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today. The presumption is that the dark 
matter consists of some kind of massive, but 
weakly interacting elementary particles pro- 
duced in the Big Bang. And indeed, with the 
additional assumption that the dark matter 
particles are slow-moving, or "cold," the 
theory explains the observed properties of 
galaxies and clusters quite well. 

What the cold dark matter theory cannot 
easily account for, however, are the struc- 
tures that astronomers have begun to find 

and will sl 
)lanet not 
as well as . .  . 

on extremely large scales. In that context, 
two findings discussed at the meeting inde- 
pendent of COBE were especially notewor- 
thy: 

The Great Attractor. The existence of 
this structure has been a matter of continued 
controversy since 1986, when a redshifi 
survey conducted by a team of seven astron- 
omers-"the Seven Samurain-seemed to 
reveal that our galaxy and every other galaxy 

1 for hundreds of millions of light-years in 

1 pad, 
S 

is and s 

every direction were streaming toward a 
region of the southern sky at hundreds of 
kilometers per second. Their conclusion was 
that something was pulling at us, a diffuse 
concentration of mass centered some 150 
million light-years away and containing sev- 
eral quadrillion times as much mass as the 
sun, or  about ten times the mass of a typical 
supercluster of galaxies. The mck has been 
to convince other astronomers: It's very 
hard to understand how cold dark matter o r  

Lookmg Forward to Hubble 
After years of delay and frustration, astronomers and NASA And at cosmological distances, it should provide the first clear 
offcials alike are beginning to feel like children looking fonvard images of newborn galaxies forming, colliding, and evolving in 
to Christmas: on 19 April, if all goes according to schedule, the the aftermath of the Big Bang. 
space shuttle Discovery will at last climb from its launct w Imaging very faint objects. When it comes to analyzing the 
bearing the $1.6-billion Hubble Space Telescope. pectra of very faint objects, where the name of the game is sheer 

Indeed, as the launch approaches. the software problen ize and light-gathering power, the instruments of clioice will 
scheduling headaches that have dogged the instrument's develop- still be the ground-based behemoths such as the 5-meter Hale 
ment (Scierrce, 17 March 1989, p. 1437; 22 December 1989, p. telescope on Palomar Mountain, or the 10-meter Keck Telescope 
1551) have receded into the background. and science is coming soon to be completed on Mauna Kea. Space Telescope's 2.4- 
to the fore. At a prelaunch press briefing on 8 and 9 January, meter primary mirror is decidedly modest in comparison. 
scientists at the Space Telescope Science Institute in Baltimore However, when it comes to making inma,qes of the faintest stars 
gave a tour &horizon of some of the cosmic features that may and quasars, Space Telescope \\rill be unsurpassed: the absence of 
soon be visible for the first time, and they explained the atmospheric background light in space shoiild allom, it to see 
telescope's three major ad~rantages over ground-based insm- compact sources down to the 28th or 29th magnitude, or about 
ments-high angular resolution, broad wavelength coverage. 50 times f~inter  than is possible from the ground. Among other 
and the ability to see very faint objects. things, this should allow the telescope to image individual stars 

w High angular resolution. Space Telescope's workhorse in distant galaxies. And that, in turn, should allow astronomers 
imaging instrument, the Wide Field/ to calibrate the si7x and age of the uni- 
Planetary Cmera,  should be able to re- f verse-which is today uncertain by a 

$ 
solve objects on a scale of 0.1 arc sec- factor of 2-to better than 10%. 
onds. That's about ten times better clar- Large wavelength range. F o m -  
ity than telacopes can typicall!! attain on nately for h~unan life and health, Earth's 
the ground through the murk of the atmosphere provides a very effective 
annosphere and about 600 times better shield against ultraviolet light. Unform- 
than the unaided eye. The institute's pub- nately for astronomers, however, the at- 
lic affairs director, Eric Chaisson, who is mosphere also screens out a rich array of 
himself an astronomer, points out that atomic absorption and emission lines in 
this will be the biggest single jump in the ultraviolet, the most notable being 
astronomical resolving power since Gali- the intense Lyman alpha line of hydro- 
leo turned his first handmade telescope gen. Space Telescope's nvo spectro- 
to the heavens in 1610. graphs will therefore be breaking new 

Within our own solar system, for ex- ground almost evenwhere they look. 
ample, the telescope will provide Voyag- A prime example is the spectra of the 
er-quality images of the cloudscapes on quasars, which sprang to life only a bil- 
Jupiter low us Pluto-the only lion years or so after the Big Bang, and 
outer visited by Voyager- which shine like searchlights through 
almost we can see the face of galaxies and primordial gas clouds along 
the moon urlth the unaided eye. Further the line of sight. Spectra taken from the 
out, the telescope should be able to im- ground in visible light have alreadv re- 
age gas a d  dust ejected Coming into focus. r/li. ,21.!;z,'x io~lny,,iorr waled the most distant of these interim- 
supernova 1987A, about 170,000 light- , , , , , , , , , , , ing objects as a "forest" of highly red- 
rears from Earth. It will peer into the ' c /a r ; f y  ,,pi// 1?1(7,711.fi1r L ~ ~ , ~ ~ ~ ~ ~ ~ ~ ~ ) * .  

shifted Lyman alpha absorption lines. 
heart of our galaxy's globular clusters to Ultraviolet spectra taken by Space Tele- 
see if these star-rich systems contain massive black holes. It will scope should like~visc show absorption lines from the closer, 
try to image material falling into a supermassive black hole that more recent objects. The result should be a complere record of 
many astronomers believe lies about 2 million light-years away in hon, galaxies formed, e\.olved, and clustered as the universe 
the core of our nearest cosmic neighbor, the Andromeda galaxy. expanded. M. MITCHELL WALDROP 
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anything else could have produced mass 
concentrations of this magnitude. 

At this meeting, however, the controversy 
was notably absent. Two of the original 
Seven Samurai, Alan Dressler of the Mount 
Wilson and Las Campanas Observatories, 
and Sandra Faber of Lick Observatory pre- 
sented a survey showing that galaxies on the 
far side of the purported Great Attractor are 
falling back inwards, thus demonstrating 
that there reallv is a mass concentration 
there. At the same session, moreover, Rob- 
ert A. Schornmer of Rutgers University 
presented the results of an independent sur- 
vey that showed the same thing. 

In short, the Great Attractor is real. Now, 
where did it come from? 

The Great Wall(s). Just last fall, Mar- 
garet J. Geller and John P. Huchra of the 
Harvard-Smithsonian Center for Astrophys- 
ics announced their discovery of "the Great 
Wall'-a system of thousands of galaxies 
arrayed across the cosmos in the form of a 
vast, crumpled membrane (Science, 1 7  No- 
vember 1989, pp. 885 and 897). With a 
width of at least 500 million light-years, it 
seemed to be the largest coherent structure 
ever seen in the universe. The question was 
whether it was anything more than a statisti- 
cal fluke, a chance superposition of smaller 
structures. If so, then the Great Wall would 
be at least as hard to understand as the Great 
Attractor. 

Now the answer is in, and it seems to be 
"Yes." At the meeting, Alex S. Szalay of 
Johns Hopkins University and David C. 
Koo of ~ i c k  Observatow  resented a com- , L 
pilation of four galaxy surveys at the north 
and south galactic poles-the two opposing 
~ o i n t s  on the skv where the interference 
from stars and dust in our own galaxy is 
least. Each survey covers a very narrow 
patch of sky, but compensates by including 
galaxies that are very faint and very distant. 
In effect, the combined survey yields a core 
sample through the universe. And when 
Szalay and company plot the number of 
galaxies as a function of redshift, it becomes 
very apparent that the Great Wall is not 
alone: other concentrations of galaxies occur 
with a nearly periodic spacing b f  about 400 
million light-years. 

Whatever this repeating structure means, 
says Szalay-he prefers to call it a "character- 
istic distance" rather than a periodicity-it is 
telling us something profound about how 
the large-scale structure of the universe came 
into being. The question is what? 

It is also telling us what many other 
astronomers at the meeting were saying: the 
cold dark matter model is dead. The ques- 
tion is what will replace it? No one yet seems 
to have an answer. 

M. MITCHELL WALDROP 

Understanding the Simplest Reaction 
Sixty years after its initial development, quantum mechanics has finally succeeded in 
completely describing the simplest possible chemical reaction. A team headed by 
Richard Zare at Stanford University has shown that the reaction H + Hz + H Z  + H 
proceeds almost exactly as predicted by two separate groups of theoreticians, one led 
by William Miller at the University of California at Berkeley and the other by Donald 
Truhlar at the University of Minnesota in Minneapolis. 

Although this might seem like a small step to those outside the field of chemical 
dynamics, Miller says, 'We're all jumping up and down." Long ago, the equations of 
quantum mechanics were solved to give the precise behavior of individual atoms, but 
the dynamics of chemical reactions-interactions involving at least three atoms and 
the exchange of one or more atoms-had defied exact description. 

The transfer of a single hydrogen atom in H + H z  -t Hz + H may look simple, but 
it was not easy for either theorists or experimental scientists to get a good look at it. 
For experimentalists, Zare says, the problems include producing hydrogen atoms that 
move fast enough to overcome the electrical repulsion from Hz  molecules and 
measuring how many product molecules are in a given quantum state. 

In his work, Zare actually performed the reaction D + Hz + H D  + H, where D is 
deuterium, a heavy isotope of hydrogen with one proton and one neutron. The 
theoretical calculations for this reaction are almost identical to the ones involving only 
hydrogen atoms, and the substitution of deuterium makes it easier to identify the end 
products. Zare used a laser to split DBr molecules, creating D atoms with enough 
energy to react with molecules of Hz. After the reaction, the same laser ionized the 
H D  molecules so that they could be detected and analyzed by a mass spectrometer. 

Zare measured how many H D  molecules were produced in the reaction with a 
given rotation, or spin, and compared this distribution with those predicted by Miller 
and Truhlar. Within experimental error, "there is nearly perfect agreement between 
theory and experiment," Zare says. He also compared his results with calculations 
made using the quasi-classical trajectory approximation-a technique that omits some 
of the quantum effects-and found its estimates to be slightly but consistently off. 

For theorists, the problems in calculating the reaction arise from the need to solve 
quantum mechanical equations for three atoms-with six or more individual parti- 
cles-with the atoms moving relative to each other. Just a few years ago, theorists first 
computed the total reaction rate of H + H2 + Hz + H as a hnction of how 
energetically the H atom and Hz  molecule come together. At the time, however, they 
still were unable to calculate the fine details, such as the probability that the product 
HZ molecule would be in a given vibrational and rotational quantum state. 

The technical difficulties, Truhlar says, centered on the boundary conditions-the 
mathematical descriptions of the system before and after the reaction. The exchange of 
atoms makes it difficult to match up the before and after boundary conditions. Truhlar 
sidestepped the difficulty by transforming the problem of solving differential equa- 
tions with boundary conditions into a problem in linear algebra. 

Miller says he and John Zhang discovered a subtlety about the boundary conditions 
that had hampered calculations. "Once we realized this subtlety, there were lots of 
simplifications that were obvious," he says. Those simplifications made computing 
the reaction's dynamics "straightforward, although not trivial," he says. 

Earlier experiments by Richard Bersohn at Columbia University showed that the 
total reaction rate of H + D2 -t H D  + D, where the initial and final quantum states 
were not taken into account, was predicted quite well by the quasi-classical trajectory 
method. Now Zare's work shows that although quasi-classical methods may be good 
enough to predict the broad outlines of the reaction, quantum mechanics is needed to 
provide the details. "The world really is quantum mechanical on the molecular level, 
not classical," Zare says. ROBERT POOL 
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