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Motivation
quantum computer based on single photons
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Atomic clouds
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Exciton clouds

Polaritons: Reversible exchange ⇔ Spectral splitting
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Why bother ?

Bosonic degeneracy at hand
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Coherent quantum light-matter interface
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Strong coupling (C � 1) in the solid state ?
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Jaynes-Cummings model
Description of fermion-boson interaction on a quantum level
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Quantum Strong Coupling

1 photon + cloud of transitions 6= 1 photon + 1 transition

Jaynes-Cummings (JC) nonlinearity: Mn+ −Mn− ∝
√
nΩ
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Single atom
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Superconducting qbits
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Single exciton in a µ-pillar

Our Goal: to demonstrate JC nonlinearity in a semiconductor
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Because it grants a direct access to the 2nd rung via 2-photon coherence
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Experimental scheme
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Coherent Dynamics
!
√
2 faster beating of the second rung detected !

JC nonlinearity demonstrated
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FWM spectrum of an exciton-cavity system
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Time Filtering
M1± ↔ M2± dephasing is 3 times faster than 0↔ M1±

Spectral recovery of 0↔ M1± and signatures of M1± ↔ M2±
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Tuning curve in FWM
Superconducting Qbits ⇐⇒ Semiconductor µ-pillars
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Intensity Dependence
Spectral signatures of higher rungs' transitions
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Intensity Dependence
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State of the art: Open Cavity
Cooperativity: C = 2g

2

κγ = 150 !!!

Nature 575, 622 (2019)
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Summary II
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