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In Search Of Other Earths 
Is there life beyond earth? To find out, Sara Seager uses  
computer models to map possible biosignatures in the  
atmospheres of planets lurking close to stars. 
 
by JEFF KANIPE 

For centuries, astronomers have won-

dered if life exists elsewhere in the uni-
verse. But lacking hard data, the ques-
tion was essentially a mental exercise in 
philosophical speculation.  

Now, for the first time in the history 
of astronomy, a more definitive answer 
may be within reach.  

Although astronomers cannot directly 
scan the surface of extrasolar planets—
those outside our solar system—for life, 
they soon will be able to do the next 
best thing: look for biological signs of life. 

 

Or, The Shadow of a Needle 
in a Very Large Haystack 
Although such tactics may at first seem a 
bit indirect, to Sara Seager, an associate 
professor of planetary science at MIT, it 
makes perfect sense.  

“Anything is possible for exoplanets,” 
she says, “including what life might be like 
on those planets. That’s why our ap-
proach is to ignore what life is and instead 
focus on what life does.”  

 

 
IN SEARCH OF Sara Seager 
 
One thing life does, she says, is break 

down organic compounds to extract 
energy in a process called metabolism.  

Humans, for example, extract energy 
from their environment by metabolizing 
food, which in turn builds up new cells 
and tissues, provides heat, and enables 
the body to engage in physical activity.  

Given that similar reactions are indica-
tive of life, Seager and her co-
investigators, George Cody and Mat-
thew Schrenk of the Carnegie Institution 
of Washington, and Drake Deming and 
Marc Kuchner of NASA’s Goddard 
Space Flight Center, propose to develop 
a computer model to map possible 
metabolic reactions that could operate 
on a newly discovered class of rocky 
extrasolar planets called “hot super 
earths,” or HSEs.  

Such chemical signals, which would be 
detected spectroscopically, are called 
biomarkers or biosignatures. The Foun-
dational Questions Institute is funding a 
grant worth $64,434 supporting Seager’s 
intriguing research to determine such 
detectable indicators of life.  

 

Hint: Look for HSEs 
Of nearly 200 exoplanets now known in 
our galaxy, only ten have masses that fall 
between 7.5 and nearly 20 times that of 
earth, qualifying them as ‘super earths.’ 
(The rest are larger.)  

All of these planets lie in orbits very 
near their host stars (approximately 
equal to Mercury’s orbit or closer) and 
have exterior temperatures between 
300 K (room temperature) and a very 
toasty 1500K (about one fourth that of 
the surface of the Sun)—hence the de-
scription ‘hot.’  

“These probably consist largely of 
rock and some should have thin atmos-
pheres,” Seager says. “That’s why 
they’re the best analogs we have, right 
now, for earth.” 

The challenge, of course, is finding HSEs 
in the first place. As seen from our solar 
system, these objects are hidden behind 
the glare of their host stars, which can be 

millions to billions of times brighter than 
planetoids at visual wavelengths.  

On the other hand, because they are, 
well, very hot, HSEs are relatively brighter 
at infrared wavelengths—only outshone by 
a factor of a million by their host stars—
making them a little easier to detect.  

 

Anything is possible for 
exoplanets, including 

what life might be like. 
That’s why our ap-
proach is to ignore what 

life is and instead focus 
on what life does. 

- Sara Seager 
 
New space telescopes such as NASA’s 

Terrestrial Planet Finder (TPF) and the 
James Webb Space Telescope (JWST) 
will have the ability to study the immedi-
ate environs of stars at infrared wave-
lengths and detect the spectral signa-
tures of accompanying planets. Unfortu-
nately, both telescopes have had budget-
ary issues, and in fact, as of this writing, 
the TPF has been shelved. 

Still, the direct detection of hot rocky 
exoplanets may be closer than we think 
using telescopes already on orbit, like 
the infrared-sensitive Spitzer Space Tele-
scope (SST).  

“The detection of a super-earth-mass 
transiting planet could happen at any 
time,” says Drake Deming. “Measuring its 
spectrum to sufficient signal-to-noise to 
detect biosignatures, though, will proba-
bly have to wait for the JWST mission.” 

 

Unconventional Approach 
If such a discovery is made, it will be 
thanks to Sara Seager and her atmos-
pheric models.  
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Seager, who received her Ph.D. from 

Harvard in 1999, joined Deming and a 
team of astronomers that detected pho-
tons from exoplanet HD209458b using 
the SST.  

Then, six years ago, her prediction 
that sodium would be found in the at-
mospheres of hot Jupiters (a class of 
exoplanet different from HSEs) as they 
transited their host stars led to the first 
exoplanet atmospheric detection.  

In fact, for her progressive work in 
modeling the atmospheres of exoplan-
ets, Popular Science named her one of the 
“Brilliant 10” researchers in 2006. (For 
more information on this honor, see 
http://www.popsci.com/popsci/science/8
0d15f1a587ad010vgnvcm1000004eecbcc
drcrd.html.) 

“Sara is one of those talented folks 
who gets enough good ideas that she 
can pick and choose among the best of 
them,” says Joseph Harrington, who has 
worked with Seager on a number of 
projects, including, this year, obtaining 
the first continuous spectrum of HD 
209458b. “She’s extremely quick, both 
mentally and in getting work done. I 
admire both her and her approach to 
work very much.” 

 

Biosignatures 
Seager’s unconventional approach none-
theless has a straightforward premise: 
Life, whatever form it takes, creates 

biosignatures as a result of interacting 
with its environment.  

These signatures arise from some sort 
of reaction, like the metabolizing process 
in animals that occurs when food mole-
cules combine with inhaled oxygen to 
produce carbon dioxide, or when, during 
photosynthesis, sunlight entrapped in 
chlorophyll combines carbon dioxide and 
water into sugars, with oxygen as the 
waste product.  

Oxygen produces the most energetic 
of these reactions and, hence, is the 
most prominent biosignature candidate 
on Seager’s list. Other chemicals, such as 
methane, which can occur naturally in 
geologic formations like deep-sea vents, 
and nitrous oxide, which has a weak 
spectral feature, are less obvious bio-
markers but are nonetheless possible. 

Seager admits that her proposal to 
model biosignatures in the atmospheres 
and surfaces of extrasolar planets is un-
conventional, and even risky. After all, 
life is complex and not well understood.  

Moreover, only one example of a liv-
ing system is known to exist—our 
own—which means we don’t have 
enough data to test alternate definitions 
of “life” in any meaningful way.  

Nevertheless, Seager is convinced that 
efforts to “predict metabolic strategies” 
of HSEs will lay the groundwork for 
future observations.  

“This will be the first step in being 
able to one day interpret biosignatures 

on exoplanets that are very different 
from earth but still potentially habitable.” 

 

Exciting Times  
Such an endeavor is clearly a step in a 
bold direction, says Harrington. “This 
work is so ‘out there,’ that even if Sara 
finds some processes that could work, 
there is no assurance that they are 
common or that they’d be used on any 
of the first ten worlds on which we dis-
cover life off the earth. However, some-
one needs to do the groundbreaking 
work of thinking about the problem 
from this angle. It will give us some 
things to look for, and it will broaden 
our thinking about what kinds of places 
to look, whether in our solar system or 
elsewhere.” 

Without a doubt, these are heady 
times in the field of exoplanet research. 
New planets are turning up all the time, 
some that defy explanation. And for the 
first time, planets with masses approach-
ing that of earth are being discovered. 
Now astronomers are preparing to 
zero-in on these planets to look for 
signals of life. 

“The pace of exoplanetary research is 
accelerating,” says Seager, “and leading 
to an amazing convergence of technol-
ogy and theory—to bring us the knowl-
edge that earth-size planets are com-
mon—and that many of them are habit-
able.” 

 
 

 

HOT SUPER EARTH Artist’s 
rendition of a moon orbiting 
the extra-solar planet in or-
bit around the star HD70642. 
Photo Credit: David A. Hardy, as-
troart.org. Copyright: Particle Phys-
ics and Astronomy Research Council 


