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S2kbeli cirksplroabil ®masg rpdntakkge satn g e

B,

4. ébra Az m,, m, tomegh, O korili korpalydkon keringd B;,
B, égitestekkel egyiittforgd 2 dimenziés koordindta-rendszerben
vizsgalt elhanyagolhatéan kis m (€ m,;,m;) tomegi B; por-

szemre haté erék és az egyes tomegpontok helyvektora.



Instabil L , L, ® s ; Lagrange-pontok

Instabil L ;, Lagrange-pont

Instabil L , Lagrange-pont

Instabil L ; Lagrange-pont

5. dbra Az instabil L,, L, és Ls Lagrange-pontok kozelébél
zérus kezddsebességgel inditott egy-egy porrészecske palydjanak
kezdeti szakaszai.
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Instabil L , Lagrange-pont

}l == 0.1

7. dbra A pu > po valasztdssal instabilld tett L, Lagran-

ge-féle libricids pont kozelébdl, a 6. dbra kezdd- és peremfel-

tételeivel megegyezden indulé porrészecske péalydjanak kezdeti
szakasza.



Lagrange-pont

@ &
}.1 =0.01

6. dbra A p < po valasztissal stabilld tett L, Lagrange-
féle libriciés pont kozelébdl nulla kezddsebességgel indulé por-
részecske hurkokbél all6 libriciés palyajanak kezdeti szakasza.



Lagrange-pont

2. dbra A stabil (¢ < o) Ls Lagrange-féle libraciés pont

korili elnyualt, kiirt alaka tartomany a CKHP és az EKHP

esetén, sematikusan ([6,7] alapjan), ahonnan zérus kezddse-

bességgel inditva Bs-t, az librciés mozgast végez L koril. Az
abra méretaranyos.
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8. dbra 900 porszembdl all6, kezdetben egyiittforgé por-

felhd, amelyben a részecskék négyzetes racsban helyezkednek

el, mint a Kordylewski-féle porholdak kialakuldsa szamitogépes

modellezésének egyik lehetséges kezddallapota. Az dbra ezen

porfelhd evoliiciéjdnak kezdeti szakaszdt mutatja a porszemek

palyijanak feltiintetésével. J6l lithatd a kis elmozduldsi por-
szemek alkotta semleges, gytirti alaka zéna.
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A Kordylewski-f ®1 e por hold fotometriai (f

> PORHOLD

8. dbra Az dllandé fényintenzitishoz tartozé gdrbék serege
([8] alapjén) a Fold-Hold rendszerben. Az egyes gérbékhez
tartozd szamok a fényintenzitast mutatjdk magnitidéban. Az
Ly libréciés pont az uin. ellenfény kdzelében van, s ez az el-
lenfény okozza a kézponti kifényesedést. Jél lathaté az Ly sta-
bil librécids pont koriili két kidudorodas a gorbeseregben, ami
a kornyezetnél nagyobb fényintenzitis miatt a bolygdkdzi por
helyi siirlisédésére utal. Elsdnek Kordylewski azonositotta ezt
a két stirlis6dési gécot a Fold porholdjaiként.



AKordylewski-por hol d ®szl el ®s®re tett

Roosen (1966,1968) nem t al 81t por hol dat

Wolff (1967). r ep¢ |l Rg®pr RI f ®nyk®pezve nem

Valdes & Freitag1983 f®ny k®ppel nem tal 8l tak

JapHBE MEN mThold (1992): nem tal & lt ar



Position vectors of components (Sun, Earth, Moon, P: particle) of the studidabfihyuproblem in the barycentric ecliptic cdorate system.

Thex-y plane is the plane of the ecliptic, thaxis points towards the vernal equino, s, 14 I3 .4 andrs, denote the vectors of the Sun

Earth, SuAMoon, Sunparticle, EartiMoon, Earthparticle and Moosparticle, respectively. The particle is in the vicinity domMdiaround the
L5 Lagrange point. The sizes and distances are not to scale.



+0.004

+0.003

+0.002

+0.001

-0.001

-0.002

-0.003

-0.004

+0.004

+0.003 |

+0.002

+0.001 F

-0.001

-0.002 |

-0.003

-0.004

- win L]
i Earth
R
Moon
X
+0.004 +0.002 0 x -0.002 -0.004
Moon
X
°
Earth
+0.004 +0.002 0 X -0.002 -0.004

+0.004

+0.003

+0.002 |

+0.001

Y or

-0.001 |

-0.002

-0.003

-0.004

+0.004

+0.003 1

+0.002 |

-0.001

-0.002

-0.003 -

-0.004

L]
Earth
Moon
X
+0.004 +0.002 0 X -0.002 -0.004
X o
Moon
.
Earth
+0.004 +0.002 0 X -0.002 -0.004
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Karl von Frisch
(18861982)

Karl vonFrisch (1949) Die Polarisation des
Himmelslichtes als orientierender Faktor bei den
Ta@nzen deExperiéhtiab: 1428
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Sun A N Sun B %

L5

KDC

Positions of the Moon and the L5 Lagrange pointofthe Bdthon system i n t he pl7amest20f/ @8:Ies7/UMo
with 73.0 phase angléA), and onl9 August 2017 at 01:14:15 With 87.3 phase angle (BApart from the Earth and Moon, the relative
dimensions are not up to scale. The Sun's direction is indicated by an arrow. KDC: Kordylewski dust cloud.
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(A) Colour photograph, and patterns of radiahagegree of linear polarizatgnand angl e of polarization U (clockwise
Lagrange point of the EaHoon system measured by imaging polarimetry in the green (550 nm) spectral raGgeat7 UT on 17 August 20{picture center: RA =
2h12m28.2s,DE=8' 52 . 6 0 )01:14:A5UT oralf dugastt20(RA = 3h11m23.36s, DE = 2 1 15.380) (B). The positior
I n tphtternslihe short white bars represent the local directions of polarization, while the long yellow and whitdirstsagitaw the scattering plane and the
perpendlcular plane passing through the center of the picture, respectively. The Kordylewski dust cloud is visibleeip-pattetin (conglomerata of black pixels with 10
% O 20 %) -patterd (red pixels with 80 U 9)OThé-Qp- a n dpattérns are very similar in the red (650 nm) and blue (450 nm) spectral ranges. Apart
the perpendicular white and yellow straight lines, the straight tilted lines g the dpattdrns of B are traces of satellites.
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therefore

shows the L5 position at 23:29:67 UT on 17 August 2017 (see Figure 2(A)). (B) Measurement at 21:51:30 UT on 8 June 20tinwiers cloud covered this celestial

(A) As Figure 2 for the measurement performed at 23:43:17 UT on 16 October 2017 when the L5 point was not within tiis/celesti o w ,

window with the L5 point. (C) Measurement at 20:59:58 UT on 15 July 2017 edratensation trailsf an airplane occurred in this celestial window with the L5 point.
Apart from the perpendicular white and yellow straight lines, the straight tilted linespndhe dpattdrns are traces of satellites.
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Southern 6-Aquariids

(A) So would look the Kordylewski dust cloud around the L5 Lagrange point of theMadh system on the night sky at 01:14 &fT 19

August 2017 at the time of its imaging polarimetric measurement and computer modelling, if we could see it with the .n@Eekisdyig. A
with indication of the most famous star constellations and their names.




lllustration (not to scale) of the starry night sky with the Earth, Moon, Sun and the Kordylewski dust cloud at the Lgelpagnaof the Earth
Moon system, if the dust cloud were visible with the naked eye.
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1 INTRODUCTION

ABSTRACT

Since the discovery in 1772 of the triangular Lagrange points L4 and L5 in the gravitational
field of two bodies moving under the sole infi of mutual gravitational forces, S
have found a large number of minor celestial bodies around these points of the Sun-Jupiter,
Sun-Earth, Sun-Mars and Sun-Neptune systems. The L4 and L5 points of the Earth and
Moon might be empty due to the gravitational perturbation of the Sun. However, in 1961, the
Polish Kazimierz the Polish Kazimierz Kordylewski found two bright
patches near the LS point, which might refer to an accumulation of interplanetary particles.
Since then, this formation has been called the Kordylewski dust cloud (KDC). Until now, only
a very few computer simulations have studied the formation and characteristics of the KDC.
To fill this gap, we have i igated a three-di; ional four-body problem consisting of the
Sun, Earth, Moon and onc test particle, 1 860000 times scparately. We mapped the size and
shape of the conglomerate of particles that have not escaped from the system sooner than an
integration time of 3650 d around L5. Polarimetric observations of a possible KDC around L5
will be presented in a following second part to this paper.

TR

polari observational —celestial

Key words: polarization —instr
mechanics — Earth— Moon.

‘What about the vicinities of the Lagrange points L4 and L5 of the
Earth and Moon? Because the mass ratio Q = myjgpa/Mians = 0.0123

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 LS 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 (Sliz-Balogh et al. 2018) of this
paper.

Key words: polarization—instrumentation: polarimeters — methods: observational —celestial

In 1767, Euler discovered three unstable collinear points (L1, L2
and L3). Later, in 1772, Lagrange found two triangular points (L4
and L5) in the gravitational field of two bodies moving under the
sole i of mutual itati forces ( 1967). In
the three-body problem of celestial mechanics, the L4 and L5 La-
grange points are stable in linear approximation, if the mass ratio
Q = Migmgiice/Mygrger Of the two primaries is smaller than Q% = 0.0385
(Murray & Dermott 1999). Astronomers have found a large num-
ber of minor celestial bodies around these points of the planets of
our Solar system and the Sun. The most well-known are the Greek
and Trojan minor planets around the L4 and L5 points of the Sun—
Jupiter system (Schwarz & Dvorak 2012: Schwarz, Funk & Bazsé
2015). Minor planects have also been found around the triangular
Lagrange points of the Sun—Earth (John, Graham & Abell 2015),
Sun-Mars (Christou 2017) and Sun-Neptune systems (Sheppard
&Trujillo 2006).

E-mail: gh@arago.clte.hu

o Mptemr 2018

of the Moon and Earth is smaller than Q% = 0.0385, the L4 and L5
points are theoretically stable. Thus, interplanctary particles with
appropriate velocities could be trapped by them. In spite of this fact,
they might be empty duc to the gravitational perturbation of the Sun.
Taking into account the perturbation of the Sun, the orbits in the
vicinity of the LS point have been computationally investigated in
two dimensions (Sliz, Siili & Kovdcs 2015; Sliz, Kovdcs & Siili
2017). According to the results of these simulations, if test particles
start from the vicinity of the L5 point, their motion will be chaotic.
This chaos is transient, and there are many trajectories that do
not leave the system even for 10° d, and long-existing (for 30—
50 yr) islands form around L5. Thus, although the gravitational
perturbation of the Sun rcally swccm out many trajectorics from
the LS5 point on an le, on a shorter ti 1l
there are also many long-existing trajectories.

In 1961, the Polish astronomer, Kazimierz Kordylewski found
two bright patches near the LS point, which might refer to an ac-
cumulation of dust particles (Kordylewski 1961). Since then, this
hypothetical formation has been called the Kordylewski dust cloud

© 2018 The Author(s)

©ract/80/4s5550, 505 yDlished by Oxford University Press on behalf of the Royal Astronomical Society

mechanics — Earth—Moon.

1 INTRODUCTION

In astronomy, the majority of knowledge originates from informa-
tion obtained via light. Although light is a transversally polarized
electromagnetic wave (Azznm & Bashara 1992), astronomical in-

nearest celestial ph of 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 (Horvith et al. 2002).

formation is collected mainly with tels d g only the
spectrum (radiance and colour) of the light of celestial objecls within
a limited wavelength range without polarization. Due to the polar-
ization |nr«en=mvny of the majority of leleccope deteclon. valuable
ion remains !

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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days these celestial points are studicd with imaging polarime-
try, a very useful technique to gather information from spatially
in the optical envi (Horvith & Varji
2004; Horvmh 2014). Farther targets of astronomical imaging po-
larimetry are the Sun, its planets, and their moons in the Solar system
(Gehrels 1974; Kénnen 1985; Belskaya et al. 2012). Although the
direct sunlight is unpolarized, the solar corona is partially polanud
due to Compton ing on the of the Sun’s
(Konnen 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
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