
billion vears ae-the Canada-France sur- 
vey s h o w  galaxies churning out stars 10 
times as fast as our Milkv Wav. The s l o ~ e  
then declines to the p-esekt dai. 

The two studies seem to bracket a time 
when star formation likely peaked, says Madau. 
But the height of the peak is still a mystery, 
because the record has a gap between red- 
shifts of 1 and 2. In objects at these distances, 
the Lvman break doesn't reach the visible 
spectrum, putting the galaxies out of reach 
of the redshift shortcut. A t  the same time. 
ground-based observers have a hard time 
pinpointing redshifts greater than 1. 

Michael Rowan-Robinson, an astronomer 
at Imperial College inLondon, thinks that the 
star formation record has another kind of gap 
as well. Madau and his colleagues deduce star 
formation from ultraviolet light shifted into 

D 

the visible range. But when it comes to tracing 
star formation. Rowan-Robinson savs. "there , , 

is more than meets the eye." 
He and several colleagues have imaged the 

Deep Field with the orbiting Infrared Space 
Observatorv (ISO), and thev have found sev- , .  . .  
era1 sources with infrared emissions more than 
10 times stronger than their optical output. 
The objects' age puts them near Madau's peak, 
but to Rowan-Robinson their infrared bright- 
ness suggests that the starbirth rate may have 
been much higher than most astronomers guess. 
Thick blankets of dust, common in star-form- 
ing galaxies, are known to absorb the bluish 
light from young stars and re-emit it in infrared 
wavelengths. Rowan-Robinson thinks that the 
IS0 sources may be spawning stars 10 to 1000 
times faster than our galaxy is today. But Max 
Pettini, an astronomer at the Royal Greenwich 
Observatory in the U.K., cautions that "we still 
don't know if [such violent starbursts are] the 
story everywhere or if it is just these few." 

Another view of the Deep Field, this one 
in radio wavelengths, may have revealed epi- 
sodes of starbirth well before the surge 10 
billion vears ago. In one of the most sensitive " 

radio surveys ever conducted, graduate stu- 
dent Eric Richards and astronomer Kenneth 
Kellermann of the National Radio Astronomy 
Observatory spent 100 hours peering at the 
Deep Field with the Very Large Array (VLA), 
a set of radio telescopes in New Mexico. Al- 
most all of the 17 faint radio sources thev 
detected match galaxies seen in the Hubble 
image, and about half match the starbursting 
galaxies spotted by IS0 at a redshift of 1. 

But Richards believes a few of the radio 
signals may originate from "one of the Holy 
Grails of astronomy": primeval galaxies- 
the first normal galaxies to form in the soup 
of gas left by the big bang. Detailed spectra 
of these galaxies, collected at the Keck 
Telescope in Hawaii, show that they are at 
redshifts of 3 or more-some of the most 
distant objects in the field. And their spec- 
tral signatures and radio emissions are typi- 

Cosmic baby boom. A Deep Field study com- 
bined with a ground-based survey traces the 
universe's rate of star formation. 

cal of young, star-forming galaxies. 
Even more intriguing is one primeval 

galaxy candidate that does not have a coun- 
terpart in the Hubble image. Richards sug- 
gests that the galaxy is so distant that its 
visible light has been redshifted to a wave- 
length too far in the infrared for the HST to 

detect. "That would place it at a redshift of 
at least 7," he says, "which would be the 
most distant object ever found." Indeed, it 
would be nearly twice as far away as the 
current record-holder, at a redshift of 4.9. 

A n  object at a redshift of 7 "is indeed a 
possibility," says Mark Dickinson of STScI, 
but "I would suspect there are more mundane 
possibilities as well." He suggests that the 
VLA may have detected a radio-producing 
plasma lobe, offset from the center of the 
galaxy that emits it, which may be throwing 
off attempts to identify the parent galaxy. 

Even as astronomers struggle to make sense 
of the Deep Field data, an effort Richards 
likens to "drinking from a fire hose," plans for 
a second round are under way. STScI director 
Williams and his colleagues are choosing a 
site for Deep Field South, which will be vis- 
ible to ground-based telescopes in the South- 
ern Hemisphere. The new data set, says Wil- 
liams, will be released in the same way as the 
first one was a year ago. "After all is said and 
done," he says, "we did it exactly right." 

-Gretchen Vogel 

Repeated Bursts Puzzle Astronomers 
Las t  week, a US.-Russian team announced 
that four space-based detectors have picked 
up what might be a vital clue in one of the 
biggest mysteries of modem astronomy--or a 
statistical fluke. In the space of 2 days in late 
October, the detectors, aboard spacecraft 
including the Compton Gamma-Ray Ob- 
servatory (GRO) and Ulysses, recorded four 
gamma-ray spikes from the same small patch 
of sky. The spikes were immediately identi- 
fied as signaling gamma-ray bursts-seconds- 
long blasts of gamma rays that come about 
once a day from random directions. No one 
knows what produces gamma-ray bursts, in part 
because none has ever been correlated with anv 
visible source. And every burst to date has ap- 
parently occurred in splendid isolation. 

The  implication of the new observa- 
tions-that a single source produced repeat- 
ed bursts-is a startling one, say researchers. 
"How can something produce emission over 
a 2-day period!" asks team member Charles 
Meegan of NASA's Marshall Space Flight 
Center in Huntsville, Alabama. A t  the same 
time, the new observation may end up giving 
astronomers their first break in the case. It 
suggests, say some, that the bursts must come 
from the neighborhood of our galaxy and 
not, as other astronomers believe, from the 
fringes of the universe. 

The researchers, who announced the ob- 
servations in an International Astronomical 
Union ~ublication on the Internet. are fairlv 
certain that the first two short spikes, seen on 
27 October, represent two distinct bursts. 

Not so the pair of spikes that came 2 days 
later, just 23 minutes apart. "We are con- 
vinced those two come from the same source 
and that it's one real long burst," says 
Meegan-the longest ever recorded. 

A repeating gamma-ray burst might allow 
astronomers to eliminate some of the rival ex- 
 lan nations for these events. One theorv holds 
;hat bursts are caused by coalescing ieutron 
stars in the distant universe, but that process 
"could not make something that would burst 
again 2 days later," says Meegan. And for any 
source to produce the intense bursts repeatedly, 
it cannot be far away, argues team member 
Bonnard Teegarden of NASA's Goddard 
Space Flight Center in Greenbelt, Maryland. 

Then again, the multiple burst could be a 
coincidence: several different sources that 
happened to be in the same patch of sky. "It 
seems to be unlikely to be due to chance, 
although we still need to work real hard to 
make sure," says Meegan. But Ralph Wijers 
of Cambridge University's Institute of As- 
tronomy has analyzed the numbers and has 
come to his own conclusions. "BATSE [a 
G R O  instrument] has been observing the sky 
for five-and-a-half years, and you would in 
fact exuect about one time in that whole list 
to have three bursts from roughly that size 
area of sky within a few days," he says. "If you 
go back and look at the hard numbers, it is 
not as remarkable as you might think." 

-Andrew Watson 

Andrew Watson is a evriter in Norwich, U.K. 
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