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ABSTRACT
Telescopes mounted with polarizers can study the neutral points of the Earth’s atmosphere,
the solar corona, the surface of planets/moons of the Solar system, distant stars, galaxies,
and nebulae. These examples demonstrate well that polarimetry is a useful technique to
gather astronomical information from spatially extended phenomena. There are two enigmatic
celestial objects that can also effectively be studied with imaging polarimetry, namely the
Kordylewski dust clouds (KDCs) positioned around the L4 and L5 triangular Lagrangian
libration points of the Earth–Moon system. Although in 1961 the Polish astronomer Kazimierz
Kordylewski had observed two bright patches near the L5 point with photography, many
astronomers assume that these dust clouds do not exist, because the gravitational perturbation
of the Sun, solar wind, and other planets may disrupt the stabilizing effect of the L4 and L5
Lagrange points of the Earth and Moon. Using ground-born imaging polarimetry, we present
here new observational evidence for the existence of the KDC around the L5 point of the Earth–
Moon system. Excluding artefacts induced by the telescope, cirrus clouds, or condensation
trails of airplanes, the only explanation remains the polarized scattering of sunlight on the
particles collected around the L5 point. By our polarimetric detection of the KDC we think
it is appropriate to reconsider the pioneering photometric observation of Kordylewski. Our
polarimetric evidence is supported by the results of simulation of dust cloud formation in the
L5 point of the Earth–Moon system presented in the first part (Slı́z-Balogh et al. 2018) of this
paper.
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1 INTRODUCTION

In astronomy, the majority of knowledge originates from informa-
tion obtained via light. Although light is a transversally polarized
electromagnetic wave (Azzam & Bashara 1992), astronomical in-
formation is collected mainly with telescopes detecting only the
spectrum (radiance and colour) of the light of celestial objects within
a limited wavelength range without polarization. Due to the polar-
ization insensitivity of the majority of telescope detectors, valuable
astronomical information remains unrevealed/undetected.

Fortunately, a few telescopes are mounted with linear and/or
circular polarizers and can also measure the polarization character-
istics of light of distant celestial objects, not just their spectrum. The
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nearest celestial phenomenon of semi-astronomical importance is
the unpolarized (polarizationally neutral) points of the Earth’s atmo-
sphere, namely the Arago’s, Babinet’s, Brewster’s, and the fourth
neutral points observed first in 1809 (Arago 1811), 1840 (Babinet
1840), 1842 (Brewster 1842, 1847), and 2001 (Horváth et al. 2002).
Nowadays these celestial points are studied with imaging polarime-
try, a very useful technique to gather information from spatially
extended phenomena in the optical environment (Horváth & Varjú
2004; Horváth 2014). Farther targets of astronomical imaging po-
larimetry are the Sun, its planets, and their moons in the Solar system
(Gehrels 1974; Können 1985; Belskaya et al. 2012). Although the
direct sunlight is unpolarized, the solar corona is partially polarized
due to Compton scattering on the electrons of the Sun’s atmosphere
(Können 1985). The polarization pattern of the solar corona can
be measured, if the bright Sun’s disc is artificially occluded by
an opaque disc, or when the Moon occludes it during total solar

C© 2018 The Author(s)
Published by Oxford University Press on behalf of the Royal Astronomical Society

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article-abstract/482/1/762/5114270 by guest on 28 O
ctober 2018

mailto:gh@arago.elte.hu


Kordylewski dust cloud 763

eclipses (Können 1985; Horváth & Varjú 2004). Planets and moons
reflect partially polarized light, from the polarization characteris-
tics of which certain surface features can be revealed that would
be hidden for polarization-blind telescopes. Much farther targets
are various stars, comets, galaxies, and nebulae, the light of which
is originally more or less polarized or becomes polarized due to
interstellar and intergalactic magnetic fields (Gehrels 1974; Marin
et al. 2012; Hadamcik et al. 2014; Reig et al. 2014; Ivanova et al.
2015; Marin et al. 2015; Zejmo et al. 2017).

These examples demonstrate well the usefulness of polarimetry
in astronomy, the targets of which range from the nearest neutral
points of the Earth’s atmosphere up to the farthest nebulae. How-
ever, farther than these neutral points, but nearer than the Sun,
there are two enigmatic celestial objects that can also effectively
be studied with imaging polarimetry, namely the Kordylewski dust
clouds (KDCs) positioned around the L4 and L5 triangular La-
grangian libration points (called simply Lagrange points further on)
of the Earth–Moon system (Steg & De Vries 1966; Szebehely 1967;
Danby 1992). In spite of the fact that in 1961 the Polish astronomer,
Kazimierz Kordylewski had observed the dust cloud near the L5
point with photography (Kordylewski 1961) and photographs have
been taken from the western hemisphere of the Earth confirming the
existence of the KDCs (Simpson 1967), many astronomers do not
believe this (Roosen, Harrington & Jeffreys 1967; Bruman 1969;
Valdes & Freitas 1983; Igenbergs et al. 2012). The skeptics assume
the KDCs do not exist, because the gravitational perturbation of the
Sun, solar wind, and other planets has a too strong destabilizing
effect on the L4 and L5 Lagrange points of the Earth and Moon.
Thus, the existence together with photometric documentation of the
KDCs is considered with disbelief by many astronomers.

Using ground-born imaging polarimetry, in this work we present
the polarization patterns of the KDC observed around the L5 La-
grange point of the Earth–Moon system. We show that these pat-
terns cannot be explained by any other optical phenomena, such
as reflection artefacts within the telescope, cirrus clouds, or con-
densation trails of airplanes. Excluding all possible artefacts, the
only convincing explanation remains the polarized scattering of di-
rect sunlight on dust particles collected in the L5 point. By our
polarimetric observation we present here new optical evidence of
the existence of the KDC, and by this we think it is appropriate to
reconsider the pioneering photometric observation of Kordylewski
(1961). Our polarimetric evidence is supported by the results of
computer simulation of dust cloud formation around the L5 point
of the Earth–Moon system presented in the first part (Slı́z-Balogh
et al. 2018) of this paper.

2 MATERIALS AND METHODS

As the KDCs are a very faint phenomenon, instead of simple pho-
tometry, we applied sequential imaging polarimetry, in which three
necessary polarization pictures are taken one after the other. Our
imaging polarimetric measurements have been performed in the
private observatory of one of the authors (JSB) located in Badac-
sonytördemic (east longitude 17◦28′15′ ′, north latitude 46◦48′27′ ′),
Hungary. We used a Tokina AF 300/2.8 teleobjective equipped with
a Moravian G3–11 000 ABG full-frame CCD camera with a field of
view of 7.5◦ (horizontal) × 5◦ (vertical) with a filter wheel for three
2 inch linearly polarizing filters (Edmund Optics, 43–785, USA),
the transmission axis of which was rotated by 120◦ relative to each
other. At the chosen celestial region, using this imaging polarimet-
ric telescope we took one photograph through each polarizing filter
with an exposure of 180 s. In this work all points of time will be given

as the mean time (middle of the exposure) of the second polariza-
tion picture. These three polarization pictures were evaluated with
the use of the software AlgoNet (http://www.estrato.hu/algonet).
The software computed the radiance I as well as the degree p and
angle α of linear polarization in every pixel of the picture in the red
(650 nm), green (550 nm), and blue (450 nm) part of the visible
spectrum. The evaluated optical data I, p, and α are visualized with
colour-coded two-dimensional distribution sky-maps/patterns in the
three colour channels. Further details of imaging polarimetry and
evaluation of polarization pictures can be found elsewhere (Horváth
& Varjú 2004).

We took polarization pictures of the L5 point of the Earth–Moon
system and its small (7.5◦ × 5◦) surrounding under the following
different conditions: (i) The sky was cloudless; (ii) The studied small
sky region was covered by a thin cirrus cloud; (iii) Condensation
trails of an airplane occurred in this celestial window; (iv) As an
important control, we photographed the same celestial region in the
Taurus constellation through the three polarizers when the L5 point
was not in this window.

To minimize the noise, the camera was cooled to −10◦C and a
dark frame (complementing with bias frame) was used. The dark
frame was subtracted from the image to minimize the effect of noise,
while the rest of the image was unaffected. To avoid the brightness
variation due to vignetting, we used a flat-field correction. For image
processing we used MaxIm DL6. Onto the motor-driven German
Equatorial Fornax 100 Telescope Mount an extremely accurate driv-
ing correction system called Telescope Drive Master (TDM) was
installed.

3 RESULTS

After several-months of perseverance (because it is hard to find
moonless and cloudless good nights in Hungary) we succeeded in
catching the KDC around the L5 Lagrange point on two consecutive
nights. Several photographs were taken on both nights, some of them
were suspected of having thin clouds or vapour in the observation
window. The latter measurements were rejected. Fig. 1 shows the
positions of the Moon and the L5 Lagrange point of the Earth–
Moon system in the plane of the Moon’s orbit when our imaging
polarimetric measurements were taken.

Fig. 2(A) displays the optical information gathered about the
KDC with imaging polarimetry in the green (550 nm) spectral range
at 23:29:67 UT in 2017 August 17. In the colour photograph and the
pattern of radiance I, only a gradual brightening towards the Sun
is visible due to the sunlight scattered by the dust particles. In the
pattern of the degree of polarization p, two diffuse clusters of black
pixels with 10 per cent ≤ p ≤ 20 per cent are discernible: one around
the L5 point and another near the top right corner of the pattern.
Both clusters of red pixels with 81◦ ≤ α ≤ 90◦ are also seen in the
pattern of the angle of polarization α. In the red (650 nm) and blue
(450 nm) spectral ranges the I-, p-, and α-patterns were very similar
to those measured in the green part of the spectrum (Fig. 2A). It
is a very important feature that all local directions of polarization
(short white bars) are perpendicular to the plane of scattering. This
expected characteristic is typical for all scattering phenomena and
proves that around the L5 point many light-scattering centres exist.
These scatterers cannot be anything other than dust particles. Hence,
in Fig. 2(A) the KDC has a bipartite innate structure.

Fig. 2(B) shows the I-, p-, and α-patterns of the KDC around
the L5 point as detected in the green (550 nm) spectral range by
imaging polarimetry at 01:14:15 UT in 2017 August 19. The char-
acteristics of the dust cloud are similar to those in Fig. 2(A) apart
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Figure 1. Positions of the Moon and the L4 and L5 Lagrange points of the Earth–Moon system in the plane of the Moon’s orbit in 2017 August 17 at 23:29:67
UT with 73.0◦ phase angle (A), and in 2017 August 19 at 01:14:15 UT with 87.3◦ phase angle (B). Apart from the Earth and Moon, the relative dimensions are
not to scale. The Sun’s direction is indicated by an arrow. KDC: Kordylewski dust cloud.

Figure 2. (A) Colour photograph, and patterns of radiance I, degree of linear polarization p, and angle of polarization α (clockwise from the scattering plane)
of the sky around the L5 Lagrange point of the Earth–Moon system measured by imaging polarimetry in the green (550 nm) spectral range at 23:29:67 UT in
2017 August 17 (picture centre: RA = 2h12m28.2s, DE = 8◦3′52.6′ ′) (A), and at 01:14:15 UT in 2017 August 19 (RA = 3h11m23.36s, DE = 12◦21′15.38′ ′)
(B). The position of the L5 point is shown by a blue dot. In the α-patterns the short white bars represent the local directions of polarization, while the long
yellow and white straight lines show the scattering plane and the perpendicular plane passing through the centre of the picture, respectively. The Kordylewski
dust cloud is visible in both the p-pattern (clusters of black pixels with 10 per cent ≤ p ≤ 20 per cent) and the α-pattern (red pixels with 81◦ ≤ α ≤ 90◦). The
I-, p-, and α-patterns are very similar in the red (650 nm) and blue (450 nm) spectral ranges. Apart from the perpendicular white and yellow straight lines, the
straight tilted lines in the p- and α-patterns of the B slides are traces of satellites.

from the structure composed of five smaller diffuse clusters with
10 per cent ≤ p ≤ 20 per cent and 81◦ ≤ α ≤ 90◦. This demonstrates
that the structure of the dust cloud may change temporally. Thus,
the KDC might be a dynamic structure as expected on the basis of

computer simulations presented in the first part (Slı́z-Balogh et al.
2018) of this paper.

Fig. 3 shows the frequency of the degree of linear polarization p
(per cent) measured around the L5 Lagrange point in 2017 August
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