
ASTRONOMY emy is water vapor. At 300 K it gives off 
microwave signals a million times stronger 

Interferometer Maps Cosmic than those of the CMB fluctuations, so 
these experiments are like trying to read a 

Microwaves on the Cheap . faint illurninatedsign through the beam of a 
search light. 

"We thought we could make these obser- 
vations successfully from the ground," says 

CAMBRIDGE, U.K.-Four years ago, the lution was limited because it built up a map CAT group leader Paul Scott, "and the rea- 
National Aeronautics and Space Admin- by comparing the signals arriving at each of son . . . was that we use interferometers." By 
istration's Cosmic Background Explorer two microwave horns set in a V d g u r a -  combining the signals from all three horns, 
(COBE) satellite stunned the world with the tion, each horn gathering signals fiom a large the group could cancel out the bulk of the 
first direct image ever of the cosmic micro- patch of sky. Balloon experiments, surveying atmospheric emission. They also switched 
wave background (CMB)--the faint after- the CMB with an antenna that rocks back between frequencies and averaged data over 
glow of the big bang. Because the details of and forth to compare signals from different a period of several months to remove other 
the radiation show how matter was distrib points in the sky, have managed resolutions atmospheric effects. At the same time, care- 
uted through the newborn universe some 15 as fine as 1 or 2 degrees, but they did not ful horn design and an aluminum shield half 
billion years ago, such images hold "the gather enough information to create images. enclosing the apparatus largely eliminated 
promise of explaining the origin of galaxies, emissions from the ground, which are also 
clusters of galaxies, and voids that are o b  8 strong enough to m p  the CMB. 
served today," says Ed Cheng of NASA's j The final image, built up from the three 
Goddard Space Flight Center. But while 2 receivers by a technique called aperture syn- 
COBE was a first, its resolution was poor. thesis, shows primordial structures on scales 

Now a team here has demonstrated the small enough to be compared with the distri- 
ability of a relatively cheap prototype 3 bution of existing galaxies. It also yields a 
ground-based telescope system to create an point on what ~mologists  call the "power 
inxige of the CMB that is 60 times as sharp. spectrum" of the CMB. This is a measure of 
The new Cosmic Anisotropy Telescope the relative contributions of regions of differ- 
(CAT) is an "interferometer" that combines ent sizes to the overall brightness distribu- 
signals from three small microwave receivers . tion of the CMB. Competing cosmological 
placed a few meters apart. Its first image, models predict different forms for the spec- 
which was presented at last week's Moriond trum, and the position of a peak in the power 
Astrophysics Meeting in Les Arcs, France, spectrum yields clues to the overall mass 
and will appear next month in The Astw density of the universe. Results from COBE 
physical JoumaI, is largely a proof of principle, The hCKne, of and other experiments fall 
but other astronomers think the technology the CAT labove) on one side of the region 
will soon be yielding insights into cosmic ori- anj the f i s w Y  re that must contain this 
gins. "I think that the CAT-like t d n o l -  veal in the miaowavs back- peak. The single point from 
ogy-interferometers-is the best way to ob- ground near the Big Dipper. CAT falls on the other side, 
tain the smaller angular scale data," says so it should help asnophysi- 
George Smoot of Lawrence Berkeley National CAT achieves a finer cists set tentative limits to 
Laboratory, a member of the COBE team. resolution by using three the overall density of the 

The CMB is a feeble microwave noise separate microwave receiv- I universe. 
that permeates all space and represents a ing horns, each 70 centime- The Cambridge team 
snapshot of the fledgling universe at an age of ters in diameter, linked to now plans to build a 10- 
300,000 years, when the initial fireball had low-noise electronics coold horn version of CAT, nick- 
cooled enough to become transparent. Origi- with liquid helium. T ~ I  named the Very Small Ar- 
nally emitted at optical wavelengths, the ra- separation between the re- ray, in Tenerife in the Ca- 
diation shifted to longer wavelengths as the ceivers increases theit m nary Islands. This instru- 
universe expanded, ultimately d i n g  an en- lution by allowing them to ment, together with new 
ergy equal to that given off by a body at 2.7 simulate a single, larger an- * satellite experiments, will 
kelvin. But, as COBE was the first to show, tenna. At lers than 2 meters, 'I soon fill in the rest of the 
the temperature of the signal fluctuates the spacing is surprisingly power spectrum. "We've 
slightly from point to point in the sky. Hot small, but it tunes the apparatus to an angular done simulations which show that with the 
spors in the pattern mark density peaks in the scale that is of great interest to cosmologists, [Very Small Array] you can actually read off 
primordial fireball, which would one day con- around a third of a degree. each of the wiggles separately in the power 
dense into galaxies and clusters of galaxies. Besides yielding higher resolution, this spectrum," says Richard Saunders of the 

The COBE results, however, had an an- setup also enabled the Cambridge group to CAT team. As a result, says Lasenby, "an 
gular resolution of only about 10 degrees. beat some of the interference problems that amazing era is just dawning now when we 
"Ten degrees, if you ask what does that cone- have forced other groups to fly their instru- can starr discriminating between the differ- 
spond to in terms of scale sizes of objects ments on balloons or satellites. "Nature has ent theories [of cosmic origins] in a way that 
around today, is absolutely huge," says CAT made these measurements relatively diffi- proponents of the theories, I shouldn't thmk, 
scientist Anthony Lasenby of Cambridge cult, impressing roughly 30 microkelvin would ever have thought we'd be able to do." 
University's Cavendish Laboratory. "It's variations on a 3-kelvin CMB signal that we -Andrew Watson 
much bigger than any actual object we know have to measure living in a 300-kelvin envi- 
about in the universe." COBE's angular reso- ronment," explains Cheng. The main en- Andrew Watson is a writer in Norwich, U.K. 
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