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Polarimetry of atmosphereless bodies 

• The early 1970s were an era of quick progress in polarimetric 
studies of atmosphereless bodies due to the relevance of the Apollo 
missions. 
 
• T. Gehrels published “Planets, Stars, and Nebulae Studied by 
Photopolarimetry” in 1974. 
 
• The main data sources at that time were a limited amount of 
asteroid measurements and laboratory studies using lunar samples 
and meteorites. 
 
• Umov’s law (1905) is a relationship between the albedo and the 
degree of polarization: 



Lyot (1929) 

It could be a 
good method to 
find albedos of 
atmosphereless 

bodies 

Polarimetry of atmosphereless bodies 



Geake & Dollfus (1986) 

a = 1.34 - 1.50 
 

b is a function of 
grain size 
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Geake & Dollfus (1986) 

 
b is a function of 

grain size 
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Low albedo 
 
High albedo 

Assuming that a0 is 
almost stable, a 

change of Pmax also 
produces a 

variation of h and 
Pmin 

Polarimetry of atmosphereless bodies 



Zellner & Gradie (1976) 

differences between C- 
and S-type asteroids 
(Tholen taxonomy) 

for phase angles less 
than 30 degrees 

C-type S-type 
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Zellner & Gradie (1976) 

Empirical law  relating 
Pmin and albedo using 

asteroid data 

Polarimetry of atmosphereless bodies 



Zellner et al. (1977) 
Geake & Dollfus (1986) 

Empirical law  relating h 
and albedo using 
meteorites and 
terrestrial rocks 

It fails for p < 6-8% 

Polarimetry of atmosphereless bodies 



Zellner et al. (1977) 

Plot of Pmin vs. a0  
 

a0 could be a texture 
indicator 

bare 
rocks 

fines 
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Geake & Dollfus (1986) 

Plot of Pmin vs. a0  
 

a0 could be a 
texture indicator 
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Zellner et al. (1977a) 

Polarimetric curves of 
silicates mixed with 
different amount of 

carbon 
 

(0%, 1%, 5% and 7.5%) 
 

Polarimetry is sensitive 
to composition 

7.5% 

0% 

Polarimetry of atmosphereless bodies 



Zellner & Gradie (1976) 
Lupishko et al. (1994) 
Belskaya et al. (2003) 

Polarimetric curves of 
several taxonomic 

types 
(Tholen 1984) 

 
 

Polarimetry is sensitive 
to taxonomic type 

Polarimetry of atmosphereless bodies 



M-types 
 with or without 3 mm band 

(Rivkin 1995, 2000) 

Gil-Hutton (2007) 

W subtype 

No-W subtype 

Polarimetry of M-type asteroids 



Gil-Hutton (2007) 

Polarimetry of M-type asteroids 



F-types of Tholen (1984) 
 with small inversion angle 

 
a0 ~ 15o 

Belskaya et al. (2005) 

Regolith of bare rocks? 

Polarimetry of F-type asteroids 



Objects 
 with large 

inversion angle 
(L-, Ld- and  

K-types) 
 

a0 ~ 28o 

Cellino et al. (2006) 
Gil-Hutton et al. (2008) 

CAIs on a 
black matrix? 

 
Regolith of fine 

particles? 

Polarimetry of Barbarians 

Polarization curve of 
(12) Victoria 

L-type 



Objects in X-complex 
 with different 
polarimetric 
properties 

 
New taxonomies do 
not take into account 

the polarimetric 
properties 

Cañada-Assandri et al. (2012) 
a: Polarization curve for P-type 
b: Polarization curve for M-type 

Polarimetry of X-class asteroids 



V-types in the main-belt 
 

Several members of 
Vesta family follow the 

tipical V-type polarization 
curve 

Gil-Hutton et al. (2017) 

(4) Vesta 

Polarimetry of V-type asteroids 



V-types in the main-belt 
 

(1459) Magnya is a V-
type in the external  
main-belt and has a 
different polarization 

curve 

Gil-Hutton et al. (2017) 

(4) Vesta 

Polarimetry of V-type asteroids 



(4) Vesta 

Gil-Hutton et al. (2017) 

V-types in the main-belt 
 

Several members of 
Vesta family follow the 
polarization curve of 

(1459) Magnya 

Polarimetry of V-type asteroids 



Catalogue of polarization curves 



Catalogue of polarization curves 



Kaasalainen et al. (2001, 2003) 

Muinonen et al. (2009) 

(1) Ceres 

amin 

a0 

h 

Pmin 

Catalogue of polarization curves 



Albedo vs. slope 
 

using diameters from the 
list of  

Tedesco & Sevchenko 
(2006) 

 
It fails for p < 6-8% 

Cellino et al. (2015) 

Catalogue of polarization curves 



Albedo vs. Pmin 

 
using diameters from the 

list of  
Tedesco & Sevchenko 

(2006) 
 

It fails for p < 6-8% 

Cellino et al. (2015) 

Catalogue of polarization curves 



• Other empirical laws were also tested 
 

     Masiero et al. (2012)                             Cellino et al. (2015) 

Catalogue of polarization curves 



Belskaya et al. (2017) 

Catalogue of polarization curves 



Gil-Hutton (2017) 

Plot of Pmin vs. a0  
 

using the catalogue 
 

It was expected that the 
surfaces have only  

rocks 
 

a0 is not a good 
indicator of texture 

rocks 

fines 

bare 
rocks 

fines 

Catalogue of polarization curves 



Cellino et al. (2016) 
Gil-Hutton (2017) 

Inversion angle a0  
 

using the catalogue 
 

It was expected that the 
surfaces have only  

rocks (a0 < 17o) 
 

Catalogue of polarization curves 



Phase angle of 
minimum amin  

 
using the catalogue 

Cellino et al. (2016) 
Gil-Hutton (2017) 

Catalogue of polarization curves 



Cellino et al. (2016) 
Gil-Hutton (2017) 

slope vs. a0  
 

using the catalogue 

Catalogue of polarization curves 



Cellino et al. (2016) 
Gil-Hutton (2017) 

slope vs amin  
 

using the catalogue 

Catalogue of polarization curves 



Cellino et al. (2016) 
Gil-Hutton (2017) 

amin vs. a0  
 

using the catalogue 

Catalogue of polarization curves 



Cellino et al. (2016) 
Gil-Hutton (2017) 

Pmin vs. a0  
 

using the catalogue 

Catalogue of polarization curves 



Polarimetric light curves of 
(4) Vesta 

 
the albedo shows a 

variation around a value of 
about 0.30 

 
data taken in 1977, 1978, 

1986, 1988 and 2011 

Cellino et al. (2016a) 

Albedo variation on (4) Vesta 



Cellino et al. (2016a) 

Agreement between polarimetry and albedo 

Albedo variation on (4) Vesta 



Cellino et al. (2016a) 

Agreement between polarimetry and albedo 

Albedo variation on (4) Vesta 



Shkuratov (1989) 

Muinonen (2002) 

n = real part index of 
refraction 

 
d = mean distance 

between particles in 
the regolith 

New relationship between parameters 



Gil-Hutton & García-Migani (2017) 

amin provides 
information about the 
texture of the surface 

New relationship between parameters 



Gil-Hutton & García-Migani (2017) 

New relationship between parameters 



Gil-Hutton & García-Migani (2017) 

New relationship between parameters 



23 high - Pmax comets  
 

Pmax ~ 25-30% 
amax ~ 95o 

a0 ~ 22o 

Pmin ~ -1.5% 
amin ~ 10o 

numerical  
fit 

diatomic 
molecules 

Hale-Bopp 

Giacobini-Zinner 

Kiselev et al. (2015) 

Polarimetry of comets 



23 low - Pmax comets  
 

Pmax ~ 8-22% 
amax ~ 90o 

a0 ~ 22o 

Pmin ~ -1.5% 
amin ~ 10o 

numerical  
fit 

diatomic 
molecules 

Hale-Bopp 

Kiselev et al. (2015) 

Polarimetry of comets 



Polarization has a 
strong dependency on 

size 

D < 1000 km 

D > 1000 km 

Methane-ice rich 

Water-ice rich 

Belskaya & Bagnulo (2015) 

Polarimetry of TNOs 



Belskaya & Bagnulo (2015) 

Polarization curve has 
a deep negative value 
at small phase angles. 

 
Thin frost layer of 

water-ice over a dark 
surface can produce 

this result 

Polarimetry of Centaurs 








