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Everything that breaks the symmetry in a 
radiative source or between the source 
and the observer produces polarisation
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ZEEMAN EFFECT

2k hours with FORS1
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http://background.uchicago.edu/~whu/intermediate/polarization/polar1.html

http://background.uchicago.edu/~whu/intermediate/polarization/polar1.html
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Polarimetry may reveal 
features that, if observed in 

“natural light”, would be 
washed out by some effect 

Contrast enhancing technique
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Light emitted by the star is not polarised, while the 
light reflected by the planet is polarised.  

By suppressing the unpolarised light one may be 
able to see the planets orbiting around the star.  
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Polarimetry brings 
information in addition to 

intensity rather than 
alternative to intensity
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Jeong et al. (2015)

Albedo Pmax



Polarimetry at ESO

HARPSpol

EFOSC2

FORS 1/2 SPHERE-ZIMPOL

SPHERE-IRDIS

NaCo

CRIRES+  
(2019)
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• Cassegrain mounted —> no oblique reflections —> no 
spurious polarisation from the telescope 

• Beam swapping technique —> (most) instrumental 
effects cancel out  (optical scheme from Appenzeller 
1967) 

• Multi mode: Imaging polarimetry and spectra-
polarimetry 

• Attached at a large telescope —> faint objects 
• Service mode operations —> monitoring programmes
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“Traditional” polarimetry of  
solar system objects 
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Incident light 
(unpolarized)

Reflected light 
(polarized)

PHASE 
ANGLE

0o < α < 30o-40o

“Traditional” polarimetry of  
solar system objects: 

BBLP vs. phase-angle
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Cellino et al. (2016)
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pV ≈ 0.09 pV ≈ 0.20 pV ≈ 0.50

C-type (carbonaceous)
low albedo (0.03 – 0.10)
large amount of carbon

S-type (silicaceous)
albedo ~ 0. 1- 0.2

iron- or magnesium silicates

E-type 
albedo : 0.25 – 0.60 

(enstatite (MgSiO3) achondrite)

ASTEROIDS POLARIMETRIC CURVES: 
ALBEDO + SURFACE STRUCTURE & COMPOSITION
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Photometry alone cannot tell us whether a spatially unresolved 
asteroid is bright and small, or dark and big


However, polarimetry allows us to measure the albedo, and 
combined with photometry we can measure also the asteroid size 




Main Belt Asteroids

Jupiter Trojans

Jupiter Trojans Near Earth Objects
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Cometary Nuclei



TNOs

Centaurs
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BBLP of Main Belt Asteroids
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BBLP of TNOs

Boehnhardt et al. (2002) 
Bagnulo et al (2008)
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How do we know that 
measurements are accurate?
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BBLP of TNOs  + MB asteroids
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BBLP of Centaur Chiron + MB asteroids



Near Earth Objects
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Reflectance spectra of asteroids 
are classified in taxonomic classes

Bus & Binzel (2002), DeMeo et al. (2009)



Vesta



Vesta
Solar 

Analogue



Vesta
Solar 

Analogue

Reflectance



S. Bagnulo   12 March 2019

SMASS classification of  
reflectance spectra of asteroids

Bus & Binzel (2002), DeMeo et al. (2009)

Taxonomic 
classifications 

have been 
rapidly evolving 

with time 
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The modern B class of asteroids has 
incorporated the older F taxonomic class

Bus & Binzel (2002), DeMeo et al. (2009)

F+B   B
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Tholen (1984)

• F-type differ from B-type                
at λ< 400nm 

• F and B not distinguishable 
with the criteria used in the 
SMASS classification (where 
they are grouped together 
under the B-type umbrella) 

Polarimetrically  
it’s a different story



B-type



B-type

F-type
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133P/Elst-Pizarro

Bagnulo et al. (2010)



B-type

F-type

Comet Hale-Bopp



Comet Hale-Bopp B-type

F-type
Bennu

Cellino et al. (2018)
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Main Belt Asteroids

A new field:  
spectropolarimetry of scattering surfaces
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Polarisation

Reflectance

(433) EROS (S-type)



(236) HONORIA (L-type)

Violation 
of the 

Umov law!

Bagnulo et al. (2015)
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Spectropolarimetry of atmosphere-less 
bodies is trying to tell us something 

(but we do not know yet exactly what) 

It provides constraints that cannot 
longer be ignored



• The component of the electric field along 
the elongated dust grain is absorbed, and 
optical light is polarised in the direction 
perpendicular to the long axis of the dust 
grain 

• At longer wavelengths, emitted light is 
polarised in the direction parallel to it

Polarisation is produced also when light is scattered by dust
even in transmission
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Exploring the ISM

Bagnulo et al. (2018)
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Exploring the ISM

Serkowski law
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Can polarimetry help us to find extra-terrestrial life? 



S. Bagnulo   12 March 2019

Gregory & Raps (1974)
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Wolstencroft et al. (2004)
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Wolstencroft et al. (2004)
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Philodendron

Sterzik et al. (2010)   Bagnulo et al. (2015)
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Chrooccoccidiopsis
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Lucas Patty et al. (2019)
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Lucas Patty et al. (2019)
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Sparks et al. (2005) failed to detect circular 
polarisation on the surface of Mars 

(V/I<0.1%)







Phase angle ~ 90o
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Edge of the FoV

Centre of the FoV

ΔV
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SR 
collimator

HR 
collimator
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Stam (2008)
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Sterzik et al. (2012) 
for detailed modelling see also  

Emde et al. (2017)
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O2 H2O

O2
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O2 H2O

O2
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