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Light scaƩering by interstellar dust: Assessments of re-
lated direct and inverse problems
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This summary provides a gateway to the literature on light scattering by interstellar dust.

INTRODUCTION

About half of the atoms heavier than helium in the interstellar medium (ISM) of the Milky
Way Galaxy are in the form of interstellar dust, amounting to about 1% of the mass of the
ISM. The most profound effect produced by interstellar dust is interstellar extinction of star
light, resulting in an optical depth at visual wavelengths of about unity for a path length of
about 3 × 1021 cm [1]. Consequently, with a diameter of the galactic disk near 1 × 1023

cm, the extinction by dust causes most parts of our Galaxy to be unobservable at optical
wavelengths.

Interstellar extinction is caused both by absorption and scattering by solid grains ex-
hibiting a wide size distribution ranging from a few 10−7 cm to a few 10−4 cm, with
scattering by the larger grains being the dominant contribution to the extinction at most
ultraviolet/visible/near-infrared wavelengths [2−4]. The study of the scattering properties
of interstellar dust provides important constraints on the size distribution of the grains as
well as critical information for astrophysical problems in which dust scattering is involved.

DIRECT PROBLEM: OPTICAL PROPERTIES OF SMALL PARTICLES

The early work by Mie [5] and the slow acceptance of the existence of interstellar dust by
the astronomical community in the 1930's [1−4] allowed a rapid convergence of theory and
observation [6,7], once the presence of dust particles in the diffuse interstellar medium of the
Milky Way galaxy was established [8]. The monographs by van de Hulst [9] and Bohren &
Huffman [10] provided the basis for the computation of the optical properties of interstellar
grains, following Mie's [5] theory for homogeneous spherical particles. Although polarimet-
ric observations have established the mostly non-spherical shape of interstellar grains, and
although techniques for the computation of the optical properties of inhomogeneous, non-
spherical particles have been developed (see Voshchinnikov [11] for a recent review), Mie's
theory for spherical grains is still considered an adequate approximation for most applica-
tions, given the persistent uncertainties involving the chemical nature, physical structure,
optical constants, and size distribution of interstellar dust [12]. These uncertainties will per-
sist as long as remote sensing is the exclusive method for the study of the properties of
interstellar grains. When needed, techniques such as the T-matrix method [13] or the dis-
crete dipole approximation [14] are available for the computation of optical properties of
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non-spherical particles or particles of arbitrary shape and mixed composition, respectively.
The most comprehensive resource on the theory of scattering by non-spherical particles
currently available is the monograph by Borghese, Denti, and Saija [15]. Special computa-
tional tools have been developed for the determination of scattering properties of spherical
particles with very large size parameters [16,17].

INDIRECT PROBLEM: SCATTERING PROPERTIES OF COSMIC DUST

Four classes of astrophysical systems exist in which scattering by interstellar grains can be
observed and used as a basis for the empirical determination of their scattering properties.
These are, in decreasing order of the angular extent, the sky as a whole, which contains
the diffuse galactic light (DGL) produced by the general galactic dust distribution [18−20],
illuminated by the interstellar radiation field (ISRF) due to all stars, followed by individual
interstellar clouds illuminated externally [21] by the ISRF, then reflection nebulae [22−25],
where individual clouds are illuminated by single or multiple embedded stars, and finally
scattered light halos surrounding distant point sources, seen at both X-rays and optical light
[26−28]. In all instances, appropriately designed radiative transfer models [17,22] are the
essential tools that produce the link between observations and the scattering properties of
the grains. The information typically derived are the dust albedo and the asymmetry of the
scattering phase function as functions of wavelength, critical information about the sizes of
grains, and finally information about the spatial distribution of the dust particles. The dust
albedo, at most UV/visible/near-IR wavelengths, is ∼ 0.6 − 0.7 and the phase function
asymmetry parameter g =< cosα >∼ 0.6 − 0.8, indicating that interstellar scattering is
dominated by highly reflective, strongly-forward scattering grains. The reduction of the dust
albedo around the wavelength of the far-UV extinction feature at 2175 Å [25] shows that
this feature is produced by absorbing nanoparticles. Similarly, the decline of the albedo at
the shortest far-UV wavelengths [29] indicates the growing absorption contribution by the
smallest interstellar grains. High-albedo scattering at near-IR wavelengths identifies astro-
nomical environments where micron-sized grains dominate the scattering [30,31].

ASTRONOMICAL APPLICATIONS

The empirically determined scattering properties of interstellar dust are commonly used to
constrain models of interstellar grains [32,33]. They also are critical input parameters for
models designed to compute the dust attenuation in externally observed dusty galaxies, in
which the dust-scattered radiation becomes a significant part of the total spectral energy
distribution seen by a distant observer [34]. Finally, in addition to scattering, interstellar dust
exhibits optical photoluminescence when exposed to ultraviolet observation. Knowledge
of the wavelength dependence of the scattering properties is essential in order to separate
the photoluminescence component from the scattered light component [35,36].
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