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DISPERSION OF THE SURFACE MAGNETOPLASMONS
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We study the dispersion properties and transmission of a p-polarized electro-magnetic wave in a two-layer plas-
ma structure in presence of an external magnetic field. The conditions for resonance transmission are found. The
anomalous transparency is attributed to excitation of surface waves at plasma-plasma interface. The dispersion rela-
tion for the surface mode at plasma-plasma interface in magnetic field is studied and compared with that for a plas-

ma-vacuum system.
PACS: 52.40.Db, 52.25.0s, 52.35.Hr

1. INTRODUCTION

The materials with negative dielectric permittivity
€ <0 and magnetic permeability 1 <0 (metamaterials)

have attracted much attention in recent years. The in-
creased interest to such media has been driven by their
potential applications in various branches of science and
technology. Such materials have much promises for
subwavelength optics, particularly, for imaging systems
without the diffraction limit [1], the so called super-
lense. Manipulation of light at the subwavelength scale
also opens the possibilities for all optical computer
components which would combine advantages of wide
band photonics and nanoscale electronics [2].

Various remarkable properties in metamaterials are
based on the amplification of evanescent waves due to
surface mode resonances. In this paper, we study trans-
parency of a structure consisting of two plasma layers of
different electron densities. It was found earlier [3] that
at absence of magnetic field a p-polarized electromag-
netic wave obliquely incident at a layer with smaller
density can be totally transmitted through the two-layer
plasma structure. The transparency of the structure oc-
curs as a result of surface mode excitation. The surface
wave at the plasma-plasma interface amplifies the
transmitted wave, which is evanescent in plasma. In this
paper, we study the influence of an external magnetic
field on transparency of the two-layer structure. Voigt
geometry is considered.

2. TRANSPARENCY OF TWO-LAYER
PLASMA STRUCTURE

Consider a two-layer plasma structure surrounded by
vacuum (Fig.1). The structure is immersed in an exter-
nal magnetic field A directed along z-axis. It is as-
sumed that the density of the first slab PIl is small
(0<gy <1, where ¢, is the dielectric permittivity of
the first layer at absence of magnetic field), while the
second layer P12 is dense with &,;, <0 (here ¢,, is the
dielectric permittivity of the second layer at H =0). A

p-polarized electromagnetic wave with wave vector k
is obliquely incident at the first slab. The wave vector
has two non-zero components, x-component k, and y-

component k,. In the vacuum region V1, the wave con-
sists of the incident (k, >0) and reflected (k, <0)

waves. The transmitted wave propagates into the semi-
infinite vacuum region V2. In the plasma regions Pll
and P12, the waves are assumed to be non-propagating
(evanescent) in x-direction.

In a constant magnetic field the dielectric permittiv-
ity tensor of a plasma slab has the following non-zero

components
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where w, o, and o, are the wave, plasma and cyclo-

tron frequencies, respectively.

The expressions for components of electro-magnetic
field of the wave in different plasma and vacuum re-
gions may be obtained from Maxwell’s equations. Ob-
taining the components, we assumed that the plasma is
collisionless and ions are immobile (the wave frequency
is assumed to be large).
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Fig. 1. Schematic representation of propagation of elec-
tromagnetic wave through the two-layer structure
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Assuming that the tangential components of electric
and magnetic field of the wave are continuous at inter-
faces and neglecting reflected wave in the vacuum re-
gion V1, one can obtain the condition of the absolute
transmission

l//IZ - 512 - ikx(l//] + ¢ coth (01):
y, — <& coth g, — ik, (1)
‘/122 _522 _ikx(WZ — ¢, coth (”2)
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@=ka, a is a layer thickness, k, =cos @ is the nor-
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where

malized x-component of the wave vector, 8 is the inci-

dence angle, x = \/kg - kz(e2 - g2 )/e is the decay con-

stant, k =w/c , and c is the speed of light. Indexes 1 and
2 in Eq. (1) correspond to the parameters of the slabs
P11 and P12, respectively.

Note that the resonance transmission condition (1)
depends on the layer widths, while the condition at
H =0 is independent on a; and a, [3].

The equation (1) is equivalent to the set of two real
transcendental equations (for its real and imaginary
parts), those in general case may be solved only numeri-
cally. An analytical solution of Eq. (1) is possible only
for the limits of thin (¢ << 1) and thick (¢ >>1) layers.

If the layer is thin, the equation (1) reduces to the set of
the following two equations
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In the case @ >>1, Eq. (1) transforms to the follow-
ing equation
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3. DISPERSION PROPERTIES OF SURFACE
WAVES AT PLASMA-PLASMA AND
PLASMA-VACUUM INTERFACES

In zero approximation, neglecting the right-hand
side of Eq. (2), we obtain the equation which coincides
with the dispersion relation for the surface waves at
interface between two semi-infinite plasmas:

Mt =y, -6 3)
The equation (3) may be presented in the form
kyg + e _ kyg, — ek, 4
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Eq. (4) may be solved analytically only in some lim-
iting cases. Therefore, we found its solution numeri-
cally. In Fig.2, the dispersion dependencies for waves
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with ky <0 and ky >( are shown. The curves were
obtained for @, /w,,=0.125and w,, /®,,=0.25.

Note that surface waves at plasma-vacuum interface
are always slow (v,, <c, where v, is the wave phase

velocity). It is connected with the fact that dielectric
permittivity larger than unity doesn’t allow surface
modes with phase velocities greater than the speed of
light. In plasmas with & <1, propagation of fast waves

(v, > ¢) is possible. Thus, in the plasma slabs P11 and

P12 the surface modes can couple to incident electro-

magnetic waves, which are evanescent in the plasmas.
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Fig.2. Dispersion of the surface waves
at plasma-plasma interface.
The curves were obtained for @,/ ,,=0.25 and

o,/ o,,=0.125

The waves in magnetized plasmas are non-
reciprocal, i.e. dependent on the sign of k,. We term

the wave with &, >0 a positive branch and the wave
with k, <0 a negative branch. The positive and nega-

tive branches exist in different frequency ranges (Fig.2).
To find the upper limit of the frequency range, we
let k,, >> k, that gives us

gite=g,te, Q)
2 2
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Here, the upper sign is for the positive and lower for
the negative branch, correspondingly.

In the case of weak magnetic field (o, <w, ),

0. (6)

Eq. (6) has the following solution:
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where wl(gz = ,/iwﬁ / +wf,2 )/ 2 is the asymptotic frequency

(at k, >> k) for the case of non-magnetized plasma. For
the surface waves at plasma-vacuum interface (w,; =0)

the equation (6) is quadratic. It has solutions



o) = %( [0 +a? 7 a,) hybrid frequency wy; =2, +? (see Fig.2), which is

Th 1 b th § s el smaller than the onset frequency for the positive branch.
us, at large &, the wave frequency Is close Below wy; the Voigt dielectric constant ¢, is large
to ). (Fig.3).

and positive, implying that Klz <0 for a finite propaga-
]’0 T T T T Al T T T T

tion vector, i.e. no surface magnetoplasmon is allowed.

08| oo, | CONCLUSIONS

k=ofe 1 K0, ] In conclusion, we have studied the resonant proper-

06 |- N ties of a two-layer plasma configuration in an external
Ch k>0 magnetic field. We have found the conditions at which
oal _ the structure becomes absolutely transparent for an inci-

dent p-polarized electromagnetic wave. The case when
the magnetic field is perpendicular to the wave vector
and is parallel to the plasma-vacuum and plasma-plasma
ol interfaces has be;n considered .(Voi.gt geometry). It has

00 02 04 06 08 10 12 14 16 18 20 been shown that in the case of infinitely thick layers the

ko fc condition of anomalous transparency reduces to the dis-

Fig.3. Dispersion of the surface wave at plasma-vacuum  persion relation for the surface waves at plasma-plasma
interface. The curves were obtained for , | w,= 0.125 interface. The dispersion relation has been studied in
detail. The unique properties of the plasma-plasma sys-

We can also find a partial solution of Eq. (3), if we  tem in magnetic field have been noted. Among them are
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request existence of the fast surface mode and non-reciprocity
w1~y =0, (7)  of the waves. The frequency region, where the surface

E+E,=0. (8) waves exist, has been found. We have also determined

the upper frequency limit for the fast wave, what is im-

The partial solution of th tem (7), (8) i
© partial solution o Z S};S ke m (7), (8) is portant for the problem of resonant transmission.
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The frequency , corresponds to the upper frequency
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limit for the fast waves.
The field of the surface mode decays from the inter- 2
face, i.e. the decay constant « is a real number. Requir-

JUCIIEPCUS MOBEPXHOCTHBIX MATHETOIIJIA3BMOHOB
C.B. Hegko, H.b. /lenucenxo, A.H. Cmonaxoes, H.A. Azapenxos

N3yyaroTcst 1ucnepcUOHHBIE CBOMCTBA U MPOXOXKACHUE P-TIOJIIPU30BAHHON 3JIEKTPOMATHUTHOW BOJIHBI B IBYX-
CJIOMHOM MJIa3MEHHOW CTPYKTYpE€ B MPUCYTCTBUM BHEIIHETO MAarHUTHOTO MOJjsl. [loydeHbl ycinoBus pe30HaHCHOTO
MPOXOXICHNS. AHOMANIbHAsI IPO3PAYHOCTh OOBACHIETCS BO30YKICHUEM ITOBEPXHOCTHON BOJIHBI Ha TPAHHIE TUIA3-
Ma-IulazMma. M3ydaercsi AMCIEpCHOHHOE COOTHOIIEHHE Ul MTOBEPXHOCTHON BOJIHBI HAa IpaHHLE IUIa3Ma-Iula3Ma B
MarHUTHOM TI0JI€, TIPOBOJUTCS] CPABHEHUE C AUCTIEPCUEN TTOBEPXHOCTHBIX BOJIH B CHCTEME IIa3Ma-BaKyyM.

JUCHEPCIA TIOBEPXHEBUX MATHETOIIJIASMOHIB

C.B. I¢xo, Lb. /lenucenko, A.1. Cmonakos, M.0O. Azapenxos

BuBUaroThCs UCTIEPCiliHI BIACTUBOCTI Ta MPOXOKEHHS p-TIOJIIPU30BAHOI €JICKTPOMATHITHOI XBHIII B JIBOIIIAPO-
Bill TJIa3MOBIil CTPYKTYpi 3a HasBHOCTI 30BHIIIHHOTO MarHiTHOro moiisi. OTpUMaHoO YMOBH PE30HAHCHOTO IMPOXO-
JOKEHHS. AHOMaJbHA TIPO30PICTh MOACHIOETHCS 30Y/DKEHHSIM IMOBEPXHEBOT XBIIII HA MEXI I1a3Mma-IuiazMa. Bupua-
€ThCS JUCIICPCiiiHE CIIBBITHOIICHHS JUIS MOBEPXHEBOI XBIUII HA MEXI IUIa3Ma-Tla3Ma B MarHiTHOMY IO, TPOBO-
JIITHCSI TOPIBHSHHS 3 AUCIEPCIEI0 MOBEPXHEBUX XBUIIb B CUCTEMI I1a3Ma-BaKyyM.
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