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Polariton Lasers
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Vertical Cavity Surface Emitting Terahertz Lasers
based on Polariton Lasers
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* Excitation of a 2p exciton state by a two-photon absorption

* 1s polariton state populated due to the THz transition from 2p state
* Polariton population of 1s state stimulates the THz transition

e Per each visible photon the device emits a THz photon

e Vertical geometry! No terahertz cavity needed!
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FIG. 1. Two-photon absorption luminescence excitation
spectrum of sample A4 vs 2% at 10 K (TPA curve).
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Two-photon spectroscopy in GaAs/Al, Ga,_, As multiple quantum wells

I. M. Catalano, A. Cingolani, R. Cingolani, and M. Lepore
Dipartimento di Fisica, Universita degli Studi di Bari, via Amendola 173, 70126 Bari, Italy

K. Ploog
Max-Planck-Institut fiir Festkorperforschung, Heisenbergstrasse 1, D-7000 Stuttgart 80, Federal Republic of Germany
(Received 18 January 1989)


http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:SPbGU_Logo.png

University
of Southampton

1s — 2p terahertz transition in a microcavity
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Our experimental observa- ———— [ _—— LEp .,
tions and theoretical analysis show that a resonant THz g
field couples the optically induced exciton-polariton co- T A 6
herences to the dark 2p-exciton state while direct dipole- Reflectivity Reflectivity
transitions between the two polariton modes are forbid-
den.

J.L. Tomaino et al., arXiv:1112.2185v1
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Coherent injection of microcavity polaritons through two-photon
absorption
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Polariton lasing with a two-photon pump in a pillar GaAs microcavity
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Theoretical treatment

do 1 .
a B 0, He| + Lo Liouville equation for the density matrix
dN,

do 2 . 3 .
— = Tr {p*pa} = ERE{TI‘(Q[H p*pi HT])}  Master equation

Rate equations:
/Second order coherence of pumping light

dN, N, (1) B .
— = —— + W, |———=N-— N,(2N, +1 2p-population
dt T g{ 5 a p( +1)| + P-pop
+Wg {N,N. (N, +1) — N, (Ns + 1) (N. + 1)},
aNs _ A 1s-population
at T Pop
—Wg {N,N. (N, + 1) — N, (N, +1) (N. + 1)},
d.‘.ﬂrc .'.I,\'TC
= —— — Terahertz
dt Te .
population

—We {N.N, (N, +1) = N, (N + 1) (N. + 1)},
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Terahertz VCSEL: results of simulation
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e Terahertz emission rate increases at the onset of polariton lasing

* 1s population increases exponentially at lasing threshold

New quantum optical effect: Threshold depends on the statistics of photons of pump!
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= Schematic of a hybrid GaAs/GaN terahertz polariton laser
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Conclusions

Polariton lasers: low threshold coherent light sources, realised
In GaAs, CdTe, GaN, ZnO0....

« Two photon pumping of polariton lasers allows building
a THz source

 Polariton mediated THz lasers based on GaN: compact,
room temperature, vertical geometry, no THz cavity needed

« Hybrid blue light/THz lasers: one can see where to shoot!

A.V. Kavokin, I.A. Shelykh, T. Taylor, M. Glazov, arXiv.org > cond-mat > arXiv:1201.4010
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