Extrasolar Planet Finding
Since the dawn of time man has wondered if he is alone in the universe. But an underlying question for this is whether there are places outside our solar system that could support life – namely terrestrial planets (similar is mass and composition) that lie within the circumstellar habitable zone for their star.

It has long been debated (and still is): just how unique is our solar system? Are planets in stable orbit around a star a rarity or are they as common as we might infer from our own neighborhood? Are most planets gas giants or large rocky masses? Do any of them lie in an orbit that might harbor life? 

Obviously the first question here is whether extrasolar planets exist. The modern search for extrasolar planets only began half a century ago. At the time major observatories were completing a radial-velocity catalog; however over the course of creating the catalog it was noticed (and downplayed) that some of the stars had Doppler displacements in their spectrum. In 1952 Otto Struve attempted to solve what he saw as a major astrophysical problem by submitting a proposal for project work in high-precision stellar radial velocity.

The Wobble Method

Struve realized that a cyclic Doppler shift relative to the star’s current velocity would indicate that it is in orbit with another mass. He then theorized that the observed Doppler displacements could be caused by a planetary body(s). The reasoning behind this theory is described by classical physics, which states: any gravitational bodies orbit their center of mass (called the ‘barycenter’). Since any star is much more massive than any planet, the center of mass is very close to the center of the star; but it is not exactly at the center of the star. Therefore the star ‘wobbles’ around the center of gravity with the same period as the planet. The more massive the planet and the closer the orbit, the larger the amplitude of the wobble will be. 

Every star gives off a spectrum of light. By examining the displacement of characteristic absorption lines due the Doppler shift, it is possible to determine the star’s velocity relative to our own. By measuring the Doppler shift caused by the wobble of the star on the light it emits, we can detect such a periodic motion caused by orbiting bodies. This wobble is very small, therefore very stable and precise measurements are needed to make such a detection. For instance, the amplitude of the wobble induced by Jupiter on the Sun is 13 meters per second (29 miles per hour).

A closely related method is the pulse method. This technique takes advantage of the highly precise consistency that a pulsar emits radio signals. And change in the velocity of a pulsar due to the orbit of another body would immediately alter its apparent pulse rate; and by the same process that is used in the wobble method we would be able to find out about its orbiting body. In 1993 this method discovered the very first extrasolar planets around a pulsar named PSR B1257+12, pulsing over 1000 times per second (a millisecond pulsar) by an astronomer named Alexander Wolszczan and his collaborators. They discovered two planets with masses of 2.8 and 3.4 times that of the Earth. These planets are not like the giants found around Sun-like stars today, but more like Earth-mass bodies. 

Another related method, dubbed the do-si-do method, was recently devised specifically for binary star systems by Dr. Lawrence Doyle of the SETI Institute. Assuming the planet orbits around both stars, the period of the stars would appear to be slightly delayed then slightly accelerated as the planet orbits around them. By timing the stars’ period and graphing the times we would eventually obtain a cyclic graph that would indicate the period of the orbiting planet(s).

One correction that must be taken into account is the motion of the Earth. Since we are also in an orbit our relative velocity can change and thus cause a Doppler shift on an observed star; although depending on the direction in which we are observing it might not matter at all. The wobble method obviously works best for planets whose orbit is in the plane of our line of sight, while it would not work at all for a planet that orbits perpendicular to our line of sight. Since the speed of the planet that is calculated is only the component in the direction toward us (meaning it is very likely that the actual speed is even greater), and since the velocity it turns helps determine the mass of the planet, the calculated mass is considered only to be a minimum possible mass for the planet.

The wobble method has by far been the most successful thus far, accounting for nearly all of the discoveries of extrasolar planets. It has even helped to detect objects such as brown dwarfs and other low mass ‘stars’ that are too massive to be considered planets. Many of the discoveries have forced astronomers to alter theories about planet formation and evolution. Extrasolar planets have been found with a period as little as 3 Earth days and with mass as little as half that of Jupiter.

The Wink Method

The second method proposed by Struve is known as the photometric transit method. This method is similar to one used for eclipsing binary stars. If a planet has an orbit that is perfectly in the plane of our line of sight to the star, the planet will transit the star (in essence a very slight partial eclipse). This will cause some of the star’s light to be temporarily blocked from view – the star’s luminosity will wink – for a short amount of time. The difference in the luminosity can be used to calculate an approximate radius for the planet. Generally, if a planet transits a star once it will continue to do so every time it orbits the star; therefore the period is determined and a mass for the planet can be approximated. 

This method can usually yield the most information about a planet; however there are very few planets that are discovered using this method due to the low probability that the planet’s orbit has the correct orientation. Due to the magnitudes of change in luminosity that are dealt with using this method, extremely accurate equipment must be used when making measurements; and measurements taken from Earth might not always be reliable because of atmospheric interference.

The positive side to this method is that entire fields of stars can be observed at once, rather than merely one star at a time as in the wobble method. For this reason NASA is planning to launch its Kepler mission later this decade. The mission will launch an orbiting telescope that will eventually monitor around 100,000 stars for a wink in its luminosity. Because Kepler will be sensitive enough to detect planets as small as Earth, this celestial survey will give scientists an idea of how common Earth-like planets are -- and identify candidates for further study.

The French Space Authority, along with a few other European space agencies, is planning to launch COROT (COnvection, ROtation and Transits) in the next year or two. The satellite will be the first space telescope that is specifically designed to search for extrasolar planets, more specifically Earth-like planets. While this telescope will not be quite as powerful as Kepler, it does come with a cheaper price tag and will also have a jump start on its American rival.

Direct Observation

Even before Struve proposed indirect methods for discovering extrasolar planets, it had already been suggested that planets orbiting nearby stars might be observable directly. This would involve catching a glimpse of light that is emitted by a planet (which would be in a non-optical wavelength) or that is reflected off the planet’s surface from its star. Direct observation would work best to find a large planet that orbits at a large distance from its star.

The problem is that the stars are on the order of a billion times brighter than an orbiting planet would appear; and filtering out the light from a planet from that of its star would be a great challenge. As a result no extrasolar planet has yet to be discovered directly. However, scientists have used the Hubble Space Telescope to both directly discover larger objects such as brown dwarfs and to study planets that have already been found.

Another of NASA’s current projects is the Terrestrial Planet Finder (TPF). The TPF will use an array of telescopes orbiting Earth in formation to generate planetary pictures 100 times more detailed than those that Hubble can take. This space telescope will use interferometry to dramatically reduce the obscuring glare from the planet's parent star, allowing scientists to see the planet itself. This will help solve the problem of what has been described as, "Trying to discern, from a vantage point 1000 km away, the feeble light from a candle next to a lighthouse."

Other details about these planets – such as their size, distance from the parent star, carbon dioxide and water vapor levels, and reflectivity – will help scientists accurately interpret a methane or oxygen discovery. These details will all be able to be at least estimated using TPF and other telescopes that are currently in orbit or will be within the decade.

If TPF does find a planet with lots of oxygen and some methane in its atmosphere in an orbit within the circumstellar habitable zone, it would be a momentous discovery. While this would not necessarily be proof of extraterrestrial life, it would offer very compelling evidence that life has the possibility to develop elsewhere in the universe.
In the past decade Struve’s pioneering ideas have come to be considered as solid as the theory for nuclear fusion on the Sun. Theoretically, the question of existence of planets outside our solar system has been answered, and new candidates are being observed constantly. The search for extrasolar planets has consequently become a hot topic in astronomy today.
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