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Coincidence between comets and asteroids is absolutely strange.



Does the coincidence in polarization profiles of comets and C-
type asteroids mean that cometary dust particles are similar to 
regolith particles?

Obvious distinction between coma and regolith is the number 
density of particles. The fluffiest regolith remains substantially 
more compact medium than the densest cometary coma. In 
terms of light scattering, it implies difference in contribution of 
multiple scattering. 

Rigorous computation of multiple scattering in dense medium of 
the micron-sized particles is a difficult problem. 

However, the contribution of multiple scattering could be derived 
from comparative experimental study of light scattering by 
independent dust particles and regoliths made of those particles. 

Such an investigation of multiple scattering in regolith was done 
in Shkuratov et al., 2004; 2006. Brief description of those works 
is as follows.



Set of 10 various samples was measured using the 
nephelometer of University of Amsterdam (The Netherlands) and 
photometer/polarimeter of Kharkov National University 
(Ukraine). 

In the former case, independently scattering sample particles 
have been investigated; whereas, in the later case, the same 
particles but deposited on a surface were studied. 

In Shkuratov et al. (2004), the regolith-like surfaces have been 
studied in the range of phase angles from 0 to 17 degrees; 
whereas, in Shkuratov et al. (2006), the range of phase angles 
was extended up to 60 degrees.

By comparison of those two results, one can study the 
contribution multiple scattering into light scattering by regolith. 
as was found, multiple scattering substantially depolarizes the 
radiation. 



Scattering by single particles and regolith made of those particles.



Scattering by single particles and regolith made of those particles.



Does the coincidence in polarization profiles of comets and C-
type asteroids mean that cometary dust particles are similar to 
regolith particles?

No. Instead, it must indicate a dramatic difference in the 
physical properties of particles.

However, it is very hard to believe this conclusion… Indeed:

1. interplanetary dust particles (IDPs) originated from comets
are quite similar to those originated from asteroids (e.g., 
Brownlee et al., 1993; Brownlee and Joswiak, 1995);

2. featureless visible spectra, color, low albedo, and surface 
morphology of cometary nuclei are typically similar to C-type and 
D-type asteroids (Weissman et al., 2001; also, compare images 
in Veverka et al., 1997 and A’Hearn, 2006).

Therefore, it has to be another explanation for the coincidence 
between negative polarization branches of comets and asteroids.



In order to understand, what is the reason for coincidence of 
NPB by comets and C-type asteroids, it is necessary to see the 
variations of the negative polarization through coma.
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Imaging polarimetry reveals two noticeable features in coma:

Jets (only positive polarization through all 
the phase angles)

Circumnuclear Halo (high negative and low positive 
polarization; a few thousands km)

data adopted from Hadamcik and Levasseur-Regourd, 2003



Synthetic phase dependence of the degree of linear polarization 
of cometary circumnuclear haloes.

High jet-activity hides 
circumnuclear haloes.

It causes a difficulty 
in ground-based 
observations of halo 
at large phase angles. 
However, polarimetric
data obtained from 
space mission Giotto 
could be used.

One can estimate the 
maximum of positive 
polarization about 
12% located at 60°.



Interpretation of angular profiles of the degree of linear 
polarization of circumnuclear haloes. 

data adopted from Zubko et al., 2009



Interpretation of angular profiles of the degree of linear 
polarization of circumnuclear haloes. 

(1) Deep branch of the negative polarization (-6%) in cometary
circumnuclear haloes implies low absorption in dust particles. 
Imaginary part of refractive index could be estimated Im(m) 
≤ 0.02. 
In practice it means an absence of highly absorbing CHON 
particles in the haloes.

(2) High negative polarization strongly correlates with low 
positive polarization and a shift of maximum of positive 
polarization toward zero phase angle. 
In practice, it means that the polarimetric measurements in 
vicinity of nuclei 1P/Halley and 26P/Grigg-Skjellerup carried 
out by Giotto space probe are indeed related to the haloes.

(3) Geometric albedo of dust particles forming the haloes could a 
few times higher than the average value through coma.



(4) In Hadamcik and Levasseur-Regourd (2003), basing on high 
negative polarization in haloes , the compact structure of 
dust particles was suggested. However, the meaning of term 
“compact” was not quantitatively specified.   
In Zubko et al. (2008), the impact of packing density on light 
scattering by irregularly shaped particles has been studied. 
As was found, in the case of aggregate particles with 
constituent grains at x = 3–4, a decrease of the packing 
density from 1 to 0.2 does not change dramatically the 
amplitude of the negative polarization. However, it does 
change amplitude of positive polarization. Therefore, in order 
to derive packing density, one can study ratio of Pmax to 
|Pmin|. Since agglomerated debris particles may fit 
simultaneously both Pmax and |Pmin| in haloes (Zubko et al., 
2009), one can estimate the material density of particles in 
cometary circumnuclear haloes about 0.7 g/cm3.



Traces of high negative polarization produced by circumnuclear
haloes in aperture-averaged polarimetric observations of comets. 

When geocentric distance Δ
is rather small, one can 
measure inner part of coma.

An example is comet C/2000 
WM1 (LINEAR) studied by K. 
Jockers and N. Kiselev in 
December, 2001. 

At  α=13.7° and Δ=0.387 
AU, size of the aperture was 
3100 × 3100 km.

However, an unexpected 
and unusual negative 
polarization may scare the 
observers.





Despite the doubt in data for comet C/2000 WM1 (LINEAR), 
it is used if necessary. 



Imaging photo-polarimetry of comet C/1995 O1 (Hale-Bopp). 

Size of image side is 38000 km



Imaging photo-polarimetry of comet C/1995 O1 (Hale-Bopp). 

Size of image side is 50300 km



Imaging photo-polarimetry of comet C/1995 O1 (Hale-Bopp). 

Size of image side is 82000 km



Imaging photo-polarimetry of comet 81P/Wild. 

Size of image side is 9000 km



Imaging photo-polarimetry of comet 22P/Kopff. 

Size of image side is 4400 km



Summary on cometary jets. 

(1) Jets are highly collimated fluxes of dust particles. The outflow
velocity of dust particles in jets could be as high as a few 
hundreds of meters per second.

(2) In the case of comets studied by spacecraft, one can connect 
the jets observed in vicinity of nuclei and some jets seen in 
ground-based observations. 

(3) In situ measurements show presence in jets super-volatiles 
CO and CO2 gases. These gases sublime at quite low 
temperatures < 20 K and < 50 K, correspondingly. 
Therefore, presence of super-volatiles could indicate that jets 
are originated from deep undersurface layer.

(4) High jet-activity hides a circumnuclear halo. It implies that 
number of particles in halo is substantially less than in jets.

(5) Degree of linear polarization in jets is positive through all the 
phase angles. 



Phase dependences of the degree of linear polarization in 
cometary circumnuclear haloes and jets. 

Interpretation of positive polarization in jets is a difficult task.



Like in the case of haloes, traces of high positive polarization
produced by jets can be also found in aperture-averaged 
polarimetry of comets. 

The effect produced by jets is more pronounced when area of 
signal integration is small. Below is the time-dependence of 
polarization in inner coma of comet 9P/Tempel before DI event.



Imaging photo-polarimetry of comet 9P/Tempel during 
the Deep Impact event. 

Outburst caused by the impact have increased the positive 
polarization in coma, which is qualitatively consistent with jets.



Photo-polarimetry of nucleus of comet 2P/Encke. 

The cometary nucleus is essentially red in appearance.



Photo-polarimetry of nucleus of comet 2P/Encke. 

The negative polarization of the nucleus 2P/Encke visibly differs 
from that of C-type asteroids.
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