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Introduction
• Physical properties of atmosphereless solar-

system objects (asteroids, Moon, transneptunian
objects)

• Polarimetric and photometric observations
• Direct problem of computing scattering by

regolith particles with varying size, shape
(structure), and refractive index (optical
properties)

• Inverse problem of retrieving physical properties
of particles based on observations
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Muinonen et al., MAPS 44, 1937, 2009, obs. ref. therein













• Model based on coherent backscattering
and radiative transfer

• References:
– Muinonen et al., Light Scattering Reviews 5, 377, 2010
– Muinonen, Waves in Random Media 14, 365, 2004



• surface roughness
• volume density of the particulate medium
• size of small particles
• shape (structure) of small particles
• refractive index of small particles

Multiple scattering from a particulateMultiple scattering from a particulate
medium is a function ofmedium is a function of



Interpreting polarization:
• Phase angles ~0-30o: interference in transverse

internal fields of single scatterers
• ~30-150o: interference in longitudinal internal

fields of single scatterers
• ~0-180o: Rayleigh scattering (small scatterers)
• ~0-180o: Fresnel reflection/refraction (large

scatterers)
• ~0-20o: coherent backscattering (multiple

scattering; wider angular range for embedded
media)

• ~20-180o: multiple scattering (interference
omitted)



Interpreting brightness:
• Phase angles ~0-10o: mutual shadowing among

particles
• ~0-180o:  shadowing due to surface roughness
• ~0-20o: coherent backscattering (multiple

scattering)
• ~20-180o: multiple scattering (interference

omitted)
• ~0-30o: interference in transverse internal fields

of single scatterers
• ~30-150o: interference in longitudinal internal

fields of single scatterers



RT-C with polarization
• Polarization and intensity

surges due to interference
in multiple scattering for a
spherical medium

• Monte Carlo for radiative
transfer and coherent
backscattering

• Full angular profiles for the
complete scattering matrix

• Diametrical optical
thickness approaching
infinity

Muinonen et al., Light Scattering Reviews 5, 377, 2010
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