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Traps in Low Temperature Physics

« Traps are critical for studies of atomic condensates

— atomic BEC
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« Traps for excitons can be created through customized
external potentials

goal = exciton condensation in a trap



An Introduction to Indirect Excitons

e An indirect exciton is

e
composed of an electron
and hole in separate F —h-
quantum wells ‘ -

Characteristics of indirect excitons
elong lifetime  ebosons  eelectronically controllable

_ Model system for studies of physics of
ultracold bosons in CM materials
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Onset of Quantum Degeneracy
e “Quantum gas” when thermal de Broglie wavelength
comparable to separation between excitons
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e Excitons can cool to
100mK within lifetime 01L ——
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Electronic Control of Excitons

Indirect excitons are dipoles V e
with energy controlled by J
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electrode geometry V, Th € D lamon d Tra p

g L, Parabolic-like potential
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Remote Excitation Schematic

e Excitons are created 6um e Remote excitation

from trap center reduces laser heating at
the trap center
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Emission of Excitons in the Trap

Sharp peak at trap center emerges with decreasing temperature



Coherence Measurements with M-Z interferometer
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Shift interferometry measures the first-order spatial coherence function
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e Excitons condense at the trap bottom
e Exciton spontaneous coherence emerges with lowering temperature



Coherence Measurements: Density Dependence

e Peakin coherence corresponds to

minimum exciton cloud width
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Interference visibility

e Asymmetry in coherence due to

laser heating

laser excitation
(weak coherence)

Non-monotonic dependence on density at 50mK

cold excitons
(strong coherence)



Coherence Measurements: gi1(x) vs. T
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Coherence extends over entire cloud at Tpath=50mK



Coherence Length vs. T
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Estimate of transition temperature
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BEC temperature in a 2-D harmonictrap: T¢= — hwap (—) wW2p = (Wx Wy)'/2
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Trap Frequency: wx~4x10°sT  wy~3x1010s"

é :::
Number of Excitons: AE=1.3meV — N =3000 Te=2K
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Conclusions

Observed condensation of excitons in a trap
e Excitons condense at the trap bottom

e Exciton spontaneous coherence emerges with
lowering temperature

e Below a temperature of about 1 K coherence extends
over the entire trapped cloud
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