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The smallest exoplanets yet found around a normal star span just 1.03 and 0.87 times the 

Earth's diameter. The worlds, which are probably rocky like Earth, are too close to their host 

star to harbour life as we know it, but if they formed farther out as is thought, they may once 

have been habitable.

Discovered by NASA's Kepler space telescope, the planets orbit a sun-like star about 950 light 

years away called Kepler-20. They smash the previous record for the smallest exoplanet around 

a living star, a planet 1.4 times as wide as Earth known as Kepler-10b.

"We've crossed the Earth-sized threshold," says Francois Fressin of the Harvard-Smithsonian 

Center for Astrophysics in Cambridge, Massachusetts.

The discovery comes just two weeks after the announcement of Kepler's first confirmed planet 

in the habitable zone around a star of the same type as the sun – though at 2.4 times Earth's 

width, that planet may be gassy like Neptune. The habitable zone is the region around a star 

where temperatures are right for liquid water to exist on an object's surface.

That find and the current one "are two big checkmarks" for the Kepler mission, says team 

member Sara Seager of the Massachusetts Institute of Technology in Cambridge.

Since the only planet known to host life is small and rocky rather than big and gaseous like 

Jupiter, exoplanet hunters have been searching for such worlds. Kepler's goal is to find true 

twins of Earth: Earth-sized planets in the habitable zone of their stars. "Now we just have to 

combine those" two recent finds to find a Goldilocks world like ours, says Seager.

Uncertain mass

It is not clear how massive the two planets are. Kepler finds its quarry by watching the minute 



dimming of stars as planets cross in front of, or transit, them. But other transiting objects – 

such as stars or star-like objects known as brown dwarfs – can also dim the target stars.

To distinguish true planets from impostors, the Kepler team uses other telescopes to look for 

signs that the host star is wobbling due to gravitational tugs from orbiting planets. This 

wobbling reveals the planets' masses.

But Kepler-20 e, the smaller of the two new planets, and its sibling Kepler-20 f, are too small 

for their tugs to make a noticeable difference – especially given that three larger planets also 

whip around the same star on tight orbits. That means e must weigh less than 3 Earth masses 

and f must be under 14 Earth masses. When theoretical models that include how the planets 

formed and evolved are taken into account, those upper limits drop to 1.67 and 3.04 Earth 

masses, respectively.

Those masses, combined with the planets' sizes, suggest the worlds are rocky, says Seager. 

Both probably have bulk compositions similar to Earth's, with an iron core and a silicate 

mantle.

But the lack of a measurement of the star's wobble due to these planets means the new finds 

cannot be officially confirmed as planets. Instead, Fressin and colleagues painstakingly 

"validated" the finds by modelling all other possible explanations, including brown dwarfs, on 

NASA's fastest supercomputer. They also checked that no nearby stars could be the culprit and 

double-checked the transit signal with the infrared Spitzer Space Telescope.

Chicken-roasting hot

They found that Kepler-20 e's signal was 3400 times and Kepler-20 f's 1370 times more likely 

to be a planet than anything else. Fressin is confident that this validation is robust and says he 

would bet that the planets are real.

This is part of a "shift in culture of exoplanets", Seager says. "Before, people wouldn't be 

happy with a planet announcement unless you have a mass. There's this shift now where you 

really have no other choice, so they're validating the hell out of these things."

But even though the planets are probably rocky and are Earth-sized, they are way too hot for 

life. The inner planet, Kepler-20 e, orbits its star at just 5 per cent the distance Earth is from the 

sun, whipping around the star once every six days. That puts its surface temperature at a 

charbroiled 766!°C.

The second planet, Kepler-20 f, isn't much better: it orbits every 19.6 days at 11 per cent the 

distance from the Earth to the sun, and reaches 431!°C.

"They're scorching hot," says Geoff Marcy of the University of California, Berkeley, another 

member of the Kepler team. "You could cook a chicken in a millisecond by putting it on your 

doorstep."

Once habitable?

But Kepler-20 f, the planet that is nearly exactly Earth-sized, could once have been much more 

comfortable. If it formed far enough from the star to have once been covered in ice, it may have 



held on to water vapour in its atmosphere.

That's a pretty likely scenario, Fressin says. The Kepler-20 system has five planets in total, and 

they're all packed in closer to the star than Mercury is to the sun. There's no way they could all 

have formed there, Fressin says – there wouldn't have been enough rock that close to the young 

star to begin with.

"It's quite clear that some or most of these planets migrated from much farther," Fressin says. 

"That means Kepler-20 f probably went through the habitable zone. We don't know for how 

much time, but we can see it could have been habitable."

Greg Laughlin at the University of California, Santa Cruz, who is not a member of the Kepler 

team, calls this "a very exciting discovery".

"For the past two decades, it has been increasingly clear that astronomers would eventually 

reach this goal, and so it's fantastic to learn that the detection has now been achieved," Laughlin 

says. "I think that we'll be hearing of the discovery of many more of these worlds in the 

coming weeks, months, and years."
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First Earth-sized planets spotted

 By Pallab Ghosh Science correspondent, BBC News

 

The planets may once have harboured conditions favourable to life

Astronomers have detected the first Earth-sized planets, which are orbiting a star similar to our 

own Sun.



In the distant past they may have been able to support life and one of them may have had 

conditions similar to our own planet - a so-called Earth-twin - according to the research team.

They have described their findings as the most important planets ever discovered outside our 

Solar System.

Details of the discovery are outlined in Nature journal.

Dr Francois Fressin, of the Harvard-Smithsonian Centre for Astrophysics in Cambridge, US, 

who led the research, said that the discovery was the beginning of a "new era" of discovery of 

many more planets similar to our own.

Both planets are now thought to be too hot to be capable of supporting life.

But according to Dr Fressin, the planets were once further from their star and cool enough for 

liquid water to exist on their surface, which is a necessary condition for life.

"We know that these two planets may have migrated closer to their Sun," he told BBC News. 

"(The larger of the two) might have been an Earth twin in the past. It has the same size as Earth 

and in the past it could have had the same temperature".

Rock and a hard place

One of the planets, named Kepler 20f, is almost exactly the size of the Earth. Kepler 20e is 

slightly smaller at 0.87 times the radius of Earth and is closer to its star than 20f.

They are both much closer to their star than the Earth is to the Sun and so they complete an 

orbit much more quickly: 20e circles its star in just six days, 20f completes an orbit in 20 days 

whereas the Earth takes a year.

Continue reading the main story

Kepler Space Telescope

• Stares fixedly at a patch corresponding to 1/400th of the sky

• Looks at more than 155,000 stars

• Has so far found 2,326 candidate planets

• Among them are 207 Earth-sized planets, 10 of which are in the "habitable zone" where 

liquid water can exist
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The researchers say that these planets are rocky and similar in composition to our own planet.

Dr Fressin says that the planets' composition may be similar to Earth's with a third of it 

consisting of iron core. The remainder probably consists of a silicate mantle. He also believes 

that the outer planet (Kepler 20f) may have developed a thick, water vapour atmosphere.

The discovery is important because it is the first confirmation that planets the size of Earth and 

smaller exist outside our Solar System. It also shows that the Kepler Space Telescope is 

capable of detecting relatively small planets around stars that are thousands of light-years away.

The telescope has discovered 35 planets so far. Apart from 20e and f, they have all been larger 

than the Earth.

Up until now, the most significant discovery, also by a group including Dr Fressin, was of a 

planet nearly two-and-a-half times the size of Earth that lay in the so-called "Goldilocks zone". 

This is the region around a star where it is neither too hot, nor too cold, but just right for liquid 

water and therefore life to exist on the planet.

But Dr Fressin believes that the two new planets are a much more important discovery.

The telescope is scanning 150,000 stars and Professor Andrew Coates of the Mullard Space 

Science Laboratory in Surrey believes that they will soon find a planet the size of Earth in the 

Goldilocks Zone.

"With every new discovery we're getting closer to the 'holy grail' of an Earth-like planet around 

a Sun-like star," he said.
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Newly found planets are 'roasted remains'

By Jonathan Amos Science correspondent, BBC News

 An artist's impression of the two planets circling close to their parent - a former red giant star

Just a day after announcing the discovery of the first Earth-size planets ever detected outside 

our Solar System, scientists have confirmed the existence of two even smaller worlds.

There is something very unusual about these objects, however.

It appears they are the roasted remains of planets that spent a period of time inside the outer 

layers of their star.



Scientists tell Nature magazine that these worlds are therefore likely to have been much bigger 

in the past.

Once again, these worlds were identified using data from Nasa's Kepler telescope, which was 

put in orbit in 2009 with the specific goal of hunting down small planets.

This latest haul was detected around a star known as KIC 05807616. They have diameters that 

are just 76% and 87% of that of Earth.

What is interesting about this star is that it is a former red giant, a so-called "hot B subdwarf".

Red giant refers to a late phase in a star's life when it has begun to exhaust its hydrogen fuel.

Deep spiral

A star in this phase will expand, its outer layers will cool and it will glow a more reddish 

colour. Our own Sun will go through this phase in a few billion years' time.

But the consequence is that any planets that happen to be orbiting relatively close to the star will 

likely be engulfed in its expanding envelope of gas.

This will happen to the Earth and it appears to have been the case with the newly detected 

planets named KOI 55.01 and KOI 55.02, which whip around their host star in just a matter of 

hours.

 The Kepler telescope was put in orbit in 2009

Their presence so close to KIC 05807616 is a tell-tale for what must have happened to them.

Going into the expanding outer layers of a star would have severely eroded the worlds, ripping 

away any gaseous or liquid material.

What the team sees in its data are probably just the remnant cores of what were once giant gas 

planets not unlike our own Jupiter.

"The details of all this are of course uncertain and would require dedicated modelling but we 

expect that, due to friction and tidal dissipation, the engulfed planets must have spiralled in even 

deeper inside the star," said lead researcher Stephane Charpinet, Toulouse University, France.

"In the process, their volatile layers have probably been evaporated or pulled away by the 

friction.

"At the same time, the envelope of the star may have expanded further and accelerated its 



rotation due to this inward motion of the planets.

"Then, the system may have stabilised into a common envelope configuration, where the 

planets settle on stable orbits inside the red giant," he told BBC News.

"The red giant envelope was ultimately expelled almost completely due to increased mass loss, 

leading to the formation of the hot subdwarf B star that we have observed."

The discovery was made while the scientists were engaged in asteroseismology - the practice of 

studying a star's pulsations to gauge its inner structure. It is akin to seismology which studies 

the interior of the Earth from the oscillations in rock generated by earthquakes.

But as they were doing this, Charpinet and colleagues noticed a characteristic dip in the light 

coming from KIC 05807616 every 5.76 and 8.23 hours - the result of two objects passing in 

front of the star as viewed from Kepler.

What seems remarkable is that the planets were not completely destroyed in the process of 

engulfment. But Dr Charpinet said that the large iron cores of giant planets could resist the 

environment for millions of years.

"Iron is certainly much harder to evaporate than the gaseous or liquid layers made of volatile 

elements that make the large envelopes of giant planets," he explained.

"Moreover the dense cores are quite tightly bound by their own gravity. Then, it will take more 

time to completely evaporate them.

"In fact our discovery suggests that such cores could survive long enough throughout the red 

giant phase and later on around a very hot star."

On Tuesday, a separate team announced that they had used Kepler to detect planets with 

diameters just 87% and 103% of that of the Earth. These go into the record books as the first 



true Earth-size planets found outside our Solar System.


