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What can be quantum in thermal machines ?

Few exemples
• Energy quantization (Exp: Linke)
• Many-body effects (Goold, Haack)
• Quantum phase coherence 

(Samuelson, Sothmann, Haack)

Is there a quantum advantage?
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What can be quantum in thermal machines ?

Nano working
fluid

Output

Individual 
artificial atoms

Some specificities
• Out of equilibrium quantum systems
• Exploiting incoherent thermal resources to 

create quantum correlations
• “Output” is quantum

Exploit dissipation for genuine Q. outputs

Entanglement

Few exemples
• Energy quantization (Exp: Linke)
• Many-body effects (Goold, Haack)
• Quantum phase coherence 

(Samuelson, Sothmann, Haack)

Is there a quantum advantage?



• Minimal models for out-of-equilibrium systems

• Dynamics of Open Q. systems

• Q. Thermodynamics <-> Q. information

• From system Q. properties to observables (quantum transport)

Individual 
artificial atoms

Entanglement

What can be quantum in thermal machines ?

New motivations
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Out-of-equilibrium entanglement engines
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Out-of-equilibrium entanglement engines
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Out-of-equilibrium entanglement engines
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Quantum dynamics
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Quantum dynamics
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Quantum dynamics
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Quantum dynamics

Perturbative analysis of quantum reset models in a tri-partite configuration
G. Haack & A. Joye, arXiv:2009.03054



Entanglement engine



Entanglement engine

Quantum information measure Quantum transport



Brask, Haack, Brunner, Huber,  NJP 17, 113029 (2015)
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Heat flow to the cold bath (-) Concurrence

-> Are thermal resources a fundamental limitation to generate useful quantum correlations? 

Heralded entanglement engines : bipartite Tavakoli et al., Quantum 2 (2018)
multipartite Tavakoli et al., PRA 101 (2020)

-> Is there a relation between heat current and entanglement measures ?
Thermo <-> quantum info
Q. tomography <-> observables

Khandelwal, Palazzo, Brunner, Haack, New J. Phys. 22 (2020)

New questions



• Steady-state regime

• Weak inter-qubit interaction -> ground state is separable + “local” master equation  

• Reset master equation (probabilistic reset of each qubit to the thermal state 
corresponding to its bath, incoherent coupling ~ Lindblad dissipators )

• Quantities : heat flow to the cold bath and concurrence as a measure of entanglement

Model



Model in the weak inter-qubit coupling regime

(Local) master equation

Khandelwal, Palazzo, Brunner, Haack, New J. Phys. 22 (2020)
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Results

Steady-state solution

At thermal equilibrium -> no heat current, no coherence in the steady-state regime



Critical heat current for successful operation of the machine

Measure of entanglement : negativity
Eigenvalues of the partial transpose 
of the DM wrt one of the qubits

Exact relation between quantum correlations’ measure and transport observable



Critical heat current for successful operation of the machine

-> heat-based entanglement witness (alternative to quantum tomography?)



Perspectives - motivations

S. Khandelwal, N. Palazzo, N. Brunner, G. Haack, New J. Phys. 22 (2020)
G. Haack & A. Joye, arXiv:2009.03054

• Minimal models for quantum (mesoscopic) thermal machines
(thermal diodes, entanglement engines, thermoelectric engines)

• Development of theoretical tools for assessing their dynamics
(quantum trajectories, perturbative analysis, strong coupling regime)

• Q. Thermodynamics <-> Q. information <-> Q. transport
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• Thermal state of two qubits at temperature T

• Its negativity

Strong inter-qubit interaction regime
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• Dynamics: global master equation
-> jump operators act onto the eigenstates of the two-qubit system

Punkayastha et al., PRA 93 (2016)
Hofer et al., NJP 19 (2017)
Gonzalez et al., Open S. Inf. D. 24 (2017)
Mitchison, Plenio, NJP 20 (2018)
De Chiara et al., NJP 20 (2018)
Cattaneo et al., NJP 21 (2019)

Strong inter-qubit interaction regime
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Strong inter-qubit interaction regime
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Strong inter-qubit interaction regime
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Global

• Critical heat current valid

• Sensitivity to Th

• Bounded by thermal ent.

• No clear advantage wrt
local

Strong inter-qubit interaction regime


