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In 2019 Michel Mayor and Didier Queloz (1) received a 
share of the Nobel prize in physics ‘for the discovery of an 
exoplanet orbiting a solar-type star’. Working at the University 

of Geneva, they pioneered techniques for detecting planets 
orbiting stars other than the Sun. Following their discovery of 
the first exoplanet in 1995, other astronomers joined the search 
and by June 2020 there were 4141 known exoplanets. Of the 
2.5 × 1012 stars in the Milky Way, about 3000 are now known to 
have planetary systems. 

2 A planet and star orbit around their common 
centre of mass

star planet

orbit of
planet

orbit of
star

centre of 
mass

4 A transiting exoplanet causes a slight dip in a 
star’s observed brightness
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7 Unit conversions

Name and 
symbol Definition SI equivalent

Astronomical 
unit, AU

Mean Earth–Sun distance 1.496 × 1011 m

Light year, ly Distance light travels in a 
vacuum in 1 year  
(3.154 × 107 s)

9.461 × 1015 m

Exoplanets

The first exoplanets were found using Doppler spectroscopy. 
When a planet orbits a star both move around their common 
centre of mass (2). As the star wobbles towards and away from 
an observer, the absorption lines in its spectrum are Doppler 
shifted (3):
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where Δλ is the change in wavelength, λ the unshifted 
wavelength, c the speed of light and v the star’s velocity along 
the observer’s line of sight, known as its radial velocity. 

An observer far outside the solar system might detect Jupiter 
by seeing our Sun’s radial velocity change by about 12 m s−1 
with a period of about 12 years. Planets with smaller mass or in 
larger orbits (lower orbital speed) are harder to detect, and this 
method only finds planets whose orbits are seen from the side. 

Most exoplanets are now discovered using transit 
measurements. When a planet passes in front of a star there is 

a slight dip in the star’s observed brightness (4). NASA’s Kepler 
space telescope monitored stars in a small part of the Milky Way 
(5) and detected nearly 3000 exoplanets. 

Astronomers use observational data to calculate the masses 
and orbital radii of exoplanets. Many known exoplanets 
have masses similar to Jupiter’s or larger. A few large, nearby 
exoplanets have been imaged directly, for example 2M1207b, 
which has a mass about five times that of Jupiter and an orbital 
radius of about 55 AU. It orbits a brown dwarf star about 230 
light years from Earth (6, 7). 

Earth-sized exoplanets have been found, and some orbit their 
stars in the habitable zone, where temperatures allow liquid water 

to exist (8). But many exoplanets are quite unlike those in our 
solar system.

In March 2020 the media carried news of an exoplanet whose 
temperature exceeds 2400°C, which is hot enough for iron to 
liquefy (9). Such exotic planets are causing scientists to rethink 
their theories of how planets might have formed.
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5 The Kepler telescope surveyed about 500 000 
stars in a small part of the Milky Way

6 Combined infrared and optical observations 
of exoplanet 2M1207b (lower left) in orbit

8 Artist’s impression of an Earth-like planet 
in the TRAPPIST-1 system, discovered by the 
TRAnsiting Planets and Planetesimals Small 
Telescope at La Silla Observatory

9 Artist’s impression of the exoplanet 
Wasp-76b, where molten iron may fall as rain

3 Absorption lines in a star’s spectrum are 
Doppler shifted as the star wobbles

1 Didier Queloz (left) and Michel Mayor at 
La Silla Observatory in Chile, which hosts the 
TRAPPIST exoplanet programme


