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Introduction The enhanced backscatteriag from rough surfaces or rough waveguide stru-
cuture has been intensively investigated in many papers with various methods, and it has been
clarified that the mechanism responsible for this is the coherent interference in the multiple
scattered waves. and can be particularly attributed to the presence of guided wave modes on the
random surface[1-3]. The state of polarization of scattered light or EM waves is also perturbed
by the random scattering. For comparison with experimental observations the one-dimensional
rough surface [4] is suitable for separating TE and T M -polarization. The present paper treats
the optical scattering from a random metal surface, which supports a surface guided wave mode
called surface plasmon. by means of the stochastic functional approach.{3,3] To clarify the plas-
mon’s association with scattering characterisctics, we treat a random surface with a normal
spectrum and a random grating with twin spectral peak at plasmon spatial-frequency. The
“dressed” plasmon mode is obtaind for several rough surfaces. and the enhanced backscattering
is studied in connection with the enhanced peak width and the mass operator of the dressed
plamon. The Stokes parameters and the degree of polarization are numerically calculated from
polarized components of the scattering distribution.

Stochastic Wave Field for 15°-Polarized Plane Wave Incidence Let the coordinate
system be (. y. ), and z = 0 be the plane between air (= > 0) with the dielectric constant ¢; = 1

-

and silver (: < 0) with ex = —17.55+10.404. Aassume that 45°-polarized electromagnetic (light)
plane wave with wave vector kg = (X0.0, =0}, pto = /k% — A3 is incident on the 1D random
surface : = f(x). which is a homogeneous Gaussian random surface with variance (f%) = 2.

Then the stochastic EM field in the two mwedia can be represented in terms of Wiener-Itd
expausion,
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where pj(A) = \fk2 =N = 1.‘2.e(f)[/\],J = TE, TM. denotes the polarization vector,
.:li(,\l,-,,\,,|/\0).C,{(,\1,‘./\,.|,\0) n-th Wiener kernels for TE, TM-polarized components, and
hp| } n-order Wiener-Hermite orthogonal functional of Gaussian random measure dB()).

Solving the stochastic boundary condition the vector Wiener kernel A, = (A,.C,) can
approximately be obtained in the following formn
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A*(A) = A(N) - M(A) (10)
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and 1/A()) implies the inverse matrix A(A)~!. which we call propagator, P.Q are 2 x 2-
matrices proportional to the rough surface kernel, the detail being omitted. (9) corresponds to
the Dyson equation in the multiple scattering theory.

Free and Dressed Plasmons The pole of the propagator I/AT‘“(/\). that is, the root
of Det ATM()) = 0 is called the free plasmon which is Apg = (1.02975 + i0.000716)k. Similarly
the pole A, of the dressed propagator 1/ A ™)) is called the dressed plasmon which is the
plasmon perturbed by the random surface.
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where }M;; denotes the matrix element of the mass operator A (A) which is of the order of al.
Incoherent Scattering Distribution In terms of Wiener kernels for the air side, Ay, 4>,
the polarized component of the incoherently scattered iutensity can be written
x< B
PY(8,160) = ki cos® 85|47 (A — Ag|Ao)]? + 2k; cos® 9,/ [A9(A = AL Ay = AglAo)PdA, (14)
-

where the pair of polarization index .J can be taken in three ways: J = (TE, TM): (+45°, —15°); (R, L),
R.L indicating right- and left-hand circular polarization. There are following relations:

e 1 1 o :
AT = [AFE£aT™]  aRL= NG [ATE£iaT™] =12, (15)
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The total scattering intensity Sp is given by the sum of polarized component pairs as shown
below.

Stokes Parameters and Degree of Polarization The four Stokes parameters are given
by
S PTM 4 pTE O R
5 pTM _ pTE S 0 ,
= :45° ~43° . = (1(’)
S P _p Sy 1
53 PR _ pL S 0

So = P™ 4 PTE(= p+¥5° 4 p=15° — PR 4 pL) denotes the total power flow. The Stokes
parameters for +43°-linearly polarized incident wave with normalized intensity is given in the
righthand side. The degree of polarization F,; can be defined by the ratio of the completely
polarization to the total intensity:

Py =/ 512+52?+532/50 (17)

Scattering Distribution, Stokes Parameters and Degree of Polarization for Random
Grating Scattering characteristics have heen studied for 4 kinds of rough surface. \We
show here some numerical results for a random grating with twin spectral peaks at the plasmon
frequency Ag:

IF(A)I.’ — 0_2([*/2\/7?) [e-l.-,(/\‘.‘/\g)z + e-I;)()\-‘Ay]:] (18)

with surface parameters (kl = 3.0, ko = 0.1). Fig.1 shows the incoherent scattering distribution
for the vertical incidence 8y = 0°. where +45°-. —15°- and TM-polarized components show
enhanced peaks at the backscattering angle. The enhancement is explained by the interference
of two reciprocal processes involved in 2nd Wiener kernel that describes “double™ scattering
processes of “dressed” plasmouns [6.7]. Fig.2 shows (a) the Stokes parameters () the incoherent
scattering intensity (completely polarized and unpolarized components) and (c¢) the degree of
polariztion. The degree of polarization is reduced around |6,] ~ 30°. which can be explained as
follows. The peak of completely polarized component around 6, =~ 0° of Fig.(b) is due to 2nd
Wiener kernel, and the weaker peaks around |f;| ~ 60° due to 1st Wiener kernel; thus mixed
contributions from 1st and 2nd kernels around |6,| = 30° reduce the degree of polarization.
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(a) Incoherent scattering power
random grating( kI=3.0 , k6=0.1 , 8,20 )

0.040
+38 tincar polanzaon ¢
- 28 hmew polarsstion
0.030
Y
L, o020
S
00101 " K L.
’ n N l
0.000, T~ X \ N
“T%00 600 -300 00 300 600 500
Scattering angle 6, (degree)
(b) Incoherent scattering power
random grating ( k1=3.0 . ke=0.1 , 8,=0")
0.08 . )
TE polwisation
=== TM polatization
008 r '
'
— v 1
g‘q 0.04 .
< "
&
0.02 l S
oooL’—"/"\-\-' e
800 800 300 300 600 90

00
Scattering angle 0, (degree)

Figure 1: Incoherent scattering from ran-
dom grating with incident angle 6y = 0°.
(a)+45°- and —45°-linearly polarized com-
ponents (b)TE- and TM-polarized compo-
nents

(a) Stokes parameter
random grating ( k1=3.0, ko=0.1,8,=0" )
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{b) Incoherent scattering power
random grating ( k1=3.0, ka=0.1 ,8,=0")
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(¢) Degree of polarization
random grating ( k|=3.0, ko=0.1, 90=0“ )
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Figure 2: Random grating with 6y = 0°%
(a)Stokes parameters (b)completely polar-
ized and unpolarized components (c)degree
of polarization.




