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Many Billions of Rocky Planets in the
Habitable Zones around Red Dwarfs in
the Milky Way

By European Southern Observatory 17 hours 9 minutes ago

A new result from ESO’s HARPS planet finder
shows that rocky planets not much bigger
than Earth are very common in the habitable
zones around faint red stars. The
international team estimates that there are
tens of billions of such planets in the Milky
Way galaxy alone, and probably about one
hundred in the Sun’s immediate

PR Image esol1214a Artist's impression of sunset on the super-Earth
world Gliese 667 Cc neighbourhood. This is the first direct

measurement of the frequency of super-
Earths around red dwarfs, which account for 80% of the stars in the Milky Way.

This first direct estimate of the number of light planets around red dwarf stars has just been announced
by an international team using observations with the HARPS spectrograph on the 3.6-metre telescope at
ESO’s La Silla Observatory in Chile [1]. A recent announcement (es01204), showing that planets are
ubiquitous in our galaxy used a different method that was not sensitive to this important class of
exoplanets.

The HARPS team has been searching for exoplanets orbiting the most common kind of star in the Milky
Way — red dwarf stars (also known as M dwarfs [2]). These stars are faint and cool compared to the Sun,
but very common and long-lived, and therefore account for 80% of all the stars in the Milky Way.

“Our new observations with HARPS mean that about 40% of all red dwarf stars have a super-Earth
orbiting in the habitable zone where liquid water can exist on the surface of the planet,” says Xavier
Bonfils (IPAG, Observatoire des Sciences de I'Univers de Grenoble, France), the leader of the team.
“Because red dwarfs are so common — there are about 160 billion of them in the Milky Way — this leads
us to the astonishing result that there are tens of billions of these planets in our galaxy alone.”

The HARPS team surveyed a carefully chosen sample of 102 red dwarf stars in the southern skies over a
six-year period. A total of nine super-Earths (planets with masses between one and ten times that of
Earth) were found, including two inside the habitable zones of Gliese 581 (eso0915) and Gliese 667 C
respectively. The astronomers could estimate how heavy the planets were and how far from their stars
they orbited.

By combining all the data, including observations of stars that did not have planets, and looking at the
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fraction of existing planets that could be discovered, the team has been able to work out how common
different sorts of planets are around red dwarfs. They find that the frequency of occurrence of super-
Earths [3] in the habitable zone is 41% with a range from 28% to 95%.

On the other hand, more massive planets, similar to Jupiter and Saturn in our Solar System, are found to
be rare around red dwarfs. Less than 12% of red dwarfs are expected to have giant planets (with masses
between 100 and 1000 times that of the Earth).

As there are many red dwarf stars close to the Sun the new estimate means that there are probably about
one hundred super-Earth planets in the habitable zones around stars in the neighbourhood of the Sun at
distances less than about 30 light-years[4].

"The habitable zone around a red dwarf, where the temperature is suitable for liquid water to exist on the
surface, is much closer to the star than the Earth is to the Sun," says Stéphane Udry (Geneva Observatory
and member of the team). "But red dwarfs are known to be subject to stellar eruptions or flares, which
may bathe the planet in X-rays or ultraviolet radiation, and which may make life there less likely."

One of the planets discovered in the HARPS survey of red dwarfs is Gliese 667 Cc [5]. This is the second
planet in this triple star system (see eso0939 for the first) and seems to be situated close to the centre of
the habitable zone. Although this planet is more than four times heavier than the Earth it is the closest
twin to Earth found so far and almost certainly has the right conditions for the existence of liquid water
on its surface. This is the second super-Earth planet inside the habitable zone of a red dwarf discovered
during this HARPS survey, after Gliese 581d was announced in 2007 and confirmed in 2009.

“Now that we know that there are many super-Earths around nearby red dwarfs we need to identify more
of them using both HARPS and future instruments. Some of these planets are expected to pass in front of
their parent star as they orbit — this will open up the exciting possibility of studying the planet’s
atmosphere and searching for signs of life,” concludes Xavier Delfosse, another member of the team
(es01210).

Notes

[1] HARPS measures the radial velocity of a star with extraordinary precision. A planet in orbit around a
star causes the star to regularly move towards and away from a distant observer on Earth. Due to the
Doppler effect, this radial velocity change induces a shift of the star’s spectrum towards longer
wavelengths as it moves away (called a redshift) and a blueshift (towards shorter wavelengths) as it
approaches. This tiny shift of the star’s spectrum can be measured with a high-precision spectrograph
such as HARPS and used to infer the presence of a planet.

[2] These stars are called M dwarfs because they have the spectral class M. This is the coolest of the seven
classes in the simplest scheme for classifying stars accordingly to decreasing temperature and the
appearance of their spectra.

[3] Planets with a mass between one and ten times that of the Earth are called super-Earths. There are no
such planets in our Solar System, but they appear to be very common around other stars. Discoveries of
such planets in the habitable zones around their stars are very exciting because — if the planet were rocky
and had water, like Earth — they could potentially be an abode of life.

[4] The astronomers used ten parsecs as their definition of “close”. This corresponds to about 32.6 light-
years.
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[5] The name means that the planet is the second discovered (¢) orbiting the third component (C) of the
triple star system called Gliese 667. The bright stellar companions Gliese 667 A and B would be prominent
in the skies of Gliese 667 Cc. The discovery of Gliese 667 Cc was independently announced by Guillem
Anglada-Escude and colleagues in February 2012, roughly two months after the electronic preprint of the
Bonfils et al. paper went online. This confirmation of the planets Gliese 667 Cb and Cc by Anglada-Escude
and collaborators was largely based on HARPS observations and data processing of the European team
that were made publicly available through the ESO archive.

More information

This research was presented in a paper “The HARPS search for southern extra-solar planets XXXI. The
M-dwarf sample”, by Bonfils et al. to appear in the journal Astronomy & Astrophysics.

The team is composed of X. Bonfils (UJF-Grenoble 1/ CNRS-INSU, Institut de Planétologie et
d’Astrophysique de Grenoble, France [IPAG]; Geneva Observatory, Switzerland), X. Delfosse (IPAG), S.
Udry (Geneva Observatory), T. Forveille (IPAG), M. Mayor (Geneva Observatory), C. Perrier (IPAG), F.
Bouchy (Institut d’Astrophysique de Paris, CNRS, France; Observatoire de Haute-Provence, France), M.
Gillon (Université de Liége, Belgium; Geneva Observatory), C. Lovis (Geneva Observatory), F. Pepe
(Geneva Observatory), D. Queloz (Geneva Observatory), N. C. Santos (Centro de Astrofisica da
Universidade do Porto, Portugal), D. Ségransan (Geneva Observatory), J.-L. Bertaux (Service
d’Aéronomie du CNRS, Verriéres-le-Buisson, France), and Vasco Neves (Centro de Astrofisica da
Universidade do Porto, Portugal and UJF-Grenoble 1 / CNRS-INSU, Institut de Planétologie et
d’Astrophysique de Grenoble, France [IPAG]).

The year 2012 marks the 50th anniversary of the founding of the European Southern Observatory (ESO).
ESO is the foremost intergovernmental astronomy organisation in Europe and the world’s most
productive astronomical observatory. It is supported by 15 countries: Austria, Belgium, Brazil, the Czech
Republic, Denmark, France, Finland, Germany, Italy, the Netherlands, Portugal, Spain, Sweden,
Switzerland and the United Kingdom. ESO carries out an ambitious programme focused on the design,
construction and operation of powerful ground-based observing facilities enabling astronomers to make
important scientific discoveries. ESO also plays a leading role in promoting and organising cooperation in
astronomical research. ESO operates three unique world-class observing sites in Chile: La Silla, Paranal
and Chajnantor. At Paranal, ESO operates the Very Large Telescope, the world’s most advanced
visible-light astronomical observatory and two survey telescopes. VISTA works in the infrared and is the
world’s largest survey telescope and the VLT Survey Telescope is the largest telescope designed to
exclusively survey the skies in visible light. ESO is the European partner of a revolutionary astronomical
telescope ALMA, the largest astronomical project in existence. ESO is currently planning a 40-metre-class
European Extremely Large optical/near-infrared Telescope, the E-ELT, which will become “the world’s
biggest eye on the sky”.

Source: European Southern Observatory
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