
Some fundamental problems in current 
asteroid science:

� The determination of asteroid masses and densities

� The measurement of asteroid sizes and shapes

� The determination of the relation between composition

and taxonomic classification

� The physical characterization of potential Earth impactors

In all the above problems a crucial
role is played by the problem of
determining asteroid albedos



The Thermal Radiometry technique. 
Good for sizes, less good for albedo.



The derivation of the Albedo from polarimetric
properties: the “slope – albedo law”.



The derivation of the Albedo from polarimetric
properties: the classical “slope – albedo law”.
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Different authors are using different values for the C1 and C2

coefficients:

� C
1
= -1.0 C

2
= -1.78 (Zellner et al., 1974)

� C
1
= -0.983 ± 0.082 C

2
= -1.731 ± 0.066 (Lupishko & Mohamed, 1996)

� C
1
= -1.118 ± 0.071 C

2
= -1.779 ± 0.062 (Cellino et al., 1999)

� C
1
= -0.970 ± 0.071 C

2
= -1.677 ± 0.083 (Cellino et al., 2012)

Among them, only the latter two ones were derived using thermal IR data reduced

using the (H,G) system, which takes into account the opposition brightness surge at

zero phase.

It is urgent to converge to a new and unique choice
choice of C

1
and C

2



The slope-albedo relation must be recalibrated using only high-quality V-
band polarimetry of asteroids having accurately derived albedos. The best
target list at present is the one by Shevchenko and Tedesco (2006), including objects

whose albedos were derived from both occultation and in situ (four objects) size

measurements, coupled with accurate estimates of absolute magnitudes (obtained

using H,G).

First objects of the Shevchenko & Tedesco (2006) list

An updated list is going to be produced soon using a larger data-set



We have used all the polarimetric measurements

available in the literature for asteroids belonging

to the Shevchenko & Tedesco list, and a number

of previously unpublished data obtained by us at

the CASLEO observatory (Argentina)

• We limit our analysis to polarimetric

measurements obtained in the standard V

filter.

• we only use values of linear polarization Pr

having nominal errors less than 0.2.

• We use only polarimetric measurements

obtained at phase angles larger than or equal

to 14 degrees of phase, a value generally well

beyond the phase corresponding to Pmin, and

in a region of the negative polarization branch

where Pr starts to increase linearly with phase.

• We require to have at least 5 available

measurements, and that the interval of phase

angles covered by the data is not less than 3

degrees.
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The phase – polarization

curves of asteroids can

be adequately fit by a

exponential – linear

relation:

Where α is the phase angle 

and a, b, c are three 

parameters to be determined 

by best-fit procedures

This allows us to better determine “old” parameters like
Pmin and h, and also to build new polarimetric parameters







This is what “normal” asteroids do...



... And these are  
Barbarians, so-
called after the 
prototype, (234) 
Barbara (Cellino 
et al., 2006).

Strong negative 
polarization around 
20° of phase.

Very high values of 
the inversion angle!

Only six objects 
mentioned in the 
literature until a few 
months ago.



Sunshine et al., 2008, Science, 320, 514
To model the available near-IR

spectra of spinel-rich

asteroids, it is necessary to

assume abundances of the

order of up to 30% of CAI

material on the surface.

This extreme abundance,

which causes a high refractive

index, might also be

responsible for the anomalous

polarization properties. Such

high CAI abundances have

never been found in meteorite

on Earth (so far, the richest CAI

abundance, found on CV3

meteorites, is about 10 per

cent).

Therefore, Sunshine et al.

(2008) conclude that spinel –

rich asteroids “might be more

ancient than any known

sample in our meteorite

collection, making them prime

candidates for sample return’

missions”.Spinel: [Fe,Mg]Al
2
O

4
abundant in Calcium-

Aluminum rich Inclusions (CAI)
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Phase-polarization data (in R light) for the targets of our investigation, compared with the polarization

curves (in V light) of the (234) Barbara, and of (12) Victoria, a large L-class asteroid which does not

exhibit the Barbarian behaviour. Black symbols: the seven targets exhibiting the Barbarian polarimetric

behaviour; red symbols: our two targets that display a ‘normal’ polarimetric behaviour; small blue

symbols and blue curve: available data for (234) Barbara (Masiero & Cellino 2009), and the corresponding

best-fitting curve using the linear exponential relation Pr = A[eα/B − 1] + C · α, where α is the phase angle

in degrees; dashed green curve: the best-fitting curve for the L-class asteroid (12) Victoria (for the sake

of clearness, individual observations of this asteroid are not shown).

7 out of 9 observed 
Watsonia members 
are Barbarians ! 



Current list of known Barbarians

Id Taxonomic classification

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

(234) Barbara Ld / L

(172) Baucis L / -

(236) Honoria L / L

(387) Aquitania L / L

(402) Chloe K / L

(599) Luisa K / L

(679) Pax K / L

(729) Watsonia L / L

(980) Anacostia L / -

(5492) Thoma (Watsonia family member) L / -

(42365), (56233), (106059), (106061),

(144854), (236408) 

(Watsonia family members)

Unknown



The next step:

Linking remote-

sensing polarization 

measurements to 

local surface 

properties observed 

in situ, by 

computation of sub-

Earth points at the 

epochs of ground-

based observations.

The case of (4) Vesta







Summary and Questions (1)

• We have now new coefficients for the classical slope-

- albedo slope. New, useful polarimetric parameters, can

also be used to derive reliable albedo estimates.

• We will produce soon an updated list of calibration

asteroids, using currently available sizes coming from

occultation observations, and absolute magnitudes

in the new H, G1, G2 photometric system.

• DAWN observations of Vesta can provide a first “ground

truth” for the calibration of the polarimetry – albedo

relations.



Summary and Questions (2)
• Why are Barbarians so rare? What’s their origin?

• Polarimetric behaviour very likely linked to spinel abundance

•The Watsonia family is a Barbarian repository

• The Barbarian properties are not limited to the surface

of the objects. The parent body of Watsonia was “homogeneously

Barbarian”. (A really wild asteroid!)

• Is the Watsonia family the result of a second-generation impact

involving a parent body which was possibly, a first-generation

member of a much older, and now dispersed, family?

• Polarimetry and Spectroscopy nicely complement each other!

• See Bagnulo’s presentation to better understand the advantages of

a marriage of Spectroscopy and Polarimetry!


