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Surface polaritons in a semi-infinite insulator in a constant magnetic field at the boundary with an

ideal metal or a superconductor have been considered. These polaritons are induced by dynamic

magnetoelectric interaction, which exists in any insulator in the presence of a magnetic field. The modes

of these surface polaritons differ appreciably in opposite directions of the magnetic field or the

propagation of the wave. As a result polaritons of the given optical or IR frequency propagate only in
one direction, which is the effect of rectification of surface electromagnetic waves. The inversion of the
magnetic field results in «switching on» or «switching offs of surface polaritons.

PACS: 75.80.+q, 78.20.Jq

The influence of the magnetic field on the surface
polaritons in metals and semiconductors is the sub-
ject of a wide range of theoretical and experimental
studies. A similar investigation of insulators has
also been started [1]. In metals and semiconductors
polaritons are considered as a result of interaction
of electromagnetic waves with free electrons of a
crystal (plasmon polaritons). In the presence of a
magnetic field these polaritons are called magneto-
plasmon polaritons (see, for example, Ref. 2). In
insulators the interaction of optical phonons with a
magnetic field can be described by dynamic magne-
toelectric energy [3], which takes into account the
electron and ion contributions to the electric polari-
zation.

It is well known that in the presence of a
magnetic field the polariton spectrum is nonrecipro-
cal, i.e., (- k) # w(k). The nonreciprocity in the
polariton spectrum is a weak effect.

In this paper we show strong nonreciprocity of
surface polaritons in a semi-infinite insulator at its
boundary with an ideal metal or a superconductor
in the presence of a magnetic field. The modes of
polaritons propagating in opposite directions essen-
tially differ. Surface polaritons with a given fre-
quency propagate only in one direction with respect
to the magnetic field: rectification of surface polari-
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tons. The inversion of the wave vector k - —k
corresponds to that of the magnetic field.

Let us consider a uniaxial insulator (z is an easy
axis), although the results obtained are of general
importance.

We start with the density of insulator energy W
used earlier for the investigation of surface polari-
tons in an insulator in an electric field [4]:
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W:fp2+f2(P2+P2)+n——eP+EP[I'I><H],

where P is the electric polarization; M is the mo-
mentum density; H=Hg+h; and e and h are
alternating electric and magnetic fields. The uni-
form external magnetic field H, is imposed in the y
direction. In (1) we disregard the spatial dispersion
of the electric polarization. The last term in (1)
corresponds to the dynamic magnetoelectric ener-
gy [3]. This is the energy of the interaction P with
an effective electric field E=-1/c [vxH] pro-
duced by the motion of charge e with velocity v in
a magnetic field (c is the speed of light). Since the
momentum M =mv,/V,, &=V, /mc and the con-
stant p in kinetic energy M?/2p is p=m/V,,
where m is the mass of the charge and V) is the unit
cell volume.



In general, the electric polarization P consists of
ion and electron parts. In the IR region of the
spectrum the contribution of ions to the magne-
toelectric energy is prevalent; then m is the ion
mass and I is the ion momentum. In the optical
region of the spectrum the electron contribution to
the polarization is rather ionic contribution, m is
the electron mass and I is the electron momentum.
The dynamic magnetoelectric energy [the last term
in Eq. (1)] is a scalar; therefore, it is present in the
energy of any crystal.

The linear response of an insulator in the field of
an electromagnetic wave in the absence of damping
can be obtained in the same way as in Ref. 3. In our
case the components of the dielectric constant €1
are
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The frequency w, is the excitation frequency of
electric polarization P along the easy axis z, and
w, is the excitation frequency of the transverse
components of polarization P, P, in the absence of
a magnetic field. For a uniaxiaf/ crystal we have
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Fig. 1. The insulator (I) is in semi-infinite space (z > 0) and
the metal (M) is in the space where z < 0. The magnetic field
H, is in the positive direction of the y axis in the contact
plane; the wave vector k is along the x axis.

W, <, . In a constant magnetic field these fre-
quencies w, and ), become w, and w, , respectively.

The nondiagonal components of the dielectric
constants € _ and €, in Eq. (2), which indicate the
presence of gyrotropy, are proportional to the first
degree of the magnetic field.

The geometry we consider is shown in Fig. 1. A
semi-infinite insulator (z > 0) is in contact with an
ideal metal 2z < 0. A static magnetic field H, is
applied along the y axis parallel to the interface.
The boundary conditions at z = 0 are

bz:bz’dz:dz’et:et:()’ht:ht’ (4)
where b and d are the magnetic and the electric
inductions; e, and ht are the tangential fields; and
the letters with a tilde refer to a metal. In the case
of a superconductor I;Z = 0. We assume that mag-
netic permeability of an insulator is g = 1.

The solution of the Maxwell’s equations for
surface polaritons that propagate along the x axis is

e, h Oexp [i(kxx - t) - koz], ko >0,2>0.
&)

Here k61 is the depth of penetration of the field into
an insulator.

Using Egs. (2), (4), and (5), we can write the
Maxwell’s equations in the form
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(6)
Only e, and £, differ from zero in the wave; in this
case the depth of their penetration and the disper-

sion relation are
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Fig. 2. Modes of surface polaritons. The thick solid curves cor-
respond to the case where H 11 y in the optical region and to
the case where H; 11 y in the IR region. The dashed curves are
surface modes for the opposite direction of H,, .

In our case bz = h, = 0; therefore, all the results are
also valid when the insulator is in contact with a
superconductor.

Taking into account the necessary conditions
ky,>0, €>0, expression (2), and the ratio
Q >w,, which is natural for a uniaxial crystal, we
obtain the polariton modes, which are shown in
Fig. 2. For ion excitations (the IR region of the
spectrum) the gyromagnetic ratio g > 0 and Fig. 2
corresponds to the case H;, < 0 . For electron exci-
tations (the optical region) g < 0 and Fig. 2 corre-
sponds to the case H, > 0 . The thick solid curves
in Fig. 2 are modes of the surface polaritons
(ky>0). The dashed curves correspond to <un-
physical» excitations, which increase exponentially
inside the insulator (k, < 0). All surface polariton
excitations are real. Two left thick solid curves in
Fig. 2 are modes of the polaritons that run to the
left. The surface polaritons that run to the right
have one mode (thick solid curve of kx > (). The
substitution of &, by -k _in Fig. 2 corresponds to
the inversion of the magnetic field, H, -~ - H,, . In
this case the dashed curves are the modes of surface
polaritons and the thick solid curves correspond to
«unphysical» excitations.

The ratio of amplitudes of the electric and mag-
netic fields in the wave is

e, i - -l
) e - 2 - Q)

We see from (8) that the magnetic field dominates
in excitations near the frequencies w; and w,
(e, » 0). The electric field dominates near the

(8)
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Fig. 3. The frequency dependences of the polariton penetration
depths into the insulator.

frequencies Q, and Q, (hy - 0). In Fig.2 the let-
ters e, m and em denote the excitation character;
i.e., e — electrical, m — magnetic, em — electro-
magnetic.

The frequency range [Q, , w,] for the polaritons
running to the right (Fig. 2) is very small,
w, - Q, l g2H%(,061 . Since the gyromagnetic ratio
g = e/mc for electrons is on the order of 107 and
w, U 10'4-10'> rad /s, for the magnetic fields
H, (1104 Gs ((,02 - Qz) is on the order of 107—108.

When the magnetic field H, decreases, the fre-
quency range [Q, , w,] tends to zero, and the mag-
nitude ko Oe¢ 0H, also tends to zero, i.e., the
depth of penetration k51 tends to infinity. In the
limit H, = 0, the frequency w, = Q, and «unphysi-
cal» polaritons (the dashed curves in Fig. 2) are
real; i.e., in the absence of magnetic field there are
bulk polaritons with two symmetric excitation
branches (the lower and the upper curve in Fig. 2),
for which (- k) = w(k). Thus, in the absence of a
constant magnetic field only the bulk polaritons
exist in the system, which corresponds to the known
results [2]. It is also clear from the last equation in
(6) that when € =0 (H; =0), k, must be equal to
zero; i.e., the depth of penetration k61 = o,

As to the constant magnetic field (¢' # 0), in its
presence the polaritons are surface polaritons. The
depth of their penetration, k61 O H61, decreases
with increasing magnetic field. Figure 3 shows the
frequency dependence of the depth of penetration of
polaritons into the insulator.

In summary, in the presence of a constant mag-
netic field the surface polaritons exist in a semi-in-
finite insulator, which is in contact with an ideal
metal or a superconductor. The depth of penetration
of their field into the insulator is inversely propor-
tional to the magnetic field. The surface modes are
strongly nonreciprocal with respect to the propaga-
tion direction, w(k) # w(— k). The number of modes
for waves propagating in opposite directions is dif-
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ferent. Since the modes are not close to each other,
excitations with the given frequency propagate only
in one direction with respect to the magnetic field.
The surface electromagnetic waves can therefore be
rectified in the system under consideration. The
inversion of the magnetic field is equal to that of
the propagation direction. Thus, the inversion of
the magnetic field results in <«switching on» or
«switching offs of surface polaritons with a given
frequency. Only surface polaritons exist in the pre-
sence of a constant magnetic field.

We wish to thank V. I. Fomin and V. S. Kur-
nosov for useful discussions.
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