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Introduction:

Exciton superfluid
Exciton solid

Outline

2-component FQHE 

and fractional excitons



Bosonic condensate

Superfluid in Helium-4 (1937)

BEC condensate in cold 

atomic gas (1995)



Engineered Bosonic condensate

Excitons

Feasibility of superfluidity of paired spatially separated electrons 

and holes; a new superconductivity mechanism, 

Lozovik, Y.E. and Yudson, V.I., JETP Lett (1975)

Superconductivity



BEC



Quantum Hall bilayer

2D electrons 

+ magnetic field 

🡪 Landau level



Quantum Hall graphene bilayer

X. Liu et.al. Science 375 (6577), 205 (2022)

Double Corbino

Double hall bar

https://www.nature.com/articles/nature26154
https://www.nature.com/articles/nature26154


Transport signatures of 
exciton condensate: 
counterflow drag (hall bar)



Transport signatures of 
exciton condensate: 
counterflow (Hall bar)



Transport signatures 
of exciton condensate: 
Corbino 
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FQHE in monolayer graphene

Y. Zeng*, J.I.A. Li* et.al. PRL (2019)





FQHE in monolayer 
graphene

FQHE can be viewed as effective IQHE for CFs!



Layer degrees of freedom

↑ : filling fraction of layer ↑

↓ : filling fraction of layer ↓

Sz ~ ↑ - ↓ = 

Coupling between two spin species could lead to a 

new type of FQHE state



CF model with two layer species

Correlation between different layer species could be modeled by flux attachment as well.

Inter-species flux attachment affects effective B-field of the opposite spin species

J. K. Jain, Composite fermions (Cambridge University Press, 2003)

B. I. Halperin, Helv. Phys. Acta 56, 75–102 (1983)



For a=2, b=1

When ↑ = ↓ =1/4, total=1/2

eff
1 = eff

2 =1

J. K. Jain, Composite fermions (Cambridge University Press, 2003)

a: number of intra-species flux

b: number of inter-species flux

B. I. Halperin, Helv. Phys. Acta 56, 75–102 (1983)





FQHE in quantum Hall bilayer



2-component FQHE

Increasing interlayer correlation



FQHE in quantum Hall bilayer



Doping excitons into the Jain 
sequence of FQHE



Exciton pairing between Laughlin states





Doping excitons at 
1/3+/1/3-
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Bosonic crystal



Exciton solid in the dilute limit



Exciton solid
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