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Experimental realisation of a photonic quantum simulator 

Semiconductor microcavities are an excellent platform to study non-linear optical phenomena and 

the quantum fluid properties of boson condensates. The eigenstates of this system are polaritons, half-

light/half matter particles arising from the strong coupling between excitons and photons confined in 

an micrometre size optical cavity. As they are partly photonic, polaritons have a very light mass (10
-4

 

times the electron mass) and can form Bose-Einstein condensates at temperatures much higher than in 

atomic gases (10K for polaritons vs 100nK for atoms). Bose condensates show fascinating phenomena 

like superfluidity (see references below) and, in controlled 

envirenments, allow the implementation of quantum simulators. 

A quantum simulator is a system in which the time evolution 

of a given Hamiltonian is simulated. In general, the original 

Hamiltonian is so complicated that it cannot be solved using 

standard computational methods. In the quantum simulator, the 

solution is obtained simply by letting the system evolve with 

some given initial conditions, and measuring its state some time 

later. With polaritons, the preparation and readout of the system 

can be done using standard optical techniques. 

In this internship, and eventual PhD thesis, we propose to 

fabricate and study polariton lattices that simulate different 

Hamiltonians. The technological facilities available at 

Laboratoire de Photonique et de Nanostructures allow fabricating microcavities in almost any given 

geometry. One example is the honeycomb lattice shown in the figure. The honeycomb lattice is a 

hexagonal structure present in materials such as graphene, a carbon structure that has revolutionized 

the transport of electrons. Nevertheless, many fascinating properties predicted for graphene are hard to 

study experimentally in electron transport experiments. In the internship/thesis we will use our 

polariton simulator to study experimentally the ballistic transport of photons and polaritons in a 

graphene-like lattice, new types of photon tunnelling phenomena, and superfluidity effects. We will 

also fabricate other lattices in which frustration effects give rise to new quantum phases for photons. 

The eventual thesis may be financed by an ERC grant awarded to our group. It will be experimental 

and it will involve work in an optics microscopy laboratory at cryogenic temperatures. We are a very 

dynamic team including international PhD students and post-docs. 

Recent publications from our group: 
- Macroscopic quantum self-trapping and Josephson oscillations of exciton-polaritons,  M. Abbarchi, et al., Nature Physics 

9, 275 (2013) 

- Polariton condensation in solitonic gap states in a 1D periodic potential, D. Tanese et al., Nature Communications 4, 

1749 (2013)  

- Half-solitons in a polariton quantum fluid behave like magnetic monopoles, R. Hivet et al., Nature Phys. 8, 724 (2012)  

- Polariton superfluids reveal quantum hydrodymic solitons, A. Amo et al., Science 332, 1167 (2011)  

 

Indiquez le ou les parcours (ex DEA) qui vous semblent les plus adaptés au sujet : 

Physique de la matière condensée : OUI Physique des Liquides NON 

Physique Quantique: OUI Physique Théorique   NON 

Honeycomb structure for polaritons 

fabricated at LPN. This is a 

simulator for graphene physics using 

photons. 


