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new common interest

Thermodynamics with mesoscopic circuits
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« quantum heat »random energy change        because outcomes are stochastic

[Alonso, Lutz and Romito, PRL (2016); Elouard, Clusel and Auffèves, npj QI (2017)]
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« quantum heat »

does it obey a second law?

can it be measured directly and not just inferred?

can it fuel an engine?

[Manzano, Horowitz and Parrondo, PRE 2015] [Alonso, Lutz and Romito, PRL (2016)] 
[Elouard, Auffèves and Clusel, npj QI (2017)] [Naghiloo et al., PRL (2018)] [Manikandan, Elouard, Jordan, arxiv 2018]

yes, fluctuation theorems can be extended with this work and « heat »

yes, repeatedly measuring      on a qubit can provide work on a cycle
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[Campagne-Ibarcq et al., PRX 2013]the phase changes depending on qubit state
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so, where does the « quantum heat » comes from?



Thermodynamics of preparing a quantum superposition
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Thermodynamics of preparing a quantum superposition

more accurate description
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can one measure it in single shot?
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where does the « quantum heat » comes from?
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« quantum heat »
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What do the output lines contain?
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How many photons exit into the output lines?
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Power density measured in [Astafiev et al., Science 2010]
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Measuring the outgoing energy

work
extra photon at 

How to extract and observe a quantum of work out of a qubit?

[Cottet et al., PNAS 2017]
quantum Maxwell demon
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[Jordan, Chantasri, Rouchon, BH., arxiv:1511:06677]

[Campagne-Ibarcq et al., PRX 2016]

Statistics of trajectories



Counterintuitive trajectories

1 2 5 10 100 104103trajectories 
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Energy expectation can increase due to the backaction 
of measuring spontaneously emitted photons

[Jordan, Chantasri, Rouchon, BH., arxiv:1511:06677]
[Campagne-Ibarcq et al., PRX 2016]

[Bolund and Mölmer, PRA 2014]



Measurement backaction leads to changes in expected energy

Conclusion

This back action energy variation (« quantum heat ») can be

• inferred from reconstructed quantum trajectory 

• measured in the battery that prepared the system
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on average only
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