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Bose-Einstein condensation

Macroscopic wavefunction
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Cornell’'s and Wieman’s groups:
condensation of Rb atoms (1995)

http:/jilawww.colorado.edu/bec/

®  BEC with atoms BEC in the solid state
I . Large mass: m = 104 m, * Quasiparticles with m << meg

» Low critical temperatures: < 1 uK « High critical temperatures: ~10-300 K
L . Large experimenta| Se’[-ups * Mixed Iight-matter partiC|eS

easy creation, control and detection
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- Bose-Einstein condensation of
exciton polaritons
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Polariton density

T=5K CdTe

K, Kasprzak et al. Nature, 443, 409 (2006)

I See also LPN, Stanford, Pittsburgh, Cambridge, Southampton ..
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Boson quantum fluids: fundamental properties

Quantised vortices
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real space y (pm)
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Superfluidity Dark solitons Bright solitons
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Cavity polariton condensates in microstructures

Use of nanotechnology to engineer the potential landscape:
Toward Polaritonic circuits
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Outline

1. Introduction to cavity polaritons

2. Polariton condensation in 1D microstructures

[
Extended spatial coherence, %
N

Optical manipulation, strong non-linearities

3. Toward polariton devices

- Polariton interferometer

- Resonant tunneling diode 5%

4. Coupled 0D polaritons T

Benzene molecule, Honeycomb lattice

Conclusion and Perspectives
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Microcavity polaritons
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Microcavity polaritons
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Microcavity polaritons
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Microcavity polaritons

GaAs/AlGaAs Angle 6 (°)
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* Photonic component == low mass (10> m,)
condensation at high temperature

e Short lifetime (~1-50 ps) == escape out of the cavity
optical access

® Excitonic component mmp repulsive interactions



Polariton spin

E>Spin : electron : +- 1/2} Exciton : J, = +- 1 e“, h e “‘h
2

heavy hole : +- 3/
J, =+-2 eTTh © u'h

I:> Photon have an angular momentum : +- 1

E:)Only J=1 excitons are coupled to light

Upper . o
I Polariton Polaritons have two spin projections:
j = +1 G+ 1 .
- j: ~ o } V. pseudospin

—H— Photon
Lower
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Polariton spin

E>Spin : electron : +- 1/2} Exciton : J, = +- 1 e“, h e “‘h
2

heavy hole : +- 3/
J, =+-2 eTTh © u'h

I:> Photon have an angular momentum : +- 1

E:)Only J=1 excitons are coupled to light

Polaritons have two spin projections:

I, = "'11 g+ } 1, pseudospin
2=+~ a

One-to-one relationship between
pseudospin state and polarisation degree
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Probing polariton states

Far field imaging: k space
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K, (um-T)
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Energy

k, = w/c sin(0)
I Ky (um)
R. Houdré et al., Phys. Rev. Lett. 73, 2043 (1994)
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Probing polariton states

Far field imaging: k space
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R. Houdré et al., Phys. Rev. Lett. 73, 2043 (1994)
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Polariton condensation under non resonant excitation

Pump

1_‘relaxation Cé))

. . ()
Excitonic -
reservoir LLI

l_‘eSC
-10 -5 0 5 10  1-50 ps
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Polariton condensation under non resonant excitation

Emission angle, # (degree)
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-1
K ; (MM ) Nature 443, 409 (2006)
|

J When f exceeds unity : ' 5vation ™ (f+1) Bosonic stimulation

I Massive occupation of the lowest energy states

= |- Out of equilibrium system
- Coexistence of the polariton condensate with

EPIZDS_ the reservoir of uncondensed exciton




Ginzburg Landau equation for the polariton wavefunction

Polariton wavefunction:

Confinement Interactions with the
potential excitonic reservoir

\
Bw(x,t):{ A% / 7 l

Kinetic energy
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: +Vex,<x>—i5176 ~Riy(x,0)]

269
a
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o Decay _ Interactions within
- Populating  the condensate
term
Excitonic reservoir
- dng(x,t) ng(x,t)
dt — Ppump (x; t) — — RnR (X, t)
Trad
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Confining polaritons in lower dimension

Strain with a tip
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Polariton in 1D cavities

1D polariton sub-bands

20 a9 0) 9

Fabrication : E-beam lithography 2 1585
Reactive Etching(RIE or ICP) ‘é
)
_ c 1580
IWI re -
200pm
= 1575
. ) A
I 2 4p Polariton lateral K, (um°)
d confinement
. o k,=nm/d
I Discretisation of k. : n=123,...

J. Bloch et al.. Superlatt. and Microst. 22, 371 (1998).
I T. Gutbrod et al. Phys. Rev. B57, 950 (1998).
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Condensation in 1D microcavities

| E. Werlz et al., Nat. Phys. 6, 860 (2010)
4 | L. Ferrier et al., Phys. Rev. Lett. 106, 126401 (2011)
| D. Tanese et al., Phys. Rev. Lett. 108, 36405 (2012)
E. Weriz et al., Phys. Rev. Lett. 109, 216404 (2012)
D. Tanese et al., Nat. Commun. 4, 1749 (2013)
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Macroscopic speading of polariton condensates
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Macroscopic speading of polariton condensates

Excitonic reservoir

Fesc

10 -5 0 5 10 (1-10 ps)
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Polariton condensation in 1D cavities

Pump

EP2DS-MSS, Wroclaw 2013
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Probing the condensate spatial coherence

Young slit interferometry

(see F. Dubin et al., Nature Physics 2, 32 (2005)
H. Deng, Phys. Rev. Lett. 99, 126403, (2007))
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Trapping polaritons optically
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Condensation in a periodic potential

EP2DS-MSS, Wroclaw 2013
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Condensation in a periodic potential

CW hoh resonant

excitation

EP2DS-MSS, Wroclaw 2013
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Condensation in a highly localized

gap state
D. Tanese et al., Nat. Commun. 4, 1749 (2013) C%ITS v”‘
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Condensation in a periodic potential

Il B
Density (arb. units)
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Condensation in a periodic potential

Density (arb. units)

Pump

citonic reservoir
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Condensation in a periodic potential

Density (arb. units)
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Condensation in a periodic potential

Pump

xcitonic reservoir

UL
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D. Tanese et al., Nat. Commun. 4, 1749 (2013)
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Gap solitons in non-linear periodic media

Nature 422, 147 (2003)

Observation of two-dimensional
discrete solitons in optically
induced nonlinear photonic lattices

Jason W. Fleischer*+, Mordechai Segev*{, Nikolaos K. Efremidis:
& Demetrios N. Christodoulides::

* Physics Department, Technion—Israel Institute of Technology, Haifa 32000,
Israel

t Electrical Engineering Department, Princeton University, New Jersey 08544,
USA

% School of Optics/CREOL, University of Central Florida, Florida 32816-2700,
USA

7 J week ending
VOLUME 92, NUMBER 23 PHYSICAL REVIEW LETTERS 11 JUNE 2004

Bright Bose-Einstein Gap Solitons of Atoms with Repulsive Interaction

B. Eiermann.' Th. Anker." M. Albiez," M. Taglieber.> P. Treutlein.” K.-P. Marzlin,® and M. K. Oberthaler'
'Kirchhoff Institut fiir Physik, Universitit Heidelberg, Im Neuenheimer Feld 227, 69120 Heidelberg, Germany
2Max-Planck-Institut fiir Quantenoptik und Sektion Physik der Ludwig-Maximilians-Universitiir,
Schellingstrasse 4, 80799 Miinchen, Germany
SDepartment of Physics and Astronomy, Quantum Information Science Group, University of Calgary,

2500 University Drive NW Calgary, Alberta, Canada T2N IN4
(Received 16 December 2003; published 8 June 2004)

We report on the first experimental observation of bright matter wave solitons for 3Rb atoms with
repulsive atom-atom interaction. This counterintuitive situation arises inside a weak periodic potential,
where anomalous dispersion can be realized at the Brillouin zone boundary. If the coherent atomic wave
packet is prepared at the corresponding band edge, a bright soliton is formed inside the gap. The
strength of our system is the precise control of preparation and real time manipulation, allowing the
systematic investigation of gap solitons.
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First steps toward polaritonics circuits
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Polariton interferometers

Sagnac interferometer Mach-Zehnder interferometer

C. Sturm et al., arXiv:1303.1649

EP2DS-MSS, Wroclaw 2013
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Sagnac interferometer
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MZI Interferometer
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MZI Interferometer
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MZI Interferometer

A polariton interferometer

Intensity (arb. u.)

Intensity (arb. u.)
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A polariton resonant diode

H.S. Nguyen et al., Phys. Rev. Lett. 110, 236601 (2013)
I Viewpoint:_L. Pilozzi, Physics 6, 64 (2013)
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1D cavity with double potential barrier

Luminescence of the island
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RTD operation

P, : Polariton injection
at energy E; and angle 6,

EP2DS-MSS, Wroclaw 2013

P.: excitonic reservoir
injection
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Local blueshift




RTD demonstration
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Coupling 0D polaritons

ceum

LABORATOIRE
1 oE PHOTONIQUE
NANOSTRUCTURES

EP2DS-MSS, Wroclaw 2013



Polaritons in micropillars

Micropillars: photonic atoms
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Two coupled micropillars

EP2DS-MSS, Wroclaw 2013

()@ Anti-bonding

ﬂ Bonding

Michaelis de Vasconcellos et
al., APL 99, 101103 (2011) 126403 (2012)

Galbiati et al., PRL 108,

LETTERS
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Macroscopic quantum self-trapping and
Josephson oscillations of exciton polaritons

M. Abbarchi'?, A. Amo'*, V. G. Sala'3, D. D. Solnyshkov®, H. Flayac®, L. Ferrier, |. Sagnes’,
E. Galopin', A. Lemaitre!, G. Malpuech® and J. Bloch’
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Periodic structures: benzene

Periodic boundary conditions
I vortical eigenstates

Benzene molecule

EP2DS-MSS, Wroclaw 2013

Tight binding model
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Polariton eigenstates

Real space k-space  Simulated
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Polariton eigenstates

Real space

N
e

M

CW, out of resonance

E1
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two images

CIill's

:

g ETDE

LABORATOIRE
BEPHOTONIQUE
NANOSTRUCTURES



Polariton eigenstates

Real space interferogram phase
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Condensation in polaritonic benzene

N Low power

High power

~

Real space
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Photonic Graphene with polaritons

Honeycomb lattice Cut at the Dirac point energy
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NANOSTRUCTURES
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ISee also M. C. Rechtsman et al., Nature Photonics 7, 153 (2013) w y



Summary

—)

Photonic system with enhanced non-linearities

Polariton devices

EP2DS-MSS, Wroclaw 2013
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Perspectives

- Optical memory, optical gates
- Quantum regime : single polariton
non-linearity

A. Verger et al., Phys. Rev. B 73, 193306 (2006)
|. Carusotto et al., Phys. Rev. Lett. 103, 033601 (2009)

- Polaritons in a magnetic field :
Berry Phase 6y — iw(l A )

l.LA.. Shelykh, et al., Phys. Rev. Lett. 102, 046407 (2009)

- Polariton fluids in lattices
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