
Worlds Around Other Stars 
Shake Planet Birth Theory 
W h a t  if some Charles Darwin tried to build 
a theorv of evolution and the onlv creatures 
he had ever seen were bears? "You'd naturally 
figure there was a good reason why every- 
thing had to be furry and have big teeth," says 
Scott Tremaine of the Canadian Institute for 
Theoretical Astrophysics (CITA), at the 

The life history of stars, from their 
birth in collapsing douds of gas to 
their old age and death as super- 
novae or slowly cooling white 

dwarfs, is the topic of nine Articles 
issueof Science (seep. 1350). 

his News story looks at a subplot in stellar 
University of  ori inti. Theorists trying to pistones: the fkation of plan&. 
understand the birth of planets in the mael- I 
strom of dust, gas, rock, and ice spinning 
around young stars have been in a position a 
bit like that of the fictional Darwin. Their 
imaginations suffered, says Tremaine, be- 
cause they had just one planetary system to 
study: our own. Then, starting just 20 months 
ago, observers began opening a window onto 
the ~lanetarv fauna around other sunlike stars. 
~ n i  theor;, suddenly confronting other 
types of worlds unknown in our solar system, 
has been in turmoil. It's as if that hypotheti- 
cal Darwin had suddenly learned of birds, 
tortoises, and insects, and his old world view 
became untenable. 

The first detection of a planet 
around a sunlike star was already 
enough to shake up theorists: Michel 
Mayor and Didier Queloz of the Ge- 
neva Observatow in Switzerland had 
found a Jupiter-sized object in an orbit 
less than one-sixth the radius of Mer- 
cury's (Science, 20 October 1995, p. 
375). That   la net. around the star 51 
peg& tu&d out' to be the first of a 
series of "hot Jupiters"*iant planets 
far closer to their parent star than stan- 
dard theory predicted they should be. 
The nine new planets found so far also 
include some objects so massive, in or- 
bits so eccentric, that theorists are hard 
pressed to picture how they could form 
at all. To muddy the waters even fur- 

Just about any one of these planets would 
be enough to challenge the standard scenario 
of planet formation. In -that picture, a vast 
molecular cloud, or nebula, collapses under 
its own gravity to form a disk of and dust 
that whirls around a forming star at its cen- 
ter. After most of the cloud falls onto the star, 
what is left gradually collides and coagulates 
into so-called planetesimals ranging up to 10 
kilometers in size. The planetesimals attract 
one another through gravity to set off a hier- 
archy of mergers that eventually produces 
the inner, rocky planets and the ice-and- 
rock cores of what will become the gas giants. 

Because giant planets require such a large 
supply of material, they should form only in a 
region several times farther from their parent 

stars in a binary system-could stretch plan- 
etary orbits into eccentric paths. Still others 
are proposing formation mechanisms that 
would flout all the standard assumptions 
about planet size, proximity to the parent star, 
and orbital eccentricity. "It's been a revolu- 
tion," says Stephen Lubow of the Space Tele- 
scope Science Institute in Baltimore. 

Like naturalists catching their first 
glimpse of a new species, astronomers can't 
be sure all these objects really are what they 
seem. The techniques for detecting planets 
around other stars are indirect, and some as- 

star than the Earth-sun distance-ailed an 
astronomical unit, or AU. Simple geometry 
implies that the outer expanses of the disk 
contain more of the raw materials needed for 
planet making than the inner regions do. 
And only there is the disk cool enough for 
water ice to form out of hydrogen and oxygen 
in the disk, roughly tripling the amount of 
solid material available for planet making. 

Even so, many researchers believed there's 
a limit to the growth of giant planets: When a 
rock-and-ice core reaches about 10 Earth 
masses, it begins drawing in huge amounts of 
gaseous hydrogen and hilium i d  expands to 
a maximum of roughly one Jupiter mass. At 
that point, the gravity of the massive planet 
might tear a gap in the disk that is its food 
supply, putting a stop to its own growth. 

All was not paradise in this picture. "Even 
its proponents recognize it has problems," says 
Alan Boss of the Carnegie Institution of 
Washington. For one thing, it was touch-and- 
go whether the giant planets' cores could grow 
fast enough to accrete gas before the disk dis- 
sipated. For another, some modelers had sug- 
gested that the planets might migrate inward 

I 
or outward after their formation, confusing 
this tidy tableau. "But since there was no evi- 

A wide swathe. In computer simulation, the gravity of dence for this Process having been important 
a giant planet (white) tears a gap (blue) in the disk of in our solar system," says Boss, "there was no 
material around a star. motivation to get wild eyed and say it might 

have happened elsewhere." 
ther, still other discoveries "almost smell like 
the   la nets in our own solar svstem." in the 
words of Geoff Marcy, a prolific planet 
searcher at San Francisco State Universitv. 

"The tremendous advantage of the new 
observations is that they're giving us some 
insight into the variety of planetary systems 
that are possible," saysTremaine. That insight 
is prompting what Frederic Rasio of the Mas- 
sachusetts Institute of Technology (MIT) 
calls "quick-response theory." Some theorists 
are coming up with ways for giant planets to 
form at a more seemly distance from the star, 
then migrate inward; others are exploring 
how interactions between several giant plan- 

tronomers contend that at least one of the 
planets may not exist at all (see sidebar). 
Other putative planets--especially the most 
massive objects in eccentric orbits-ould 
turn out to be the dim "failed stars" called 
brown dwarfs. Observers also worrv that thev 
are getting a skewed sample of planets, be- 
cause their detection techniaues are biased 
toward massive objects orbiting close to their 
parent stars. But most people in the field 
have concluded that too many apparent 
planets have been detected by too many dif- 
ferent groups for them all to vanish. "It seems 
highly unlikely that the whole class would 
turn out to be not a planet," says Fred Adams 

Roving giants 
When the hot Jupiters came rolling in, as- 
tronomers got wild eyed. "Nobody in his right 
mind would have suggested that you would 
find a Jupiter-mass companion" so close to a 
star, says Robert Noyes of the Harvard- 
Smithsonian Center for Astrophysics (CfA) 
in Cambridge, Massachusetts. His team came 
up with the latest detection, in April-a Jupi- 
ter-mass object orbiting the star p Coronae 
Borealis. At 0.23 AU, this object is farther 
from its parent star than 51 Peg and its 
epigones, but still much closer than permitted 
in the classical picture. Even the massive ob- 

e t s -o r  between a giant planet and the two of the University of Michigan. ject orbiting at temperate 2.1 AU from the 
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POSSIBLE EXTRASOLAR PLANETS 

Upsilon Andromedae 0.61 4.6 

47 Ursae Majoris 2.4 1092 2.1 AU 10 

p Coronae 0.23 AU <0.1 
Borealis 

70 Virginis 0.4 



Tucson, Arizona, adds that three planets can 
interact with even fewer dynamical inhibi- 
tions. "Putting in three planets gives you a lot 
more possible outcomes," he says. 

In the case of the planet around 16 Cyg B, 
another perturber may be at work: the star's 
binary companion. This spring, three groups 
published calculations tracing how the steady 
gravitational pull from the companion, a star 
called 16 Cyg A, would affect the vlanet's orbit. 
The researchers. includine ~remHine at CITA - 
and many others, assumed a sharp tilt between 
the orbital planes of the planet and the binary 
system, and the absence of any other giant 
  la net to disturb the balletic. three-wav inter- 
iction. Under those conditions, theyrfound, 
the planet's eccentricity slowly oscillates, 
spending roughly a third of its lifetime at high 
values-"a very plausible explanation" for the 
observations, says Pawel Artymowicz, a theo- 
rist at Stockholm Observatory in Sweden. 

The shape of their orbit isn't the only puzzle 
the other two eccentric planets present.?hey 
also have masses more than six times that of 
Jupiter, well beyond the mass limit set by stan- 

most eccentric companions. Notes CfA's 
David Latham, "The simplest picture would be 
that planets have circular orbits and brown 
dwarfs have eccentric orbits." 

A few skeptics go further and raise the 
possibility that none of the "planets" found so 
far really deserves the name. "I think there's a 
bandwagon effect to interpret these as plan- 
ets," says David Black, director of the Lunar 
and Planetaw Institute in Houston. With Der- 

8 haps one exception-the giant Jupiter 'cir- 
Feeding frenzy. Even after a newborn giant cling 47 Ursae Majoris in a Mars-like orbit- 
planet tears a gap in a protoplanetary disk, mate- "they may not be planets at all," says Black. 
rial might stream in and feed continued growth. Although calculations suggest that a gas cloud 

of less than about 10 Jupiter masses would be 
dard planet-formation theory. One possibility, hard pressed to collapse under its own gravity 
sav astronomers. is that these eccentric heaw- to form a brown dwarf. Black savs the com~li- 
weights might not be planets at all. ~nstead, cated dynamics of a bjnary systhm could ;ell 
they might be brown dwarfs-balls of gas that drive the number down, allowing many, if not 
formed when shards of the original nebula col- all, of the new worlds to be failed stars. 
lapsed, rather than objects built up piece by 
piece, like true planets. In principle, brown Limits to growth 
dwarfs could form with eccentricities and Georee Wetherill, of the Carneeie Institution 
masses much greater than any planet's, which of w&hington, has a humorois response to 
would neatly solve the puzzle of the heaviest, Black's skepticism. He recalls a lunchtime de- 
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bate during a recent conference, in which some 
astronomers mentioned that standard models 
have difficulty making aplanet ofeven Jupiter's 
size before the planet-forming disk dissipates. 
And if Jupiter did not form by agglomeration in 
a disk. said the astronomers, then strictlv s~eak- , & 

ing it should not be called a planet. Says Weth- 
erill, "I can just see the headline: 'Scientists 
Find That Jupiter Is Not a Planet.' " 

He thinks theorists will find ways to create 
the full range of otherworldly planets, no mat- 
ter how massive or eccentric. Some of the latest 
developments seem to support this view. Com- 
puter models by Stockholm's Artymowicz and 
Lubow, of the Space Telescope Science Insti- 
tute, have shown that the growth-limiting gap 
that opens in the disk may have "weak points," 
allowing streams of gas to leak through and 
continue feeding a protoplanet. "It would allow 
a mechanism by which planets can grow larger" 
than theorists had thought possible, says Mich- 
igan's Adams. "To me, the idea has a lot of plain 
appeal; it makes sense." 

The dynamics of the planetary disk could 
also allow some planets to be born in eccentric 

orbits, Artymowicz and Lubow have found. 
The team points out that a growing planet 
excites spiral waves in the disk that serves as 
its nursery-analogs to waves studied by 
Goldreich and Tremaine in Saturn's rings. 
Interactions with those waves can drive a 
  la net's eccentricity either up or down, the 
team found. The waves affect planets differ- 
ently depending on their mass, with planets 
smaller than 10 Jupiters losing eccentricity 
and heavier ones gaining it, roughly the pat- 
tern seen in extrasolar planets. 

Even making giant planets close to their 
parent stars-rather than forming them else- 
where and transporting them inward-may 
not be unthinkable. "It may be possible. 
That's all I can say," notes Lissauer, who has 
done preliminary work on the possibility 
with Olenka Hubickyj, also at Ames, and 
UCSC's Bodenheimer. Going slightly fur- 
ther, Bodenheimer notes that JPL's Ward 
has proposed that material draining inward 
from the disk might supply enough mass to 
build a giant planet in a region that had been 
reserved for mere Mercurys. 

Just as biologists have realized that bears- 
or human beings, for that matter-are by no 
means a necessary end point of evolution, as- 
tronomers are realizing that our own solar sys- 
tem is not the inevitable result of planet forma- 
tion. As their surprise fades, observers are left 
searching the tangled bank of the heavens for 
more clues to how it all came to be that way. 

-James Glanz 
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but-its speedy are difficult to slow 
down when signals must be delayed-for ex- 
amnle. to be stored for brief times in onto- 

radiofrequency detector 

Storing Light by Surfing on Silicon generator laser a 
Light is a great way to transmit information, or shrinks when an electric field is 3 

L ,  

electronic circuits. Now a report in the 26 
Mav Physical Review Letters describes a clever 
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solution: translating photons into pairs of 
electric charees that slowlv "surf" on a sound 
wave across semiconducior chip until they 
recombine in a pulse of light. 

The traditional way to delay an optical 
signal is to send it racing through loops of 
optical fiber several kilometers long-a 
bulky and expensive solution. Physicists at 
the University of Munich and the Technical 
University of Munich suspected they could 
do better. The team members beean with a " 

10-nanometer-thick slice of an indium- 
eallium-arsenide semiconductor. a material - 
that can translate light into electric charge 
and vice versa. The team sent an o~ t i ca l  
signal into one end of the chip by pulsing a 
laser onto its surface. The laser's ~ h o t o n s  
created excitons: wandering pairs of elec- 
trons and the positively charged "holes" from 
which the electrons have been dislodged. 
Normally these excitons would recombine, 
giving off light again, within ananosecond (a 
billionth of a second). But a second property 
of the material allowed the team to delay 
their reunion. 

Indium-gallium-arsenide has piezoelec- 
tric properties, meaning that its electrical 
properties change if the material is stressed. 
The reverse is also true: The material extends 

applied. By connecting a radio- 
frequency generator to a series of \ { photons 1 ! 

> $ -  strips along one edge of the semi- 
n~ckel chromium conductor, the group set up com- b m m m m  11 .. pressional waves-sound waves- .. 

that swept across the chlp. Along :.. 
the wav, the sound altered the elec- 

excitons several orders of magni- 
tude," says Achim Wixforth of the Univer- wave into the chip in the opposite direction 
sity of Munich. from the first one. The electrons and holes 

indium-gallium-arsenide semiconductor tric field in the semiconductor, cre- I 

The excitons survive until the migrating recombine at the point where the two waves 
electrical fields drag them all the way across meet. "We can thus switch off the storage of 
the chip. At the far end, the field wave breaks light signals at any time," says Wixforth. 
down when it reaches a nickel-chromium The device isn't ready for commercial 

'? 

strip, and the excitons merge, emitting a 
flash of light.* In the experiment, the team 
detected a light pulse from recombining ex- 
citons 650 nanoseconds after they were cre- 
ated by a laser pulse. That may not sound like 
much, but an equivalent fiber-optic delay 
would require about 3 kilometers of cable, 
says Wixforth. 

Wixforth notes that, instead of using a 
metallic s t r i ~  to break down the electric-field 

sting electric-fie1d waves that sepa- Sound system. Excitons~lectrons (green) and "holes" 
rated the and pre- (blue)-are separated by sound wave traveling left to 
venting them from recombining. right in an ultrathin semiconductor layer. Photons are 
"We can extend the lifetime of the ~roduced when the excitons recombine. 

waves, the team can control the release of the 
"stored photons by sending a second sound 

use just yet. At  present, the chip must be 
cooled to within a few degrees of absolute 
zero, but team member Carsten Rocke of 
the University of Munich says less chilly 
chips are on their way. After that hurdle is 
cleared, the team predicts that the chips 
could become an integral part of optical 
systems. Other physicists agree: "Whatever 
you can do with a delay line, you can do 
with this, too," says David Snoke of the 
University of Pittsburgh. 

-Alexander Hellemans 

*An animation of the process can be viewed at: Akxamkr Helkmans is a science writer bused in 
www.aip.org/physnews/graphics Paris. 
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