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Introduction
 Two graphene bilayers separated by a 

hBN insulating layer.
 There are electrons in one bilayer and 

holes in the other one.
 An electric field applied perpendicular to 

the bilayer sheets opens up a tunable 
energy gap between the bands in each 
bilayer.

We investigate the effect of the two energy bands, the conduction band and valence band, in bilayer graphene on 
the properties of BEC-BCS crossover in electron-hole double bilayer graphene [2]. We characterize the crossover 
by the momentum dependent superfluid gap, the condensate fraction and the evolution of the chemical potential 
as functions of the density and of the energy band gap between the conduction and valence bands. 

We use multiband Mean-field theory with intra-band pairing. 

We solve the two coupled Gap equations.
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Our density control parameter is:

Density equation

 For large energy band gap Eg, the conduction band evolves as a function of increasing 
carrier density, from the BEC regime to the crossover regime. It cannot reach the BCS 
regime because of the strong screening at high density that kills the superfluidity.

 For small energy band gap Eg, the proximity of the two bands prevents the system from 
entering the BEC regime at low carrier densities.

 The valence band remains in the BEC regime for all carrier densities.
 Multiband effects are important in the low density region.
 There are two different limiting behaviours of chemical potential at low density, depending 

on Eg.

 For large energy band gap, the system is well approximated by a one band system. The 
superfluid gap equations become decoupled and pair formation is confined to the 
conduction band. The system evolves following the conduction band.

 For small energy band gap, the system does not evolve. The superfluid gap equation 
are coupled and both the bands equally contribute to the pair formation.
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