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• Detection is difficult

• Planets are an extremely faint light source 
compared to their parent star. 

• The difficulty is detecting such a faint light 
source.

• The light from the parent star causes a glare 
that washes out the visible field resulting in 
very few extrasolar planets actually being 
observed directly . 

• Astronomers have resorted to indirect methods 
to detect extrasolar planets. 

• At the present time, six different indirect 
methods have yielded success.
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Astrometry

• In this diagram a planet (smaller object) orbits a 
star, which itself moves in a small orbit. The 
system's center of mass is shown with a red plus 
sign.

• Astrometry is the oldest search method for 
extrasolar planets. It consists of precisely 
measuring a star's position in the sky and 
observing how that position changes over time. 

• If the star has a planet, then the gravitational 
influence of the planet will cause the star itself to 
move in a tiny circular or elliptical orbit. 

• Effectively, star and planet each orbit around their 
mutual center of mass (barycenter), as explained 
by solutions to the two-body problem. Since the 
star is much more massive, its orbit will be much 
smaller. 
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• Unfortunately, the changes in stellar position are so 
small that even the best ground-based telescopes 
cannot produce precise enough measurements. 

• In 2002, however, the Hubble Space Telescope did 
succeed in using astrometry to characterize a previously 
discovered planet around the star Gliese 876. 

• Future space-based observatories such as NASA's Space 
Interferometry Mission may succeed in uncovering large 
numbers of new planets via astrometry, but for the time 
being it remains a minor method of planetary detection.

• The potentially very long observation times will be 
required for years, and possibly decades, as planets far 
enough from their star to allow detection via astrometry 
also take a long time to complete an orbit.
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Radial Velocity

• Like the astrometric method, the radial-velocity method uses the fact that a star 
with a planet will move in its own small orbit in response to the planet's gravity. 
The goal now is to measure variations in the speed with which the star moves 
toward or away from Earth. 

• In other words, the variations are in the radial velocity of the star with respect to 
Earth. The radial velocity can be deduced from the displacement in the parent 
star's spectral lines due to the Doppler effect.

• The velocity of the star around the barycenter is much smaller than that of the 
planet because the radius of its orbit around the center of mass is so small. 
Velocity variations down to 1 m/s can be detected with modern spectrometers, 
such as the HARPS (High Accuracy Radial Velocity Planet Searcher) spectrometer 
at the ESO 3.6 meter telescope in La Silla Observatory, Chile, or the HIRES 
spectrometer at the Keck telescopes.

• This has been by far the most productive technique used by planet hunters. It is 
also known as Doppler spectroscopy. The method is distance independent, but 
requires high signal-to-noise ratios to achieve high precision, and so is generally 
only used for relatively nearby stars out to about 160 light-years from Earth. 

• The radial-velocity method can be used to confirm findings made by using the 
transit method. When both methods are used in combination, then the planet's 
true mass can be estimated. 
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Pulsar Timing

• Artist's impression of the pulsar PSR 1257+12's 
planetary system

• A pulsar is a neutron star: the small, ultra dense 
remnant of a star that has exploded as a supernova. 
Pulsars emit radio waves extremely regularly as they 
rotate. Because the intrinsic rotation of a pulsar is so regular, slight anomalies in 
the timing of its observed radio pulses can be used to track the pulsar's motion. 

• Like an ordinary star, a pulsar will move in its own small orbit if it has a planet. 
Calculations based on pulse-timing observations can then reveal the parameters 
of that orbit.

• This method was not originally designed for the detection of planets, but is so 
sensitive that it is capable of detecting planets far smaller than any other 
method can, down to less than a tenth the mass of Earth. 

• It is also capable of detecting mutual gravitational perturbations between the 
various members of a planetary system, thereby revealing further information 
about those planets and their orbital parameters.

• In 1992 Aleksander Wolszczan and Dale Frail used this method to discover 
planets around the pulsar PSR 1257+12. Their discovery was quickly confirmed; 
making it the first confirmation of planets outside our Solar System. 
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Transit Method

• Transit method of detecting extrasolar planets. 
The graph below the picture demonstrates the 
light levels received over time by Earth.

• While the above methods provide information about a planet's 
mass, this method can determine the radius of a planet. If a planet crosses 
(transits) in front of its parent star's disk, then the observed visual brightness of 
the star drops a small amount. The amount the star dims depends on the size of 
the star on the size of the planet. For example, in the case of HD 209458, the 
star dims 1.7%.

• The main advantage of the transit method is that the size of the planet can be 
determined from the light curve. When combined with the radial velocity method 
(which determines the planet's mass) one can determine the density of the 
planet, and hence learn something about the planet's physical structure. The 
nine planets that have been studied by both methods are by far the best-
characterized of all known exoplanets.

• The transit method also makes it possible to study the atmosphere of the 
transiting planet. When the planet transits the star, light from the star passes 
through the upper atmosphere of the planet. By studying the high-resolution 
stellar spectrum carefully, one can detect elements present in the planet's 
atmosphere. A planetary atmosphere (and planet for that matter) could also be 
detected by measuring the polarisation of the starlight as it passed through or is 
reflected off the planet's atmosphere. 
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Gravitational Microlensing

• Gravitational microlensing occurs when the gravitational field 
of a star acts like a lens, magnifying the light of a distant 
background star. This effect occurs only when the two stars 
are almost exactly aligned. Lensing events are brief, lasting 
for weeks or days, as the two stars and Earth are all moving 
relative to each other. More than a thousand such events have 
been observed over the past ten years.

• If the foreground lensing star has a planet, then that planet's own gravitational field can make 
a detectable contribution to the lensing effect. Since that requires a highly improbable 
alignment, a very large number of distant stars must be continuously monitored in order to 
detect planetary microlensing contributions at a reasonable rate. 

• This method is most fruitful for planets between Earth and the center of the galaxy, as the 
galactic center provides a large number of background stars.

• In 1991, astronomers of Princeton University first proposed using gravitational microlensing to 
look for exoplanets. Successes with the method date back to 2002, when a group of Polish 
astronomers from Warsaw, and during project OGLE (the Optical Gravitational Lensing 
Experiment) developed a workable technique. 

• During one month they found several possible planets, though limitations in the observations 
prevented clear confirmation. Since then, four confirmed extrasolar planets have been 
detected using microlensing. As of 2006 this is the only method capable of detecting planets 
of Earthlike mass around ordinary main-sequence stars.
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Circumstellar Disks

• An artist's conception of two Pluto-sized dwarf planets in a 
collision around Vega.

• Disks of space dust (debris disks) surround many stars. 

• The dust can be detected because it absorbs ordinary starlight 
and re-emits it as infrared radiation. Even if the dust particles 
have a total mass well less than that of Earth, they can still 
have a large enough total surface area that they outshine their 
parent star in infrared wavelengths.

• The Hubble Space Telescope is capable of observing dust disks with its 
NICMOS (Near Infrared Camera and Multi-Object Spectrometer) 
instrument. Even better images have now been taken by its sister 
instrument, the Spitzer Space Telescope, which can see far deeper 
into infrared wavelengths than the Hubble can. 

• Dust disks have now been found around more than 15% of nearby sun 
like stars.
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Direct Imaging
• As mentioned previously, planets are extremely faint 

light sources compared to stars and what little light 
comes from them tends to be lost in the glare from 
their parent star. So in general, it is very difficult to 
detect them directly. In certain cases, however, current 
telescopes may be capable of directly imaging planets. 

• Projects to equip the current generation of telescopes 
with new, planet-imaging-capable instruments are 
underway at the Gemini telescope (GPI), the VLT 
(SPHERE), and the Subaru telescope (HiCiao). 

• Specifically, this may be possible when the planet is especially large 
(considerably larger than Jupiter), widely separated from its parent star, and 
young (so that it is hot and emits intense infrared radiation).

• In July 2004, a group of astronomers used the European Southern Observatory's 
Very Large Telescope array in Chile to produce an image of 2M1207b, a 
companion to the brown dwarf 2M1207. In December 2005, the planetary status 
of the companion was confirmed. The planet is believed to be several times more 
massive than Jupiter and to have an orbital radius greater than 40 AU.

• Three other possible exoplanets have now been directly imaged: GQ Lupi b, AB 
Pictoris b, and SCR 1845 b. As of March 2006 none have been confirmed as 
planets; instead, they might themselves be small brown dwarfs.
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