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Abstract. The total solar eclipse on 22 July 2009 was observed by team of the Institute
of Astronomy, Bulgarian Academy of Sciences, from the territory of China. The place
for observations was situated at 300 km south-west of Shanghai, 900 m above the sea
level, being close to the central line of totality. We used Fabry-Perot interferometer and
CCD camera to obtain data for circumsolar dust sublimation. The interferograms of the
sky during the eclipse were obtained in the line D of sodium. Using a B/W film and
photo camera we also obtained images of the white-light solar corona for three polarized
filter orientations and the degree of polarized corona was determined. The results are not
consistent with other ones, obtained during the eclipses in the minimum of activity because
of poor meteorological conditions and the observations through the dynamically changing
cloudy layer.
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Haburonenusa Ha II'bJIHOTO CJ'bHYEBO 3aT'bMHEHHE
Ha 22 roamu 2009 r. B Kuraii

H. Ilerpos, II. lyxnes, K. Konesa

IIbamnoro cabrueBo 3arbMmuenne Ha 22 osu 2009 r. 6e nadbomasano or ekun Ha VHcToTyTa
1o acTpoHOMUSsI Iipu Bbyirapckara akagemMust Ha HAyKUTe OT TepuTopusTa Ha Kurait. Msicto-
TO Ha HabIIOHeHUEeTO Oe pasmosoxkeno Ha 300 KM rorozamaguo ot [lamxait, ¢ HagMOpCKa
Bucounna 900 M 1 6s1130 10 TEHTpaJIHATA JIMHKS Ha IIbTs Ha JIyHHATa CSHKa. V3noa3Ban 6e
®abpu-Ilepo narepdepernden punrbp u CCD kamepa 3a perucrpanus Ha CyOJIUMAIUs HaA
IIPAXOBU YACTUIU B OKOJIOC'bHIEBOTO ITPOCTpaHcTBO. [loryyenn Gsxa nHTEpdeporpamMu Ha
HebeTo 1o BpeMe Ha 3aTbMHeHueTo B JuHuaTa D Ha varpus. C nomornira Ha poTokaMepa u
4epHO-0s171 UM GsTXa MOy IeHN M300parkeHns B Osijia CBETIINHA Ha CIbHIEBATA KOPOHA IIPU
TPU OPUEHTAIMH Ha HOJISIPU3AIMOHHNS DUATHD 1 6€ OIpesesieHa CTENeHTa Ha OIS PU3aIHs
Ha KOpoHaTa. Pe3ynrarure He ca CbBMECTHMMM C OHE3H, ITOJIyYEHHU II0 BPpEME HA II'bJIHA
CI'bHYEBH 3aTbMHEHUsI B MUHUMYMa Ha, aKTUBHOCT, [TOPA/IH JIOIIINTE METEOPOJIOTUIHU yCJIO-
BUs U HAOJIIOJEHUATA [IPE3 IUHAMUYHO IIPOMEHSIII ce 0bJIaveH CJION.

1 Introduction

The path of totality of 22 July 2009 solar eclipse crossed India, Bangladesh,
Nepal, Bhutan, Burma, China, and part of the Pacific (Fig. 1).

The first observational task was the registration of the white-light polar-
ized corona for study of its global electron density structure and brightness
distribution. The eclipse gave the unique opportunity to measure the polar-
ization of the solar corona larger than 1.3 solar radii (Rs ) up to 5 Ry, i.e.
in the middle and outer corona. When one uses different exposures, then it
is possible to cover large scale of intensities from the most intensive inner
corona (short exposure times) up to outer coronal layers where the intensity
is rather faint and one has to use long exposure time.
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Fig. 1. Path of the lunar shadow through Asia

The second task in the research programme was observations and study of
the sublimation processes of interplanetary dust close to the Sun. The circum-
solar space is filled with cosmic dust. The well-known optical manifestations
of the interplanetary dust material are zodiacal light and the F-corona. Be-
cause of the very elongated shape of the diffractional scattering indicatrix,
only those dust particles are responsible for the F-corona phenomenon which
is located at heliocentric distances more than about 20 solar radii. Observa-
tions of the innermost part of the circumsolar dust medium are impossible
when using conventional ways. As an indicator of dust regions, we used the
resonance emission of D Na I and low-charge ions, expected to occur by
the dust sublimation near the Sun. It was used a Fabry-Perot etalon with
interference filter centered in D Na (A = 5890.0 — 5895.9 A) lines.

Our team was located in Tianghuangping, about 300 km south-west of
Shanghai (Fig. 2). The duration of the total phase of the eclipse at this place
was 5 min and 41 s. The observations were performed under poor weather
conditions with some low and fast moving clouds.

2 Observations of white-light corona polarization

Tele-objective 5.6/500, linear polarization filter and photographic camera
Zenit with B/W negative film Ilford 100 ASA were used to receive images of
the polarization solar corona. The images were taken with exposure 1/250,
1/125, 1/60, 1/30, 1/15 and 1 sec.

The polarization filter was placed in front of the objective lens and three
positions of the filter at interval of 60 degrees were fixed according to every
exposure time. Unfortunately, the bad weather conditions did not allow to
carry out all planed exposures perfectly. It was impossible to get calibrated
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images by the solar disk with neutral density filter. In this case, for us was
possible to calculate only relative degree of white-light solar corona polar-
ization. The white-light corona images for three angle positions of polarizing
filter, taken with tele-objective and 1 s exposure are shown in the Fig. 3.

Fig. 2. View from Tianghuangping, China, in the day of the eclipse on 22 July 2009

Fig. 3. Images of the white-light solar corona, taken on 22 July 2009 for three positions of
polarizing filter
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We used the method based on photographing of the solar corona by three
positions (0°, 60° and 120°) of the linear polarization filter in order to deter-
mine the polarization of the solar corona. If Iy = I 4, Igo = Ip and I199 = I
are the intensities of radiation, corresponding to the three positions of the
polaroid (Billings [1966]), then:

4
Iy =5[(Ia+Ip + Ic)* = 3(Ialp + Ialc + Iplc)]' (1)

where Ip is the degree of polarization of the corona in that point.

Fig. 4. Isophote map of the polarized corona with the data for the degree of polarization

The polarized corona is presented though a isophote map with the data
for the degree of polarization in Fig. 4. The polarization reaches to 70 %. The
values are not comparative with the results for the solar cycle minimum from
other authors or results from observations during 2006 total solar eclipse
(Kokotanekova et al. [2008]). The isophotes do not have a circular shape,
typical for the period of minimum of the solar cycle. The variety of structural
features are not distinctly seen in the distribution of the polarization. The
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high degree of of the polarization is connected with low and fast moving
clouds during the observations.

Interferometric observations of the eclipsed sky around the Sun are very
suitable for such a study. The first successful observations have been carried
out during the eclipse on February 26, 1998 in Guadeloupe (Gulyaev and
Shcheglov [1999]). Fine emission features present on the obtained image that
is consistent with the K-line, shifted by Doppler effect. Resulting line-of-sight
velocities vary from 200 to 300 kms~!in the heliocentric distance range of
5 to 20 solar radii. The presence of large Doppler shifts is a strong argu-
ment for belonging of the above spectral features just to emission associated
with the sublimating dust. Further, it will be mentioned about discovery of
a new component of the solar corona radiation in addition to well-known
components such as K-, E-, F-, and T-coronas.

3 Interferometric observations of the solar corona

During the expedition in China 2009 the sodium D-line was selected for
observations with a Fabry-Perot interferometric camera. The equipment for
this experiment included a CCD SBIG STL-11000M, objective 50 mm f 1/2.0,

D Na filter with passband FWHM = 20 A.

Figure 5 (right) presents the interferogram of the sky around the Sun
made during the eclipse on 22 July 2009. The exposure time was 120 seconds.
Strongly overexposed image of the solar corona is seen not far from the center
of the frame. It is seen that the emission of D Na is presented at the full area
of the field of view. Fig. 5 (left) presents an image, obtained during twilight
at the National astronomical observatory Rozhen, Bulgaria on 16 July 2009,
taken with the same equipment.

16 July 2009 22 July 2009

night sky twilight ; S during solar eclipse

Fig. 5. Interferograms in the region of the sodium D Na of the twilight sky (left) and the
sky around the Sun during the 2009 eclipse (right)

We made the photometric analysis of the above interferogram. We were
not intended to get a rough estimate (say, to within the order of magnitude)
of the surface brightness of sodium emission regions. For the first time, we
used a CCD detector that is enough sensitive but the sky obscured by clouds
did not allow obtaining of better quality images.
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4 Conclusion

Unfortunately, the absolute photometric standards were absent on the images
of 22 July 2009. In fact, it was impossible to see the planet Mercury, one of
expect sky objects (Fig. 6), on the sky during the totality.

22 July 2009

09:41 LT

Castor
Pollux
Sirius

Procyon

Saturn » !

Fig. 6. Night sky objects position during totality on 22 July 2009 for Tianghuangping,
China

We have investigated the behavior of the polarization in dependence on
the heliocentric distance. The radial distribution of the polarization degree
in different directions and coronal structures (Fig. 4) is not consistent with
the results of previous our observations (Kokotanekova et al. [2008]). Hence,
we can conclude that the polarization is different both as a degree and as a
radial distribution. In the polar areas, the degree of the polarization reaches
just about 20 % on distance around 1.1 - 1.4 Rg. In the equatorial plane,
the maximum polarization is 70 % at 1.1 Rs. Maximal value of the degree
of polarization reaches in the equatorial place of the corona just on the solar
limb. We ascribe these results to the fast moving clouds and the results are not
in good agreement with the data, obtained during other eclipses (Badalyan
et al. [1993], [1997]).

It is known that the strongest emissions of the twilight belong to molec-
ular ions N2+ , to oxygen atoms, and particularly, to the sodium atoms (e.g.,
Chamberlain [1961]). The Na I resonance lines D; and D are of specific in-
terest to us in view of their similarity to the H and K lines of Ca II. D-lines of
sodium exist permanently in the twilight spectrum though their brightness is
subject to latitudinal and seasonal variations. Chamberlain [1961] gives the
following values of the summary brightness of those lines: 1 kR in summer
and 5 kR in winter.
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The study of dynamic and evolution of the solid material penetrating
into the near circumsolar space is significant in terms of cosmogony. This is
essential, in particular, for understanding processes occurring in young pro-
toplanetary systems, discovered around some stars, e.g., § Pictoris (Gulyaev
et al. [2000]). Our technique for investigation of evolution of the sublima-
tion products by resonance emissions of atoms and low-charged ions appears
to be very promising. Extension of observations to resonance lines of other
elements along with sodium and calcium is extremely important.

These observations were a big challenge for the members of the expedition.
In spite of the data quality, limited by weather conditions during the totality,
the observations were very useful and instructive for the effectiveness of the
observational experiments in future expeditions. This practical effort is the
base for more effective methodological and technical preparation of the future
observational tasks.
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