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Abstract

The properties of exciton-polaritons in planar semiconductor-microcavities make them
promising for realization of all-optical circuits [1]. In case of nonresonant excitation, the
spontaneous condensation of polaritons has been subject of high interest over the past decade
[2]. However, this condensation process is driven indirectly by incoherent excitons and
therefore accompanied by the loss of the details (frequency, momentum) of the optical
excitation.

Here, we demonstrate that control of the condensate can still be achieved using only
nonresonant optical excitation. Using spatially structured intensity profiles for the excitation,
the background-carriers act as a source for the condensate while at the same providing a
potential energy landscapes to control the polariton flow. We present both experimental and
theoretical results and show that it is possible to, e.g., trap the condensate or to generate a
directed polariton flow using spatially structured excitation geometries [3] (cf Fig 1 a,b).
Once created, a directed polariton flow can be controlled further by interaction with
additional all-optically imprinted potential landscapes, e.g. re-collected (cf Fig 1 c,d) or
redirected. Since the incoherent excitons provide both potential landscape and ‘gain medium’,
the condensate is also re-amplified during this interaction, making this process potentially
cascadable.

We will also discuss scattering experiments and trajectories of condensates colliding with
excitonic targets providing further insight into the interaction between coherent polaritons and
incoherent excitons.
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Figure 1.Shown are different optically generated excitonic potential landscapes (a,c) and
simulations for the time-integrated photoluminescense of the polariton condensates (b,d). The
potential geometry of (a) generates polaritons with a directed flow of the condensate (b). An
additional semicircle (c) in the geometry can block, recollect and re-amplify the polariton
flow (d).
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Our simulations that well reproduce the experimental observations are based on a microscopic
semiconductor theory in meanfield approximation including all coherent third-order
nonlinearities extended by an active and an inactive reservoir of excitations.

[1] D. Ballarini, M. De Giorgi, E. Cancellieri, R. Houdre, E. Giacobino, R. Cingolani, A.
Bramati, G. Gigli and D. Sanvitto, Nature Communications 4, 1778 (2013).

[2] H. Deng, H. Haug, and Y. Yamamoto, Rev. Mod. Phys. 82, 1489 (2010).

[3] J. Schmutzler, P. Lewandowski, M. ABmann, D. Niemietz, S. Schumacher, M. Kamp, C.
Schneider, S. Hofling, and M. Bayer, Phys. Rev. B 91, 195308 (2015).



