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Abstract

By electrically induced non-zero Berry curvature in bilayer graphene, we propose a
valley-current filtering device based (figure 1) on the recently discovered Magnus Hall
effect  in  mesoscopic  systems  under  the  time-reversal-symmetric  condition.  It
corresponds to a quantum analogy of the Magnus effect where wave packet trajectories
for  carriers  located  at  K  and  K’ valleys  are  steered  along the  transverse  direction
oppositely by an anomalous velocity proportional  to the Berry curvature.  This linear-
response Hall effect is a consequence of the interplay between the inversion symmetry
breaking  [1],  due  to  a  built-in  perpendicular  electric  field,  and  the  time-reversal
symmetry invariance, e.g. no applied magnetic field is required, that in turn leads Berry
curvature to obey the  Ω(K) = -  Ω(K’) symmetry and opposite Berry induced velocity
contributions  for  the  two  inequivalent  Dirac  valleys.  By  solving  the  time-dependent
Schrödinger  equation  for  the  bilayer  graphene  continuum  Hamiltonian  taking  into
account also diagonal interlayer hoppings, we calculate the time evolution of a Gaussian
wave  packet  propagating  through  such  a  system  with  a  slow  variation  of  the
perpendicularly applied electrostatic potential and show: (i) that the additional shift along
the transverse direction of the average position of electronic motion is proportional to the
potential  energy  difference  and  the  Berry  curvature  amplitude,  as  semi  classically
expected; and (ii) which system parameters, such as the magnitude and shape of the
applied potential and the injected wave packet energy, optimize the valley polarization
efficiency.
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Figures

Figure 1: Schematic representation of the valley filtering device based on the Magnus Hall
effect in BLG. The Li terminal is the source of electrons entering the device. Drains 1 and 3 (2
and 4) collect electrons injected into the scattering region in the K (K') valley. Dashed (solid)
line trajectories correspond to the flipped (normal) polarized potential case.
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