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Bose-Einstein condensates in semiconductor microcavities
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Atomic BECs
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Semiconductor microcavities

Light cone Energy dispersion for a photon in a solid
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Semiconductor microcavities

per polariton
ranch

R
SIS
N RS

NN,
RN v

ower polariton™
ranch

h W T [/J

X
mM Inaugural Lectures by New Members of Physics and Engineering Sciences (L. Vina) 6



Semiconductor microcavities
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New eigenstates
POLARITONS

QJ —c-P+d-X
QLPBz—d-P+c-X

photonic content 4 very low mass

High condensation temperature

10 K-300 K
composite _ . '
BOSONS species atomic gases | polaritons
mass m™*/mg e 10~
<— Angle of emission —> Bohr radius 1071A 102X
\\\ //,I )\T at TC 103A 1O4A
= s Photon\ . UPB /! 1. < 1uK 10 — 300K
é 1'530---------____:: ____ | Exciton_
S 1.528-
- LPB v | o
1.5264 Polariton lifetime: 2-8 ps (at k = 0)

R

y PL experiment

1
ll LR A l

Inaugural Lectures by New Members of Physics and Engineering Sciences (L. Vifia)

3



BEC of polaritons

Excitation CW laser 1.755 eV 5K
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Kasprzak et al. Nature 443, 409 (2006)
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Wire microcavities
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Wire microcavities
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Polariton condensates transistor switch
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Polariton condensates transistor switch

m Inaugural Lectures by New Members of Physics and Engineering Sciences (L. Vifa) 13 }




Polariton condensates transistor switch
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Experlments (snapshots)
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Experiments (movies)
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Momentum Space Interferences
as an Evidence of
Remote Quantum Coherence of Condensates
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Full observation of the phase-locking in momentum
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Full observation of the phase-locking in momentum
space between polariton condensates
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Full observation of the phase-locking in momentum
space between polariton condensates

(D) Initial acceleration, ¢ =35 ps
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(v) Conclusions

e Semiconductor microcavities:
ideal scenario to observe Bose-Einstein condensation.

* Generation of ultrafast-propagating condensed polariton wave
trains in quasi-1D microcavities.

* Fabrication of all-optical devices based on polariton condenstes.
* Affirmative answer to the Anderson’s question: Dynamical observation

(picosecond scale) of the mutual coherence in momentum space of
polariton wave trains that have never been in contact.
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