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New Worlds on the Horizon:
Earth-Sized Planets Close to Other Stars
Eric Gaidos,1,2* Nader Haghighipour,2,3 Eric Agol,4 David Latham,5
Sean Raymond,2,6 John Rayner3

The search for habitable planets like Earth around other stars fulfills an ancient imperative to
understand our origins and place in the cosmos. The past decade has seen the discovery of
hundreds of planets, but nearly all are gas giants like Jupiter and Saturn. Recent advances in
instrumentation and new missions are extending searches to planets the size of Earth but closer
to their host stars. There are several possible ways such planets could form, and future
observations will soon test those theories. Many of these planets we discover may be quite unlike
Earth in their surface temperature and composition, but their study will nonetheless inform us
about the process of planet formation and the frequency of Earth-like planets around other stars.

The ancients looked at the night sky and
wondered what the lights wandering
among the fixed stars were. After the

Copernican revolution, humanity asked whether
any of them—the planets of the solar system—
are worlds like ours and support life. The search
for habitable worlds now extends to the other
stars, around which more than 200 planets have
been discovered. Until recently, all discoveries
were of planets far more massive than Earth, that
is, like Jupiter or Saturn. This is because most of
them were discovered by Doppler velocimetry,
a technique that measures the motion of the star
around the system’s center of mass by detecting
the alternating Doppler shift of starlight toward
red or blue wavelengths (Fig. 1). The shift is
proportional to a planet’s mass, and thus more-
massive planets are easier to detect. The orbits
of a few such planets are observed edge-on, and
the planets periodically pass in front of (transit)
their host star (Fig. 1). The masses of planets
on such orbits are known unambiguously, and
their diameters and mean densities can be cal-
culated from the small (~1%) fraction of star-
light that is occulted as well as knowledge of
their stars’ diameters. These planets turn out to
have densities similar to those of the gas giants
in our solar system and are presumed to be
made mostly of hydrogen and helium gas.

Such objects fascinate astronomers, but our
quest to find Earth-like planets with solid sur-
faces and conditions suitable for life continues.
One condition is the presence of liquid water,

and orbits on which a planet’s surface temper-
ature permits stable liquid water describe a cir-
cumstellar “habitable zone” (1). The detection
of a planet like Earth in the habitable zone of
even the nearest Sun-like stars is an enormous
challenge because its Doppler signature is only
0.3% of a Jupiter-mass planet, it can occult only
0.01% of the star, and its distant orbit means
the likelihood of a transit is less than 1 in 200.
But the discovery of planets not too unlike the
Earth may not be far off: Doppler velocimetry
with more stable instruments has recently dis-
covered several objects much less massive than
Saturn and as small as five times larger than
Earth (2–4); one of these has now been ob-
served to transit its star (5). Like many of the
giant planets detected by this method, they
are much closer to their host stars than Earth
is to the Sun (1 astronomical unit or AU), and
so the Doppler shift they induce is larger and
more detectable. New instruments, on the ground
and in space, will discover still smaller planets.

These worlds will also be on close orbits, many
will be much hotter than the Earth, and some
may have very different compositions. All will
help us understand how planets form and the pro-
pensity for that process to yield planets like Earth.

Recipes for Earths
Mercury orbits only 0.38 AU from the Sun, but
Earth-mass planets could exist on even closer
orbits around other stars. The theory of in situ
formation begins with a disk of gas and km-
sized bodies (planetesimals); the latter accrete
into ~100 Moon- to Mars-sized protoplanets in
about 1 million years; these in turn collide and
coalesce to form planets in 10 to 100 million
years (6). Planets are unlikely to form very close
to their host stars because accretion will occur
over a narrow range of orbits and will include
little material. Disks that contain much more
mass than the one that formed the solar system
could form close-in planets, but observations of
young stars showed massive disks to be rela-
tively uncommon (7). Numerical simulations of
planet formation in such disks produced sev-
eral closely spaced planets (8).

Alternatively, Earth-sized planets form further
out in the disk and spiral inward toward the star
as they exchange angular momentum with a re-
sidual disk of gas and planetesimals. Orbital
migration is one explanation for the origin of
close-in or “hot” giant planets, and Earth-sized
planets have been predicted to migrate inward
in the space of about amillion years (9).Migration
can be halted at the disk’s inner edge (10) or
where there is a change in the disk’s ability to
dissipate heat by radiation (11). Several plan-
ets migrating together can become trapped in
“mean-motion” resonances, at which their orbital
periods are integer ratios (12, 13). The system
will stop evolving when inward-directed torques
acting on the outer planets balance the outward-
directed torques on the innermost planets (14).
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Fig. 1. A schematic view illustrating how an Earth-sized planet orbiting close to its host star can be
discovered and studied. The planet orbits inside the orbit of a giant planet. Nothing is to scale, and
both planets are shown at multiple positions in their orbits. The presence of the unseen planets can
be inferred from the periodic Doppler shift of starlight (represented by the blue and red dashed
circles) as the star moves toward and away from the observer on different parts of its orbit around
the system’s center of mass. The Earth-sized planet transits the star and occults a small fraction of
the light, allowing the planet’s diameter to be estimated. At the opposite phase, the planet will be
eclipsed by the star, and its infrared flux can be measured by comparing the total flux outside of
and during eclipse. The inner planet perturbs the outer giant planet on its orbit (dashed lines),
causing times of transit of the latter to deviate from simple periodicity by a measurable amount.
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Earth-sized planetsmight also form from plan-
etesimals shepherded interior to an inwardly mi-
grating giant planet (Fig. 2). The giant planet
perturbs an interior protoplanet into an elliptical
orbit; circularization of that orbit by gas drag and
gravitational scattering of smaller planetesimals
leaves the planet on a slightly smaller orbit, and
the process repeats as the giant planet moves fur-
ther inward (15). Planets grow rapidly in the
dense annulus of shepherded planetesimals inte-
rior to the giant’s orbit (16–19). In numerical sim-
ulations, about half of the growing planets were
scattered onto exterior orbits by a close encounter
with the giant planet, depending on the mass of
the giant planet and its rate of migration (Fig. 2).
Planetesimals can also be shepherded interior to
the locations of “secular” resonances, where or-
bits in the gravitational field of a primordial gas
disk precess (wobble) at a resonant frequency of
the planetary system. Eventual dispersal of the
gas causes the inward “sweeping” of these reso-
nances, stimulating the growth of planets (20).
However, this mechanism ceases to be effective
close to the star, where general relativistic effects
dominate orbital precession.

Each of thesemodelsmakes testable, although
not necessarily unique, predictions. The in situ
formation model predicts that close-in Earths are
not isolated; if there is sufficient mass to form
one, then several should form. They will be pref-

erentially found around stars with a relatively high
abundance of the heavy elements that make up
such planets; it is already known that such stars
aremore to likely host giant planets. Themigration
model also predicts that multiple planets will be
found in a series of near-resonant orbits, although
isolated planets could exist if migration halts. The
gas giant shepherding model predicts that Earth-
sized planets will be found near the interior mean-
motion resonances of close-in gas giants (Fig. 2).
On the other hand, the disk dispersal model pre-
dicts that planets will be well removed from such
resonances. For example, Zhou et al. (16) in-
voked a combination of gas giant shepherding
and disk dispersal to explain the close-in, ~7.5
Earth-masses planet orbiting star GJ 876, which
also hosts two more-distant giant planets. In their
model, the two gas giants co-migrated inward to
their final orbits, shepherding planetesimals near
mean-motion resonances along the way. As the
gas disk disappeared, secular resonances moved
the material further inward, causing a planet to
grow. Another example is the Gliese 581 system,
which contains three close-in planets with masses
between 5 and 15 times that of Earth (4) but as
yet no discovered giants. These planets either
formed in situ from a very massive disk or mi-
grated inward to their present positions.

These simulations highlight the possibility
that Earth-sized planets exist close to many stars.

Nevertheless, confidence in such predictions
must be tempered by the facts that none of the
models includes the physics of collisions between
planetesimals (which may result in disruption
rather than accretion) and that current computing
power can simulate the dynamics of only ameager
number of planetesimals (no more than 105)
compared with reality (1012). Furthermore, close-
in planets may undergo further orbital evolution
because of tides raised on both the host star and
planet or the gravitational influence of two or
more giant planets. Ultimately, such predictions
must be tested by observations.

Doppler Detection of Earths
Confronting theoretical expectations with obser-
vations, however, will require extraordinary feats
of observation. For Doppler detection, a velocity
precision better than 1 m/s, less than the average
walking speed of a human, can now be achieved
by comparing the position of thousands of fea-
tures in the spectrum of a star with a fiducial
spectrum of an absorbing gas cell, lamp, or
laser. Sensitivity is now limited by the noise or
“jitter” produced by turbulence, spots, and acoustic
oscillations in stellar atmospheres. Better sensi-
tivity may eventually be achieved by understand-
ing the precise characteristics of such noise or
averaging over many orbits. Meanwhile, meter-
per-second accuracy is not sufficient to find a
“twin” to the Earth-Sun system, but it is enough
to detect somewhat more massive planets on
closer orbits. Earth-mass planets could be de-
tected around the lowest-mass (M dwarf) stars,
whose motion will be more affected by an un-
seen companion. M dwarfs are numerous, and
planets have already been found around the most
massive representatives of this type. However,
the relative propensity of less-massive M dwarf
stars to host planets (of any type) is not yet
known. If the mass of the planet-forming disk
scales with that of the star, fewer planets and/or
smaller planets might be found.

The atmospheres of M dwarf stars do not ap-
pear to be especially “jittery” compared to those
of higher mass stars (21). However, M dwarfs are
cooler and much less luminous; their flux peaks
at near-infrared (1 to 3 mm) wavelengths, and the
coolest ones are very difficult targets for visible-
wavelength spectrographs on current telescopes.
One solution is to build a much larger telescope
than the current record-holders, the 10-m Keck
telescopes on Mauna Kea. An economical alter-
native is to carry out high-precision spectroscopy
at near-infrared wavelengths. Doppler velocity
precision is proportional to the number of fea-
tures in a stellar spectrum and the square root of
the number of detected photons. Although the
former is higher at visible wavelengths, for stars
less massive than about 30% of the Sun this is
outweighed by the higher number of detectable
photons in the near infrared. Furthermore, star
spot contrast in the near infrared is reduced by a
factor of two compared with the visible, and its
contribution to Doppler noise may be less. One

Semimajor axis (AU)
Log (Water mass fraction)

Fig. 2. Numerical simulation of the formation of close-in Earth-sized planets via inward shepherding of
material by a migrating giant planet (large black circle). The four panels are snapshots in time of the
orbital eccentricity (deviation from circularity) versus semimajor axis (orbit size) of each surviving body
during the migration of a Jupiter-mass planet from 5.2 to 0.25 AU in 105 years (18, 19). The size of each
body is proportional to the cube root of its mass but is not to scale with the giant planet or the x axis. The
color of each body corresponds to its water content as shown on the color bar. The dark inner region of
each body shows the approximate size of the planet's iron core [for details, see Raymond et al. (8)]. The
2:1, 3:1, and 3:2 mean-motion resonances with the giant planet are labeled; the 2:1 mean-motion
resonance is responsible for the bulk of the inward shepherding, and simulations often produce an Earth-
sized planet near that resonance.
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potential problem of near-infrared spectroscopy
is contamination by numerous terrestrial atmo-
spheric absorption lines compared with the op-
tical. The depth and central wavelength of these
lines varies with the water vapor content and
high-altitude wind pattern of the atmosphere.
However, simulations suggest that this problem
can be reduced by masking out the deepest
such lines, still leaving sufficient wavelength cov-
erage to achieve the required Doppler precision.

Several projects to develop precision near-
infrared spectrographs are under way. These
include the precision radial velocity spectrograph
(PRVS) for one of the two Gemini 8-m tele-
scopes, a collaboration between the Astronomy
Technology Centre in the United Kingdom, the
University of Hertfordshire, the University of
Hawaii, and Pennsylvania State University; a
PRVS pathfinder at Penn State; and TripleSpec–
Externally Dispersed Interferometer for the
Palomar 5-m telescope, a collaboration between
Cornell University and the University of Califor-
nia, Berkeley. A PRVS-like instrument on
Gemini could survey 300 M dwarfs over the
course of 5 years for close-in Earth-sized planets,
a sufficiently large sample to test theories of
their origin.

Detecting Earths with Transits
In the small fraction of systems whose orbits
happen to appear edge-on, planets can be

detected as they transit the disk of the host
star. Planets on closer orbits are statistically
more likely to transit and will transit more
frequently. A giant planet like Jupiter occults
~1% of the disk of a Sun-like star, an effect
that can be detected by ground-based
instruments. It is not known which stars have
planets with favorable orbital geometries, and
a large number must be monitored, but
searches for giant planet transits are beginning
to pay off (22). However, an Earth-sized
planet occults only 0.01% of the starlight,
and this level of precision is not possible with
telescopes on the ground because of scintilla-
tion by the atmosphere (“twinkling”). Another
approach is to search for transits of the
smallest M dwarfs for which an Earth-sized
planet would occult a detectable fraction (0.1
to 1%) of the stellar disk. However, such stars
are extremely faint, and only the nearest are
suitable targets. These will be widely distrib-
uted over the sky, and monitoring them with
the appropriate cadence will require robotic
telescopes. A prototype of one such observa-
tory, Panoramic Survey Telescope and Rapid
Response System (Pan-STARRS), has already
seen “first light” from the summit of Halea-
kula in Hawai’i.

An alternative method for finding smaller
planets exists in systems with a transiting giant
planet. The existence and position of Neptune

was correctly inferred from observations of the
departure of Uranus from its predicted orbit.
Likewise, an otherwise invisible planet can be
detected by its gravitational effect on the orbit of
a second planet that transits the host star. Those
perturbations will cause the transit times to devi-
ate from simple periodicity. When the two plan-
ets are in or near a mean-motion resonance, their
mutual gravitational perturbations are amplified,
and the deviations are larger. The variation of the
times of transit is proportional to the ratio of the
planets’masses, and for an Earth-mass planet af-
fecting a transiting Jupiter-mass planet the signal
can be as large as a fewminutes over a period of a
few months to years. The transits of giant planets
can be timed to a precision of a few tens of sec-
onds with ground-based telescopes, and Earth-
mass or smaller planets are detectable (23, 24).
The shepherding theory of formation predicts ob-
jects near resonant orbits interior to close-in giant
planets (Fig. 2), and the transit timing technique
has already been used to rule out the existence of
Earth-sized planets in one system (25). One un-
pleasant possibility is that those planets nearest
to mean-motion resonances, and therefore the
most detectable, will also have the most unstable
orbits.

The most direct approach to find transiting
Earth-sized planets is to observe from space:
CoRoT (Convection, Rotation, and Planetary
Transits), a joint mission of the Centre National
d’Études Spatiales and theEuropeanSpaceAgency
(ESA), was launched last December and should
be capable of finding transiting planets as small
as a few Earth masses on close orbits around any
of ~120,000 stars (26). NASA's Kepler mission,
scheduled for launch in early 2009, will push the
limit to planets the size of the Earth around about
100,000 stars (27) (Fig. 3). Both CoRoT and
Kepler will perform more-precise transit timing
of giant planets and thus make more-sensitive
searches of Earth-like planets on resonant orbits
within these systems. Radial velocity measure-
ments of stars with transiting planets can then give
orbits, masses, and mean densities.

Habitability
Our prospects for finding Earth-sized planets
close to their host stars and even learning some-
thing about them seem promising. But will any
of such planets have surface conditions that
could support life as we understand it? Close-in
planets around low-luminosity M dwarfs can or-
bit within the habitable zone (Fig. 3). However,
charged particles in flares from the nearby host
star or impacts at the high velocities of these
orbits may remove such planets’ atmospheres,
rendering their surfaces inhospitable (28). Com-
position and mass are also important, and not all
planets are created equal in this regard (29). For
example, Venus was originally in the habitable
zone of a fainter early Sun, but we do not know
whether it ever had water. On the other hand,
Mars is now just inside the habitable zone of the
Sun, but it lacks a substantial greenhouse atmo-
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Fig. 3. Potential for different techniques, instruments, and missions to detect Earth-sized planets on
close-in orbits around stars of different masses. The inner solar system and all reported extrasolar planets
with minimummasses less than 15 times that of the Earth are shown as black circles. The diameter of each
circle is proportional to the cube root of the (minimum) mass. The green zone is the habitable zone in
which liquid water is stable on an Earth-like planet (1). The upper-right boundary for Doppler velocity
detection corresponds to the orbits of five Earth-mass planets that produce a maximum Doppler shift of
1 m/s, and upper left-hand boundary corresponds to orbits with a 1-day period. CoRoT and Kepler can
detect only those planets that transit their host star. Also, the actual boundaries are not as distinct as
presented here, and the applicability of each method may in fact extend beyond the zones depicted.
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sphere because it is too small to have prevented
its atmosphere from escaping or to maintain the
volcanic activity to replenish it.

Theory provides some guidance for our ex-
pectations: Planets that formed close to their host
stars are less likely to have water because the
primordial disks of gas and dust are thought to
have hot and dry inner regions.Water is alsomore
likely to be lost because the speed of impacts
during accretion is higher (30), and the high or-
bital angular momentum of any water-rich plane-
tesimals from further out in the system would
prevent them from reaching the planet (31).

Conversely, planets that formed in the outer,
water-rich regions of a disk and migrated inward
are more likely to have abundant water (13, 19).
In a system with a chemical composition like that
of our solar system, such planets could be
composed of as much as 20 to 50% ice. These
would be “ocean worlds,” with ~100-km-deep
oceans overlying thicker mantles of high-
pressure phases of water ice (32, 33). However,
if the planet’s surface temperature is above the
critical point of water (374°C), there will be no
liquid phase; this structure has been suggested
for the Neptune-mass planet Gliese 436b (5).

Planet-forming disks around other stars may
also have different chemistries, spawning a greater
diversity of planets than is represented in our solar
system. For example, the initial ratio of carbon to
oxygen can vary between planet-forming disks and
with it the amount of water that can be incorpo-
rated into planets (34). In the extreme case of a
carbon-rich disk, water is completely absent, and
silicate minerals are replaced by silicon carbides
such as carborundum. Such a diskwould produce
“carbide worlds” covered with oceans and atmo-
spheres of hydrocarbons andmore closely resem-
ble the satellite Titan than Earth. Other planets
may have had their rocky mantles removed by
high-speed collisions during their formation and,
like Mercury, be composed mostly of iron.

By combining space-based transit detection
with ground-based Doppler velocimetry to cal-
culate mean densities, it should be possible to
distinguish between worlds composed mostly of
rock, water ice, or iron (35–38). Spectra of star-
light during and outside a transit can be compared
to search for absorption by gases in any planetary
atmosphere (Fig. 1). The planet’s emission at in-
frared wavelengths can also be recovered by mea-
suring the change in flux as the planet moves
behind the star (Fig. 1). Both of these techniques
have been successfully used with transiting
giant planets. The JamesWebb Space Telescope
(JWST), an infrared space telescope scheduled to

be launched in 2013, should be capable of de-
tecting the emission from a “hot” Earth-sized
planet close to a Sun-like star. The total emission
is related to the amount of starlight absorbed by
the planet, which, because the planet’s diameter
is known, can be related to the average reflec-
tivity of the planet. That quantity contains in-
formation about the scattering properties of the
atmosphere and the presence or absence of clouds.
Much more could be discovered about planets in
or interior to the habitable zone of M dwarfs. In
such cases, the day-night temperature difference
on the planet can be measured, indicating the
presence or absence of an atmosphere to redis-
tribute heat, and it may be possible to extract a
low-resolution spectrum and search for absorp-
tion by gases such as carbon dioxide, water vapor,
and methane in any such atmosphere.

NASA’s proposed Space Interferometer Mis-
sion (SIM), designed to detect the minute
motions of stars on the plane of the sky, might
also be pressed into service to search for Earth-
sized planets (39) (Fig. 3). In the more distant
future, the ambitious Terrestrial Planet Finder
(NASA) and Darwin (ESA) space observatories
would spatially separate light from planets from
that of their host stars, allowing direct spectros-
copy of Earth-sized planets. Because of the great
technical and fiscal challenges to that approach,
alternatives need to be considered. Some inves-
tigators argue that the temporal techniques
successfully used to isolate signal from transiting
gas giants should be pursued for smaller planets,
with use of ground-based campaigns to find
Earth-sized planets in the habitable zone of M
dwarfs and new observatories, beginning with
JWST, to observe them (40). But do Earth-sized
planets exist close to low-mass stars, and are
any of them Earth-like and possibly habitable?
Astronomers are beginning to look, and answers
may soon be on the horizon.

References and Notes
1. J. F. Kasting, D. P. Whitmire, R. T. Reynolds, Icarus 101,

108 (1993).
2. E. J. Rivera et al., Astrophys. J. 634, 625 (2005).
3. C. Lovis et al., Nature 441, 305 (2006).
4. S. Udry et al., Astron. Astrophys. Lett. 469, L43

(2007).
5. M. Gillon et al., Astron. Astrophys. Lett., in press; preprint

available at http://arxiv.org/abs/0705.2219v3.
6. J. J. Lissauer, Annu. Rev. Astron. Astrophys. 31, 129 (1993).
7. J. A. Eisner, J. M. Carpenter, Astrophys. J. 641, 1162

(2006).
8. S. N. Raymond, T. Quinn, J. I. Lunine, Astrophys. J. 632,

670 (2005).
9. W. R. Ward, Icarus 126, 261 (1997).
10. F. S. Masset, G. D'Angelo, W. Kley, Astrophys. J. 652, 730

(2006).

11. S. J. Paardekooper, G. Mellema, Astron. Astrophys. 459,
L17 (2006).

12. M. H. Lee, S. J. Peale, Astrophys. J. 567, 596 (2002).
13. Y. Alibert et al., Astron. Astrophys. 455, L25

(2006).
14. C. Terquem, J. C. B. Papaloizou, Astrophys. J. 654, 1110

(2007).
15. H. Tanaka, S. Ida, Icarus 139, 350 (1999).
16. J.-L. Zhou, S. J. Aarseth, D. N. C. Lin, M. Nagasawa,

Astrophys. J. 631, L85 (2005).
17. M. J. Fogg, R. P. Nelson, Astron. Astrophys. 441, 791

(2005).
18. S. N. Raymond, A. M. Mandell, S. Sigurdsson, Science

313, 1413 (2006).
19. A. M. Mandell, S. N. Raymond, S. Sigurdsson, Astrophys. J.

660, 823 (2007).
20. M. Nagasawa, D. N. C. Lin, E. Thommes, Astrophys. J.

635, 578 (2005).
21. J. T. Wright, Publ. Astron. Soc. Pac. 117, 657 (2005).
22. F. Pont, in Tenth Anniversary of 51 Peg-b: Status of and

Prospects for Hot Jupiter Studies, L. Arnold, F. Bouchy,
C. Moutou, Eds. (Frontier Group, Observatoir de Haute
Provence, France, 2006), pp. 153–164.

23. M. J. Holman, N. W. Murray, Science 307, 1288
(2005).

24. E. Agol, J. H. Steffen, R. Sari, W. Clarkson, Mon. Not. R.
Astron. Soc. 359, 567 (2005).

25. E. Agol, J. H. Steffen, Mon. Not. R. Astron. Soc. 374, 941
(2007).

26. P. Bordé, D. Rouan, A. Léger, Astron. Astrophys. 405,
1137 (2003).

27. M. Gillon, F. Courbin, P. Magain, B. Borguet, Astron.
Astrophys. 442, 731 (2005).

28. J. Scalo et al., Astrobiology 7, 85 (2007).
29. E. Gaidos et al., Astrobiology 5, 100 (2005).
30. J. J. Lissauer, Astrophys. J. 660, L149 (2007).
31. S. N. Raymond, T. Quinn, J. I. Lunine, Icarus 168,

1 (2004).
32. M. J. Kuchner, Astrophys. J. 596, L105 (2003).
33. A. Leger et al., Icarus 169, 499 (2004).
34. E. J. Gaidos, Icarus 145, 637 (2000).
35. J. J. Fortney, M. S. Marley, J. W. Barnes, Astrophys. J.

659, 1661 (2007).
36. F. Selsis et al., Icarus, in press; preprint available at

http://arxiv.org/abs/astro-ph/0701608.
37. D. Valencia, D. D. Sasselov, R. J. O'Connell, Astrophys. J.,

in press; preprint available at http://arxiv.org/abs/
0704.3454.

38. S. Seager, M. J. Kuchner, C. Hier-Majumder, B. Militzer,
Astrophys. J., in press; preprint available at http://arxiv.
org/abs/0707.2895.

39. J. Catanzarite, M. Shao, A. Tanner, S. Unwin, J. Yu,
Publ. Astron. Soc. Pac. 118, 1322 (2006).

40. D. Charbonneau, D. Deming, http://arxiv.org/abs/
0706.1047.

41. This manuscript is a result of discussions at a session
of the 210th Meeting of the American Astronomical
Society sponsored by the NASA Astrobiology Institute.
E.G. acknowledges support by the NASA Terrestrial
Planet Finder Foundation Science Program. N.H. is
supported by the NASA Astrobiology Institute under
cooperative agreement no. NNA04CC08A. S.R. is
supported by the NASA Postdoctoral Program at the
University of Colorado Astrobiology Center, administered
by Oak Ridge Associated Universities through a contract
with NASA. The contribution by J.R. is on behalf of the
PRVS team.

10.1126/science.1144358

www.sciencemag.org SCIENCE VOL 318 12 OCTOBER 2007 213

REVIEW

 o
n 

A
ug

us
t 2

7,
 2

00
8 

w
w

w
.s

ci
en

ce
m

ag
.o

rg
D

ow
nl

oa
de

d 
fr

om
 

http://www.sciencemag.org

