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Polaritons Exhibit

Room-temperature Quantum Coherence!

Motivation

Diverse Applications!
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Room temperature Coherent Propagation of Excitons.

Exciton-polariton Based Logic Gates

Exotic Chemistry in Cavities
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Theoretical Challenges

Explicit Phonon x
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x Many body Nz
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Simulating polaritons at room temperature = Mesoscale systems + many-body interactions + coupling to phonons




A single Frenkel exciton in an organic crystal
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Ixciton-polaritons

Quantized cavity radiation mode
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In a bare material, exciton shows (incoherent) diffusive transport.

— exciton-polariton

cavity radiation

material

In a cavity, exciton-polaritons show (coherent) ballistic transport.
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INCOMPATIBLE with experiments!
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Single excited subspace

For Nex>>1, many-body interactions have to be included = dynamics become complicated!



Mixed quantum classical simulation
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Huge numbers of classical degrees of freedom P

Computationally intractable!
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A novel approach

Multitrajectory mean field Ehrenfest for the phonons (quasi-classical)

_|_

Mean field Gross-Pitaevskin for the exciton-polaritons (quantum)

Interacting

polaritons _’ Decoherence

LP band through scattering




Light-Matter Hamiltonian
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Light-Matter Hamiltonian
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Light-Matter Hamiltonian
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Light-Matter Hamiltonian
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Light-Matter Hamiltonian
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Light-Matter Hamiltonian
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Choice of Ansatz
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Mixed Quantum Classical Dynamics
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EOM

Finally, using the Dirac-Frenkel Varational Principle,

ihn(t) = €othn(t) —

EOM of the exciton-photon

quantum subsystem
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Results

Quantum Dynamics of Bare Excitons Quantum Dynamics of Exciton-polaritons
(Non-interacting case)
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Results

Quantum Dynamics of Interacting Exciton-Polaritons Interaction Strength Dependent Non-linearity
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Many-body mteractions can combat phonon induced decoherence.
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