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Sommario interazione classica

bare photon

0 = \/(0) W) 260Gy (V= V)

I T | T |
1.506

1500

1.494

bare exciton -«

>»bare exciton
lower branch |

1,488

1.482

Peak Position (eV)

1.475F

bare photon A5 412 9 6 3 0 3 6 9 12 15
ho_-hao, (meV)

FIG. 3. NMC anticrossing curve vs oscillator-cavity detuning:
heavy solid lines, transmission peak positions; thin solid lines,
uncoupled oscillator and cavity positions.
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Elettroni e lacune in seconda quantizzazione
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Exciton state in second quantization and k-space
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Exciton creation operator
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Second quantization Hamiltonian
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Photon Photon absorption
emission

* In-plane wavevector is conserved

* Different in-plane wavevectors are decoupled




Cavity polariton states and operators
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Half-photon, half-exciton
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Anticrossing k,=0
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Effetti quantistici
BEC polaritoni
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Bose-Einstein condensation (BEC) of an ideal Bose gas!

*The Bose-Einstein distribution function:
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*In a d-dimensional system with a parabolic dispersion around k=0:
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I'S.N. Bose, Z. Phys. 26, 178 (1924), A. Einstein, Sitzber. Kgl. Preuss. Akad. Wiss (1924).




Where ‘Quantum’ Grows ‘Macroscopic’

-- Parameter comparison of atomic and semiconductor BEC systems
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Fononi distruggono strong coupling
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Fig. 3 (online colour at: www.pss-b.com) 77 K and 300 K absorption spectrum. The solid line s a linear dispersion

model fit. The oscillator strength per quantum well is 4.8 x 10" cm™. Reprinted from [17],



Exciton scattering distrugge
strong coupling
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Esistenza polaritone

Coupling regimes
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Fig. 13 (online colour at: www.pss-b.com) Map of the weak, strong and intermediate coupling as a
function of the linewidths of both oscillators. “Abs”™ denotes the condition to observe a splitting in absorp-
tion, “QM” denotes the limit of the perturbative regime. The dashed line denotes the condition to observe
a meaningless splitting in the transmission spectrum alone.



Phase diagram of exciton-polaritons
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Solid lines show the critical concentration N, versus temperature of the polariton
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for quasi condensation in 100 um and 1 meter lateral size systems, respectively.



Phase diagrams of exciton-polaritons in different materials
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Trappola in k space per polaritoni
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ARTICLES

Bose-Einstein condensation of
exciton polaritons
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PHYSICAL REVIEW B 74, 193308 (2006)

Polariton emission and reflectivity in GaN microcavities as a function of angle and temperature
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Fig. 1. Simultancous RT reflectivity (green line) and PL (red line) spectra along the wedge of (l
are only a guide to the The ]Ll ertical scale (linear) is for the reflectivity and the right verti
FIG 4 Vﬂl’iﬂﬁﬂll Wlth [hﬂ Ell'lglf: Df iﬂCidﬂﬂCﬂ Df thf: p'D]EIl'i[D[] PL. (For mtupmal@v ‘No colour in this figure legend, the reader is referred to
article.)
mode energies at 300 K for both the reflectivity (open squares) and

photoluminescence (closed circles). Also shown as a solid line is POIaritonS

the numerical simulation using (3 X 3) matrix analysis. The un-

coupled excitonic (dotted lines) and photonic modes (dashed line) at T=300 K

as a function of angle are also included in both cases.
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FIG. 1 {color online). Formation of polariton lasing at T
300K in a GaN microcavity at in-plane wave vectors up to
kpay ™ 7 pm~! for (a) just below (scaled up by x1000) and
(b} just above threshold (1 ~ 1 mW). Inset shows dispersion.
(¢} Image of pumped sample above threshold. (d) Interference of
far-field emission cone through a slightly misaligned Michelson
interferometer above and below threshold. (e),if) Polariton emis-
sion intensity just below and above threshold as a function of
energy, together with Bolzmann fit (dashed line) giving an
effective temperature of 360 K, and result from kinetic simula-
tion (solid lines).
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Polariton laser



Laser history...

1917 Einstein derived the Plank formula, spontaneous + stimulated emission

1950 W. Lamb: idea of light amplification

1950 A. Kastler, optical pumping

1953 Weber, Twones, Basov, Prokhorov, maser

1959 T.H.Maiman, laser on rubis

1960s gaz lasers

1969 first semiconductor lasers (pn-junction)

1972 Zh. Alferov, laser on heterostructures

1990s lasers on semiconductor nanostructures, VCSELSs

1996, Imamoglou, idea of polariton lasing

2007, RT polariton laser
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Optically or electronically excited exciton-polaritons relax towards the
ground state and Bose-condense there. Their relaxation is stimulated by final
state population. The condensate emits spontaneously a coherent light



“Normal”

semiconductor laser:

The threshold to lasing is
given by the inversion of
population condition.

The absorption must be
balanced by stimulated
emission.

Photon Bose condensation.

Stimulated emission of

light

“Polariton” laser:

The threshold condition:
population of the k=0 state
larger than 1.

The emission occurs at the
energy lower than the
absorption edge.

Bose condensation of a half
matter-half light particle.

Spontaneous emission of
light

Escape of polaritons from
cavity
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