
To Learn the Universe's Fate. 
for the  constant's fingerprint by seeing 
~vhether  a,, is as large as the  measured mass 

L L  - 
density would predict. "That will enable us to 
say conclus~vely \vhether or not [the cosmo- 

I 
logical constant] is zero, rather than \vaving 0 bse rve rs C 1 ock its S 1 owd own O L I ~  llal1ds a b o ~ ~ t , "  says ohlo State's Ryden. 

Distant beacons. All that is enough to 
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- 
motivate q:-searchers like Saul Perlmutter of 

Cosmologists have a reputation as dream- the  next couple of years, as 11e and other the L a ~ r e n c e  Berkeley K a t ~ o n a l  Laboratory, 
ers-scientists lvho base their ideas as muc11 researchers refine tllelr t e c h n ~ ~ u e s  for fore- \vhose group will publish a n  analysis based o n  
o n  philosophy and aesthetics as o n  hard casting the fate of the  universe, they hope to its first hatch of observations in a  non nth or 
facts. Hard facts about the  origins and fate of reach a cosmlc consensus. two. Perlmutter's approach 1s perhaps the  
the universe have been scarce, after all. But Like so many of cosmology's key numbers, most direct of the  competing strategies: look 
cosmology is changing as telescopes o n  Earth (it is entangled n i t h  omega-a measure of far out into the  universe for beacons in the  
and in space open a view o n  the  farthest how much mass the  universe contams. cosmic expansion and see whether they are 
reaches of the cosmos and ~ t s  earliest days. Omega isn't a n  absolute value; instead it is rushing away from Earth at a rate that ill- 
Perhaps nowhere is the  shift better illus- the  ratio between the  actual ciensity and a creases linearly ~ i t h  d~stance.  Tha t  is the  
trated than 111 the  dash to  determine the  value called the  "critical density." A t  an  situation expected in a universe  hose expan- 
cos~nological "deceleration parameter," omega of 1-a universe \vlth lust the  critical slon rate has not changed. If it has slowed, for 
called q+ Once  open only to speculation, this density-the pull of gravity \vould be just example, distant landmarks-observed ear- 
number-xhich ~ndicates ho\v fast the pull high enough to  ultimately bring the  e x p a n  lier in the  history of the  universe-\\.ill seem 
of gravity is slowing the  expansion of the  sion to a standstill. If omega were less than 1,  to  be moving disproportionately fast. 
universe-is no\\, coming under the  hard- the  universe would expand forever; above 1, As beacons, Perlmutter and his col- 
nosed scrutiny of astronomers like Barbara the  expansion a.ould eventually reverse, leagues use type Ia supernovas, br~l l iant  ex- 
Ryden of Ohlo State University, ~ v h o  says, "I turning the  big hang into a "big crunch." ploding stars all thought to  reach roughly the  
have no  strong views [on the  value of q:]. I'm Cosmologists have made slow progress in same actual br~ghtness. Tha t  a1loa.s the  su- 

, pernovas to serve as "standard 
candles," \vhose apparent bright- 
ness can be taken as a measure of 

$ their d~stance.  Perlmutter and his 
colleagues compare the  e s t ~ ~ n a t e d  
distances of remote supernovas 
with their redshifts-the extent 
to \vhich their light IS reddened by 
t h e ~ r  veloc~ty a~vay from Earth. By 
seeing h o ~ v  much the  distance- 
redshift relation is distorted, Perl- 
mutter and company can search 
for any signs of cosmic decelera- 
tior-or acceleration. 

Their preli~ninary analysis of one 

one of those astrono~uers a.ho like 
to  go out and measure things." 

It n>ould be hard to find a more 
basic number to  measure than qo, 
a clue to ~vhether cosmic expansion 
a.111 con t ih~ ie  forever or ~ h e t h e r  
the  universe 1~111 ultimately r e c o l  
lapse. Says Andrew Lange, a n  as- 
tronolner a t  t he  California Insti- 
tute of Technology (Caltech),  "I 
can't imagine something more 
fundamental ahout living in a n  
expanding universe." In  the  s i r -  
plest cosmological picture, the  
value of qc not only foretells the  
universe's ultimate fate; it call Fateful tapestry. In a model of the universe, the shape of the voids be- SLlpeSllOVa already Casts doubt o n  a 
also reveal how much mass is scat  tween galaxies reveals the geometry of space-and whether the uni- strongly accelerating expansion- 
t e r e d t h r o ~ ~ h o u t  the  cosmos, b r a k  verse will expand forever or collapse. Redshift is a measure of distance. the ~llarkofacos~nologicalconstant 
ing the  expansion through the  in a ion-ciensity universe. Perl- 
pull of gravity. A n d  it can hint a t  whether measuring omega directly, and so far n o  de- mutter and his colleagues are no\\. a t  lvork o n  
the  underlying nature of the  universe is more finitive anslyer has emerged. lioa., by c h e c k  a n  analys~s of seven supernovas, which could 
complex-whether a force inherent in space ing the  rate a t  which the  expansion of the  definitively rule out strong cosmic accelera- 
itself is counteracting gravitational forces universe is slo~ving-qo-they may he able to tion. It may not distinguish h e t ~ e e n  a Ion- 
anci keeping the  expansion rate high. get a n  indirect fix o n  omega. density universe without acceleration and a 

In  pursult of (12, astronomers like Ryden A joker in the  deck is the  so-called c o s  denser unlverse n.it1-1, say, an  omega of 1. But 
and Lange are using as benchmarks every- mological constant-a nongravitatio~lal, r e  as the group expands its supernova search, the  
thing from distant supernovas to the power- pulsive force first postulated by Albert E i n  exact rate of deceleratio11-and hence the  
ful radio beacons called radio galaxies to the  stein. T h e  ~ d e a  of such a force had little sup- fate of the universe-should come into sharper 
shapes of the  great voids in the  cosmos, port until recently, when it was revived by focus. In a couple of years, says Perlmutter, 
a.hic11 a.ould be distorted by a change in cosmologists who think it might resolve a "we will pin this down once and for all." 
expansion rate f ron~  the  early universe to the  possible contrad~ction bet~veen measurements Close behind the  Berkeley group are 
present. So  far, the  answers are prelirni- suggesting a high expansion rate ( ~ h i c h  other supernova watchers, including Robert 
nary-and contradictory, with some l n e a  could imply a young unlverse) and the  ex- Kirshner at the  C f A  and researchers a t  the  
surelnents favor~ng endless expansion and trelne age calculated for some star clusters. A University of Washington and observatories 
others suggesting that the  braking force of large enough cosmological constant could in Chile and Australia. Already, though, 
gravity could be large enough to reverse the  counteract the effect of gravity, allolving an  these groups have some competition from a 
expansion. As  radio astronomer Chris Carilli old universe to expand fast, like a youngster, Princeton University effort led by Ruth 
of the  Harvard-Smithsonian Center for As- no  matter holy high omega is. As tech11i~ues Daly. Instead of lookillg for "standard 
tropl~ysics (CfA) puts it, "If it was so easy forsizinguptheamountofmass inthenearby candles" In the  distant ~ n i \ ~ e r s e ,  Daly and 
then we \vouldnlt still he searching." But in universe improve, cosmologists could search others are applying "standard yardsticks" to  

Universe WIII expand forever Universe will collapse 
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gauge what she calk "the global geometry the first criterion, becaw they can be seen -body, ~ e v d  the stretching ofspa=. 
of the universe." According to Einstein's out to the farthest reaches Qf the universe. The voids appear on redshift maps of gal- 
theory of general relativity, gravity i s  actu- But the Ct4's W l i i  and others point to a axies, inahicheaehgdaxy'sreckkift is taken 
ally a cwature of space-time, x, the shape of serious &awba:dc: Theorist.$ believe that the as a measure of its di smc .  Like the d o  

. u n i e i s  

sap Ken Kellermm of the Na- 
tional M~Q Astronomy O k -  
vaoq in C h a r b h  Virginia. 

Princeton cosmologist Jim 
Peebles offers one way to ch id  
abwtthismsgnk~inhistext- 
beak Principles of PhysicalCosmol- 

the magnification sets in. $f oani3ga equals 1, clues to how fast the plasma in the plumes is &It Ry& cautions that the work, which 
for example, &at pOifLt liw a i ~  a distance of streaming outward and 
m&dy 10 billion light-yeara in 
that have a lowerdensi@ 

LS each one into a st&*& able 




