
Explanation of the origin 
of circular polarization in comets from 
Rosetta studies of the magnetic field 

in the vicinity of the nucleus of comet 
67P/Churyumov–Gerasimenko
Vera Rosenbush1,2, Ludmilla Kolokolova3, 

Nikolai Kiselev2,4, Thiem Hoang5, Alexander Lazarian6

1 Taras Shevchenko National University of Kyiv, Ukraine,  
2 Main Astronomical Observatory of the NAS of Ukraine, Ukraine,   
3 University of Maryland, USA,
4 Crimean Astrophysical Observatory, Crimea, 
5 Korea Astronomy and Space Science Institute, Korea.   
6 University of Wisconsin, USA



2

Main objectives 

 obtaining observational data

 the origin of circular polarization (CP) in comets

 physical properties of cometary dust particles 

 better understanding of processes occurring in
cometary coma



Telescopes, instrumentation

2.6-m telescope
Crimean Astrophysical Observatory 

(Ukraine)
6-m telescope 

Special Astrophysical Observatory 
(Russia)

SCORPIO-2:  Spectral Camera with Optical 
Reducer  for Photometric and Interferometric
Observations.
full field of view :   6.1′ × 6.1′
image scale:   0.18″/pix
(Afanasiev & Moiseev 2011; Afanasiev & 
Amirkhanyan, 2012 )

Aperture polarimetry

SCORPIO-2

It's very important:
 Analysis of the instrumental  

polarization of CP: it is less than 0.005%.
 Analysis of possible sources of random

and systematic errors. 

Imaging polarimetry,
spectropolarimetry

Aperture polarimeter
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Measurements

C/1999 S4 (LINEAR) – during splitting

Variations of CP with cometocentric distance

near nucleus:
−0.08±0.02%
in shells:
−0.26±0.02%
Left-handed CP

CP=−0.41±0.07%
Left-handed and 
right-handed CP

CP shows systematic, not chaotic, variations over the coma

Aperture CP polarimetry

C/1995 O1 (Hale–Bopp) – the first measurements with high accuracy
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Our  results are consistent with those obtained by Manset & Bastien [2000].

Measurements



2012, Apr. 21,   r = 2.23 au,   ∆ = 1.96 au,   α = 26.8°,   filter R

There are temporary changes in CP

2012, Feb 14,   r =1.71 au,   ∆ =1.38 au,   α =35.2°,   filter R

–0.06 ± 0.02% 

Circular 
polarization

Circular 
polarization

2012, Apr. 23
Michael Jager

2012, Feb. 14
Rolando Ligustri

C/2009 P1 (Garradd)

–(0.13÷0.42) ± 0.02% 
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Imaging CP polarimetry



C/2011 R1 (McNaught)
2013, May 15–16 
r =3.16 au, 
∆=2.32 au, 
α=12.2°, 
R filter

Intensity

Linear 
polarization

Circular 
polarization

–1.2 ± 0.04% 

–0.06 ± 0.01% 
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Imaging CP polarimetry



29P/Schwassmann-Wachmann 1

Intensity

Linear 
polarization

Circular 
polarization –0.05 ± 0.01% 

–2 ± 0.1% 

–6 ± 0.1% 

–0.05 ± 0.01% 

jet

2012, Feb 14, r =6.26 au, ∆ =5.51 au, α =6.3°, filter λ6840 Å 
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290P/Jager (2014)

Intensity

Linear 
polarization

Circular 
polarization

–0.01 ± 0.02% 

1.5 ± 0.04% 

0.3 ± 0.02% 

2014, Mar 24−26, r = 2.15 au, ∆ = 1.78 au, α = 27.3°, filter λ6840 Å 
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In summary, our measurements show that:
 most comets show CP at the level of hundredths and tenths of percent

(from 0.01% to 0.8%);
 some comets show almost zero CP, including comet 67P/C-G;
 CP varies over the coma in the different way:  in the near-nucleus area,

CP is usually smaller than in the outer coma;  
 there are temporal variations in the degree of CP.
 predominantly left-handed CP is detected for all comets, although  

right-handed CP was also observed. 

Summary of observations
Up to now, CP is measured in 18 comets. 

Theoretical and computational tools are needed to explain 
forming  CP in comets and especially its left-handed nature.
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What causes circular polarization?
CP can appear only under specific asymmetry

To explain CP in astronomical objects, the following 
mechanisms are usually suggested for its formation:

 asymmetry of medium where multiple light scattering can occur; 
 asymmetry in shape or structure of particles, i.e. intrinsic mirror

asymmetry (e.g. domination of aggregates or crystals of specific asymmetry);

 asymmetry of organic molecules of a specific chirality
(left-handed or right-handed ) (e.g. homochirality of biological molecules;
all amino acids of biological origin are left-handed, while all sugars are right-handed);

 asymmetry in orientation of non-spherical dust particles  
(e.g. alignment of particles by gas flow, or some field, or regular structures on surface).

All indicated mechanisms face difficulties when applied 
to describe the observed CP in comets. 
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What may cause circular polarization 
in comets?

Multiple scattering in comets?  
Two conditions:

– spatial distribution of dust particles must be asymmetric, 
otherwise left-handed CP will be equal to right-handed CP;

– significant optical thickness τ of dust is necessary so that
multiple scattering can occur (τ > 0.3, according to van de Hulst).

Comet Halley: τ ∼ 0.28  at  6500 km (Keller et al. 1987); 
τ ∼ 0.92  at  500 km (Dollfus & Suchail 1987); 
CP ≈ 0.4% (Dollfus & Suchail 1987); 

Comet Hale-Bopp: τ > 1  at  100 km (Fernandez et al. 1999); 
τ ∼ 0.3  at  10000 km (Rosenbush et al. 1997); 
CP ≈ 0.1÷0.3%.
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Multiple scattering in comets may be only for very 
bright comets (e.g., Guriado and Moreno 2008; Rosenbush et al. 2007)



 Domination of organic molecules of specific chirality?
Complex organics is observed in comets. Detection of left-handed CP 
in comets could testify in favor of optically active matter in comets
(Kolokolova et al. 2011; Rosenbush et al. 2007).

However, model calculations for optically active particles, such as 
chlorophyll, and laboratory experiments showed that even particles 
made of pure homochiral organics have values of CP much smaller 
than the observed (Sephton 2002; Mackowski et al. 2011;  Kolokolova et al. 2011; 
Nagdimunov et al. 2013).
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What may cause circular polarization 
in comets?

 Domination of particles of specific mirror asymmetry
in the coma? 

In general, it is possibly, but now we don’t know any mechanism, 
which could form in comets particles with intrinsic asymmetry of 
shape and structure. (Guirado, Hovenier & Moreno 2007).



Alignment of cometary dust particles
 Alignment by gas flow drag (Dollfus & Suchail 1987; Rosenbush et al. 1997). 

Non-spherical dust particles align with long axis parallel to gas flow. 

 Radiative torque  (Dolginov & Mytrophanov 1976).

Particles align due to difference in a number of scattered left- and right-
polarized photons. Particles align with long axis perpendicular to incident light. 
Due to scattering geometry, averaging over all particle orientations produces 
zero circular polarization.
Radiative torque can work only in the presence of magnetic or electric fields, 
which can create asymmetry.
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This mechanism does not work at distances 
ρ > ∼10–20 radii of nucleus, where there is no 
interaction of gas and dust and cannot support 
dust alignment. 



Alignment  in solar magnetic field
Solar wind carries flow of charged particles and magnetic field. 
This magnetic field is unable to penetrate the cometary coma. 
Interaction of magnetic field with cometary plasma creates 
magnetic-free region (bubble) called diamagnetic cavity.

Comet 1P/Halley (Giotto/VeGa)
The first confirmation of existence of diamagnetic cavity at a 
comet was obtained for comet Halley. It was located at 4760 km
inbound and 3840 km outbound from the nucleus, i.e. greater 
than expected (Neubauer et al. 1986, 1987)

According to these results, alignment in the solar magnetic 
field cannot explain CP observed at small (< ∼1000 km) 
distances  from the nucleus. 
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New results from Rosetta
67P/Churyumov–Gerasimenko (Goetz et al. 2016; Koenders et al. 2016)

Cavity boundary distance 
vs gas production rate

Cavity boundary distance 
vs heliocentric distance 
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Magnetic field-free bubble at 67P/C-G  Discovery of diamagnetic cavity

2. Predicted size of diamagnetic cavity by numerical simulations is ∼25–50
km from the nucleus (Hansen et al. 2007; Rubin et al. 2012; Koenders et al. 2015).
Measured is hundreds and even dozens of kilometers from the nucleus
(Goetz et al. 2016), 

3. 4.  

Cavity is unstable 
and expands as gas 
production rate 
increases

1. The nucleus has no own magnetic field
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Using gas production rate of the comet and its heliocentric distance for 
the time of CP observations, we estimated the diamagnetic cavity 
boundary for some observed comets. 

Distance from the nucleus of diamagnetic cavity 
boundary for some observed comets                                  
1P/Halley 2930 km
C/1969 T1 (Tago-Sato-Kosaka) 470 km
C/1995 O1 (Hale-Bopp) 15000 km
C/2001 Q4 (NEAT) 813 km
9P/Tempel 1 96 km
73P/Schwassmann-Wachmann 3 85 km
8P/Tuttle 87 km
290P/Jager 8 km
C/2012 K1 (PanSTARRS) 600 km

Diamagnetic cavity boundary 
for observed comets

Solar magnetic field can penetrate to distance of dozens of 
kilometers from the nucleus and thus can be responsible for 
alignment of dust particles in areas where CP was observed.

In all cases, except 
comets Halley and 
Hale-Bopp, 
diamagnetic cavity 
had size smaller than 
1000 km. 



Koenders et al. (2015) and  Kolokolova et al. (2016) modeled shape 
of diamagnetic cavity for comet 67P/C-G at the perihelion and 
shown its complex shape which depends on comet activity. 
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Comet 67P/C-G: complexity and instability 
of diamagnetic cavity 

Distribution of CP over the coma, produced by alignment 
of dust particles in the solar magnetic field, can be very 
complex and has different sign of CP. 



Conclusions
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The most efficient mechanism of dust alignment is combination 
of radiative torque and solar magnetic field.

For all comets, where CP was measured, the diamagnetic cavity 
had a size smaller than 1000 km, except comets Halley and 
Hale–Bopp.

Size of diamagnetic cavity calculated for conditions of comet 
67P/C-G was hundreds  or even dozens kilometers. 

Complexity of the shape of diamagnetic cavity may result in 
complex distribution of CP over the coma or even its sign.
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Summary of observations

Various types of behavior of CP in comets have been observed, 
often with non-zero values starting very close to the nucleus. 
However, a number of comets has zero CP, including comets 
67P/C-G and 2P/Encke. 

Comet Year Pc ± σPc,  % Phase angle
1P/Halley 1986 (+0.3÷−0.5)±0.15 22−41
C/1995 O1 (Hale–Bopp) 1997 (+0.2÷−0.26)±0.02 40−47
C/1999 S4 (LINEAR) 2000 (+0.7 ÷−0.8)±0.07 61−122
C/2001 Q4 (NEAT) 2005 −0.1±0.05 75–77
73P/Sch.–Wach.  3 (B) 2006 −0.2±0.2 92
8P/Tuttle 2008 −0.60±0.07 67.6
9P/Tempel 1 2005 −0.05±0.02 41.2
C/2009 P1 (Garradd) 2012 (−0.06÷−0.4)±0.02 36, 27
29P/Sch.–Wach. 1 2012 −0.05±0.01 6.2
2012 S1 (ISON) 2013 not treated 57.6
C/2011 L4 (PanSTARRS) 2013 −0.02±0.01 35.8
C/2011 R1 (McNaught) 2013 −0.06±0.01 12.2
2P/Encke 2013 ~0 108.8
290P/Jager 2014 −0.01±0.02 27.2
C/2012 K1 (PanSTARRS) 2014 −0.02±0.02 20.8
2014 Q3 (Borisov) 2014 −0.02±0.01 36.4
108P/Ciffreo 2014 −0.005±0.02 10.6
C/2014 W2 (PanSTARRS) 2015 not treated 18.8
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