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ABSTRACT

Pulsating variable stars play an important role in many
aspects of astrophysics: stellar and galactic evolution,
physics of interstellar and circumstellar media. More-
over Cepheids are prominent in the calibration of the
extragalactic distance scale. We try to envisage how the
large number of sources that could be observed by GAIA
with its precision of measurements can enhance the re-
sults that we expect to obtain from Hipparcos. We exam-
ine in particular what we can expect from observations
of large numbers of pulsating stars observed in 6 or 7
photometric bands over a period of 5 years.
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1. INTRODUCTION

Pulsating stars are important to models of stellar struc-
ture and evolution as to studies of galactic dynamics.
Cepheids and RR Lyrae are cornerstones for extragalac-
tic distance scale. Miras, due to their very large initial
mass and age ranges, are peculiarly good tracers of the
history of our Galaxy. As is the case for many stars,
very accurate astrometric parameters of pulsating stars
will be considerable for these purposes. In this talk we
will not insist on this point, we will only consider some
specific points related with the possible contribution of
GAIA concept to the study of these variable stars.

2. HIPPARCOS AND GAIA

The location of pulsating variables in the HR diagram
is indicated in Fig. 1. It can be seen that most of them
are luminous and distant stars. So Hipparcos will pro-
vide only few accurate parallaxes for such stars: 3 for
Cepheids, 3 for RR Lyrae and 9 for Miras (Turon & van
Leeuwen 1995).

The schematic comparative diagram by Lindegren & Per-
ryman (1994) shows the respective limits of Hipparcos
and GAITA and the lines corresponding to absolute mag-
nitudes of Cepheids and RR Lyrae. So GAIA will mea-
sure the 400 presently known Cepheids instead of 60 in
the Hipparcos mission and some in the Magellanic Clouds
and 6000 presently known RR Lyrae instead of 180. We
have added in Fig. 1 the lines for C stars using absolute
magnitude from Landolt & Bornstein (1982).

The lines for halo Miras at their minimum luminosity
and thick-disk oxygen Miras at both extrema of lumi-

nosity are also shown (absolute magnitudes from Men-
nessier et al. 1995). We can see that according to a limit
of V ~ 15 mag, GAIA could probably measure all the
halo Miras whereas a limit of V' ~ 16 mag could allow
measurement of all oxygen Miras at their maximum light,
and all O-Miras within about 1.5 kpc at any phase. As
a comparison, Hipparcos can measure O-Miras at any
phase only out to about 400 pc for the ones belonging
to thick disk, and less than 1 kpc for halo ones. There
are 250 O-Miras observed by Hipparcos, and at least 4000
could be observed in the GAIA mission. Very few C stars
are included in Hipparcos Input Catalogue, indeed at the
time of proposals they were poorly known and did not be-
long to the main fields of interest—all of them could be
among stars measured by GAIA.

3. PERIOD-LUMINOSITY RELATIONS

It is now thought that, for the majority—perhaps all—of
types of pulsating stars, the realistic relation is a period-
luminosity-metallicity-pulsation mode one. An illustra-
tion for Cepheids can be found in Nemec et al. (1994)
(Fig. 7, for example), where the authors show observed
relations according to pulsation mode and theoretical
ones according to metallicities. For a given period, the
luminosity can differ up to about one magnitude.

Figure 1. The potential accuracies achievable by GAIA.



Figure 2. Location of the different types of pulsating vari-
ables in (period, amplitude, B — V') space.

In the GAIA mission, the luminosity will be obtained
from the parallax, period, and metallicity from multi-
band Stréomgren photometry. The pulsation mode is not
a direct observational product, but could be obtained
from the parameters of the light curves by comparison
with models.

4. NEW DETECTIONS

The shape of the grid-modulated signal observed by Hip-
parcos gives the possibility of detecting a large number
of as yet unknown binaries. Moreover the accuracy of
photometric measurements at different times allows one
to detect stars presently unknown as variable (Mignard
1995). Evidently, GAIA will be able to detect a very
large number of new double and variable stars including
a number of pulsating stars.

It is not obvious to identify the type of variability of
newly detected variables using only parameters from the
satellite observations. Due to the scanning law a period
can generally be estimated. The photometric measure-
ments provide the amplitude of the variation or, at least,
a lower limit of it. This is not sufficient to separate the
different classes of pulsating variables. Thus the knowl-
edge of one or several colour indices is required. The
B — V Johnson index allows one to solve the problem
except for long-period variables (Fig. 2), so Strémgren
photometry will probably be sufficient for classifying pul-
sating variables newly detected by GAIA, but not for
separating the different types of long-period variables.

However it could be useful to be able to classify these
red variables that are so important to models of stellar
and galactic evolution: on the one hand they are in an
evolutionary key-stage during which the star is deeply
transformed up to the ejection of its envelope, and on
the other hand they are exceptionally good tracers of the
history of our Galaxy owing to their large mass and age
ranges. Infrared colour indices are separators for these
stars: (K — L) separate oxygen-rich and carbon-rich Mi-
ras (Epchtein et al. 1987). Moreover preliminary results
using first DENIS observations combined with COSMOS
measurements show that (B — J) could separate red gi-
ants and supergiants; this colour also seems to have dif-
ferent values for very late dwarfs and to be an indicator
of spectral type (Dabrovski 1995).

So to include infrared filters, at least J, could be of great
interest for studying red variables. It would be unfortu-
nate if GAIA is unable to provide sufficient photometry
for identifying red variables soon to be detected by IR
surveys such as DENIS and 2mass, or accurate kinemat-
ics to include into models of galactic evolution.

5. LIGHT CURVES

Light curves are very difficult to obtain from ground-
based observations: either the period is short (of the or-
der of one day) so that it is necessary to have an observa-
tional network all around the different longitudes, or the
period is long and annual motion of the earth induces ob-
serving interruptions for a large phase range. A scanning
satellite is very good for obtaining light curves. However
the degree of extracted informations depends on: (a) the
number of observations per cycle; (b) the mission length;
(c) the regularity of the observations.

The first and third points are clearly related to the scan-
ning law of the satellite. Obviously the typical period of
each type of variable stars induces very different kinds
of results. In the following, the scanning law of GAIA
was assumed to be close to the Hipparcos one, i.e., two
observations at an interval of about 20 minutes repeated
2 hours after (eventually few successive times at every
2 hours), and the same scheme about every 2 months.



5.1. MAIN PERIOD OF RR LYRAE AND CEPHEIDS

The relevant period range is 0.2-1 day for RR Lyrae and
10-50 days for Cepheids. Hipparcos gives light curves
with an estimation of the main period for both these
types (Turon & van Leeuwen 1995, Mignard 1995). How-
ever the scanning law induces a nearly random cover with
respect to RR Lyrae curves, allowing to detect period
changes during the mission time.

Obviously not only GATA could give light curves of these
stars but moreover they will be multicolour ones. The
longer time duration of the mission will allow a more
precise analysis of RR Lyrae period changes.

5.2. MODES AND HARMONICS

Pulsating stars are in general multimode pulsators with
non-linear phenomena resulting in coupling, resonances,
and harmonics, etc., the study of which is fundamental
for stellar physics and stellar evolution.

It is well known that some Cepheids are double-mode.
Unfortunately the Hipparcos (temporal) coverage is not
optimum, and possible double-mode objects cannot be
routinely detected. It is likely that this determination
will remain difficult with GATIA.

However one way may be accessible to the GATA mission.
It concerns the estimation of the ratio of the amplitudes
of the main frequency (vp) and of its first harmonics:

r21 = a(2vp)/a(vp)

that was studied in detail for RR Lyrae and Cepheids
(Buchler & Kovacs 1982).

This could essentially concern Miras for which the scan-
ning law induces relatively regular observations. These
ratios determined from 20-year AAVSO data of oxygen-
rich Miras in Hipparcos Input Catalogue are shown in
Fig. 3. It seems that its value could be related to the
thickness of the envelope. So we have done one simula-
tion for exploring such a possibility.

Figure 3. Ratio of the amplitudes of the main frequency
and of its first harmonics of light curves of Miras with
an indication of error bar.

5.3. SIMULATIONS FOR MIRAS

We have proceeded as follows: (1) we have chosen an
‘average’ Mira, i.e., with a period around 300 days and
in an ecliptic position such that the number of observa-
tions induced by the scanning law is an average. (2) We
have built a simulated light curve from the Fourier spec-
trum of its real AAVSO 20-year curve (Fig. 4). (3) We
have used the Hipparcos scanning law to select the date
and magnitude to be considered in the analysis (Fig. 5).
(4) We have performed a Fourier analysis of the result-
ing simulated observing points as a function of several
assumed mission lengths.

The results are as follows:

o 5-years simulated data: 797 = 0.11 + 0.06
6-years simulated data: r9q7 = 0.35 4 0.07
8-years simulated data: r9; = 0.18 £ 0.06
10-years simulated data: r9; = 0.22 £ 0.05
15-years simulated data: r9; = 0.22 £ 0.04

to be compared with that obtained from 20 years of
AAVSO data, r9; = 0.25 + 0.03. We can see that the
ratio is estimated with a sufficient accuracy in an 8-year
mission, and is not greatly improved in the case of a
longer mission.

Figure 4. Fourier spectrum of the test 20-year light curve.

Figure 5. Dates and magnitudes used in the simulation.



This first simulation shows that 79 should eventually
be determined, but more simulations are necessary to
make a refined estimate of the required minimum mission
duration for results to be obtained for a sufficient number

of Miras.

6. CONCLUSIONS

As is the case for the other stars, the actual GAIA
concept (Lindegren & Perryman 1994) can enhance our
knowledge of galactic dynamics from a large quantity of
very accurate astrometric data.

Two characteristics can be of great interest in the field of
pulsating stars: the mission length and the multi-colour
photometry. If the mission is sufficiently long, important
indications as period changes of RR Lyrae or properties
of harmonics could be extracted from light curves. More
simulations are necessary to adjust the necessary mini-
mum time length but the first rough estimate of this limit
seems to indicate that it should not be more than 8 years.

It is highly suitable for red variables to include infrared
filters in the 1-3 pm wavelength range, at least a J-filter.
This is necessary for classifying the newly-detected vari-
able stars. Moreover light curves in both the visible and
infrared ranges allow separation of variability due to in-

ternal pulsations and the effects of the envelope. Lastly,
I and J filters are essential to observe the numerous ob-
jects that will have been found in the infrared deep sur-
veys and that are not so luminous in the visible range,
such as the red variables with a thick envelope. The im-
portance of these stars, variable or not, is well known for
models of galactic evolution.
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