
OGLEing, MACHOs, and the 
Search for Dark Matter 
Something is missing from standard pictures posed of neutrons and protons, exists outside 
of galaxies: huge quantities of matter. Re- the galaxies themselves. 
searchers have long known from the rate at The theory behind this new MACHO 
which galaxies rotate that they must contain hunt is not new. It was first proposed in the 
more mass than meets the eye, and they have mid-1980s by Bohdan Paczynski, a Princeton 
invoked a range of explanations to account astrophysicist. Paczynski suggested that if a 
for this missing "dark matter." Among the small massive object were to float through 
candidates, MACHOs, despite 
their name, are by far the least 
sexy. Unlike their rivals, 
MACHOs (or Massive Compact 
Halo Objects) represent no new 
species of matter, no bizarre new 
particles, and no heretofore un- 
knownphenomena. Instead, they 
are postulated to be anything from 
stray planets the size of Earth or 
Jupiter to brown dwarfs and even 
black holes of 100 solar masses, 
orbiting in halos around the gal- 
axies. But MACHOs do have one 
thing in common with more ex- 
otic dark matter candidates: Prov- 
ing or disproving their existence 

Through a lens brightly. The gravitational field of a MACHO in the halo of the Milky Way should 
act like a lens, focusing light from a star in the Large Magellanic Cloud (pictured above) and 
causing it to appear brighter as the MACHO passes across the line of sight. 

$ had been considered an impractical, if not 
I impossible, feat. But that has now changed. 

Technology has recently caught up with 
E theory, and three teams of researchers have 
$ launched a search for MACHOs. They're 
2 betting that these objects-if they exist- 

can be detected using a phenomenon known 
as gravitational microlensing. One team, 
known as the MACHO collaboration and 
led bv researchers at Berkelev's Center for 
particle Astrophysics and the Lawrence 
Livermore National Laboratory, is using a 
dedicated telescope in Australia to look for 
MACHOs in the outer reaches of our own 
Milky Way galaxy. Meanwhile, a Polish- 
American and a French collaboration are 
MACHO-hunting using telescopes in Chile. 
If these teams do detect MACHOs in large 
enough numbers, astronomers will have found 
a key part of the universe's missing mass, 
though another component may still be at 
large. Cosmologists also believe that a vast 
amount of additional dark matter, not com- 

the line of sight to a distant star, the object's 
gravitational field would bend the star's light, 
much like an optical lens. As a result, as- 
tronomers would see a temporary increase in 
the brightness of the star. "The star's bright- 
ness goes through a hiccup," in the words 
of Christopher Stubbs, a University of Cali- 
fornia, Santa Barbara, astrophysicist who 
works with the MACHO experiment. For a 
MACHO the mass of Jupiter, the event might 
last 2 or 3 days; for a brown dwarf, 2 or 3 
weeks: and for a 30 solar mass black hole. a 
year to 18 months. 

The theory was fine, but there was a prac- 
tical problem: Paczynski figured that such 
events would be so rare that astronomers 
would have to monitor a million stars for 
years on end to have a chance of capturing 
even a handful of MACHOs. At  the time, 
no technology could perform such a task. 

But by 1989, advances in the technology 
of what are known as charged coupled de- 
vices, or CCDs, had reached the point that 

CCD cameras capable of imaging large por- 
tions of the sky could be built relatively 
cheaply. Livermore astrophysicist Charles 
Alcock realized that, with such a system and 
a reasonably powerful telescope, it would be 
possible to monitor the entire Large Magel- 
lanic Cloud, a satellite galaxy of the Milky 
Way. And the Large Magellanic Cloud, which 
contains more then 100 million stars, would 
serve as an ideal backdrop for hunting 
MACHOs at the fringes of our own galaxy. 

In October 1989, Alcock gave a lecture at 
Berkeley's Center for Particle Astrophysics 
on the possibility of hunting for MACHOs 
using such a camera. His audience responded 
enthusiastically. Says Kim Griest, a theorist 
now at the University of California, San Di- 
ego, "It just became immediately clear to all 
of us that [hunting for MACHOs] was pos- 
sible." Bernard Sadoulet, who heads the cen- 
ter, quickly offered a collaboration and re- 
sources. Meanwhile, Jim Rich, a physicist 
visiting from the Saclay Institute outside Paris, 
called back home to his Saclay collaborators 
and suggested that MACHO hunting could 
be the order of the day. 

The Berkeley-Livermore team then joined 
up with astronomers at Australia's Mount 
Stromlo observatory who had what Alcock 
calls an "old, partially disassembled, decre- 
pit 50-inch telescope that might be exploited 
in the project." In 3 years, they rebuilt the 
telescope and turned it into a dedicated 
MACHO hunter by adding what may be the 
world's largest CCD camera. The device has 
32 million pixels and generates 75 mega- 
bytes of data per image. "That's roughly the 
hard disc on a personal computer," says 
Stubbs, hand waving vigorously, "and we take 
a picture every 5 minutes." 

The MACHO experimenters will image 
20 million stars in a 6-degree-by-6-degree 
square of the Large Magellanic Cloud as of- 
ten as possible for 5 years, looking for events 
in which MACHOs in our galactic halo mag- 
nify the image of stars in the cloud. The 
experiment, says Alcock, should be sensitive 
to lensing events that increase the brightness 
of the background stars by as little as 30% or 
40%. "But every now and then," he says, "stars 
should get two, five, or even 10 times brighter." 

The MACHO researchers started taking 
data last fall and are now confident they can 
filter out all background events - the most 
serious being other sources of stellar variabil- 
ity. A lensing event should have a character- 
istic signature consisting of a symmetrical 
increase and decrease in brightness at all 
wavelengths, whether infrared, visible, or 
ultraviolet. It is hard to imagine any other 
cause of stellar variability that would mimic 
this pattern, says Stubbs. 

While the MACHO team was refurbish- 
ing the Mount Stromlo telescope, Paczynski 
was collecting researchers from Princeton, 
the University of Warsaw, and the Carnegie 
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Institute in  Pasadena to set up a n  experi- 
ment called OGLE, for Optical Gravitational 
Lens Experiment. The  experiment uses a 1- 
meter telescope at the Las Campanas obser- 
vatorv in Chile. hooked UD to a C C D  camera 

says Paczynski. "Nothing hypothetical about 
it." Until OGLE detects these events, the re- 
searchers willnot have enough confidence in 

Whether or not these experiments will 
bring home MACHOs may be known rela- 
tively soon. Alcock says his group may begin 
presenting results within a year. Paczynski 
says his group archived their first data at the 
Goddard Space Flight Institute last Decem- 
ber. "Anybody who has the stamina to ana- 
lyze those gigabytes of data," he says, "is wel- 
come to do it." 

u 

their analysis programs to go after more hy- 
Dothetical beasts like MACHOs. "We be- 

also piovided by ~ a r n e g i e .  The  experiment, 
like the M A C H O  project, will eventually 
scan the halo for MACHOs. But as a first 
step, the researchers plan to  test whether 
microlensing can be detected at all, by search- 
ing for the lensing effect of known objects. 

Paczynski, who describes himself as 
OGLE'S fundraiser and coordinator, savs 

lieve we have to experimentally verify our mis- 
sion, which is experimentally unprecedent- 
ed," says Paczynski. 

Finally, the French researchers from the 
Saclay Institute, led by Michelle Spiro and 
Rich, have also begun taking data using both 
photographic plates and a C C D  camera on a 
te lesco~e in Chile. Their a ~ ~ r o a c h  is two- 

Kem Cook, a Livermore astrophysicist, 
points out that  whatever they find, the  
MACHO-hunters should come out ahead. 
"A key feature of these experiments," he says, 
"is that they are designed to either detect 
MACHOs over a wide range of masses, or 

, , 
OGLE is scanning the galactic bulge, close to 
the center of the galaxv, in search of a class of 

A A 

pronged: One is to photograph a large chunk 
of the Large Magellanic Cloud every night, 
looking for month-long microlensing events; 
the other is to take onlv a few tens of thou- 

- ,  
stars called M-dwarves, which constitute the 
most numerous stars in the galaxy, although 
they can only be detected visually if they are 
within a few light-years of Earth. M-dwarves 
should "mass-produce microlensing events," 

- 
else put significant limits o n  the existence of 
MACHOs. Thus there is n o  way for us to fail 
-either we find MACHOs or we provide the 
best evidence for something more exotic." 

-Gary Taubes 

sands of stars and image them every 10 min- 
utes with the C C D  camera, looking for 
shorter-term events. 

Scientists Chase Gravity's Rainbow flation theory, a popular scenario for the uni- 
verse's first fraction of a second, which posits 
an ultra-rawid burst of ex~ans ion  in the new- According to the theory of relativity, when- 

ever a massive object accelerates, it makes 
waves that gently ruffle the fabric of space 
and time. The  biggest upheaval of all, the Big 
Bang, supposedly sent out a n  unmatched 
burst of these "gravity wavesn-waves that, 
because they have been traveling since the be- 

Smoot, it would help to sharpen theorists' 
picture of the beginning of the universe. It 
would also be strong indirect evidence of the 
reality of gravity waves, which LIGO aims to 
detect directlv. 

born cosmos. Inflation makes specific predic- 
tions about the densitv fluctuations in the 
early universe. T o  test those predictions, cos- 
moloeists need to know how much of the 

The  prospect of seeing gravity waves from 
the Big Bang emerged just a year ago, when 
Smoot and his colleagues, analyzing data from 
the Cosmic Background Explorer (COBE) 
satellite, discerned small temperature fluc- 
tuations in this nearly perfect radiation bath 
(Science, 1 May 1992, p. 612). At  the time 
thev attributed these b u m ~ s  to tinv densitv 

D 

irregularity in the cosmic background is due 
to gravity waves, so they can subtract it out. 

Success won't take the luster off experi- 
ments such as LIGO-except perhaps in the 
public eye. Indeed, says National Science 
Foundation (NSF) ~hvs ics  director Robert 

ginning of time, now arc across the universe. 
In a popular essay, astrophysicists George 
Smoot of the Lawrence Berkeley Laboratory 
and Paul Steinhardt of the Universitv of 
Pennsylvania borrow from writer ~ h o k a s  
Pvnchon and call the  rimo or dial waves 

Eisenstein, a Carnegie press-release promis- 
ing (mistakenly) that Smoot was going to an- 

"gravity's rainbow." Smoot and Steinhardt 
are readv to chase that rainbow, and thev know 

fluciuations in the infant universe, which ma; 
have acted as seeds for the growth of galaxies 
and clusters of galaxies. Now, after re-analyz- 
ing theoretical predictions, Smoot and Stein- 
hardt say that as much as half of the bumpi- 
ness could be attributable to gravity waves. 

But they say they can't yet disentangle 

nounce the first observation of gravity waves 
brought phone calls to NSF asking whether 
the astrophysicists had scooped LIGO. 

Not a chance, says Weiss. S o  far, he points 
out, "there are n o  new measurements and no 
new data analysis." Even after Smoot and 
company do their analysis, says Weiss, he  
doesn't believe it will clearly disentangle the 
effects of gravity waves from density fluctua- 
tions. And in any case, says Weiss, LIGO-a 
pair of 4-kilometer-long laser interferom- 

just the place to look: in the microwave back- 
ground, the afterglow of the Big Bang. 

In a press conference last week at the 
Carnegie Institution of Washington, Smoot 
explained that gravity waves rolling outward 
from the Big Bang may have left marks on  
the cosmic background. The  marks would 

density fluctuations from the signature of grav- 
ity waves. Doing so will take a comparison of 
microwave data taken by the COBEsatellite, 
balloon-borne detectors, and ground-based 
instruments at the South Pole. Each detector 
measures fluctuations on  different size scales. 
COBE measures only large-scale fluctuations, 
while other ex~eriments  are sensitive to finer 

.5 

be subtle and easily confused with other faint 
irregularities. But by comparing maps of the 
radiation made by different instruments, 
Smoot says, it might be possible to identify 

eters-is meant to gather direct evidence of 
gravity waves emanating from sources in the 

the signature of the primordial gravity waves. 
There are ~ l e n t v  of researchers-even 

current universe, such as supernovae or coa- 
lescing galaxies. N o  matter how good Smoot 
and Steinhardt's analysis, say Weiss and oth- 
ers, the cosmic microwave backeround won't 

L ,  

some affiliated with Smoot-who say Stein- 
hardt and Smoot's quest is something that 
will remain on the far side of the rainbow. 
Says Massachusetts Institute of Technology 
astrophysicist Rainer Weiss, who has worked 
with Smoot on studies of the cosmic micro- 
wave background, "It's total speculation." 
And participants in the $210 million Laser 
Interferometer Gravitational Observatory 
(LIGO), which aims to detect gravity waves 
directly, are quick to point out that the pair 
hasn't yet offered any new results yet. But if 
their quest succeeds, say Steinhardt and 

scales. O n  those scales, the fluctuations caused 
by gravity waves should fade while those 
caused by density fluctuations should grow 
more pronounced. So if gravity waves made a 
major contribution, the microwave back- 
ground's bumps should look less prominent 
on  smaller scales than on large. 

Teasing out the numbers will take 3 or 4 
years, says Steinhardt. "But ultimately one 
should be able to detect how much is gravity 
waves and how much isn't." 

yield anything that convincing. 
Steinhardt agrees that he and Smoot aren't - 

about to learn much about gravity waves 
themselves. "We are using what we know - 
about gravity waves to learn about inflation 
and cosmology," he says. "We do not want to 
pretend we are learning anything fundamen- 
tal about gravity waves here.. ..[Weiss] is 
right-If you want to see a gravity wave in 
action, you need to use LIGO." 

-Faye Flam 
If they succeed, Smoot and Steinhardt say 

their result should provide a good test of in- 
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