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We study the properties of charged interlayer excitons (CIE) in highly excited vdW 

heterostructures [1] — a compound fermion system with the permanent dipole moment 

observed recently in Transition-Metal-Dichalcogenide bilayer heterostructures [2]. We predict 

the existence of new strongly correlated collective CIE states, the long-range ordered phases of 

the excited heterostructure — the crystal phase and the Wigner crystal phase. We evaluate the 

critical temperatures and density for the formation of such many-particle cooperative 

compound fermion states. We demonstrate that they can be selectively realized with bilayers of 

properly chosen electron-hole effective mass ratio by just varying their interlayer separation 

distance. Compound fermion systems featuring permanent electric dipole moments are of both 

fundamental and practical importance due to their inherently unique many-body correlation 

effects between electric-dipole and spin degrees of freedom. The spin in such systems could 

potentially be used for quantum information processing and its correlation with the dipole 

moment provides an opportunity for spin manipulation through optical means. Fundamental 

cooperative crystallization phenomena we predict will greatly increase the potential capabilities 

of such systems to open up new avenues for experimental exploration and novel device 

technologies with van der Waals heterostructures.  
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