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Our purpose

Microcavity quantum electrodynamics (µCQED), the interplay
between quantum optics and solid state systems, has recently
emerged as one of the most active and promising research fields. A
single quantum emitter, a qdot or a qwell, coupled to one confined
light mode in a photonic crystal or a micropillar-cavity is one of these
µCQED systems with more perspectives for device applications such
as single photon sources and quantum information processing.
Furthermore, this system exhibits fundamental physical phenomena
such as weak and strong coupling, Purcell effect, non-classical light,
and polariton laser (non-equilibrium BEC).
In this talk I will give a short review on the subject.
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Semiconductor Micropillars

2 µm micropillar, Sheffield.

Properties

I Eliptic and circular geometry.

I Layers of GaAs and AlGaAs
periodically distributed with
λ/4–thick.

I High-Q cavity, Q ≈ 104, em-
bedded with active medium
(quantum dots).

I Narrow emission spectrum.



µ–n CQED; G. Khitrova et al., Nature Physics 2, 81 (2006)



Coupling regimes; D. I. Schuster et al., Nature 445, 515 (2007)
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Strong and Weak Coupling; J. P. Reithmaier et al., Nature 432,

197 (2004)



Anti–crossing; T. Yoshie et al., Nature 432, 200 (2004)



But . . . ; F. P. Laussy et al., PRL 101, 083601 (2008)

. . . the anticrossing is not always the hallmark of the SC!



Single Photon Sources (WC); C. Santori et al., Nature 419, 594

(2000)



Micropillars (QWs); D. Bajoni et al., PRL 100, 047401 (2008)



Micropillars (QWs); D. Bajoni et al., PRL 100, 047401 (2008)



Photonic Crystal (QWs); S. Azzini et al.,APL 99, 111106 (2011)



Photonic Crystal (QWs); S. Azzini et al.,APL 99, 111106 (2011)



Coherence functions (QWs); T. Horikiri et al., PRB 81, 033307

(2010)



Coherence functions (QWs); T. Horikiri et al., PRB 81, 033307

(2010)



Coherence functions (QWs); T. Horikiri et al., PRB 81, 033307

(2010)



PC Nanocavities; A. Laucht et al., New J. Phys. 11, 023034 (2009)

Electrically tunable single-QD PC nanocavities. (a) Schematic representation and layer sequence of the active

region. (b) Microscope image showing the 5× 5 array of PCs and image depicting a single PC. Scanning electron

microscope image showing one of the L3 cavites at the center of each PC. (c) Current–voltage characteristic without

illumination.



Emission spectrum: th. and exp.; A. Laucht et al., PRL 103,

087405 (2009)
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Quantum Open Systems

Master Equation: Born-Markov & T = 0

d ρ̂
dt

= i
[
ρ̂, Ĥ

]
+ κLâ{ρ̂}+ γLσ̂{ρ̂}+ PLσ̂†{ρ̂}+ . . .

LÔ ≡
1
2

(
2Ôρ̂Ô† − Ô†Ôρ̂− ρ̂Ô†Ô

)
I Weak coupling between the system and its reservoirs (Born).
I Disentangled system–bath density operator (Initial condition).
I No memory effects (Markov).
I QRT⇒ Photoluminescence spectrum.



Master Equation

Main terms

I [H, ρ] Jaynes-Cummings (JC): Free exciton and field mode
hamiltonians + Dipolar interaction in RWA.

I κLa{ρ}(PaL(a†){ρ}) Coherent photon losses (gain).
I γLσ{ρ} Spontaneous emission (exciton losses).
I PLσ†{ρ} Exciton incoherent pumping.
I Other terms: gain or loss of polaritons (PP , γP), dephasing
γφ, . . .
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Timescales and coupling regime
J. Phys.: Condens. Matter 21, 395603 (2009)

Including only coherent emission κ, γ and exciton pumping P:

dρ
dt

= i[ρ,H] +
P
2
(2σ+ρσ− − σ−σ+ρ− ρσ−σ+)

+
γ

2
(2σ−ρσ+ − σ+σ−ρ− ρσ+σ−) +

κ

2
(2aρa† − a†aρ− ρa†a).

Two regimes can be achieved as loss and pump rates are
modified



Timescales and coupling regime
J. Phys.: Condens. Matter 21, 395603 (2009)

(A) Weak Coupling and linear physics (First excitation manifold).

(B) Strong Coupling and linear physics (First excitation manifold).

(C) Strong Coupling and non-linear physics (Beyond the first excita-
tion manifold).



Weak Coupling; J. Phys.: Condens. Matter 21, 395603 (2009)

In the weak coupling regime—PRL 101, 083601 (2008)—:

16g2 < (κ+ P − γ)2

Where g = 0.2 meV, γ = 0.2 meV, κ = 0.9 meV, Q ≈ 1000,
λC = 937.59 nm y P = 1 meV.
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Polariton Lasing in a QD: Quantum Properties
arXiv:1205.2719 G. Cipagauta talk at 15:00 tomorrow

N (ρ̂) (continuous red line), SL(ρ̂) (dashed black line) and ν (dashed-dotted blue line) for κ = 5× 10−2meV and

(a) ∆ = 0, (b) ∆ = 1meV, (c) ∆ = 2meV, (d) ∆ = 3meV, (e) ∆ = 7meV and (f) ∆ = 10meV.



Polariton bath ; arXiv:1206.5193
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LEFT: Emission spectra calculated for the parameters reported by Finley and co-workers. The continuous line is the

PL spectrum computed with the exact expansion beyond Λ1. Dashed and doted lines correspond to the spectrum

calculated up to Λ1 by Carmichael and Finley approximations, respectively. RIGHT: Best theoretical fit of the

experimental emission spectrum. The fundamental mode frequency and detuning are fixed in ωc = 1207.1 meV/~

and ∆ = −50µeV/~, respectively.



Polariton pumping and loss rates!

Pp = 0.02 Pa = 2.27 Pσ = 2.32 g = 67.93

γp = 8.96 γa = 31.82 γσ = 10.12 γφ = 7.40
Fitting parameters in units of µeV/~. The fitting was made implementing a “simulated annealing” algorithm. The

cost function was the sum of squared differences S2 =
∑

i (Xexp,i − Xth,i )
2 over the available experimental data.

The fit shown gives S = 12.6 cts/s.

Pa = 4.5 Pσ = 0.5 g = 59.0

γa = 68.0 γσ = 0.2 γφ = 19.9
Finley et al. parameters



COLLABORATORS

Polariton Laser

I Daniel G. Suárez, (B.Sc.), UNAL

I Gustavo Cipagauta, (M.Sc.),
UNAL

I Karen M. Fonseca, UNAL

I Herbert Vinck Posada, UNAL

Polariton bath

I Nicolás Moure (B.Sc. UdeA)
USC

I Herbert Vinck Posada, UNAL

Others

I Juliana Restrepo, UAN

I Augusto González, ICIMAF,
Cuba

I Paulo S. S. Guimarães, UFMG,
Brazil

I Jhonny Castrillon (M.Sc, UdeA)
⇒ poster

I Juan Pablo Ramı́rez (M.Sc.
UdeA)⇒ poster

I
...



Thank you!
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