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ABOUT THE STUDY

Since the successful fabrication of graphene in 2004, many novel physical
properties attract people’s attention in multiple areas such as topological
phases, spintronics, valleytronics, thermo electronics and so on. Nowadays,
the electron-optics which imports similar concepts in optics to electronics is
actively pursued, in which superlenses, guiding, focusing, and negative
refraction all have been realized in two-dimensional Dirac materials. Among
most of the electron-optics phenomena, the electron beam super collimation,
i.e., the quasi-one-dimensional motion of the electron wave packet is still a
long-standing goal. How to realize it becomes very important. The research
group of professor S.G.Louie has found that the electron beam
supercollimation can be obtained no matter in periodic or disordered
graphene superlattice, where the main reason is that the band structure is
renormalized due to the multiple potentials, and the velocity of the electron is
along only one direction 12, However, in the graphene superlattice, the
direction of the supercollimation is difficult to be tuned because of the
integrated potentials in experiment technique, and the electron beam is valley
degenerate which limit the application in valleytronics.

Inspired by these research findings, the 8-Pmmn borophene is also found to
host massless Dirac fermions like graphene. But the Dirac cones on different
valleys are anisotropic and tilted, which provide an ideal platform no matter in
electron-optics or valleytronics. It is known that applying external fields is an
effective and flexible approach to manipulate the band structure and
electronic properties. As one of the common methods, the light field can
induce various unique physical properties. It is found that by irradiating an off-
resonant linearly polarized light, the dispersion of the 8-Pmmn borophene can
also be renormalized effectively [3l. The dispersion of the pristine 8-Pmmn

borophene is given as.

E = vk, £ 7,/ (v,k,)? +(v,k,)?
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distribution, and reproduction which becomes to the form under the modulation of light as follows,

in any medium, provided the E =Uthky ih\/(vlkx +v2ky)2+(v3ky+v4kx)2
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credited.

The coefficients v1, v2, v3, v4 are the renormalized velocities, which are
v, =V, (- sin®E/ vi)
V, =V, V578N &c0ss [ Vi
V3 =V, (1—wycos’s / ve)
v, =V, Visin&cosé / vi

The parameter y = (eEOVF/ha)Z)2 is related to the off-resonant light, and ¢ is the polarization direction, Eo is the

amplitude, w is the frequency of the light. The valley-dependent band structures are modified, and the group
velocity of the chiral electronic state is controlled by the off-resonant light with no need for additional structural
design comparing with that in graphene superlattice. In addition, the pseudospin of the electrons undergoes a great
change, which from the helical form collapse into two specific directions, i.e., the left and right or the up and down
at certain parameters. The Dirac cones in pristine 8-Pmmn borophene become into peculiar wedge-shaped
structures at special illumination parameters, the electron wave packet can be guided to propagate virtually
undistorted along +20.4° for the electrons on Kp valley and —20.4° for K'p valley. As the interesting tunneling
phenomena, all-electrons Klein tunneling and omnidirectional reflection can be achieved in the off-resonant light
modified n-p and n-p-n junctions. In conclusion, by applying the off-resonant linearly polarized light, it provides a
convenient way to construct novel quasi-one-dimensional electronic states so as to realize the valley-dependent
electron beam supercollimation. These findings are expected to offer more opportunities in device applications
especially in valleytronics and electron optics [4-61,
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