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• Traps are critical for studies of atomic condensates

→  atomic BEC

• Traps for excitons can be created through customized 
external potentials

goal →  exciton condensation in a trap
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• An indirect exciton is 
composed of an electron 
and hole in separate 
quantum wells

An Introduction to Indirect Excitons

Characteristics of indirect excitons
•bosons•long lifetime

Model system for studies of physics of 
ultracold bosons in CM materials

•electronically controllable 
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﹚
• “Quantum gas” when thermal de Broglie wavelength 

comparable to separation between excitons

• Excitons in GaAs CQW: n = 1010 cm-2, mexciton = 0.2 m0

Onset of Quantum Degeneracy

TdB ~ 3 K
TX

Time (ns)

• Excitons can cool to 
100mK within lifetime

L.V. Butov, A.L. Ivanov, A. Imamoglu, P.B. Littlewood, A.A. Shashkin, V.T. Dolgopolov, K.L. Campman, and A.C. Gossard, 
PRL 86, 5608 (2001)

λdB = n-1/2 TdB = mkB

2πħ2
n

λdB = mkBT
2πħ2﹙ 1/2
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Electronic Control of Excitons

Customized electrode design 
creates desired potential landscape
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Indirect excitons are dipoles 
with energy controlled by 
electrode potential
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The Diamond Trap 

Parabolic-like potential 
along both x- and y-axis

A. A. High, A. K. Thomas, G. Grosso, M. Remeika, A. T. Hammack, A. D. Meyertholen, M. M. Fogler, L. V. Butov, 
M. Hanson, and A. C. Gossard, PRL 103, 087403 (2009). 
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Diamond Trap Characterization

• In situ control

• Parabolic-like potential

• Collection to trap center

simulated potential
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Remote Excitation Schematic

• Excitons are created 6μm 
from trap center
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emission

• Remote excitation 
reduces laser heating at 
the trap center
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Sharp peak at trap center emerges with decreasing temperature



Coherence Measurements with M-Z interferometer

Shift interferometry measures the first-order spatial coherence function 
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Coherence Measurements: Temperature Dependence

• Excitons condense at the trap bottom

• Exciton spontaneous coherence emerges with lowering temperature
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Coherence Measurements: Density Dependence

• Asymmetry in coherence due to 
laser heating

• Peak in coherence corresponds to 
minimum exciton cloud width

laser excitation
(weak coherence)

cold excitons
(strong coherence)
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• Non-monotonic dependence on density at 50mK 



Coherence Measurements: g1(x) vs. T
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Tc≈2K

M. Remeika, J.C. Graves, A.T. Hammack, A.D. Meyertholen, M.M. Fogler, L.V. Butov, M. Hanson, A.C. Gossard,  
PRL 102, 186803 (2009)

Estimate of transition temperature

ΔE = 1.3meV → N = 3000 

ξexperimental 
ξclassical

(λdB / π1/2)

ξexperimental vs. T corrected for optical 
spatial resolution

Coherence Length  vs. T

ωx ~ 4 × 109 s-1 ωy ~ 3 × 1010 s-1Trap Frequency:
Number of Excitons:

Tc = ﹙﹚gN 1/2

π
61/2

ħω2D ω2D = (ωx ωy)1/2BEC temperature in a 2-D harmonic trap:



Conclusions

Observed condensation of excitons in a trap

• Excitons condense at the trap bottom

• Exciton spontaneous coherence emerges with 
lowering temperature

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