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It has been proposed that in band-inverted electron-hole bilayers the excitonic 
correlations arising due to Coulomb interactions lead to phase transitions 
from a trivial insulator phase to an insulating phase with spontaneously broken 
Time-Reversal Symmetry (TRS) and finally to a nontrivial quantum spin Hall 
insulator phase as a function of increasing electron and hole densities1. 

INTRODUCTION: 

Fig 5. (a) Energy eigenvalues as a function of phase difference between the superconductors, 
for a TRS broken phase. The states around zero energy show π crossing characteristic of 
MZMs (b) 4π periodic current of the corresponding low energy states, also compared with the 
analytical current obtained  from our effective low energy  theory in the presence of TRS 
broken parameter. Numerical calculations performed using Kwant2 and Hybrid Kernel 
Polynomial Method3.
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Fig 1. (a)  Topological phase transition from trivial to QSH phase as function of gate voltage 
(b) Emergence of time-reversal broken phase as a result of Coulomb interaction induced 
excitonic correlations in InAs/GaSb.

: single particle Hamiltonian

REALIZATION OF MAJORANA ZERO MODES: DETECTION OF MAJORANAS:
We show that it is possible to realize Majorana Zero Modes(MZMs) in the 
TRS broken phase in the presence of proximity induced superconductivity in 
the absence of magnetic field.

OUTLOOK: Controlling Majorana Zero Modes with excitons

Fig 2. Real and Imaginary parts of 𝛥1 and 𝛥2 vs EG

Fig 3.  Schematic figure of the device setup to realize MZMs (depicted as red/purple 
circles).

Fig 4. Contour plot of Pfaffian as a function of EG in the superconductors and in the normal 
region, where the non-trivial green area mark the existence of MZMs.
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