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1 Light scattering from a nanoparticle illuminated by linearly
polarized light

Consider a spherical nanoparticle illuminated by an optical field polarized in the x-direction and
propagating along the z-direction, such that the field is written

E⃗ = Exe
ikzx̂. (1)

The scattering of light from the nanoparticle is described by [1]

E⃗sca(r, θ, ϕ) =
eik(r−z)

ikr

(
S1(θ) sinϕExê⊥ + S2(θ) cosϕExê∥

)
, (2)

where S1, S2 are called the scattering matrix elements, and r is the distance from the center of the
scatterer. Further, ê∥ and ê⊥ are unit vectors parallel and perpendicular to the scattering plane, defined
by the scattering direction êr and the direction of propagation of the illuminating light ẑ. Parametrizing
the scattering direction by the scattering angle θ, measured relative to the propagation direction, and
the azimuthal angle ϕ, measured relative to the polarization direction (x) of the illuminating field, the
unit vectors are given by

ê∥ =− cos θ cosϕx̂− cos θ sinϕŷ + sin θẑ

ê⊥ =− sinϕx̂+ cosϕŷ.
(3)

The scattering matrix elements for a weakly scattering nanoparticle are given by

S1 =
ik3α

2π
f(θ;R)

S2 =
ik3α

2π
cos θf(θ;R)

(4)

where f(θ;R) is the optical form factor of the particle and α is the polarizability. Utilizing these
expressions one finds

E⃗sca(r, θ, ϕ) =
eik(r−z)

kr

k3α

2π
f(θ;R)

[(
cos2 θ cos2 ϕ+ sin2 ϕ

)
x̂+ (1− cos2 θ) cosϕ sinϕŷ + cos θ sin θ cosϕẑ

]
(5)
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This describes an optical field with plane wave decomposition

Êsca,x =
kα

2π
f(θ;R)

(
cos2 θ cos2 ϕ+ sin2 ϕ

)
(6)

Êsca,y =
kα

2π
f(θ;R)(1− cos2 θ) cosϕ sinϕ (7)

Êsca,z =
kα

2π
f(θ;R) cos θ sin θ cosϕ, (8)

which, for f = 1 reduces to the expression found in the main text.
The polarization will contribute to the measurements differently depending on the measurement

geometry. In the case of interferometric imaging, only the x-components will contribute to the inter-
ference signal. According to Box 8 in the main text, the only contribution to the integrated signal
comes from θ = θill, for which cos2 θ = 1, and thus the polarization factor cos2 θ cos2 ϕ + sin2 ϕ ≡ 1.
Thus, the polarization does not affect interferometric measurements of the integrated signal.

In the case of darkfield measurements, the situation is slightly different. In the case of θill = 0
or θill = π, the z-axis is an axis of symmetry, simplifying the problem. In this case, the integrated
intensity at the camera plane is given by∫

Icamdx⃗ =
k4α2|Ex|2

2π

∫
(|Esca,x|2 + |Esca,y|2 + |Esca,z|2) sin θ cos θdθdϕ. (9)

This can be simplified to∫
Icamdx⃗ = k4α2|Ex|2

∫
dθ sin θ cos θf(θ)2(cos2 θ + 1), (10)

which is identical to the expression derived in the main text using scalar diffraction theory. Thus, scalar
diffraction theory produces exactly correct results for the integrated signal of spherically symmetric
nanoparticles.

The case of illumination angle θ = π/2 is analogous, but with the caveat that the angles ϕ and θ
are no longer independent. Specifically, one can write [2]

ϕ = arcsin

(
sin θmax

sin θ

)
, (11)

such that the integrated intensity becomes∫
Icamdx⃗ =

k4α2|Ex|2

4π2

∫ π/2+θmax

π/2−θmax

dθ

∫ π/2+ϕ(θ)

π/2−ϕ(θ)

dϕ sin θf(θ)2
(
cos2 θ + 1

)
. (12)
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