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mystery material 

In a nutshell... 



make 4 contacts 

In a nutshell... 



No current flows between any pair of contacts. 
An insulator! 

In a nutshell... 



Remote “short” causes current to flow! 
How can this be? 

In a nutshell... 
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In a nutshell... 

Possible if material contains mobile excitons. 



Start with a double layer two-dimensional electron gas 



Make sure layers are close together 



Add a big magnetic field 
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Presto! Spontaneous condensation of excitons 



Platforms: Semiconductor Heterostructure 

AlxGa1-xAs AlxGa1-xAs 

GaAs 

Electron 
wavefunction 



Platforms: Graphene 



Unusual Quantized Hall Plateau 
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two half-filled lowest 
Landau levels 

 νT = 1 = ½ + ½ 



Many-body origin of the νT =1 QHE 

layer spacing 0 
Quantum critical point 

  Ψ ~ ( zi − z j )( wk∏ − wl )( zm − wn )

z-layer 

w-layer 

  νT =1   νT =1 2 +1 2



What’s so special about νT =1 bilayers?   

quasi- 
electrons 

quasi- 
holes 

 
neutral exciton 

condensate Δ

ordinary  
QHE 

νT = 1 bilayer 
QHE 

quasi- 
electrons 
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holes 



electrons 

holes 

quasi- 
electrons 

quasi- 
holes 

 
Cooper pair 
condensate 

semiconductor superconductor 

What’s so special about νT =1 bilayers?   

Δ



Exciton condensate 

electrons 
+ 

electrons 

LAYER 1 LAYER 2 

electrons holes filled Landau 
level 
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LAYER 2 
LAYER 1 
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exciton creation operator 

spontaneous interlayer phase coherence 
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Exciton condensate 
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excitonic supercurrents? 
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∇φ

exciton creation operator 



Probing the condensate 
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counter-flowing layer currents interlayer tunneling 
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νT = 1 
layer spacing 

0 

νT = 1/2 + 1/2 

Coulomb gap replaced by giant zero bias peak. 

Josephson-like interlayer tunneling 

d/ℓ = 2.3 

d/ℓ = 1.6 
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Vanishing Hall Resistance 
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Excitons are charge neutral 

Hall effect should vanish in counterflow, as observed. 
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Conducting edge channels complicate the story 

Experiments on simply connected Hall bars cannot directly 
demonstrate bulk exciton transport. 

I

VH 
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Corbino geometry measures bulk conductivity 

Bulk conductivity vanishes when QHE is well-developed. 

T = 50 mK 



Bilayer Corbino Experiments 
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QHE suppresses parallel charge transport across the bulk. 

T = 25 mK 
 
d/ℓ = 1.5 

No surprise here. 
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Tunneling configuration… 
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Tunneling configuration… 

Tunneling intentionally suppressed. 
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Tunneling vs. Corbino counterflow… 

Remote short vastly enhances current. 
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No current 

Lots of current 

A Paradox? 
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No current 

Lots of current 

Counterflow? 
Measure current  

here! 

How can it be? 
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Measuring the shunt current 

It IS counterflow. 
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The mechanism 
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Excitons are launched and absorbed via Andreev reflection 

independent layers coherent νT = 1 bilayer 



Excitons transport energy, but not charge. 

Does V = IR ? 

Is exciton transport dissipationless? 
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Dissipation in exciton transport is weak, but how weak? 



Return to Hall bars 
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Counterflow dissipation small but non-zero at all finite T. 

An “almost-superfluid”. 
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Conclusions and Questions 

Bilayer  νT= 1 QHE state hosts an exciton condensate. 
 
Bulk is opaque to charge, transparent to excitons. 
 
Exciton transport is weakly dissipative. 

What is the dissipation mechanism? Is it fundamental? 
 
Is exciton transport phase coherent? If so, on what 
length scale? 
 
Can we make an excitonic Josephson junction? 
 
Where else does this phenomenon occur? 
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To be 
answered 
at AJL@90 


