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SUMMARY: Ground-based total solar eclipse observations are still the key

method for coronal investigations.

The question about its white-light degree of

polarization remains unanswered. There are hypotheses claiming that the degree
of polarization in certain regions of the corona may be higher than the maximal
theoretically predicted value determined by Thomson scattering.

‘We present polarization of the white-light solar corona observations obtained
by three different teams during the March 29, 2006 solar total eclipse. We give an
interpretation on how the polarization of the sky impacts brightness of the polarized
solar corona, depending on the landscape during the totality. Moreover, it is shown
that the singular polarization points of the corona are in linear dependence with

the height of the Sun above the horizon.
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1. INTRODUCTION

The investigation of polarized white-light to-
tal solar eclipse (TSE) observations offer a way to
solve problems connected with the physics of the
corona. Theoretical considerations require a knowl-
edge of the polarization both as a function of the
distance from the solar limb and as a function of
the wavelength (Cohn 1938). Comparisons of results
with distributions found by other authors allow esti-

© 2019 The Author(s).

mation of the real accuracy of measurements of the
white-light corona polarization, which is not worse
than £5% (Badalyan et al. 1997). The result is in
accordance with previous reports (Petrov et al. 2010,
Kokotanekova et al. 2007).

Polarization of coronal structures up to 6 solar
radii can also be explored apart of TSEs. (Gulyaev
et al. 2004). We can assume that scattered or re-
flected parasitic light is removed if such observations
are taken at twilight.
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Nowadays, there are hypotheses claiming that
the degree of polarization in certain regions of the
corona may be higher than the maximal, theoreti-
cally predicted, value for polarization by Thomson
scattering (Molodensky 1973). This fact was first re-
vealed by Nikolsky and Sazanov (1970) as a result
of photometric measurements of the eclipse occurred
on September 22, 1968, and supported by Koutchmy
and Schatten (1971) and Sazanov (1973).

Molodensy and Starkova (1996) showed that
two singular polarization points arise in the plane of
the sky when the polarization of the auroral ring is
taken into account. Using their analysis of the eclipse
from March 29, 2006, Koutchmy et al. (2006) iden-
tified these points in the corona in the northeastern
and southwestern directions.

As of the total solar eclipse in 1871 we know
that the light from the solar corona is strongly polar-
ized. Schuster (1879) suggests that the degree of po-
larization is due to the scattering matter in the solar
corona. The question whether this matter originates
from the Sun or it is a result of accretion remains
open since Schwarzschild in 1905 claims that polar-
ized light in the solar corona occurs from Thomson
scattering by free electrons (Ney et al. 1961). This
explanation for the coronal light polarization leads to
the prediction that the direction of the E-vector in
the electromagnetic wave should be tangential to the
center of the solar disk or that the H-vector in the
electromagnetic wave should be in the radial direc-
tion (“the radial polarization”) (Ney et al. 1961). In-
vestigation of the polarization in the coronal FeXIV
530.3 nm, shows that the plane of polarization (H-
vector) significantly deviates from the radial direc-
tion (Badalyan et al. 2002).

Some anomalies in values of the degree and an-
gle of polarization are the reason to continue looking
for answers to the questions on physical mechanisms
that define their nature. In this paper we present the
position of singular polarization points in the solar
corona as determined by three different observational
teams situated on different locations. Our results on
influence of the auroral ring on boundaries of the K
and F components of the solar corona are shown.

2. OBSERVATIONS AND RESULTS

Since the K-corona emission is a result of scat-
tering of photospheric photons on free electrons of
the ionized coronal plasma, this emission is linearly
polarized with the plane of polarization being tan-
gential to the limb (Molodensky et al. 2009). Ob-
servations often show deviations or anomalies in es-
timated values. The method proposed by Moloden-
sky et al. (2009) suggests the influence of the au-
roral ring as the main factor for detected anoma-
lies. The technique consists of different overlapping
images made with various positions of the polaroid.
The singular polarization points show where the in-
tensity of the K-corona equals the sky polarization
emission. Their distance from the solar limb traces
the effective boundary of the sky radiation influence.
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Within this limit we can receive reliable results on
the influence of the sky radiation on the plane of the
polarized corona. Outside the boundaries such cor-
rections cannot be used due to the low signal/noise
ratio. Similar experiments are held using data from
TSE 1994, 1997, 2006 and 2008 and they show that
Sun’s altitude above the horizon during TSE is the
key factor that effects the distance between the sin-
gular polarization points and the center of the solar
disk.

To confirm previous conclusions, we show sin-
gular polarization points determination during the
2006 TSE obtained by three observational squads.
Different teams from France, Bulgaria and Russia
situated on different locations along the totality path
participated in the experiment (Fig. 1). The latitude
of the Sun during the totality for different locations
is: 61°6 (Egypt), 54°1 (Turkey) and 41°7 (Russia).

The Russian expedition organized by the In-
stitute of Terrestrial Magnetism, the Ionosphere, and
Radio Wave Propagation aimed to obtain polariza-
tion images of the white-light corona during the to-
tal solar eclipse on March 29, 2006. The imaging
was carried out by a telescope with D = 75 mm,
F = 750 mm, using a Moskva-b camera with a
60x90 mm frame. The images were taken on the
Kodak Professional Royal Supra 400 VC colour neg-
ative photographic film. The Bulgarian expedition
was organized by the Institute of Astronomy and
NAO, BAS. The observations were carried out by a
telephoto lens 5.6/500, linear polarization filter and
photographic camera Praktica with B/W negative
film Ilford 50 ASA with a 24x36 mm frame. The
French team used digital cameras. To analyze the
polarization of the corona, it is sufficient to have a
set of polarization isophotes for each polaroid posi-
tion or to construct a map of the angle and degree
of polarization at each point. On such a map that
Koutchmy (Molodensky et al. 2009) found an area
with zero polarization within the measurement er-
rors. Fig. 2 shows the positions of the singular points
in the corona from the 2006 TSE after processing.

Total
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®FE| Salloum

Fig. 1. Map of totality during the TSE on March
29, 2006 (credit: timeanddate.com). Blue points are
positions of the observers as follows: El Salloum,
Egypt - French team; Side, Turkey - Bulgarian team;
Baksanskoe Ushchelie, Russia - Russian team.
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Fig. 2.
solar eclipse on March 29, 2006. The images were obtained by research teams from Russia, Bulgaria and
France (from left to right, respectively).

The arrows mark the positions of singular polarization points in the solar corona during the total
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Fig. 3. The dependence of the position of singular polarization points on altitude of the Sun during

observations on the March 29, 2006 TSE from different locations.

The distance from the center of the Sun of sin-
gular polarization points in the solar corona during
the TSE on March 29, 2006 depends on the observa-
tional location. As the latitude of the Sun above the
horizon rises, the singular polarization points move
away from the Sun (Fig. 3). Our measurements from

different locations show different values: Russia —
2.16 R, Turkey — 2.4R¢, and Egypt — 2.9R.

3. CONCLUSION

As the background signal from the sky during
ground-based TSE observations always brings in an
additional scattered light in measurements, we show

that the auroral ring influences these values in obser-
vations of the eclipse on March 29, 2006. The resid-
ual scattered light in the Earth’s atmosphere outside
the Moon shadow is also polarized and it is super-
imposed on the light from the solar corona. Singular
points occur in a two-dimensional plane depending
on dominance of one of the components.

We determine the position of singular polar-
ization points in the corona during TSE on March
29, 2006 using synchronous observations of 3 differ-
ent teams located at 3 different places along the to-
tality path. We find a linear dependence between
the distance from the solar center of singular polar-
ization points and Sun’s altitude. The influence of
the auroral ring on the position of the polarization
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points is still not sufficiently defined because of the
statistically insignificant amount of data. Probably
another factor that should be taken into account is
the peculiarity of the landscape of the observational
spot. We continue our joint efforts in looking for
the answers of the open questions with the obser-
vations of the upcoming TSEs. Our research team
for the July 2, 2019 TSE in Chile is already pre-
pared to collect data for new scientific results on the
current topic. Polarization observations of the TSE
2019 will give us a chance to explore the position
of singular points in the corona when Sun’s altitude
above the horizon is less than 15 degrees. According
to Shaw (1975), the polarization of the sky rapidly
drops when the altitude of the Sun is below 20°. If
the singular points are related to the polarization
of the sky, we expect their distance from the solar
centre to be 1.7Rg. This value is expected if the ob-
server is located nearby large areas of water (e.g. the
ocean). If this expectations are not fulfilled and the
linear dependence is confirmed, the singular points
should be situated at 1.1Rg from the solar centre.
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Cmpyumu wAaHaK

[MTocmarpame Toramaor nompadema CyHIa
ca TOBPIIMHE 3€eMJbe OCTaje KJbYyUHA METOHA Yy
UCTPaRUBaBY KOpoHe. V masse He 3HAMO CTe-
meH noJsapusanuje Gesne ceersocTu Kopowe. Iloc-
TOje XUIIOTe3€ [a je CTEeIeH moJiapu3anuje y Ol-
pebenuMm nenoBmMa KOpOHE BUINM HErO MAKCHU-
MaJIHa TEOPUjCKU IpeaBubheHa BpeaHocT onpebhe-
"a TomconoBuM pacejameM. IIpencraBmamo moc-
Marpama nojapusanuje Oese CBETIOCTU KOPOHE

obaBJibeHA O CTPAHE TPU PA3IUYUTA TUMA TOKOM
ToTaJHOr noMpauvewma CyHna 29. mapra 2006. ro-
muie. Jlanu cmo moryhe objammeme yTuUmaja mo-
Japuzanuje Ha cjaj monapu3oBane kopone CyHna
Yy 3aBUCHOCTH OJ peJbeda TepPEeHa TOKOM IIOMpa-
yema. Ilokazano je m ma Cy mojeqWHAYHE TaUKe
moJiapu3anuje KOPOHe JIMHeaAPHO 3aBUCHE O BU-
cune CyHIa M3HAL XOPU30HTA.
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