
Of Politics, Pulsars Death 1 stein's theory also says that gravity waves are 
incredibly feeble. If a wave were to pass 

9 h u g h  the earth tiom, say, a supernova, 
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LIGO is an elegant little experiment that could make gravity- 
wave astronomy a reality-if only it weren't so expensive 

quintessential Little Science. 
The Laser Interferometer Gravitational 

Wave Observatory, as it is known in full, is a 
proposal to do exactly what its name sug- 
gests: search for gravity waves, the subtle 
undulations in space-time geometry caused 
by supernovas, colliding neutron stars, and 
other cosmic catastrophes. If built, and if it 
works as well as its designers hope, then 
LIGO could finally s u d  in detecting 
these ghostly ripples afhr they have eluded 
more than two decades of -ts 

the s&e-time ripple would & the planet to 
ringing like a bell. But the relative motion 
between any two atoms would be quite a lot 
smaller than the width of one of those 
at0ms-1- than om P in You'd 
never notice it. 

Indeed, says Thome, no one had the 

around the world. Just as impon&; it could 
transform the waves into a whole new win- 
dow on the univeme-pehaps even allow- 
ing the first direct observations of the Big 
Bang itself. 

Despite its ambitious aims, however, 
LIGO is quite deliberately not b e i i  done in 
the dassic Big Science style, with mega- 
collaborations and annies of anonymous 
postdocs. Quite the opposite. Most of LI- 
W s  fundamental technology has been de- 
veloped on the benchtops of Caltech and 
MIT by a handful of professors and gradu- 
ate students. Its inherent ditEcultv has in- 
spired those mearchers to precisel~ the kind 
of creativity that is said to be the glory of 
small group science-a prime example b e i i  
their development of a laser ranging device 
that can detect motions only one 100-mil- 
lionth the width of a hydrogen atom. And 
L I W s  design is such that the mearchers 
can continue in this small group style afkc 
the facility is built. 

So LIGO has all the Little Science vir- 
tues-with just one eye-popping exception: 
its construction cost of $192 million would 
make it one of the most expensive single 
projects that the National Science Founda- 
tion (NSF) has ever undertaken. To con- 
densod kmr physicists and other NSF 
dependents who consider themselves the 
victims of a fiscal famine, L I W  looks Like 
Big Science all the way. 

"It's a most unfortunate situation that this 
field needs facilities of this size," sighs MIT 
physicist Rainer Weiss, a former molecular 
beam specialist who is now a co-investigator 
on LIGO. "Most of us in this field hate Big 
Science." 

He has reason to feel ddmsive. Few of 

because thev a& a funfun&- $ 

the perennial critics of Big Science have yet 
turned their guns on LIGO directly; afhr 
all, its cost is considerably less than the 
uncertainty in the $8-billion-plus price tag for 
the Depamnent of Energy's supercollider. 
But the project has delinitely gotten caught 
in the cmafire. 

'Ihc House of Representatives has already 
used the Dccd to pma small-sale science 
as an excuse to lop off NSFs request for new 
start money for LI GO in fiscal year 1991. 
m e  lawmakers did not give the money to 
any other discipline, however.) And the 
Senate appropriations subcommittee on 
VA-HUD-Independent Agencies may well 
do the same when it takes up the NSF 
budget in mid-September. The rcsult would 
be a delay ofconstrudon for at least anoth- 
er budget cyclc-and no one knows how 
much longer. 

So why not just make a smaller, cheaper 
LIGO and avoid all this hassle? "Because 
unfortunately, nature is not so kind," says 
Caltech relativity theorist Kip Thome, an- 
other of L I W s  co-in- 

mental p&ction of t h  
most widely accepted 
theory of gravitation, 
Einstein's general relativ- 
ity. Einstein's basic idea 
was that every particle of 
matter in the universe 
causes a certain curvature 

slightest id& of how to measure such an 
effect until the lW, when University of 
Maryland physicist Joseph Weber started 
looking for the vibrations induced by gravi- 
ty waves in massive bars of aluminum that 
had been c a d d y  isolated tiom outside 
noise. Weber's work, along with the similar 
&m he inspired around the world, ulti- 
mately yielded bar detectors capable of mea- 
suring gravitgr wave dc&ctions to a few 
parts in 10' . But even at that level of 
sensitivity, none of the bar detectors has ever 
found convincing evidence of a gravity wave 
from any source. (It should be said that 
Weber has spent the past two decades claim- 
ing that he has seen such evidence. But very 
few other physicists agree with him.) 

In any case, in the late 1%0s several 
physicists independently rralized that they 
might be able to do better with a laser-trased 
detector. Among them was Weiss, who at 
that time found himself teaching the MIT 
course in general relativity while snuggling 
to stay just a few days ahead of his students. 

"When we got to the section on gravity 

v m t o r s .  LIGO has to 8 - =  = -7vq- p-T---T- .r 

be big to have a chance 
, 

g a .  
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of detecting the gravity + 

waves at all. :Ir 
Very few physicists ac- k. 

tually doubt the waves' T 
existence, he says, largely $ '1 
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in the fabric of space and UGO ringleaders. Director Vogt (right) con& with co-investigators 
time, in somewhat the Thome (14) and Bever .  
same way that a bowling 
ball would make a depression in the middle 
of a trampoline. What we call "gravity" is 
simply a consequence of that curvature. (Put 
a marble on the trampoline and it will roll 
toward the bowling ball.) And gravity waves 
are just a rippling of the fabric caused by the 
motion or interaction of the particles of 
matter. 

The problem, says Thome, is that Ein- 

waves, I couldn't figure out what was going 
on at all," Weiss recalls. "So I had to figure 
out a method to understand the theory in 
terms of an experiment." What he came up 
with was a homework problem: the students 
were supposed to imagine two masses sus- 
pended in space a fixed distance apart, and 
then calculate how the measured distance 
between the masses would change as a pass- 



ing gravity wave set them ever so slightly ters are indeed being planned for the late 
moving in and out, in and out. "And then lo 1990s in Europe, one by a British-German 
and behold, it clicked," he says: "You could collaboration, and the other by a French- 
a d y  do this with light!" Italian group. Together the four detectors 

The key, he realized, was to monitor the will also allow researchers to pinpoint the 
distance between the two masses using a gravity wave sources on the sky to a resolu- 
long-established optical technique known as tion of about 1 arc minute; with only two 
interferometry. First, a laser would replace detectors, says Vogt, you can only say that 
one of the masses and direct a steady beam the source lies somewhere along a circle in 
of light at the other mass. Next, the second the sky. 
mass would be fitted with a mirror, which In any case, he says, each U.S. LIGO 
would reflect the laser beam straight back facility will consist of a pair of 1.3-meter- 
where it came from. And finally, an optical 
system next to the laser would take the 
returning light waves and combine them 

- 4  - .  A C  

with a portion of the original laser light. The . . -  
result, says Weiss, would be "interference L -  

I. -. 
fringesn+ pattern of light and dark bands 
that could be monitored by a detector. 
Moreover, these fiinges would be extremely I 

sensitive: even a tiny shift in the position of r-. , .  . 
the second mass would in principle cause a 
noticeable change in the fringe pattern. 

I - The measurement still wouldn't be easy, 
Weiss knew, but 6 months of calculations . - 1 U. . 

"- 
d 

convinced him that a gravity wave detector 
based on laser interferometry just might 
work. Nor was he alone in that conviction: 
even as Weiss was setting up his own small- 
scale experiments, other groups were pursu- 
ing the approach independently. Weber and 
his students made the first experimental tests 
of a laser detector in 1972. A group in 
Munich started work in 1975, and another 
in Glasgow in 1977. And then in the late 
1970s, at the instigation of Thorne, Caltech 
set up a well-funded experimental group of 
its own and hired Ronald Drever from the 
Glasgow group to head it. 

By 1983, Weiss' group at MIT had 
merged with the Caltech team to form what 
is now the LIGO partnershiplargely be- 
cause the NSF, which was providing devel- 
opment money, declared that it was not 
about to support two groups simultaneous- 
ly. Then in 1986, in response to NSFYs 
insistence that the growing project needed 
better coordination, the LIGO team 
brought 
Vogt as 
"And I 

: in cosmic ray physicist Rochus E. 
director and principal investigator. 
had been planning an easier life," 

laughs Vogt, who had juststepped down as 
Caltech's provost. The four co-investigators 
are now Weiss, Thorne, Drever, and Cal- 
tech's Frederick Raab. 

In its current incarnation, says Vogt, the 
LIGO proposal actually calls for two facili- 
ties separated by several thousand kilome- 
ters. 6nly by recording the same signal in at 
least two different detectors simultaneously 
can you be sure you are not just seeing some 
random seismic noise. Three or four detec- 
tors would be even better, says Vogt. And, 
as it happens, two more laser interferome- 

proportional to their distance apart. So the 
longer L I W s  arms are, the easier it will be 
to measure a given gravity wave's effects. A 
prototype laser detector with 40-meter arms 
has been operating for several years now at 
Caltech; the full-scale LIGO, with it 4 
kilometer arms, should gain a factor of 100 
in sensitivity simply because of its size. 

Another major boost in sensitivity comes 
from the fact that LIGOYs laser beams will 
actually make the &kilometer round trip 
down each arm hundreds or thousands of 
times, bouncing back and forth between 
mirrors that can sustain at least 10,000 such 
bounces before they lose enough phomns to 
dim the laser beams significantly. In effect, 
this trick makes the arms seem hundreds or 
thousands of times longer than they really 
are, and increases the sensitivity accordingly. 

The Caltech prototype has already mea- 
sured movements of centimeters in its 
target masses, Vogt says, and the LIGO 
researchers are confident that their full-size 
laser system will ultimately be able to mea- 

sure movements of some 10-l6 cen- ' I . 
I; Throwing light on gravity 

timeters. That is about one 100- 
; - ,  -a'-. ,,* . , waves. Since L I G O ' ~  a- millionth the width of a - 

t - , - - are equal (top), its laser beams and should be dicie*t to let 
cancel and no light reaches the the full-scale LIGO detect gravi I. detector (blue). But when a waves as weak as a few parts in ld 7 . 

' 1 

* . TI' passing wave shrinks one arm And that, in turn, should allow 
and stretches the other (bottom), LIGO to pick up waves from a wide 

.;I. the beam no longer cancel and variety of astrophysical sowCes. - 1  7 

q , +  
- ' ,.' the detector does see light. impressive as that perfomance 

:t - . -4 L-. 

, 1 I . =, . ' T ,  F ' would be, however, a skeptic still 
- r* t 7 has a right to ask, "So what?" After all, $192 
.-,A. 

/-2&> ] million is a pretty st# price for simply 

I venfylng a prediction of general relativity- 
I 7  

,.- -;A' , i :- 4 -  
especially when most physicists believe in 

- . b  c. r "  ' the theory anyway. “The thing about gravity 
I '  -.,- t -. '*"- .-, is that it's boring, because you understand it 

wide vacuum tubes, joined in the shape of a completely," says Princeton's Phillip Ander- 
huge "L." Each tube would be 4 kilometers son, a Nobel laureate for his theoretical 
long and would have a target mass hanging work on condensed matter and a fiequent 
from a quartz fiber at the far end. The laser critic of Big Science. "If it didn't have 
system will sit at the comer of the L, where Einstein's name on it, would you give a 
its beam will be optically split in two and damn?" 
sent down the vacuum tubes to both masses The LIGO team's answer is that such 
simultaneously. The idea is that a passing criticisms miss the point. They aren't pro- 
gravity wave will cause one mass to swing posing LIGO just to venfy the existence of 
inward while the other swings outward, and gravity waves, they say, although they cer- 
vice versa; comparing these two motions tainly hope it will do that. What they're after 
will provide a crucial cross-check on the is a whole new branch of astrophysics. 
detection. "Gravity waves come h m  places where 

The overall size of LIGO is a compromise the gravitational field is immensely strong, 
between economics and the need for detec- or where the system is highly dynarnical," 
tor sensitivity, says Vogt. Stainless steel says Caltech's Thorne. 'We're talking about 
vacuum pipes, transportation, welding, test- the collapsing cores of supernovas, or the 
ing-all that is expensive, he says, so expen- collisions of black holes and neutron stars- 
sive that this "low-tech" component of the events you have no hope of seeing with 
project actually accounts for 80 to 90% of light." 
the cost. However, if and when a gravity A prime example of such an event would 
wave passes, the relative displacement be- be the death spiral of a binary pulsar, says 
tween the laser and the target masses will be Thome. Our own galaxy is already known 
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to contain at least one binan, pulsar: hscov- 
ercd in 1974 by Princetori's Joseph Taylor, 
it consists of nvo 10-kilometer balls of dense 
nuclear matter-neutron stars-\vhirling 
around each other in a close circular orbit. 
This system is almost certainly a pou7erful 
emitter of v e n  lo\v frequency gravity waves, 
says Thorne. No one has detected the radia- 
tion directly, of course. But the neutron 
stars are clearly losing orbital energ?., dra~v- 
irig gradually closer together. And after 16 
years of monitoring, Taylor still finds that 
the rate at which they lose energy is precisely 
the rate at ~vhich Eiristein's t h e o n  says they 
should-ass~uning that all the energy is go- 
irig irito gravitational radiation. 

"If you follo\v this system for a fen- 
hundred 111illion years," says Thorne, "the 
neutron stars \vould eventually spiral to- 
gether and merge in a violerit, dyriamical 
~vay." Conceivably, he says, they could even 
coalesce into a black hole. In any case, 
during the last fc\v minutes of this death 
spiral the frequency of the gravitational r'idia- 
tion wodd get high enough for LIGO to 
detect it above the background seisnlic noise. 

N(nv obviously, says Thorrie, 100 rnillion 
years is too lorig to wait for a sigrial. But 
binary pulsars are thought to be reasonably 
conmon objects on a cosrnic scale. So if 
LIGO achieves the sensitivity that he and his 
colleagues hope, says Thorne, then its range 
n-ould encompass so many galaxies that it 
would see several such death spirals per year. 

Each time this happened, he says, the 
target masses at the end of LIGO's arms 
n-ould first begin to undergo a sinusoidal 
motion, which ~vould rapidly increase in 
mlplitude and freque~icy as the neutron 
stars dreu, imvard. Then, at the instant of 
the merger itself, the masses u,ould be tossed 
about by a violent outburst that nobody 
kno~vs ho\v to calculate. And finally, in the 
aftermath, they \vould u~idergo a fading 
sinusoid as everything on the newly merged 
pulsar or black hole settled d o ~ v n .  The re- 
sulting sig~ial profile \vould be a treasure 
trove for the theorists, says Thor~ie.  It  
~vould tell them a great deal about the 
structure and behavior of ~iuclear matter in 
extrernis. And it \vould likelvise tell them 
about the behavior of gravity ~vhe11 space 
and time are being v e n  drastically cun.ed- 
a much more stringent test of Einstein's 
theon  than of gravih Lvaves themselves. 

Mean~vhile, says Thornc, LIGO should 
also be seeing other sources. Supernovas, for 
es,mlple: if these cataclysmic explosions gen- 
erate gravity \va\.es as strongly some theo- 
rists think, then LIGO could detect about a 
doze11 of them per year. O r  ultramassive 
hl'ick holes: these enormous, billion-solar- 
mass objccts seem to lie at the core of even 
quasar, generating the quasar's fierce l~mii- 

nosin by gulping down huge quantities of 
stars 'ind gas. Even many riormal gal~xies 
(including ours) are thought to  harbor mil- 
lion-solar-mass black holes. Whatever colli- 
sions and mergers produced these behe- 
moths, says Thorne, some of them likely 
produced such strong gravin waves that 
LIGO could see them an!~vhere in the ob- 
send& universe. These events could come 
as frequently as once per year. 

Atld then there's Cl'eiss' persorial favorite: 
the Big B'ing. Accordirig to  some scenarios 
for what happened in the \ e n  early uni- 
verse, he explains, there should be residual 
gravitational radiation that LIGO could de- 
tect. If so, it ~vould provide clues as to ~vha t  
went on during the first 10-43seco~ids after 
the Big Bang-the so-called Planck era, 
which many physicists believe can only be 
described by the unknown laws of quantum 
gravin. "It's v e n  speculative," he acimits, 
"but rli'lr', the cxperimerit I Lvant to  get to." 

S p ~ u l a t i v e  or othcnvise, the poteritid 
scientific payoffs from LIGO were sound 
enough to \\,in it strong support ~vithin the 
NSF hierarchy, up to and including outgo- 
ing director Eric Bloch. The LIGO group 
subnlittcd its conceptual design to NSF in 
December 1989. The foundation according- 
ly listed LI(;O as a Iiexv start in its fiscal year 
1991 budget request, aski~ig Co~igress for 
S47 million as a d o ~ v n  payment on a 4-year 
constructio~i program. 

And Congress, acting predictably enough 
in an era of high-anxien deficits, balked. 
The question was riot one of science so 

much as priorities: Holv can \xre justifi. 
giving so much money to one experiment? 

\'ogt, ~ v h o  has spent quite a bit of time 
lately arguing LIGO's case on Capitol Hill, 
replies that that is a question orily the politi- 
cal s!.stem itself can 'inslver. "It's not up to 
me to decide !\.hat the coiultn's priorities 
are," he says. "It's orily up to me to offer the 
countnr beautihl choices." 

That said, ho\x.ever, he takes strong excep- 
tion to calling LIGO "orie experinlent." 
"That's like caliing the Palomar telescope a 
single experiment," he says. "I'm buildirig an 
astrophysical obsenaton,. and it's going to 
operate in a1 obsena ton  mode for 50 
years." 111 particular, LIGO has been de- 
signed ~vi th  room in the vacuLun tubes for 
multiple laser beams, so that several groups 
of experimenters can be testing out new 
optical systems a l d  ne\v detector technology 
at the same time that others are taking data. 

"'The facility may be Big Siierice," agrees 
it'eiss, "but I envision the ~vork  itself to  still 
be in the style of srllall science, \vith four to 
six people in a group." 

It remains to be seen whether such argu- 
ments will c a r n  the day. If the Senate okays 
the money this autumn, the House may be 
persuaded to go  along in conference com- 
mittee, in \~.hich case LIGO could start 
co~istructio~i alrnost immediately. If not, 
then the project will be delayed for at least 
another budget cycle while the LIGO team 
waits and waits, refining their techno lo^ 
even further on  the lab bench. 

M. MITCHELL WALDROP 

Merck-Du Pont Venture: 
Prescription for Success? 
T t v o  c o y o r a t e  giants  vecently firrrzed a i o i ~ z t  verltlrre that tnay  set 
trends-f ir  years to come i n  theL world yfpllavtnacelltica! reseavch 

;\FTER  ALL STREET CLOSED for trading 
011 25 July, the riation's leadi~ig drug cornpa- 
11y sent out a press release containing a 
bombshell. Merck & Company, the an- 
nouncenierit said, was teaming up with 
chernical giant Du P o ~ i t  to  form a joint 
venture: a new pharmaceutical fimi. hl- 
though the S5 1 -billio~i American drug in- 
 dust^? has gotten used to mergers arid liai- 
sons, this \\as a surprise-both because of 
the size and success of the cornpalies in- 
volved md the innovative nature of the 
venture, \vhich leaves the parent companies' 
operations separate. 

The next morning ph~rmaceuticals ana- 

lysts mumbled ol.er thelr copies of the I ~ ; I / /  
Sir~er  Jora.r~al as they puzzled out the deal, 
which obsenrrs sa! could become a trend- 
setter. The analysts understood the tough 
eco~ioniic environment that prompted the 
venture. But they ~vo~idered \vhat was i11 it 
for the partners-particularly IMerck, \vhich 
has been far more successfill 111 pharmaceuti- 
cals tha~i  D u  Pont has. 

The stated reason for the joint venture 
was that the companies are pooling their 
resources to offset the high cost of bri~iging 
a drug from the lab bench to the pharmacy 
shelf. That process t k e s  a decade and $230 
million on average-and that cost is bei~ig 
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