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Abstract
Transmission microscopy represents a sensitive method

to detect and characterize single nanoparticles. A tightly
focused laser beam induces a scattered field, which
interferes with the illuminating field in its propagation
direction [1]. The far-field detected transmission signal
under this seemingly simple situation of interference
exhibits a rich phenomenology. We study the energy-
redistribution and absorption characteristics of focused-
beam interference both for Rayleigh and arbitrarily sized
Mie scatterers.

1 Interference Microscopy
Substantial work has been done in the experimental

application of interference detection schemes. Sensitive
techniques such as spatial modulation spectroscopy (SMS
[2]) and photothermal single particle microscopy [3]
provide the means to quantitatively measure extinction
and absorption cross-sections of individual nanoparticles
from the transmission signal of a tightly focused coherent
laser. Despite this progress, the way in which the key
parameters which determine the signal, i.e. the collection
angle max , the particle’s complex-valued polarizability 
and its placement in the focal region, have not yet been
described in a coherent picture. Only the signal in the strict
forward direction has been discussed in some detail [4].
While a few rigorous treatments of the phenomenon exist
[5], a simple interpretation is spoiled by their complex
nature. We propose a minimal yet accurate model based
on the generalized Lorenz Mie theory and find revealing
dependencies on the polarizability of the particle and the
collection angle used to detect the signal. Especially the
simplification for Rayleigh-scatterers promises to be a
useful tool for future studies in this field.

Figure 1 Schematic setup for transmission microscopy. L: lenses
(microscope objectives), PD: photodiode, z p : particle position,
OA: optical axis.

1.1 Axial transmission signal characteristics
To describe relative transmission signals, i.e. the

background normalized change in transmission, we
generalize the notion of extinction and scattering cross-
sections to fractional cross-sections. These depend on the
collection angle and, similar to the complete cross-sections,
on the particle placement in the beam.
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We provide exact analytical expressions for the signal
(1) for arbitrary and possibly multilayererd Mie scatterers
in terms of sums over multipoles. Thereby, the signal of
large metallic particles, gradient refractive index particles
and other microspheres can be accurately predicted.
Absorption cross-sections may also be inferred from the
signal in photothermal single particle microscopy [3].

Figure 2 The two generic contributions to a transmission signal,
Eq. (2), normalized to a maximum of  A  1 . Dashed lines:
max  0 , solid lines: max  div . The inset shows their
maximum amplitudes.

Assuming scatterers of small size parameters x  kR ,
Rayleigh particles, one finds that for moderate collection
angles the signal shape is determined by interference only,
Pd   ext , and is made up of two generic contributions:

 ext  k Im  Re(A)  Re  Im A   (2)

The first component of the signal exhibits a dispersive
axial shape and is connected to the real part of the
polarizability. It is the consequence of the changing phase
relation of the interfering illuminating beam and the
scattered field as the position of the particle within the
focal region changes. Revealingly, this contribution decays
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and finally disappears as the collection angle exceeds
about twice the incident beam’s angle of divergence
max  2div . It is hereby seen as an energy redistribution
phenomenon.

Conversely, the second contribution is related to the
imaginary part of the polarizability and is dip-like in its
axial dependence on the particle’s coordinate. For a
Gaussian beam the shape is Lorentzian and thus follows
the intensity profile. However, at intermediate collection
angles, the signal deviates and broadens up. Only at
collection angles exceeding the incidents beam’s spread of
propagation directions, i.e. its angle of divergence, this
part of the signal again follows the intensity profile of the
beam and quantifies the occurring absorption.

If the collection angle exceeds twice the beam’s angle of
divergence only the absorption signal will remain, see the
inset of Fig. 2. The energy redistribution will no longer
provide a contrast since the energy that was removed
(added) in the forward direction will then be collected in
the periphery with opposite sign, leading to a cancellation.
Perfect dielectric scatterers will then only provide a
contrast due to scattering, see Eq. (1). They are therefore
best visible by interference in the near forward direction,
while the absorption is accurately quantified only if the
collection angle is large. Intermediate or equal collection
angles when compared to the illumination angle will
introduce errors if the signal is directly translated into an
absorption cross-section  abs .

Eq. (1) also provides the means to tell the particle
position in the focal region for any metallic nanoparticle
based on the transmission signal. Accurate absorbed
powers and induced temperatures may then be found.

1.2 Transverse transmission signal characteristics
The quantitative analysis of transmission scans requires

knowledge of the incident beam. If a Gaussian beam is
assumed, this is tantamount to knowledge of the beam
waist 0 or its Rayleigh-range zR  nm0

2 /  . We
therefore provided an appropriate extension of the
previous considerations to off-axis particle placements. For
Rayleigh scatterers the signal is again composed of two
generic contributions, each connected to the real and
imaginary part of the particle’s polarizability.

An expression analogous to Eq. (2) again describes the
relative transmission signal. Fig. 3 shows their behaviour
as a function of the particle placement xp , z p relative to the
focus. Only for absorbing particles with a finite imaginary
part of their polarizability and for large detection angles
will the signal follow the intensity distribution of the
incident beam. Especially for perfect dielectrics rich
interference structures are obtained. An understanding of
these allows an assessment of the incident beams field’s
structure in addition to the particle’s optical properties.

Figure 3 The two generic transmission scan contributions for an
arbitrary off-axis positioning of the particle.

2 Conclusion
Generalizing total to fractional cross-sections in the

generalized Lorenz-Mie framework, a convenient
description of transmission signals is achieved. A
thorough understanding of the discussed effects allows for
signal optimization and tailored spatial signal detection
functions for specific applications, such as scattering
interference correlation spectroscopy (SICS [6]) and
particle velocimetry in the spirit of twin-focus
photothermal correlation spectroscopy [7].
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