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Introduction (1/2)
• Physical characterization of astronomical 

objects (e.g., surfaces of airless planetary 
objects)

• Direct problem of light scattering by 
particles with varying particle size, shape, 
refractive index, and spatial distribution

• Inverse problem based on astronomical 
observations and/or experimental 
measurements

• Plane of scattering, scattering angle, solar 
phase angle, degree of linear polarization



Introduction (2/2)
• Interplanetary dust

– optically thin, lenticular 
dust cloud

– at 1 au, a few particles 
within a cubic kilometer

– zodiacal light
– gegenschein

• Polarimetry
– positive and negative

polarization 
– complementary inverse 

problems of 
interplanetary, cometary, 
and asteroidal dust



Polarimetric observations of the zodiacal light

• Zodiacal light studied by Cassini (1690)
• Gegenschein reported by Brorsen (1854)
• Ecliptic latitude and helio-ecliptic longitude



Zodiacal light intensity and polarization
• Entanglement 

with 
atmospheric, 
galactic, and 
extragalactic 
glows

• Annual
variations due
to the Earth’s
orbital motion

• Symmetry plane 
tilted from the 
ecliptic, possibly 
warped

• Degree of
polarization
shows S-type
asteroid
wavelength
dependence







Solar F-corona observations
• Beyond 4 solar radii 

from the Sun’s 
surface, F-corona 
shows polarization 
presumed to be 
related to light 
scattering by dust

• Polarization not
consistent with the
mechanism of light 
scattering

• F-corona polarization 
remains to be 
modeled from first 
principles of physics 



Circular polarization observations

• Partial alignment of asymmetrical particles can 
cause circular polarization

• Varying degrees of circular polarization observed



Local values of the zodiacal polarization

• Local intensity and polarization values derived from an 
inverse problem

• Rigorous inversion possible in the direction of observer 
motion (optical probe technique)

• General problem treated, e.g., by Lumme (2000)



Radial variation of local polarization

• Scattering properties of dust not constant within the cloud
• Temporal variation due to dust particle spiraling to the Sun (Poynting-Robertson

effect)
• ~r-1 gradient in local density, different from that for homogeneous dust (r-1.3)  



Polarization-phase curve

• Polarimetric phase curve comparable to that of cometary
dust or of C-type asteroids

• Scattering by irregular dust particles and/or fluffy aggregates 
of submicron (absorbing) grains



Properties of the interplanetary dust particles

• Cometary dust
– fluffy, easily fragmenting

• Asteroidal dust
– compact particles from asteroid 

shattering

• Interstellar dust
– submicron grains passing 

through
– a priori not linked to primordial

grains forming the Solar
System

• Particle size distribution
– power law index -3 for sizes 

<20 microns
– -4.4 for sizes >20 microns
– typical sizes 5-25 microns

• Silicates and organic 
materials
– Mg-rich pyroxenes
– amorphous carbon and organic

carbon
– polycyclic aromatic hydrocarbon 

molecules (PAH)



Numerical simulations of the polarization 
of the zodiacal light

• Early studies 
using Mie theory 
for spherical 
particles

• Spheroids and
aggregates of
spheroids

• Irregular particles



Possible origin of circular polarization

• Aligned nonspherical 
particles

• Influence of both solar
wind and magnetic
fields

• Radiative torque 
alignment plays a major 
role (cf. Herranen, 
Ph.D. thesis, 2020), 
coupling with the 
magnetic fields

• Circular polarization 
may offer a tool to 
study the interplanetary 
magnetic fields



Discussion
Thermal equilibrium of the 
dust population

• Significant population of
absorbing particles
consistent with the
temperature variations of 
the particles

• Absolute temperature 
more agreeable with low-
absorbing and compact 
particles (!)

Experimental simulations

• Similar degrees of 
polarization measured for 
large dark and irregular 
particles and mixtures of 
large fluffy aggregates of 
silica and carbon 
materials 



Dust particle physical properties and their sources

• Two major sources
– main asteroid belt (~50%)
– comets (~50%)

• Minor contributions
– Kuiper Belt
– interstellar medium

• In agreement with IDPs 
collected in the Earth’s 
stratosphere

• Tentative agreement 
with polarimetric 
imaging of 
– exozodiacal dust with silicates 

and ice-filled fluffy aggregates
– young debris disks with ongoing 

dust aggregation

• Obs! Extrasolar systems
may differ substantially
from our Solar System



• Progress from line-of-sight 
intensity and polarization 
to local values

• Physical particle models 
from polarization 
consistent with other data 

• Particle origin and
properties continue to be
debated

• Future observations at all 
wavelengths, potentially 
out of the ecliptic

• Wide-angle ground-based
cameras

• JAXA Akatsuki mission, 
student Eye-Sat 
nanosatellite

Perspectives


