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Quantum optics of qguantum conductors

Glauber (1951):
Classical currents create classical light



Quantum optics: Light-matter interaction

cavity QED circuit QED: superconductors
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Charge transfer in Josephson junction — cavity devices
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Josephson laser
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Josephson photonics
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Agenda

Single charge transfer and quantum optics
Non-classical light sources

Full counting statistics of charge and light
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Inelastic Cooper pair tunneling
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Sequential charge transfer
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Bright-side of single charge transfer
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Bright-side of coherent charge flow
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Resonator mode
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Quantum dynamics
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Quantum dynamics
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No feedback onto JJ: Strong feedback onto JJ:
Charge well defined Large charge fluctuations



Current noise: Sequential and coherent charge flow
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Towards single photon sources for microwaves
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Photon noise: anti-bunching
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Towards single photon sources

a = 0.94

n

0’4 7 2\ §
- g™ ,@0)=0.29

0,2 -

0,0 - | y | ' | ' | ' |
15 -10 -5 0 5 10

Time delay (ns)

Experiment: Saclay, December 2016



Correlated photon sources
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Two cavities: correlated photons
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Full counting statistics for photons and charges
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Full counting statistics for photons and charges
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Full counting statistics for photons and charges
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Large deviation distribution
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~ (normalized)
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* Quantum optics of coherent conductors
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- JJ-cavity devices: Weak to strong coupling

 Tailored photon sources

* Full counting statistics of photons and charges DO_-
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Quantum dynamics

Hres—|_HJ @ VIVJ"“/res
wy=¢—¢

Fundamental resonance (1-photon resonance) WJj ~ Wq

TV eaal
Hf({i})\/A :hAaTcH—z'?J (aTqm—ae_m) 1 oJ:a 2) ;
\ a'a
/ \\‘~_- A — Wy — Wy
\/ \\‘v E} — EJ e—a/2

+ cavity damping and local voltage noise
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Superconducting devices

No loss channel

High conversion rate

Highly tunable

Weak to strong coupling




Non-classical light sources
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