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Coupling mechanisms in polariton condensates 

• coherent (Josephson coupling) 
– tunnelling 

• K. G. Lagoudakis et al., Phys. Rev. Lett. 105, 120403 (2010) 
 

• incoherent / dissipative 
• I. L. Aleiner, B. L. Altshuler  & Y. G. Rubo,   Phys. Rev. B 85, 121301 (2012) 

Выступающий
Заметки для презентации
There are two coupling mechanism for polariton condensates. Coherent and incoherent. From coherent coupling we have the seminal work from Devoud-Pledran’s group, where the two condensates are separated by a potential barrier and the coupling is by tunnelling forming symmetric states. Recently there’s been some suggestions from Jeremy Baumberg’s group that the polaritons may also couple by ballistic expansion of the condensates. In this mechanism coupling is by polaritons that ballistically fly from one condensate to the other condensate. By doing so they gain some arbitrary phase which would cause phase locking at any arbitrary phase difference depending on their separation and wavevector. These two mechanisms don’t explain our results mainly because are condensates are far from each other for tunnelling and we only observe zero or pi phase difference between our coupled condensates.

Our results however can be nicely explained by the new incoherent coupling mechanism proposed by Aleinder-Altshuler and Rubo. In this mechanism the condensates lifetime depends on their phase and they pick the longest lifetime (smallest decay rate) states.



Josephson vs. Dissipative 
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Josephson (coherent) Dissipative (incoherent) 
‣ reduction of threshold 
‣ in-phase and anti-phase states 

‣ symmetric (in-phase) states 



Geometry 
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‣ non-resonant 
‣ pulsed excitation 
‣ spot diameter ~1.3µm 
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What we observe 

‣ reduction of threshold 
‣ in-phase and anti-phase synchronization 
‣ symmetry flipping by changing separation 
‣ symmetry flipping in time 
‣ correlation of pseudospins 

two spatially separated polariton condensates: 

Выступающий
Заметки для презентации
Let me begin by …
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Threshold vs. separation (first signature) 

Выступающий
Заметки для презентации
Here’s the schematic of our system. We create two condensates by non-resonant pulsed excitation, with spot diamter of about 1um. We measure the normalized intensity of a single condensate at different powers and different separations and we observe smaller thresholds for distances 10 times larger than the pump spot diameter.
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in-phase/anti-phase states (second signature) 

experiment 

point source intensity pattern 

similar to G. Tosi et al,. Nat Phys 8, 190 (2012) 

Выступающий
Заметки для презентации
Here’s the real-space images at different separations of the two condensates. The interference pattern in the middle already suggests that the condensates must be phase locked. The intensity pattern in the middle can be nicely reproduced by two cylindrical waves phase locked at pi or zero phase difference as shown in the lower panel. These images might look familiar to you if you’ve come across this paper by Baumberg’s group in Cambridge, but in our case the pattern is simply due to interference of large momentum polaritons and not the quantization of the wave function in a parabolic potential.
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Coupling mechanism 

momentum space 

kc 

a: separation 
θ: phase difference 

LP branch 

dissipation channel 
(Purcell effect) 

Выступающий
Заметки для презентации
Imagine a lower polariton branch and a condensate that is formed at a blue shifted energy due to the excitonic repulsion from a small excitation spot. The wavefunction would have a Gaussian distribution in the momentum space. Now imagine another condensate at the same energy, which would interfere with the previous one. Due to the Purcell effect polaritons that are closer to the cavity mode decay faster than the ones away from it. Combined with the nonlinearities the system tries to minimize the amplitude of the wavefunction close to the cavity mode. If we change the distance between the condensates they get again a higher population close to the cavity mode they change their phase difference to pi to minimize their dissipation.

We can show that the decay rate is given by this formula, where big Gamma is the decay rate of a single uncoupled condensate, J0 is the bessel function of the first kind, kc is the cavity wave vector corresponding to the same energy  of the condensate, a the separation and theta their phase difference. We will look at this formula in more detail later on.
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Phase vs. separation 

kc: cavity mode wave vector 
a: separation 
θ: phase difference 

Выступающий
Заметки для презентации
The decay rate that I introduced previously is drawn here. The green curve is the bessel function of the unitless paramter ka. The two extreme cases where theta is zero or pi are shown in red and black respectively. The condensates fall in the lowest decay rate.
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Interferometry 
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Symmetry flipping in time 
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Symmetry flipping in time 

Выступающий
Заметки для презентации
We interfere the emission from one condensate with another one, and we study the evolution of phase. The blue curve shows the interference fringes at an earlier time and the red curve at a later time when the the symmetry flipping occurs. In the transition between in-phase and anti-phase states we get a reduction of fringe contrast, shown by the green curve, which shows the condensates become uncoupled.
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momentum-space 

Выступающий
Заметки для презентации
The symmetry flipping can also be observed as the condensate change their wavevector. Here’s the dispersion. We pump twice the threshold. The condensates first form at higher energies and relax in energy as time goes. By looking at the k-space one can see at 31ps after excitation, they are antiphase, and later on they switch to in-phase. In the transition between the two states, the condensates lose coupling, as the decay rate becomes independent of the phase difference.
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multi-particle wave function 

Выступающий
Заметки для презентации
Of course polaritons are spinor particles meaning the wave function of the condensate must be split to spin up and spin down components with a global phase. We showed the global phase of the two condensates are locked, but what about their spin? The order parameter of the condensates are experimentally related to the pseudospin vector represented in a Poincare sphere with the usual three polarization axes. The build up of condensate is accompanied by the buildup of polarization. But due to the stochastic nature of the condensation process in each realization the condensate would have a random orientation in the poincare sphere. A process which is called the spontaneous symmetry breaking.

The natural question to ask is, would the coupled condensates have correlated polarizations despite having a stochastic polarization in each realization?
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Spontaneous symmetry breaking 

Y. G.  Rubo, physica status solidi (a) 201, 641–645 (2004) 

order parameter space 
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Stochastic polarization buildup 

non-condensed 

H. Ohadi et al. Phys. Rev. Lett. 109, 016404 (2012) 
 
also: J.J. Baumberg et al. Phys. Rev. Lett 101, 136409 (2008) 
sample: D. Bajoni et al. Phys. Rev. B 76, 201305 (2007) 

condensed 

Single-shot measurements 
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Two Condensate Setup 
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Pseudospin correlation 

Single-shot measurements 

Выступающий
Заметки для презентации
The answer is yes. Here is the correlation of the pseduospin of the two condensates vs threshold power. Showing no correlations below condensation and a build up of correlation in all components as the condensates become coupled.
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Theoretical simulation 

• Aleiner, Altshuler & Rubo, Phys. Rev. B, 85, 121301 (2012) 
• Read, Rubo & Kavokin, Phys. Rev. B, 81, 235315 (2010) 

Выступающий
Заметки для презентации
Theoretically we can introduce a dissipative coupling term represented here by the small gamma for the coupling of the two condensates, with gamma given by the bessel function we introduced earlier.
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Stochastic simulation results 

Experiment Stochastic 
Simulations 

Выступающий
Заметки для презентации
Here are the stochastic simulation results showing good agreements between the theory and the experiment.
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Stochastic simulation results 

γ > 0 γ < 0 

Выступающий
Заметки для презентации
Here are the stochastic simulation results showing good agreements between the theory and the experiment.
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“An odd kind of sympathy” 
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Threshold / coupling parameter 

Aleiner, Altshuler & Rubo, Phys. Rev. B 85, 121301 (2012) 
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Interferometry Setup 
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k-space / real-space vs. separation 



Averaged threshold 
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