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* Cold exciton gas

e Indirect excitons

e Exciton rings

* Spontaneous coherence
e Spin currents
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Indirect excitons in CQW
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Exciton rings and macroscopically ordered exciton state
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inner ring forms due to transport and cooling of optically generated excitons
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external ring

above barrier laser excitation
creates excitons + holes
in CQW
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excitons are generated in external ring and LBS rings
at ring shaped interface between clectron-rich and hole-rich regions

ring

pattern of hot spots external rings and LBS rings
form sources of cold excitons

. exciton gas

is hot in LBS centers
is cold in external ring and LBS rings

emission of indirect excitons emission of direct excitons



measured by
shift-interferometry
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spontaneous coherence
and
spin polarization textures

measured by
polarization resolved imaging



First order coherence function g,(ox)

/ \

detector sample

PL Intensity
(arb. units)

X (um)

Pattern of g,(Jx) is measured by shift-interferometry
glt,v) = (E(t' +t, v +0)E({ 1)) /(B2 1))

Images produced by arm 1 and 2 of MZ interferometer are shifted
to measure interference between emission of excitons separated by ox

exciton coherence

is imprinted on coherence
Contrast of interference fringes 4;,..,(5x) — g,(6x) of their light emission



Emission, interference, coherence degree, and polarization patterns
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First order coherence function g,(dx)
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Exciton coherence and spin texture around LBS-ring
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Exciton coherence and spin texture around external ring
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spontaneous coherence
of excitons emerges

e in region of MOES

e in region of vortices of
linear polarization

g >> éclassical
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directional property
of exciton coherence:

extension of g,(r) is
higher when exciton
propagation direction
is along vector r



inner ring

Pattern formation and coherence: Experiment

external ring fragmentation / coherence
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What we know about the macroscopically ordered exciton state

MOES is a state with:
e macroscopic spatial ordering
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A.A. High et al.,
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e spontaneous coherence (coherence length >> classical)

— a condensate in k-space
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Theoretical model for MOES  consistent with experimental data

instability requires
positive feedback
to density variations
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instability results from quantum degeneracy
mm) in a cold exciton system due to
stimulated Kkinetics of exciton formation

L.S. Levitov et al., PRL 94, 176404 (2005)



spin textures and spin currents



Spin polarization texture
around LBS — radial source of cold excitons
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suppression of

Dyakonov-Perel
=) and Elliott-Yafet

mechanisms of

condensation of | suppression of
indirect excitons exciton scattering

o : : strong enhancement
exp: strong enhancement spin relaxation of the spin relaxation
of coherence length time in a condensate

suppression of
Bir-Aronov-Pikus
m) mechanism of
spin relaxation for
indirect excitons

of indirect excitons
separation between
electron and hole

while the spin relaxation times of free electrons and holes can be short,
the formation of a coherent gas of their bosonic pairs
results in a strong enhancement of their spin relaxation times — long-range spin currents



measured by polarization resolved imaging
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control of spin currents
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by magnetic field



Experimental Piin Simulated Piin +0.3

radial exciton polarization
currents are associated
with spin currents carried
by electrons and holes
bound into excitons
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exciton polarization electron and hole spin patterns
/2

radial exciton polarization

. exciton spin : :
with spin currents carried polarization » Dby electrons and holes
pattern bound to excitons

by electrons and holes

bound into excitons , , ,
electron and hole spin tend to align along the effective

A.A. High, A.T. Hammack magnetic fields given by the Dresselhaus SO interaction
J.R. Leonard, Sen Yang, .
L.V. Butov, T. Ostatnicky, theory of Alexey Kavokin
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PRL 110, 246403 (2013)
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Simulated Piin +0.3
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applied magnetic fields
bend spin current
trajectories

¥
spiral patterns of
linear polarization
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Experimental Piin Simulated Piin +0.3
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Experimental Piin Simulated Piin +0.3
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Experimental Piin Simulated Piin +0.3

I -1
})lin
I.+1,

Simulated in-plane exciton polarization ‘

applied magnetic fields
bend spin current
trajectories

¥
spiral patterns of
linear polarization

e

RN R
R — S NN \ )

/;//////
{

TIPS
- /f///////

Py .

\\\\\\\hﬁhﬁ&\\\\
T e e

\k\\\\\\\

v
RN
\\\\\




applied magnetic fields
bend spin current
trajectories

¥
spiral patterns of
linear polarization

spiral direction of exciton
polarization current

=
radial direction of exciton
density current
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Temperature dependence
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Summary

* Spontaneous coherence in a cold exciton gas
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