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SEARCH AND INVESTIGATION OF COLD EMISSION IN THE SOLAR
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The cold coronal emission was revealed during the interferometric observations of the solar
eclipse. The emission weak lines of H, 6563 A and K Call 3933 A and the coronal line Fe XIV
5303 A were used. The cold region was inhomogeneous by its characteristics. Temperature and

motions were determined in it.
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The solar corona is known to be a hot plasma phe-
nomenon with the electron temperature 7' > 1 x 10% K
and low density n, < 107® em™3. It is observed in lines
of high ionized elements in wide spectral region. The
strongest coronal lines in the visible spectrum are the
lines of Fe X (X 6374 A), Fe XIV (A 5303 A), and Ca XV
(A 6374 A) with 7= (1—3) x 10° K. However, since 1868,
a faint H,-emission in the corona, having 7' ~ (10*—10°)
K, has been observed more than once during and out of
the solar eclipses from the Earth. A review of the results
of the cold corona investigations is given in [1]. Successful
observations of the cold corona were also obtained in [2—
4]. Modern X-ray and EUV space observations also show
that the corona is very dynamic and inhomogeneous by
its structure [5].

The aim of this investigation was to search the cold
coronal emission during the solar eclipse on August 11,
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1999 and to detect its temperature. The observations
were carried out in Bulgaria on the Black seashore. A
horizontal solar instrument, consisting of two coelostat
mirrors, feeding two parallel tubes with identical optical
and signal registration systems, was used to photograph
the solar corona in three wavelengths. This installation,
assembled in Sternberg Institute, was exploited for the
first time during the observations in August of 1999. The
Fabry—Perot interferometers for the H,, K Call and Fe
XIV lines together with the corresponding interference
filters were employed, two of them were replaced conse-
quently in one tube. The interference filters with the full
widths of 15 A for the Fe XIV and H, lines and 40 A
for the K Call line were used as the premonochroma-
tors. The observations, instrument and the method of
the treatment are described in more details in [6].
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Fig. 1. Schematic drawing of the location of the prominences (a) and Ha, 10 s (b), and K Call, 10 s (c, d) interferograms
of the solar corona during the eclipse on 11 August, 1999. CCE is the cold coronal emission. The north is on the top and the

west is on the left.
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The negatives were digitized and the conversion into
the intensities was performed by using the characteristic
curve approximated by a ratio of polynomials. In Fig-
ure 1 a schematic drawing of the locations of the promi-
nences, seen in H, (according to data from Internet and
observations on Crimea observatory on August 11), and
interferograms in two AX are shown. For the convenience
the prominences were numbered. The numbers on the
interferograms (Fig. 1 b, ¢) indicate approximately the
position angles of the corresponding prominences. The
differences between the locations (or intensities), seen in
H, and K Ca II, are possibly caused by differences of the
time moments during the full eclipse phase. K Ca II in-
terferogram was photographed in the first half of the to-
tality and H, and green ones were photographed during
the second half of the eclipse, when the west prominences
became visible.

The emission on the H, and K Ca II interferograms
has been revealed to be more intense in the places, where
H,-prominences were situated, but there were the inter-
ference rings in the site CCE (Fig. 1 b, ¢), where no
prominence was observed. We consider these regions as
those of the so-called “weak H,-emission” and named
them “CCE” (cold coronal emission). The H, and K Ca
IT CCE-s coinside by their locations. We believe that
these CCE-s can not be artificial images caused by some
light scattering in the instrument, because the H, and
K Ca II interferograms were taken independently on the
different optical tubes and with different inclinations of
the corresponding interference filters and Fabry—Perot
interferometers. In Figure 1 d the K Ca II CCE is shown
in a larger scale. A fine structure is distinctly seen.

The centers of the H, and K Ca II interferograms
were found to be correspondingly near the prominence
4 (Fig. 1 b) and in the centre of the solar disk (Fig. 1¢),
that is why the H, and K Ca II interference rings are
turned relatively to each other in the CCE region. But
we believe that we see the same coronal bulk in the H,,
and K Ca II lines and consider the mean characteristics
over this volume. Using a special program of treatment,
about 16 radial cross-cuts from the centres of the in-
terferogram pictures throuth the more intense K Ca II
details and at the same H, sites were made and 62 and
69 line profiles of different coronal features were obtained
correspondingly in H, and K Ca II. The Doppler widths
AXDR°”® of the line profiles and shifts with respect to the
average ring positions were measured, which allowed to
investigate the motions in the coronal plasma. The ob-
served widths A/\DObs were corrected for the instrumen-
tal broadening. The corrected Doppler widths AAp of an
optically thin line is related to the temperature 7' and
turbulent velocity & by the equation

Alp 2kT;
c =
A M;

+ &2, (1)

where M; is the mass of the ion producing the line emis-
sion, k 1s the Boltzmann constant, ¢ is the speed of the
light, and A is the standard wavelength of the emission
line.
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The turbulent velocity & is the excess amount of the
observed line width over the thermal contribution vy, =

2kT;
M;

bution is. The relations between AAp and & were calcu-
lated for the H, and K Ca II lines. A set of the temper-
atures from 10* K to 2 x 10° K was used. The Doppler
width AAp against the & for the two lines considered is
plotted in Figure 2a,b. The various temperature curves
almost do not differ for the Ca II line, except the small &
range, but they differ noticeably for the H,-line. We sup-
pose that we observed the same coronal bulk both in the
H, and K Call lines and that H, and K Call corona had
almost equal mean 7" and £, implying the mean values
over the CCE-volume.

. The bigger M; is the smaller the thermal contri-
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Fig. 2. The Doppler width AAp against the turbulent ve-
locity ¢ for the K Call (a) and H, (b) lines for different

temperatures given in K.
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For the K Call line the Doppler widths AAp change
from 0.23 A to 0.46 A with the AXp = 0.30 A, yield-
ing the velocity £ changing in the range from 17 km-s~!
to 28 km-s~! and the £ = 20 km-s~' accordingly to
the relation in Figure 2a. For the H,-line 0.75 A <
Alp < 1.30 A with the AXp = 1.07 A. Having the
range of the change for AAp(H,) and &(KCall), we eval-
uated the temperature in the cold corona region using
the relations shown in Figure 2b. The temperature was
found to change from 5-10* K to 1.3-10° K. The line-
of-sight velocities in the CCE-bulk were from 20 km-s~!
to 150 km-s~'. In the H,-line the £ = 100 km-s~' and
& = 135 kms~! were more probable, and in the K Call
line the ¢ = 45 km-s~' did. However, the Call value
might be underestimated because of the instrumental
limitation.

We conclude that the investigated cold coronal region

was dynamic and not homogeneous by its temperature
and velocities. The dimension of the CCE was deter-
mined to be of 3.5” x 4. The observation from the Earth
are confirmed with the space investigations. The SUMER
Spectrometer on SOHO has been used to observe the
lines of the hydrogen Lyman series [7]. The line profiles
were obtained near the limb from about (—10)" to 70".
The temperature ranged between 1-10° K to 2-10° K.
The line broadening appears to be very large for the ther-
mal contribution. With an assumed turbulent speed of
30 km-s~?! [8] the T has been calculated to be 1.2:10° K.
Comparing our results with the results in [7] we can con-
clude that they agree sufficiently well. The cold corona is
characterized by the temperatures which are one-two or-
ders lower than the “usual” corona in quiet regions, but
by its turbulent and line-of-sight velocities it is likely to
be more dynamic than the quiet corona.
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HOINYKH TA JOCJILIXKEHHS XOJOOHOI EMICIT
B COHSIYHIN KOPOHI 11 CEPITHS 1999 POKY

I'. Axynina, O. Cymupnosa, A. Hemone, A. I'opuikos, I'. I[Topdup’esa

Acmporomiunuts tnemumym IImepnubepra, Mocxea, 119899, Pocis

Busgssiero xomomHy KOpoHATBHY €MICITO T 9aC IHTEPGhEPOMETPHIHNKX CITOCTEPEKEHD COHATHOTO 3aTEMHEHHS.

Bukopucrano coabki emiciitai sinii He 6563 A 1 K Call 3933 A Ta xoponansmy sminito Fe XIX 5303 A. Xosonma

OUTAHKa OyJTa HEOMHOPIIHOIO 3a CBOIMM XapaKTepHCTHKaMu. BusHadueHo TeMmeparypy i NIBUAKOCTI pyXiB y Hiid.
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