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Abstract. CONCORDIASTRO is the Nice-Napoli joint project for site
testing of the Dome C for solar and stellar astronomy in the visible.
CONCORDIASTRO/Italy is the solar physics part of this project, whose the
Napoli team has the principal responsibility. Beyond the well-known inter-
est for the helioseismology, CONCORDIASTRO/Italy pointed out that, be-
cause of its special atmospheric conditions, Dome C promises to be one of the
best sites on Earth to perform high-resolution solar physics. Here we review
the basis for this statement and the solar observations program planned by
CONCORDIASTRO/Italy.
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1. Introduction

Since the end of ’70s and for several years
after, Antarctica has been for solar physics
the best site to do observational helioseis-
mology. Nowadays, when this job is easier
performed by ground-based networks, the
iced continent, and Dome C in particular,
can still attract the solar observer because
of the unique opportunity to observe in the
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IR wavelengths, where the antarctic sky
has an incomparable, high transmission,
and, moreover, with the promise of long-
lasting observations with a high spatial res-
olution in a broad wavelength range of the
solar spectrum. In many cases in which
the antarctic location is in competition
with the space, observing from Antarctica
will become the winning choice if gen-
eral purpose instrumentation was available.
Instrumentation with various and easily to
change setups, a quite often required condi-
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tion for solar physics, won’t probably never
be possible in space. Further, the combi-
nation of high-spatial resolution and full-
disk observations at the same time neces-
sarily produces a huge amount of scientific
data, which can be received by the scien-
tists only with enormous difficulties, if the
instrumentation is not on the ground.

Our project aims to verify the solar see-
ing quality at Dome C site, installing a
40 cm telescope designed to acquire both
high-spatial resolution and full-disk images
in selected wavelength ranges. The solar
program is part of the joint French-Italian
project, CONCORDIASTRO, for probing
the astronomical quality of Dome C dur-
ing both the antarctic day and night. If the
expectation of excellent seeing conditions
at Dome C will be confirmed, the proposed
observations can immediately produce data
of high scientific impact. After our antarc-
tic campaign, the solar telescope will be
open as an international facility to solar
observations in the frame of the Concordia
Program.

2. The program

The solar project consists of three main
steps:

– Installation of a 40 cm aperture tele-
scope (e.g. see Fig. 1) at Dome C for
high resolution and full-disk imaging at
different spectral ranges: the core of the
Ca II K line, in order to sample the so-
lar atmospheric layers corresponding to
the high photosphere and low chromo-
sphere, in addition to the continuum in
the visible range, for the photosphere.

– Acquisition of time series of solar in-
tensity images at different spatial res-
olutions and wavelengths in the visible
range.

– Data analysis focused on: i) qualifica-
tion of the solar seeing at Dome C, and
ii) study of the physical connection be-
tween the small scale events and the ex-
citation of the global resonant oscilla-
tions on the Sun.

3. Discussion

We will determine the seeing quality for
solar observations directly with the use of
high resolution images, by both analysing
the size of the smallest visible solar fea-
tures – e.g. micropores, intergranular lanes,
white light bright points (see Fig. 2)
– and applying the advanced technique
of ”blind deconvolution” (Jefferies and
Christou 1993). Moreover, we will indi-
rectly estimate the Modulation Transfer
Function (MTF) with recently developed
techniques based on intermediate spatial
resolution data (Toner and Jefferies, 1993;
Bell et al., 1999) like the full-disk images
typically used in helioseismology. The in-
termediate and high resolution data will
be also analysed to study the solar oscil-
lations and their relation to the seismic
events at small spatial scales. The high res-
olution data will be 3D Fourier-analysed
(i.e. two spatial and one temporal dimen-
sion), whereas the full-disk data will be
decomposed spatially into spherical har-
monics and temporally into Fourier compo-
nents. The results will be compared with
the mathematical model of the theory of
multivariate random processes (Koopmans,
1995, Severino et al. 2001).

The main goal of the solar physics pro-
gram is the characterisation of the Dome
C site from the point of view of seeing.
”Seeing” is the image degradation due to
fluctuations of the refraction index along
the path of the light through the earth’s
atmosphere down to the measuring instru-
ment. Thus the seeing depends on the sta-
bility of the entire atmosphere along the
line of sight. Moreover, the Sun heats every
exposed surface of the telescope or placed
in its vicinity, causing local turbulent con-
vection which further degrades the image
quality. The result is that, typically, even
the best conventional sites for solar obser-
vations only offer intermittent good seeing
conditions, for short periods during the day
and for a few days a year. Longer observa-
tions can be achieved only by high technical
efforts (e.g. adaptive optics).
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Fig. 1. The 40cm aperture telescope currently in operation in the East tower of the OAC
main building is a example of the instrument class that CONCORDIASTRO/Italy plan
to install for solar site testing at Dome C.

Some site testing campaigns carried out
in the past years at Dome C, have high-
lighted some characteristics of the atmo-
sphere above the site (high stability, ab-
sence of wind and clouds) which promise
extraordinary seeing conditions for long pe-
riods of time: the estimated average seeing
in the infrared, at the zenith, for point-like
sources, can be as low as 0.4”, occasionally
down to 0.2”. These conditions are particu-
larly favourable to programs requiring high
spatial resolution or high sensitivity pho-
tometry.

Unlike stars, the Sun is an extended
source, distant from zenith, therefore the
above estimates of seeing do not apply

directly to solar observations. With our
program, we propose a determination of
the seeing at Dome C directly from high-
resolution solar observations.

Dome C promises observing conditions far
better than those tested so far in other
antarctic sites, such as South Pole (Harvey
1989) and Terra Nova Bay; the latter, for
its weather characteristics is not fit for con-
tinuous, high-resolution observations. In
perspective, Dome C is a site of choice for
the development of research programs re-
quiring uninterrupted series of full-Sun im-
ages with, at the same time, high angular
and temporal resolution.
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Fig. 2. A FOV of 143 x 118 arcsec corresponding to the active region AR 10018 on July
3, 2002 obtained with the DOT telescope in the G band at 430.5 nm. (courtesy of R.J.
Rutten).

The importance of such programs is con-
firmed by the evolution of the helioseis-
mic network GONG, that, nevertheless sig-
nificant modifications of the type of the
existing instrumentation are necessary, is
upgrading to GONG++ to acquire full-
disk images with an improved resolution of
2”x2” per pixels.
A research topic of current high in-
terest, requiring long temporal series of
high-resolution and full-disk observations,
concerns the source of solar oscillations.
Convective motions, transporting through
the outer third of solar radius the energy

produced in the interior, are believed to be
the source of the observed oscillations, but
the precise mechanism of excitation is still
unclear. An interesting proposal is that os-
cillations are stochastically excited by nu-
merous isolated seismic events, occurring at
very small spatial scales (1” or less, Goode
et al. 1998). On the other hand, global oscil-
lations are evident in velocity and intensity
fluctuation spectra as function of frequency
and spherical degree, that are obtained
by Fourier analysis and spherical harmon-
ics decomposition of long temporal series
of full-disk images of the solar surface.
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The group of the Osservatorio Astronomico
di Capodimonte has already significantly
contributed to this research, in collabora-
tion with other institutions (Deubner et
al., 1990; Marmolino and Severino, 1991;
Marmolino et al. 1993; Severino et al. 1998;
Straus et al. 1999a and b; Oliviero et al
1999; Jimenez et al. 1999; Severino et al.
2001) and the observations proposed in this
program for Dome C promise further im-
portant progress.
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