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ABSTRACT

The spherical and non-spherical dust-grain characteristics of comet Levy 1990 XX are studied in this paper. Using T-matrix theory, a
good theoretical fit to the polarisation data observed by Chernova and co-workers for comet Levy 1990 XX is reported in the present
work. The calculated degree of linear polarisation (p) as a function of observed scattering angle (θ) produced by prolate spheroidal
crystalline olivine particles with eﬀective radius (reﬀ = 0.218 µm), eﬀective variance (veﬀ = 0.0036), and aspect ratio (E = 0.486)
are compatible with the comet’s observed polarisation at λ = 0.485 µm. After comparing the above result with the Mie theory result
(reﬀ = 0.115 µm, veﬀ = 0.0465), it is found that prolate grains give the better fit to the observed polarisation data. Also, the negative
polarisation behaviour of comet Levy 1990 XX is discussed.
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1. Introduction
Polarimetry in the continuum is a good technique for studying
the nature of cometary dust grains. Many authors (Bastien et al.
1986; Kikuchi et al. 1987, 1989; Lamy et al. 1987; Le Borgne
et al. 1987; Mukai et al. 1987; Sen et al. 1991a,b; Das et al.
2004, etc.) have studied the linear and circular polarisation measurements of several comets. Since the last apparition of comet
Halley, observers have been using a set of filters (centred at
λ = 0.365 µm, 0.485 µm, and 0.684 µm) known as IHW
(International Halley Watch) filters to avoid contamination by
line emission.
The space missions to comet Halley made useful in situ measurements and have given important information about the grainmass distribution (Mazets et al. 1987). Lamy et al. (1987) derived the grain-size distribution for Halley by comparing the data
from space crafts Vega I, Vega II, and Giotto and the same grainsize distribution has been used by Das et al. (2004) to explain the
polarimetric behaviour of comet Halley and other comets.
Infrared emission from comets also gives valuable information about the composition of cometary grains and their size
(Gehrz & Ney 1992; Hanner et al. 1994). It has been found that
comet Levy 1990 XX displays a strong silicate feature with a
distinct peak at 11.25 µm, attributed to crystalline olivine grains
(Lynch et al. 1992).
Das et al. (2004) discussed the grain aging of comets by solar radiation for four non-periodic comets (Hyakutake, Austin,
Bradfield, Levy 1990 XX). The authors found an empirical relation between the relative abundance of coarser grains’ index (g)
and perihelion distance (q) of the form g = −2.5q2/3 and commented that comets whose grains are processed more by the solar
radiation do contain a relatively smaller number of finer grains.
From the work of Das et al. (2004), it was found that the grains
of comet Levy 1990 XX are much smaller, as compared to the
grains of Hyakutake, Austin, Bradfield, Hale-Bopp, and Halley.
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It is now generally accepted that, cometary grains are not
spherical and may be irregular or spheroidal in shape. The spherical grain characteristics of comets can be studied using the Mie
scattering theory. One can find polarisation values for light scattered by compact spheres using this theory and can match the
result with observed polarisation data (Sen et al. 1991a,b; Das
et al. 2004). But cometary particles are “fluﬀy aggregates” or
are porous, with irregular shapes (Greenberg & Hage 1990). The
measuring circular polarisation of comet Hale-Bopp (Rosenbush
et al. 1997) also reveals that cometary dust grains must be composed of non-spherical particles. Xing & Hanner (1997) carried out calculations with porous grains of diﬀerent shapes and
sizes with discrete dipole approximation (DDA) method. In order to study the irregular grain properties of comets, T-matrix
theory (Mishchenko 1991, 1998) has been used by many investigators (Kolokolova et al. 1997; Kerola & Larson 2001). Using
T-matrix theory, Kerola & Larson (2001) calculated polarisation
for non-spherical particles and compared the results with the polarimetric measurements of comet Hale-Bopp. They found that
the prolate grains can explain the observed polarisation in a more
satisfactory manner compared to the other shapes.
In this paper, the irregular grain properties of comet
Levy 1990 XX have been studied using Mishchenko’s (1991,
1998) T-matrix code. The results obtained from the T-matrix theory are compared with Mie theory results. The negative polarisation behaviour of comet Levy 1990 XX is also discussed.

2. Grain characteristics of comet Levy 1990 XX
The observed linear polarisation of comets is generally a function of (i) the wavelength of incident light (λ), (ii) the scattering angle, θ (=180◦− Phase angle), (iii) the geometrical shape
and size of the particle, (iv) the composition of dust particles in
terms of the complex values of the refractive index, m (= n − ik).
The shape and size of a spheroid can be specified by the axial ratio, E (=a/b), and the equal- surface-area-sphere radius, rs
(or the equal-volume-sphere radius, rv ). The axial ratio E > 1
for oblate spheroids, E < 1 for prolate spheroids and E = 1
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2.1. The Mie theory

The Mie theory provides an analytic solution to the scattering
problem for spheres and correctly describes the interaction of
light for homogeneous spherical particles of any size in general. Several investigators (Mukai et al. 1987; Sen et al. 1991a,b;
Chernova et al. 1994; Joshi et al. 1997; Kiselev & Velichko
1998) have studied diﬀerent comets and tried to analyse the
dust grain behaviour of comets using the Mie theory. The power
law size distribution has been used for the analysis of polarimetric data, where the minimum and maximum particle radii
are automatically fixed for each and every run merely by specifying the particle’s eﬀective radius (reﬀ ) and eﬀective variance
(veﬀ ). The best-fit polarisation values obtained from the present
work at λ = 0.485 µm are reﬀ = 0.115 µm, veﬀ = 0.0465,
and the χ2 -value for this analysis is found to be 41.6. Also in
the present study, several other combinations involving smaller
sizes (0.10 µm ≤ reﬀ ≤ 0.12 µm) and a range of variances were
tried. But, none of these combinations allowed an overall fitting to the observed data of comet Levy 1990XX. However, it
can be seen from Fig. 1 that the calculated polarisation curve
(reﬀ = 0.115 µm, veﬀ = 0.0465) shows a poor fit to the observed
data, so it can be inferred that the dust grains in comet Levy’s
coma are not perfectly spherical.
2.2. The T-matrix theory

The T-matrix theory is a powerful technique for studying the
non-spherical grain properties in comets. In this paper, calculations were carried out for randomly oriented spheroids using
Mishchenko’s (1998) single-scattering T-matrix code, which is
available at http://www.giss.nasa.gov/ crmim. The best
way to execute the T-matrix program is to use the power-law size
distribution. The main feature of the T-matrix approach is that it
reduces exactly to the Mie theory when the particle is a homogeneous or layered sphere composed of isotropic materials.
Kerola & Larson (2001) studied comet Hale-Bopp using the
T-matrix theory and found best-fit parameters at λ = 0.485 µm
and λ = 0.684 µm using prolate spheroids (reﬀ = 0.216 µm,
veﬀ = 0.0105, E = 0.415). The result for oblate spheroids is also
reported by them, but the result agrees well in the red wavelength
but not simultaneously in blue.
The best-fit polarisation values obtained from the present
work at λ = 0.485 µm are reﬀ = 0.218 µm, veﬀ = 0.0036, and
E = 0.486. Using these parameters, a theoretical polarisation
curve was generated using the T-matrix code and is plotted in
Fig. 1. The χ2 -value for this analysis is 5.22. Thus, it can be seen
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for spheres. The polarimetric data of comet Levy 1990 XX was
taken from Chernova et al. (1993). Since the polarimetric data is
only available at λ = 0.485 µm, our analysis is restricted to that
wavelength. Using the T-matrix theory, Kerola & Larson (2001)
calculated polarisation for irregular particles and compared the
results with the observed polarimetric data of comet Hale-Bopp.
They achieved reasonably good agreement with one set of spherical volume element values of eﬀective radius (reﬀ ), eﬀective
variance (veﬀ ), and E (0.216 µm, 0.0105 and 0.415 respectively)
for prolate spheroids at λ = 0.485 µm and λ = 0.684 µm.
Since olivine grains have been detected in comet Levy 1990 XX
(Lynch et al. 1992), one can assume that the index of refraction
is given by that of olivine (1.63, 0.00003).
After this analysis of the polarimetric data for comet Levy
1990XX using both the Mie and T-matrix theories, we compare
the results with the two theories below.
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Fig. 1. Comparison of the results from the Mie and T-matrix theories.
The solid line and the dotted line represent the best-fit polarisation values for spherical grains and prolate grains obtained from the Mie and
the T-matrix theories, respectively. The Mie theory and T-matrix theory
fits use diﬀerent particle shapes and size ranges as explained in the text.
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Fig. 2. Comparisons of T-matrix calculations using prolate spheroid
grains having eﬀective radius, reﬀ = 0.218 µm and eﬀective variance,
veﬀ = 0.0036 for diﬀerent values of E (=0.475, 0.486, 0.560, 0.720) of
the particle. A curve using the same size distribution for Mie particles
(i.e., E = 1.000) is also shown.

that the polarisation curve for prolate grains agrees well with the
observed data. But, no such good fit has been found for oblate
grains.
Figure 2 shows the polarisation curves at λ = 0.485 µm using
prolate spheroid grains having reﬀ = 0.218 µm and veﬀ = 0.0036
for diﬀerent values of E for the particle. It can be seen that
the curves change for an assortment of E values for prolate
spheroids. A curve using the same size distribution for Mie particles (i.e., E = 1.000) is also shown there.
At this stage, one may note that the fit with the T-matrix
theory is for a very specific prolate shape (E = 0.486) for
all the grains and that their size is very closely centred on
reﬀ = 0.218 µm. In reality, the size distribution measured by
spacecrafts for comet Halley (Mazets et al. 1987) was found to
be much broader than the size range obtained from the present
fit. However, the fit obtained is good, and in that sense, it is possible to reproduce the negative polarisation branch of comets with
prolate grains having these very tight constraints.
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It can be seen from Fig. 2 that there is negative polarisation at
the level of about −90% produced by spherical particles (E = 1)
at a scattering angle of about 145◦ having the size distribution
parameter: reﬀ = 0.218 µm and veﬀ = 0.0036. This result is a
little unusual, since the Mie theory produces positive polarisation with a peak around 90 to 120 degrees in phase angles (or 90
to 60 degrees in scattering angles) and a negative polarisation
branch above about 160 degrees for the scattering angle.
Actually, the discrepancy in Fig. 2 (for E = 1) arises due
to the use of a diﬀerent size distribution parameter. Section 2.1
already discusses that by using the Mie theory the best-fit parameter for spherical grains can only be achieved at reﬀ = 0.115 µm
and veﬀ = 0.0465. Other than this combination of parameters, the Mie theory does not give any satisfactory result, so
for this particular size distribution parameter (reﬀ = 0.218 µm,
veﬀ = 0.0036), prolate grains show a more satisfactory result.
Thus it is clear from Fig. 2 that, when the value of E decreases,
the polarisation curve shifts towards the observed data points and
finally shows the best-fit at E = 0.486.
The simulation to reproduce the observed polarisation of
comet Hale-Bopp as done by Kerola & Larson (2001) produced
a value of −85% negative polarisation (never observed in reality) by spherical particles at a scattering angle of about 125◦ for
reﬀ = 0.216 µm and veﬀ = 0.0105. However, the best-fit was
found only at E = 0.415.
Greenberg & Li (1996) studied interstellar dust polarisation
and found that prolate grains can give more satisfactory results
as compared to other shapes. Actually, prolate spheroids are a
natural result of the process of clumping in the proto-solar nebula
(Kerola & Larson 2001). Thus it has been seen that prolate grains
can give more satisfactory results for comet Hale-Bopp and also
for comet Levy 1990 XX.

3. Discussions
The T-matrix theory is a powerful tool for studying the polarimetric behaviour of comets with non-spherical grains, which
means that the Mie theory will give less accurate results than the
T-matrix theory if grains are not spherical. Also, the χ2 -value
emerging from the Mie theory is 41.6 and the T-matrix theory
is 5.22. It is thus clear that T-matrix calculation gives a better fit to the observed data. In Fig. 1, the expected polarisation
curve is plotted on the observed data points for both spherical
grains (based on the Mie theory) and prolate grains (based on the
T-matrix theory). Thus one can see that prolate grains can give
more satisfactory results for comet Levy 1990 XX. Cometary
grains can also, have other shapes but a simple model is considered in the present work.
The negative polarisation behaviour of a comet is very interesting. Many comets show negative polarisation beyond the
157◦ scattering angle (Kikuchi et al. 1987; Chernova et al. 1993;
Ganesh et al. 1998, etc.). Several investigators (Greenberg &
Hage 1990; Muinonen 1993) have discussed the cause of negative polarisation in comets. The mechanism of coherent back
scattering proposed by Muinonen (1993) was used to explain
the negative polarisation. The fluﬀy aggregate model originally
proposed by Greenberg & Hage (1990) and later adopted by
Xing & Hanner (1997) is also preferred for studying negative
polarisation in comets. Many investigators (Mukai et al. 1987;
Sen et al. 1991a,b; Joshi et al. 1997) generated the expected polarisation curve using the Mie theory that shows negative polarisation beyond 157◦ . It is to be noted that the results obtained from the T-matrix code could not reproduce the negative
polarisation branch observed for comet Hale-Bopp, as seen in
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Kerola & Larson (2001), where the analysis was restricted to
θ ≤ 160◦. They also concluded that a combination of viewing
geometry eﬀects and enhanced multiple scattering might provide
a quantitative explanation of the negative polarisation beyond
160◦ . In the present work, it is also interesting to note that the Tmatrix theory can reproduce the negative polarisation observed
in comet Levy 1990 XX, which Mie can’t. With a very restrictive
set of parameters reﬀ = 0.218 µm, veﬀ = 0.0036, and E = 0.486
at λ = 0.485 µm, one can generate a negative polarisation curve
using T-matrix theory for θ ≥ 157◦ . But it is also important to
study the fluﬀy grains with irregular shapes and enhanced multiple scattering, which may explain the negative polarisation well
in comets, but a systemic approach in this direction was beyond
the scope of the present work.

4. Conclusions
1. The best-fit parameters discovered for the observed polarisation data of comet Levy, at λ = 0.485 µm for prolate
spheroids, are reﬀ = 0.218 µm, veﬀ = 0.0036, and E = 0.486.
2. The χ2 -value for the T-matrix theory is 5.22, whereas the χ2 value is 41.6 for the Mie theory. Thus one can say that the
prolate grains give a better fit to the observed polarisation
data.
3. The expected negative polarisation values have been successfully generated for comet Levy 1990 XX using the
T-matrix theory.
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