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Jaynes-Cummings Model
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Atom-photon interaction leads 
to an effec. non-linear medium
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Photon Blockade



Competition of local 
non-linearity with 
photon hopping
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Coupled Cavities
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Josephson arrays

Optical Lattices
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Coupled cavities 
out of equilibrium



QED arrays to explore non-equilibrium 
quantum many-body systems

How to realize and detect, under realistic non-
equilibrium conditions,  the very rich phase 
diagram predicted in QED arrays? 

Explore the competition between correlations 
and hopping in small networks



Competition between 
correlations and hopping

THE QUANTUM 
OPTICAL 

JOSEPHSON 
INTERFEROMETER

Non-equilibrium effects



The interplay of tunneling 
and interactions is analyzed 
in the steady state of the 
system, when a dynamical 
equilibrium between driving 
and losses is established.

Strong photonic correlations can be identified 
in the suppression of Josephson-like 
oscillations of the light emitted from the 
central cavity as the nonlinearity is increased. 
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The quantum optical 
Josephson 

interferometer



Coupled cavities 
&

Quantum quenches
ε(t)

array is driven by 
a pulsed external 
laser



ψ

time

ψ

time

J < Jcr

J > Jcr

see Altman & Auerbach, PRL (2002)



At short times, a linear instability sets in and both 
quantities increase exponentially

At later times, the collective (non-linear) dynamics 
of the array leads to oscillations

Damping at times larger than the photon lifetime



zero-time delay second-order 
correlation function averaged over 

a certain interval of time



Conclusions

Quantum optical Josephson interferometer

Networks based QED-cavities?

Non-equilibrium quantum phase transitions?




