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Abstract—Scattering effect of surface plasmon polaritons in
two-dimensional material based devices by magnetic fields are
analytically studied within the framework of wave optics and
plasma model. The theoretical explanation of magnetic
scattering and related formulae are provided by considering
plasmonic mechanics and solving the equation of motion of
electron gas directly. Calculation results illustrating magnetic
scattering phenomena are also given by applying an
approximation to the first order.
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Surface plasmon polaritons (SPPs) are quasi-particles
describing electron collective behavior in condensed matter
system coupling photon and electron together which excited
directly by suitably imposing electromagnetic field or other
processes mediated by the induced electromagnetic field [1-
5]. After the first experimental result collected by SNOM [6],
SPPs derived in two-dimensional material based system has
germinate into a fruitful branch of SPPs. Graphene
encapsulated by hexagonal boron nitride (h-BN) has shown
as one of the most efficient and promising structure [7-10].

INTRODUCTION

Within the scope of plasma model of electron gas, the
electrons are driven by time varying electric field and
damped via collisions between electrons and nuclei
characterized by the relaxation time T of electron gas.
Surface plasmon wave of bulk materials localized at the
surface between a metal and a dielectric with a small
penetration depth within tens of nanometers into the metal
can be derived by using wave equation solely [11-14]. The
case of two-dimensional material based plasmon polaritons
are categorized and illustrated by the classical bulk
counterparts differs only in the thickness of material. In other
words, SPPs in two-dimensional material can be treated
equally as in bulk systems. In this paper, we exert a third
mechanism upon the two-dimensional plasma, and we can
find a different nature induced by dimensional difference. A
good demonstration of this distinction is given by the
creation of a pseudo—magnetic field in graphene. This strain-
induced gauge field can give rise to a pseudo—magnetic field
greater than 300 tesla, which jumps out of the scope of
ordinary consideration of magnetic field [15]. With this
purpose, we analyzed the magnetic induced anisotropic
behavior and nonlinear effect which must take into
consideration [16-20]. We also derived electric field profiles
by considering the anisotropic behavior under magnetic field
in a small region that can be discussed analytically with the
truncation of higher order terms.
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In this paper, we focus on the case of strong magnetic
field only confined in a small circular area. To be concise
and coherent, we follow the routine of plasma model to
derive the plasma dielectric function in strong magnetic field.

CALCULATION

The equation of motion for a constituent electron of
plasma gas subjected to an harmonically varying external
electric field and an static magnetic field can be directly
written down:

m d2x/de? + m y dx/dt = -q(E+v X B) (1)
where m is the effective optical mass of electron, and we
have defined y=1/1 as the characteristic collision frequency.
By solving this equation directly, the electron oscillation can
be explicitly given. Eliminating irrelevant parts which should
not appear in oscillating mode we are considering, we could
ignore terms containing any unknown integration constants.

Note that when magnetic field is zero, we would move
back to classical case of plasma model. Therefore, we
expand the motion of the electron into Taylor series of B,
and truncate high order terms:
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we find that the first term in the x direction is just the case
appeared in the theory of plasma model without magnetic
field. The second term in the x direction and the first term in
the y direction are lowest order correction term in their
direction respectively. The z direction’s equation is constant,
as can be known from the configuration of magnetic field.

The relative ratio of terms shown above is the same
except for a sign. So it is convenient to define a exchange
ratio as:
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Even if the magnetic field is greater than 300 tesla, the
exchange ratio is less than 1 in gold in near infrared region.
By calculating the order of correction terms, we find the
scattering problem can be seen as a perturbation of SPPs
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without magnetic field. By applying perturbative methods,
we derived the following electric field profiles.
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Fig. 1 Electric field in the static magnetic field area. There
are just two propagation directions, the incident direction is
the y direction. The exchange factor in this calculation is 0.3.

This orthogonality can be understood as a result of
imaginary unit, in other words, this orthogonality is a side-
effect of model approximation. This is schematically shown
in figure below.

Fig. 2 Interference of different orders of scattering fields.
Light blue arrows represent the plasmon wave, whose phase
is constructive with respect to the lowest order of plasmon
wave in this direction. Deep blue arrows represent the
destructive wave. The direction of arrow represents the
propagation direction. Remind that the phase shift of
scattering is induced by the exchange factor, that is, the
phase shift is the result of Lorentz force which is
proportional to electron velocity. Lorentz force has a phase
change compared with position.

III. CONCLUSION

In this paper, a analytic model of scattering of SPPs in
strong magnetic field is proposed by modifying plasma
model. By using a very strong approximation, we derived the
electric field to the first order. The calculation shows the
orthogonal scattering. We also provide a way of
understanding the orthogonality in this scattering.
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Controllable beam splitters and phase shifters are possible
application of this scattering.
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