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Introduction
• 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



Mercury
• Are Mercury regolith 

particles on average 
smaller than those 
on the Moon?

• Thermal stress on 
Mercury



Mallama et al., Icarus 155, 253, 2002



McClintock et al., Science 321, 62, 2008



• Albedo-polarization 
dependencies similar 
for the hermean and 
lunar particles



• Substantial, typical 
wavelength 
dependence for the 
maximum polarization 
with decreasing 
maximum for 
increasing wavelength



• Polarization has 
regional variations on 
Mercury

• There are hypotheses 
of exospheric effects 
on polarization

• Particle alignment due 
to magnetic fields?



• Anti-correlation of polarization and intensity seen 
in the Mercury disk-resolved data



Venus
• Retrieval of Venus 

atmospheric 
composition from 
polarimetric 
observations

• Success story in 
polarimetric planetary 
remote sensing



• Photometric phase 
curve differs 
substantially from 
those of 
atmosphereless 
objects

• Intriguing increase 
at large phase 
angles (Mie 
scattering?)

Mallama et al., Icarus 182, 10, 2008



• High terminator 
polarization poses a 
challenge for 
theoretical modeling

• Feature probably due 
to a population of 
Rayleigh scattering 
clouds





Mars
• Challenging to retrieve 

the polarimetric phase 
curve for the regolith



• Can we understand 
the wavelength 
dependence of the 
photometric phase 
curve on the basis 
of the spectrum?

Mallama, Icarus 192, 404, 2007



Singer et al., JGR 84, 8415, 1979



• Laboratory 
measurements of 
analog samples can 
reproduce the 
photometric and 
polarimetric phase 
curves (at least 
partially)



• Space-based 
polarimetric data 
suggest that the 
polarization maximum 
takes place at phase 
angles larger than 90o

• Regolith contains a 
significant proportion 
of particles much 
larger than the 
wavelength



• Position angle of linear polarization presents an 
enigma in polarimetric remote sensing

• Position angle ill-defined for vanishing linear 
polarization



• Transient high-polarization features due to clouds 
• Varying aerosol composition of the clouds



Mercury, Venus, Earth, Mars, 
and Giants

Mallama, Icarus 204, 11, 2009



Intermediate conclusions
• Terrestrial planets provide inverse problems 

of complex ingredients
• Disk-integrated photometric, polarimetric, and 

spectrometric data provide important glues to 
the interpretation of exoplanet observations


