g.
cavity leakage?

With measurement and feed-back possible to improve
the extractable work with respect to the noiseless limit



Ultrastrong coupling

In this regime, the coupling strength between matter
and the electromagnetic field within a cavity becomes
comparable to the cavity frequency: a road towards
ultrafast quantum technologies

Extend optimal control to micromaser quantum battery
to the USC regime, including dissipation



Quantum vs. classical thermal transport
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Negative differential thermal
conductance 1n classical but not in
quantum physics



Summary (keywords)

Optimizing the performances of nanoscale quantum thermal
engines and quantum batteries: trade-off between efficiency,
power, and fluctuations

Heat management in nanodevices: explore possible strategies for
the development of heat diodes and transistors

Quantum thermodynamics and quantum information protocols in
the ultra-strong coupling regime of light-matter interaction, where
the coupling strength becomes comparable to, or even exceeds, the
resonator frequency.

Moreover: variational quantum algorithms, energy transfer in
quantum networks, complexity of quantum walks
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