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Abstract

About one year after the end of the first observational run and six months after
the first CoRoT data delivery, we comment the data exploitation progress for
different types of stars. We consider first results to illustrate how these data of
unprecedented quality shed a new light on the field of stellar seismology.

Individual Objects: HD 50747, HD 49933, HD 50890, HD 50170, HD 51106, HD 181420,
HD 181906, HD 180642, HD 181231, HD 175869, HD 181907

The present CoRoT harvest

The detailed description of the instrument and programme has been presented
in several places (e.g. Baglin etal. 2006, Auvergne etal. 2006). Detailed mea-
surements of the in-flight performances are now available (Auvergne et al. 2008).
We simply remind you here of a few aspects necessary to introduce the results.
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The CoRoT focal plane is divided in two areas of about 4 square degrees
on the sky each. One of them (the seismo field) is mostly optimized for the
seismology programme (Michel etal. 2006). Ten objects with 5.4 < my < 9.5
can be observed simultaneously with a 1 second-sampling rate and a noise
limited by photon noise to 4 1074 < o < 3 1073 per 1 s measurement.

The other field (the exofield) is mostly optimized for the search of exoplan-
ets. About 12,000 objects with 11 < my < 15 can be observed simultaneously,
with a 512 s sampling rate and a standard deviation from 7 107 to 2 103 per
512 s measurement. In this field, for the brightest stars (my < 14.5), a prism
allows to obtain three-colour information. For a limited number (~500), it is
possible to select a 32 s sampling rate.

Altogether, during the 3-years nominal period foreseen for the mission, more
than 100 stars will be observed in the Seismo field and more than 100000 in
the exofield!

As described in Michel et al. (2006b), the observational programme is com-
posed of long runs (up to 150 days) and short runs (20-30 days). At the time
of the Wroctaw conference, 5 runs have been completed successfully: an initial
run of 60 days, two long runs and two short runs. The satellite is presently in
a long run which will stop by mid-october.

We thus have completed the observations of 50 objects in the seismo field (in
fact 49, HD 49933 having been observed twice): 5 solar-like pulsator candidates;
13 B stars, including 1 known Beta Cephei star, 5 Be stars, 2 eclipsing binaries;
7 F and G giant stars ; 17 A stars, including 4 known pulsators, 2 Am stars,
3 Ap stars, 2 eclipsing binaries; 7 early F stars including 2 known Gamma Dor.

A few examples of the light curves are given in Fig. 1 and Fig.2. They illus-
trate the quality of the data, revealing in the light curves variability below the
1073 level. They also illustrate the variety of variability behaviours encountered.

Solar-like pulsators
The search and characterization of solar-like oscillations in other main sequence
stars is one of the highlights and one of the greatest challenges of the CoRoT
mission. The main objective is to bring measurements of the modes parame-
ters (frequencies ,amplitudes, mode profiles,...) for objects scanning the Main
Sequence in the range of temperature where such oscillations are expected.
An example of light curves obtained for one of these candidates (HD 49933)
is given in Fig.2. In this light curve, the standard deviation of the individual
measurements (every 32 s here) is of the order of 10~* (about 100 times below
the standard values from ground-based photometry). The light curve already
reveals variability of a few 10~ which is attributed to activity and interpreted
in terms of spots. The solar-like oscillations do not appear in the light curve
but are clearly seen in the Fourier spectra (Fig.3) for three objects of various
magnitudes.
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Figure 1: Forty-days-portions of the light curves from 5 stars (top to bottom: the A
star HD 50747, the F star HD 49933, the giant G star HD 50890, the giant F star
HD 50170, the A star HD 51106)

As shown by Michel et al. (2008) and illustrated in Fig.3, it is possible
to identify three components in the spectra of each of these three stars: (i) a
white component compatible with the photon noise; (ii) a component increasing
toward low frequencies characterizing the stellar granulation and (iii) the oscil-
lations component with its characteristic comb-like pattern. Michel et al. (2008)
give a comparison of these measurements with those observed in the Sun and
with theoretical values.
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Figure 2: Same as Fig. 1 enlarged over two-days-portions

The activity of data analysis intended to provide for each star individ-
ual mode parameters (frequencies, amplitudes, profiles,...) is held within the
CoRoT/SWG/DAT (resp. T. Appourchaux, see Appourchaux et al. (2006)).
An example of analysis can be found in Appourchaux et al. (2008), where about
40 modes have been characterized for HD 49933, including eigenfrequencies
determined with precision of the order of a few 10~7 Hz to a few 1076 Hz
(Fig.4). Further analyses with alternative methods are under way as illustrated
by Garciaetal. (2008).
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Figure 3: Power spectra of three solar-like pulsators observed with CoRoT: HD 49933
(mv =5.7), HD 181420 (mv = 6.7), and HD 181906 (mv = 7.6). Each spectrum
is decomposed in three contributions commented in the text (after Michel et al. 2008)

B stars

As in most of the classical (opacity driven) pulsators, the gain in resolution and
noise level is expected to bring a new insight on the pulsational behaviour of the
stars and bring precise measurements for seismic studies. In addition, thanks to
their continuity, the CoRoT data also allow to tackle oscillations with periods
of the order of the day or below, which are very common in Slowly Pulsating
B stars and Beta Cephei pulsators.
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Figure 4: Echelle diagram showing the frequencies of the modes and their 3 sigma-
error bars obtained for HD 49933 (after Appourchaux et al. 2008)

The data analysis of these targets is organized within the CoRoT B stars
group (Resp. C. Aerts). As an example, the Fourier spectrum of the known
Beta Ceph HD 180642 reveals a dominant radial mode with its harmonics but
also low amplitude nonradial modes (Fig.5).

Among the latter, the highest ones have also been measured in spectroscopy
(with FEROS, in the framework of the ESO Large Programme, led by E. Poretti)
which will bring helpful complementary information about their identification.
More details on this analysis will be given in Briquet et al. (2008).

Be stars

The analysis lead in the CoRoT/Be stars group (resp. C. Neiner) allowed
to reveal oscillations in a B5IVe star (Fig.6 and Neiner et al. 2008). Only two
examples of such oscillation detection in late Be stars existed so far from MOST
photometry (Walker et al. 2005, Saio et al. 2007).

For another object, HD 175869, peaks have been detected with amplitudes
down to a few 1076, A preliminary study suggests that these peaks are associ-
ated with oscillations and rotation (Gutierrez-Soto 2008).

A and early F stars

A and early F type stars feature several known classes of variables among which
0 Scuti stars and 7 Doradus stars are the most famous. For the former, the
objects observed from the ground show up to several tens of modes, but always
less than expected from theoretical models. This raised the question of the
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Figure 5: top: Power spectrum of the Beta Cephei HD 180642; bottom: idem after
removing the radial mode and its harmonics (after Briquet et al. 2008)

possible existence of selection rules favorising given modes versus others. How-
ever, in the existing observations, the detection is always limited in amplitude
to a few 10™* by the noise level. By lowering the noise level by a factor 100,
the CoRoT data are expected to bring a new insight on this question.

The light curve of HD 174936 reveals variations at the 1072 level in the
envelope, with beating phenomenon (Fig.7). The associated Fourier spectrum
shown in Fig 8 reveals a very rich spectrum. After fitting and subtracting
peaks above an illustrative 4 10™* level, the residual spectrum (Fig 9) reveals
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Figure 6: light curve of the B5IVe star HD 181231 (after Neiner et al. 2008)

a high number of remaining peaks, much higher than the noise level as es-
timated from the Fourier spectrum of a star of same brightness showing no
signal in this frequency range. The interpretation of these results is led within
the CoRoT/Astars group (resp. R. Garrido and E. Michel).

Giant F and G stars

For these stars, solar-like oscillations are expected with amplitudes significantly
larger than in the main sequence solar-like pulsators and with frequencies in
the 10-100 pHz domain. Here again, the CoRoT data allow to reveal these
oscillations (e.g. Fig.10).

Some of these objects show more surprising behaviour. One of them (HD 50170)
shows no apparent variability in its light curve (Fig.2). lts spectrum reveals two
types of peaks: narrow peaks which would be consistent with long-lived modes
forming an I=1 multiplet (Fig. 11) and at a lower amplitude, modes with shorter
lieftimes, as suggested by the autocorrelation function (Fig. 11) A paper by
Baudin et al., which is in preparation, will discuss this in more detail. This
object is being investigated in order to determine whether we are dealing with a
new type of hybrid pulsator or these pulsations have to be attributed to separate
components of a multiple star.
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Figure 7: light curve (part of) of the § Scuti star HD 174936.
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Figure 8: Amplitude spectrum of the § Scuti star HD 174936.
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Figure 9: Bottom: same as Fig. 8 after substraction of the highest peaks; top: ampli-
tude spectrum for a comparison star of similar magnitude showing no oscillations in
this frequency range
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Figure 10: Power spectrum of the giant star HD 181907 showing oscillations in the
range 20-40 pHz
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Figure 11: left: Power spectrum of the giant star HD 50170; right: Autocorelation of
the power spectrum

In the exofield

About 60000 objects have been observed in the exofield so far. While they
are actively searched for occultation due to planet transits, these data also
constitute a goldmine for seismology. The activity of seismology on these ob-
jects is organized within the Additional Programme Working Group (APWG,
led by W. W. Weiss).
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Figure 12: Sample of light curves obtained in the exofield
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While some of the light curves obtained in the exofield show variations which
can easily be recognized as characteristics of specific type of pulsators, others
show much more puzzling behaviour (Fig. 12).

Due to the large number of objects considered and to the fact that very few
of them have well-defined global parameters (due to their faintness), an activity
of automatic classification has been undertaken in two groups (at Leuven and
Madrid). These processes are based on self-learning algorithms, and the results
obtained so far come from the first loop and are expected to evolve significantly.
However, it seems interesting to note that among the few thousands of variables
already found, the different known classes of pulsators are represented as well
as apparently new classes (Degroote et al. 2008).

The red giants bring a striking example of the potential of the exofield for
stellar seismology (led by J. de Ridder). As shown in Kallinger et al. (2008)
(see also Hekker et al. 2008), solar-like oscillations are observed in a significant
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Figure 13: Location of several giant pulsators in an HR diagram and in a mass-radius
diagram derived from observed oscillations (after Kallinger et al. 2008)
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number of red giants revealing trends linked with their global parameters. With
these data, Kallinger et al. (2008) have been able to estimate mass and radii
for those objects (Fig. 13).

Conclusions

The CoRoT data fulfil expectations in terms of noise level, duration of the
runs and continuity of the observations. The analysis of the light curves allows
to explore stellar variability at an unprecedented level of precision and for an
unprecedented range of time scales. The first interpretation studies confirm
the great help we can expect from these data to improve our understanding of
stellar structure and evolution. These results also confirm space photometry as
an efficient component of the strategy to develop stellar seismology.
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