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Recently, thousands of planets have been discovered orbiting distant 
stars. We call these far-away planets exoplanets. Most exoplanets 
have been found by looking for tiny changes in the brightness of 
stars. When exoplanets pass in between their star and the Earth, they 
block out a bit of starlight, causing a small dip in the star’s brightness. 
Transits of exoplanets have revealed that the most common planets 
orbiting Sun-like stars are a bit bigger than the Earth and smaller than 
Neptune—unlike any planet in our Solar System.

WHY IS IT SO HARD TO FIND PLANETS ORBITING DISTANT 
STARS?

We have known about the planets orbiting the Sun in our own solar 
system for thousands of years, but it took until 1995 to find a planet 
orbiting a distant Sun-like star. Finding planets orbiting distant starts is 
difficult because planets are much dimmer than the stars they orbit, 
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and both the stars and planets are so far away. It is a bit like trying to 
see a mosquito at night, flying next to a car’s headlight, from 100 miles 
away! So how in the world do we find other worlds?

ONE LITTLE ECLIPSE MAKES ONE BIG BREAKTHROUGH

A breakthrough came in the year 2000, when astronomers pointed their 
telescope at a star called HD 209458. HD 209458 is slightly bigger and 
hotter than the Sun, and is located about 150 light years away, in the 
constellation Pegasus. The astronomers were measuring the brightness 
of the star very carefully—with enough precision to detect changes in 
the star’s brightness as small as 1%. They measured the star’s brightness 
on two different nights and found that the star got dimmer by about 
1.5% for 3 h, before returning to its normal brightness, on two separate 
nights [1].

That tiny change in brightness, shown in Figure 1, was a huge discov-
ery, because it was caused by a planet that passed between the Earth 
and HD 209458. As the planet blocked out starlight from HD 209458, 
the astronomers on Earth measured slightly less starlight than normal. 
The amount of missing starlight tells astronomers how big the planet 
is. If the planet is very large, it blocks out lots of starlight, and if the 
planet is smaller, like Earth, it blocks only a tiny fraction of the star’s 
light. When a planet passes in front of a star and blocks out starlight, 
we call that event a transit.

The amount of light that went missing from HD 209458 (1.5%) must 
have been caused by a planet bigger than Jupiter—the biggest planet 
in our solar system. They called the exoplanet HD 209458 b. The little 
b represents that it was the first planet discovered in the system (if later 
planets are discovered around the same star, they will be given the let-
ters c, then d, and so on). Though its size is similar to that of Jupiter, HD 
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Figure 1

This figure shows 
brightness 
measurements over 
time for the star HD 
209458. You can see 
that the brightness 
dipped below its 
normal brightness for a 
while before returning 
to its normal brightness 
—the dip in brightness 
is the transit event 
which occurs because 
the Jupiter-sized 
exoplanet orbiting HD 
209458 is blocking out 
some of the starlight [1].
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209458 b is very different from Jupiter. Jupiter orbits the Sun five times 
farther than the distance from the Earth to the Sun, while HD 209458 b 
orbits its star 21 times closer than Earth. Since HD 209458 b is so close 
to its star, it is extremely hot—about 1,200°C! Like Jupiter, this planet is 
a “gas giant,” meaning it has no solid surface. Without a surface and at 
such a high temperature, HD 209458 b is a bad place to look for life.

FINDING THOUSANDS OF PLANETS

Now we know how to discover one planet—we measure the bright-
ness of a star very carefully for a while, and if it dips in brightness for a 
few hours during a transit, we may have discovered a planet! But since 
the year 2000, thousands of planets have been discovered. How did 
astronomers find so many?

Most of the planets discovered so far have been found by the Kepler 
space telescope, which stared at 150,000 stars for 4 years, taking pre-
cise brightness measurements every half hour. More than 2,000 stars 
showed transits in the brightness measurements, revealing the presence 
of a whole zoo of planets that range in size from as small as Mercury 
to larger than Jupiter, and everything in between [2].

THE MEDIUM-SIZED PLANET SURPRISE

One of the biggest surprises that the Kepler space telescope discovered 
was that the most common size for a planet is in between the size of 
Earth and Neptune. Earth is the largest rocky planet in the solar system, 
and Neptune is the smallest gas planet in the solar system. There are no 
planets in our solar system between the size of Earth and Neptune, yet 
most of the planets found by Kepler fall in this size range. Astronomers 
today are working hard to figure out what these medium-sized worlds 
are like [3]. Are they small gas planets like mini-Neptunes, or big, rocky 
planets like super-Earths?

NOT TOO HOT, AND NOT TOO COLD—JUST RIGHT!

You might be wondering, “Could we live on any of those planets?” 
Astronomers are trying to answer that question. More specifically, they 
want to know whether or not each planet could have liquid water on 
its surface. Everywhere liquid water is found on the Earth, life can also 
be found, so we will begin our search for life among the exoplanets 
by searching for planets that could have liquid water on their surfaces. 
Some planets, like HD 209458 b, are too hot to have liquid water, while 
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others are too cold. We are looking for planets that sit in the “Goldilocks 
zone,” right in the middle, which we call the “habitable zone.”

Two planets that orbit in the habitable zone around their host star 
are Kepler-62 e and f [4, 5]. These planets orbit a star 30% less mas-
sive than the Sun, located 1,200 light years away from us. Both plan-
ets are a bit larger than the Earth. Astronomers hope to use the  
soon-to-be-launched James Webb space telescope to measure the 
masses of these nearly Earth-sized worlds, to figure out if they are rocky 
or gaseous, and therefore whether or not they have surfaces (and pos-
sibly water) and would be good hosts to life as we know it.

NEW PLANET HUNTERS

There are a variety of exciting new missions being planned by NASA 
and ESA that will discover or study transiting exoplanets, including mis-
sions called TESS, PLATO, and CHEOPS. As we discover more and more 
planets, we will surely need more astronomers like you to help us figure 
out which ones are the most promising hosts for life.
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