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Abstract: 
Bilayer  graphene is a strongly promising material 

for a wide spectrum of quantum electronic 

applications and have garnered growing importance.  

This is due to their unique atomic scale properties 

like conduction by Weyl-Dirac fermions, ultra-fast 

carrier speed, linear dispersion characteristics, to 

name a few. In this work, we propose and 

analytically investigate  a  junction of bilayer  

graphene films with opposite chirality for each 

layer.  
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I. Introduction 
Quantum Conductance calculation for 

bilayer  graphene  [1-5] nano-ribons under 

externally applied electro-magnetic  fields is still an 

open problem. Ballistic conduction of carriers is 

analyzed by effective field theory (EFT) of quantum 

electrodynamics.  Schwinger model [6-9]for exciton 

dynamics. QED, QCD (multimode bosons of 

different integral spins).  

Single layer  graphenes have been studied 

in earlier papers. By making the two layers 

oppositely doped, positive charge holes in one layer 

and negatively charged electrons in other layer  

(charge as symmetry in QFT/QED) “excitons” 

(bound/ground-state electron-hole pairs) acting as 

bosons, are generated which form Boson 

condensates.  

Bound/Ground state (called “excitons”) 

single mode bosons, multimode bosons  (pure 

energy/of different flavours of QCD) - in nano-

ribbons due to radial /lateral confinement  [10] 

resulting in formation of condensates – Swinger 

model. This is elaborated in QED, effective field 

theory. Topological/conformal mapping  treatment 

of Dirac surface/points, brilloiuin zone. Luttinger’ s 

theory – in the double-layer-  graphene . --------------

- 

II. Research Methodology Used 
The condensate correlation gives rise to 

entanglement.  Qubits are assigned to consecutive 

energy levels. The multimode bosonic energy levels 

are found and qubits are assigned to them. 

Electron propagator, co-variamt derivative  D is 

related to Green’s fumction. Relativistic electrons 

with speed vf = c/300 = 105 m/s. Dirac poinits where 

the upper and the lower light cones touch each other  

in Brilloin zone - Nf = 2 for unilayer graphene, Nf = 

4 for bilayer. Brane world sheet in the Brillouin 

zone. Coulomb potential in the ionic lattice and 

chemical potential 2µ including gated bias voltage -  

creating positive and negative charges in the 2 

layers, respectively. 

Intra- and Inter-layer coupling – giving  electron-

hole pairing (breaking symmetry and generating 

energy gap) and exciton, respectively. 

 

III. Analytical framework 
Arbitrary spin of the exciton bosons  (integral spins) 

and Weyl-Dirac fermions (half-integer spins) ; spin 

processing – entanglement and quantum qubit 

processing. 

Momentum space and the k-vector with quantum-

mechanical treatment (k = ħ λ). 

The field in the 2 layers are : φ and ψ, respectively. 

< ψ ψ--> (exciton) or < ψ-- ψ > (chiral)/ giving 

condensate. 

Long term problem solution is in the domain of  

low-energy excitations of graphene, Mott Insulator 

is a special phase of graphene, generated from 

chiral (spin) condensate, breaking symmetry. This 

results in  switching cut-off and a fermion mass 

‘m’, due to broken symmetry. Consequently, order 

parameter arises, in light as well as strong coupling 

regime.  

Bilayer Graphene  - exciton and chiral condensate 

(Mott Insulatir) are  most paramount in bilayer 

graphene – making it ideal for switching  cut-off.  

Multi-phase bistable switching with stability-

analysis/phase-space trajectory/topology (order-

parameter) 

The periodicity in lattice gives rise to symmetry (or 

anti-symmetry) of wave functions and consequently 

integral or half-integral spin (boson or fermion 

nature, respectively). These correspond to metallic 



 

 

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 8, Issue 7 July. 2026, pp: 138-140      www.ijaem.net    ISSN: 2395-5252 

                                      

 

 

 

DOI: 10.35629/5252-0807138140       | Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal     Page 139 

and semi-metallic (or Mott insulator) phases, 

respectively. 

 

 

 
Fig 1 Bounded eigenvalue equation (due to 

crystal/lattice periodic boundary condition) of the 

Schrodinger equation gives the dispersion band 

diagram – giving rise to Brillouin zone there and the 

Dirac points (Nf = 2, for single-layer graphene, = 4 

for bilayer) (where the Brillouin zones for 

conduction and valence bands touch each other). 

 

IV. Conductivity calculation 
Zero energy states/modes, assuning zero chemical 

potential for single layer graphene. Ground state. 

Inter-layer and Intra-layer coupling 

Excitons results from inter-layer coupling, while 

electron-hole pairs  result from intra-layer coupling  

Symmetry is broken in 1D nanowire due to 

dimension reduction from 3D to 1D  - giving a) gap  

and b) widely k-spaced finite-mode  bosons/boson-

modes  (due to acute transverse confinement, else 

there is normal continuum radiation modes which 

are radiated out and are therefore their presence not 

felt/ignored in conventional graphene sheets 2D) . 

Symmetry is also broken (that means far from 

equilibrium situation, dissipative structure) in 

bilayer graphene due to applied gated bias voltage V 

– making the below e-h pairs (arising from quantum 

fluctuations of Scwinger bosons) moving at 

relativistic speed in a ballistic manner. 

Long-range coulombic intra-layer while short-range 

Vander der Walls interaction inter-layer. IR, UV  

edge of the E-k dispersion relation. 

Graphene Hall/Quantum current results due to 

electron-hole pairs generatiinig from quantum 

fluctuations of Schwinger bosoms. Schwinger 

Bosons (with Schwinger mass ms = ) are required to 

account for the loss of mass of massless fermions in 

graphene.  

Spontaneous symmetry breaking, Dirac points, 

IR/UV cut-off/edges (red/blue shifting) in the 

dispersion diagram/relation, Chiral anti0symmetry 

in bi-layer, long-range, Van der Walls interaction in 

bilayer, Lagrangian density, covariant-

derivative/propagator/Green’s function 

kernel/ansatz. Several Order parameters – chiral, etc 

.etc ( see graphs in paper). Quantum Hall current 

conductivity.  

 

V. Detailed 

Calculation______________________ 

( 

Explanation of above para – symmetry breaking due 

to inter-layer and intra-layer coupling. ‘m’ Gap 

fprmation due to  Inter-layer coupljng in the form of 

electron-hole pairs (exciton 

formation/condensation), ‘I j’ gap formation due to 

intra-layer coupling due to intra-layer electron hole 

pair coupling.  Mott insulating phase due to this 

symmetry breaking, Vacuum polarization is 

generated. Dirac points where the brillouin zones of 

conduction and valence bands touch.  Nf = 4 for 

single-layer and Nf = 8 for double layer. E-k 

dispersion relation is derived by solving 

Schrondinger wave equation. 
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Figure 2: Free energy density f as a function of 

(uniform) m. Below Tc  new minima at nonzero _ N 

m develop (the dashed curve denotes mN .T /. If the 

magnetization of the system is varied (rather than 

the field) the dotted line is the tie line giving the 

variation of the free energy as a function of the total 

magnetization density nm = M/V . 

 

Spin-boson bath  coupling.  = Bosonization of the 

E-k spectrum – discrete peaks occur at 1 = sqry The 

Weyl-Dirac fermion spins and the massive 

Schwinger energy bosons (arising from fermion-

anfermion pair exciton bound states giving rise to 

graphene spin current density operator) (ref to arxiv 

file, plastic foldrr) (of effective mass g2/π and spin 0 

(ref to (corresponding to discrete peaks  (k = sqrt 

(omega sqr  + delta sqr) in the energy-k spectrum) 

couple in the nano-ribbon. Symmetry is broken doe 

to this coupling – whether strong or weak coupling). 

Finite chemical potential results due to external 

gated bias voltage. 

 

VI. Conclusion: 
We have computed for the first time, to our 

best knowledge, the spin-induced quantum current 

conductivity of bilayer graphene nano-ribbons under 

external magnetic field gradient and external 

electrical gated bias voltage. The methods used are 

analytic and based on quantum electrodynamics.  
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