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Abstract
The Goos-Hänchen (GH) and Spin-Hall (SH) shifts have

been studied extensively at planer interfaces. We present a
general framework to study these shifts in scattering from
Plasmon resonant systems by making use of the Poynting
vector. We further show that these shifts can be highly
enhanced by the interfering modes in plasmonic
nanoparticles. We also establish the correlation of these
shifts with experimentally measurable polarimetry
parameters, namely, diattenuation (d) and retardance (). The
results reveal that each of the shifts can be controllably
tuned and enhanced by exploiting the interference of
neighbouring modes, which can be experimentally
measured easily by the d and δ parameters.

1 Introduction
Originally studied for the case of total internal

reflection, the GH shift is observed in the plane of
incidence while the SH shift is observed in the plane
perpendicular to the plane of incidence [1-2]. These shifts
are typically in the sub-wavelength domain and are
rapidly gaining attention due to the development of nano-
optics employing light evolution at sub-wavelength scales
[3]. It has been shown that, in addition to
reflection/refraction and tight focusing, these shifts can
also be observed in scattering from dielectric spheres [3].
More recently, in plasmonic systems, a spin-dependent
splitting of the focal spot of a plasmonic focusing lens was
demonstrated and explained in terms of a geometric phase
[4]. Although GH and SH shifts have been observed in the
context of various plasmonic systems, a thorough and
detailed investigation of these shifts observed in scattering
process is absent in the literature. In this work, we present
a theoretical model where the GH and SH shifts for
scattering have been defined and calculated in terms of the
Poynting vector. We show that since these shifts are
polarization dependent, a direct and interesting correlation
of the origin of these shifts can be drawn with polarimetry
parameters like diattenuation (d, differential attenuation of
orthogonal polarizabilities) and retardance (, phase
difference between orthogonal polarizabilities). We also
show that both GH and SH shifts can be significantly

enhanced/optimized in plasmonic metal nano-
particles/nanostructures.

2 Theoretical model
We consider scattering of plane waves by a spherical

particle in Cartesian coordinate system with the incident
plane wave propagating in the Z direction. The polar angle
of scattering  and the azimuthal angle  are assigned with
respect to the Z and the X-axes respectively. Now, the
eigenmodes of the GH shift are linearly polarized waves
and those for SH shift are circularly (or elliptically)
polarized waves [5]. Therefore, we consider scattering of
X-polarized wave to calculate GH shift and scattering of
right circularly polarized waves to calculate SH shift. The
scattered electric and magnetic fields (radial, angular and
azimuthal components) are derived using Mie theory [].
These can then be used to obtain the corresponding
Poynting vector components. Since the GH and SH shifts
are conventionally defined in the plane of incidence and in
the plane perpendicular to the plane of incidence
respectively, we define these shifts in the scattering plane
(θ-plane, Pθ) and in the plane perpendicular to the
scattering plane (i.e., azimuthal plane which is -plane)
respectively. We use the θ-component of the Poynting
vector to define the GH shift (GH for  = 0) and the -
component of the Poynting vector as to define the SH shift
() as;
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Where,  = ±1 denote that incident RCP/LCP light gives
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opposite SH shifts. Here, S1 and S2 are the amplitude
scattering matrix elements, defined as;
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and an and bn are the coefficients of the normal scattering
modes (TM (electric) and TE (magnetic) modes
respectively) and n, n are the corresponding angle ()
dependent functions. Note that the radial component of
the Poynting vector ( rPr ˆ ) signifies energy flow along the
direction of the propagation of the scattered wave,
whereas, both the angular ( ˆP ) and the azimuthal

components ( 
ˆP ) imply transversal energy flow and

accordingly lead to shifts (parallel and perpendicular to
the scattering plane respectively) in perceived location of
the source (scatterer). We then calculated the GH and SH
shifts for plasmonic nano-particles (nano-spheres and
nano-rods) using the derived expressions. Note that, the
above expression of the SH shift includes the contribution
from both TM (an) and TE (bn) modes. However, we will
consider only the lowest order TM modes (a1, electric
dipole mode) for the scattering from plasmon resonant
structures. We correlate GH and SH shifts with
polarimetry parameters retardance and diattenuation
respectively, which are defines as,
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Figure 1: Angular variation of GH shift (left axis, blue lines) for
50 nm Ag nanosphere for two wavelengths, =385 nm (blue
dashed line), 425 nm (blue solid line). The angular variation of
retardance δ is shown on the right axis for same wavelengths
with red dashed and solid line respectively.

3 Results
In Fig. 1, we show the GH equivalent shift (left axis,

blue lines) (for x-polarized incident light, in the plane =0)

for scattering from metal (silver, Ag) nano-spheres of
radius 50 nm with surrounding medium as water. These
nano-spheres exhibit two resonances: quadrupolar at  ~
365 nm and dipolar at  ~ 480 nm. Shifts are shown for two
wavelengths: (1)  = 385 nm, where the interference
between the two modes is strong and (2)  = 425 nm, near
the weak interference region.
The corresponding retardance values are shown on the
right axis with red lines. Since retardance is the phase
difference between two orthogonal polarizabilities, it is
sensitive to the interference. Notice that the GH shift is
larger when the retardance is changing sharply from 0 to 
and weaker when the retardance is varying slowly. We
also did the similar calculations for silver nano rods, where
the GH shift was further enhanced (~ 15) at spectral
overlap (interference) region of the two orthogonal electric
dipolar plasmon resonance modes of the nano rods.

In Fig. 2, the SH shift (left axis, blue lines) (for RCP
incident light) for scattering from same nano-spheres as of
Fig. 1 is shown. Local angular maxima of SH is
accompanied with local maxima of d. This was also
observed for the nano-rods with similar calculations.
Details of this work and interesting observations of
obtained results will be presented in the conference.

Figure 2: Angular variation of SH shift (left axis, blue lines) for
50 nm Ag nanosphere for two wavelengths, =385 nm (blue
dashed line), 425 nm (blue solid line). The angular variation of
diattenuation d is shown on the right axis for same wavelengths
with red dashed and solid lines respectively.

4 Conclusion
We have developed a Poynting vector based framework

to study both the longitudinal Goos-Hänchen and the
transverse Spin Hall shifts, which can be observed in
scattering of plane waves from nano particles. Moreover,
interesting correlations between the shifts and the
retardance and the diattenuation parameters is shown,
which may open up interesting avenues for analysis and
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interpretation of the shifts via these polarimetry
parameters.
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