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INTERACTING BINARIES AND EXTRASOLAR PLANETS:

CHALLENGES FOR VLTI
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Abstract. Optical Interferometry can play an important role in modern

astronomy. Extrasolar planet and binary star research, are some of the
�elds, where we will face important discoveries in the future. For the

VLTI this will be a real challenge, since it will be the pioneer in angular

resolution. In addition, high ux sensitivity will help detecting not only
Jupiter-sized planets, but Earth-sized planets too. The ability of the

VLTI in detecting new planets, measuring stellar diameters and stellar

proper motions, with the use of such techniques, is presented.

1 Introduction

Using the VLTI, is a unique chance for those who are interested in reaching the

limit of observational detectability from ground based observatories. This work

of art instrument can o�er excellent opportunities for model �tting, since it can

provide high ux sensitivity and angular resolution observations and gather in-

teresting information for stellar and planetary research. Mathematical models of

binary and multiple stellar systems can determine the stellar parameters and can

lead to a study of the stellar formation. With the VLTI we will have the ability

to reveal even more information with real observations.

From the study of the interferometric fringes, that we can get with the help of

the VLTI, we will have direct measurements of the separation and the brightness

ratio of the components in a binary system. In some cases, the diameters of the

stars can be found (such those of the Red Pulsating Giants). Astrometrically, the

VLTI can determine the orbital motion of the companions, having the potential

to �nd really faint companions in multiple systems, resolving them even inside

clusters.

In addition, the excellent quality of data and the high accuracy measurements

we can obtain can help in better understanding of the structure of the Active
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Fig. 1. Simulated lightcurves, radial velocity diagrams and 3D models for partially eclips-

ing binary systems, detached (above) and contact (below) (produced by Binary Maker

2.0).

Galactic Nuclei (AGN) and Quasi Stellar Objects (QSO). The search of companion

objects around Young Stellar Objects (YSO), the crowded �eld astrometry and

the stellar structure research are some more of the challenges for the VLTI.

2 Binary and Multiple Stellar Systems

On the �eld of binary stars, there are still some cases that face problems in deter-

mining the astrophysical parameters of the system by the use of only photometric

and spectroscopic observations. In cases where the luminosity ratio is 10:1 or less,

the photometric and spectroscopic measurements are not so con�dent. The sec-

ond star is photometrically almost invisible, while in spectroscopic observations

is completely absent. The VLTI can reveal information about such systems and

determine stellar parameters in partial eclipsing binaries, such as in cases shown

in Fig. 1, with extremely low amplitude luminosity variations. Measuring the

prime star's gravity motion around the center of the system, we can detect the

companion star. Astrometry with the VLTI can be a unique method to measure

the star's proper motion.

Moreover, in some cases, the detection cannot only stop to this level. Even
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Fig. 2. A theoretical model of the cataclysmic binary Z Cha.

more detailed studies can be done, concerning the �ne structure of the system,

such as the size of an accretion disk, or the stellar diameters. The cataclysmic

binary system Z Cha (Sep. 1, PA 120deg, ux ratio: 10:1) is one of these cases,

where the VLTI can detect the ux ratio to separate the contribution between the

2 components and eventually detect the accretion disk (Fig. 2).

Subdwarf B type (sdB) stars such as HS 0705+6700 can be a challenge for

VLTI. They are evolved objects and can be compared with evolved stars in the

blue extension of the horizontal branch (HB) but with a very thin hydrogen shell

(less than 1% by mass). The question posed is how the progenitor of a sdB star

got rid of most of its hydrogen envelope. Binary evolution with mass transfer and

a past common envelope ejection is one scenario, supported by the fact that many

sdB stars reside in close binaries (Maxted et al. 2001a,b; Sa�er et al. 2001). In

such a case, mass transfer should play an important role in the evolution of such

binary systems (Drechsel et al. 2001). It is, therefore, crucial to determine the

masses of such binaries, especially the eclipsing ones, for a detailed investigation

of sdB stars.

3 Extraxolar Planetary Research

Finding extrasolar planets is an extremely di�cult task. Unlike stars, planets

are extremely faint, emitting only thermal infrared radiation. An orbiting planet

exerts a gravitational force on its host star, due to the gravitational attraction

between the two bodies, resulting the star's position to be perturbed or wobble.

This motion uncovers the presence of orbiting planets, even though we cannot

see them directly. By measuring this perturbation over several days (or years), it

could be calculated as to how big and how far away a planet would have to be to

generate such a wobble. The trouble is that this stellar motion appears very small

from a great distance. Someone gazing at our sun from 50pc away would see it

wobbling in a circle whose radius measures only 1 mas, the limiting resolution for

the VLTI.

Using the Doppler technique, over 70 planets have been found so far. Their

masses range from about a half to seven times that of Jupiter, their orbital periods

span few days to some years, and their distances from their host stars extend from

less than one twentieth of Earth's distance to the sun to more than twice that

distance. The modern photometric techniques have already discovered or give

evidences of such objects. Furthermore, more massive planets or systems closer
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Fig. 3. Simulated lightcurves of Earth-like planets transiting stars with di�erent V mag-

nitude and radius. The simulation is for a planet with the same radius and temperature

as Earth, orbiting around its star once every 3 years. The estimate that an Earth-analog

system can be detected down to 12-13 mag is con�rmed. Such results are expected for

the Eddington mission. (after Horne K., 2002).

Fig. 4. The star's perturbed orbit around the common mass center of the system.

to us can give even better opportunities for new discoveries. Research projects

like the Wide Angle Search for Planets (WASP) are already in action, searching

for new worlds, while other are in preparation, such as the Eddington and Kepler

missions.

Having the unique angular resolution of 1 mas the VLTI will play an important

role in extrasolar planetary research, raising the detectability limit up to 300pc.
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4 Conclusions

Photometric and spectroscopic studies are the main observational techniques used

today, limited mostly due to the low ux sensitivity. Many of these studies are

based on assumptions, since measurements are often uncertain. The use of math-

ematical models is the only way to check the correctness of the results. Direct

measurements are needed in order to make sure that these models are real. Thus,

stellar evolution models and stellar population theories will improve.

In addition, numerous extrasolar planets have been found with the modern

photometric techniques. In most cases these planets are in systems far away from

us. Even though, there are many G-type stars close enough, so that astrometric

measurements can reveal a planet from the main star's proper motion. Astrometry

in this case can give the results needed for research, unfortunately with the same

limitations of sensitivity.

Astrometry with the VLTI is a real pioneer in astronomy. A new era in as-

tronomy will rise in the following years, and new discoveries in various �elds are

inevitable.
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