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Last year, as has been widely reported, the Penta-
gon started a program called Total Information
Awareness to link databases of personal information
and scan them for signs of terrorist threats. Officials
there say that every credit-card purchase you make,
every prescription you fill, every phone call you place
could go into a government computer. The Trans-
portation Security Administration has similar goals
for version 2.0 of its Computer Assisted Passenger
Prescreening System (CAPPS). Leaving aside the pos-
sible implications for civil liberties, would such sys-
tems really make us more secure?
Homeland Security officials and
private contractors gush about the
potential for “data mining.” But for
scientists—unlike, say, marketers—
data mining is something of a dirty
word. It connotes a blind search
through data, an effort that tends to

confuse real patterns with mere co-  A|RPORT SECURITY SEARCHES could
incidences. In the past decade, many  soon be supplemented by computerized

statisticians have rehabilitated the background checks.

| SA Perspectives

Total Information Overload

the data-mining process has an amazing 99 percent
success rate. Then 10 of the terrorists will probably still
slip through—and 2.8 million innocent people will also
be fingered. To reduce these false positives to a man-
ageable level, the data miners will have to narrow their
search criteria, which in turn means that they will miss
more (or perhaps all) of the terrorists.

A third problem is data quality. Most people find
at least one error in their credit reports, and well over
100,000 people said they were victims of identity theft
last year. Data collected for a specific purpose (ascer-
taining creditworthiness, in this
case) are often unfit for even that
job, let alone for a gravely different
one (unmasking a terrorist). And
even when the data themselves are
correct, biases in how they were
collected can introduce spurious
patterns or hide real ones.

In short, the data miners com-
mit the fallacy of determinism:
they falsely assume that if you just

word and tried to inject more rigor
into the procedure. The government programs, how-
ever, are bumping up against fundamental limitations.

To begin with, what are they looking for, exactly?
Somehow the data miners have to find a set of inno-
cent activities that correlates with a hidden terrorist
agenda. Advocates cite patterns in the activities of the
September 11 hijackers. Yet every data set has pat-
terns. At issue is whether they mean anything and
whether we can discern that meaning before the hor-
rible fact, rather than after.

Second, terrorism is very rare—which is good for
us but bad for data miners. Even with a low error rate,
the vast majority of red flags will be red herrings. Sup-
pose that there are 1,000 terrorists in the U.S. and that

12 SCIENTIFIC AMERICAN

amass enough data, you will know
what is going to happen. Total information awareness
is impossible even in the objectively measurable phys-
ical world. What hope is there in the world of human
behavior?

None of this makes the cause of homeland securi-
ty futile. The point is that broad dragnets are unlikely
to work as well as targeted solutions. Beefing up cock-
pit doors and security searches are more immediate
and efficient ways to stop hijackers than running a
credit check on every passenger. Inspecting trucks en-
tering sensitive areas is proven to stop truck bombers;
looking at magazine subscription records isn’t. If the
backers of data mining disagree, they need to produce
hard evidence for why we should believe them.

THE EDITORS editors@sciam.com
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SOME OF THE TYPES of science covered in the November
2002 issue met with rather strident reader criticisms. Among
those were notes about animal research and how to prevent
catastrophic forest fires, as well as the following letter on the
SETI efforts discussed in “An Ear to the Stars,” a profile of Jill C.
Tarter. “l am the founder and head of SUKR, the Search for Uni-
corns in Known Reality,” writes Mark Devane of Chicago. “We
have scientifically proven that unicorns exist. By factoring a
really big number by a series of fractions, we have determined
that there are at least 10,000 planets in this galaxy home to
unicorns. As in your Novemberissue, | suggest you run my pro-

| Letters

EDITORS@SCIAM.COM
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Collide

When

file on the very next page after two articles in which you take
quack science to task. | await your pleasure.” We can’t make any promises, but we can offer oth-
er letters sounding off about the issue on the following pages.

FIERY POINTS

In “Burning Questions,” Douglas Ganten-
bein writes that crown fires, “the most
devastating type,” can “easily cross a five-
foot firebreak scratched out by crews.”
Certainly, but using ground crews to
scratch out firebreaks is not the best way
to fight such a conflagration. The prima-
ry means is by application of fire-retardant
lines downwind using aircraft or by direct
application of water with foam (to in-
crease penetration) using water bombers.
Also, both the article and the issue’s
opening editorial [“Land of Fire,” Per-
spectives| perpetuate a myth about fire
history. As Perspectives states, “Western
forests are supremely adapted to coexist
with natural, lightning-sparked burns.”
But current research in British Columbia
is showing that the “natural” cycle in
Western forests was actually from fires lit
by aboriginal peoples. Even today, with
our fire-prevention ethic, humans cause

more blazes than lightning does.
Colin Buss
Registered Professional Forester
British Columbia, Canada

As always, the devil is in the details, but
the basic equation seems unavoidable.
Growth in a forest inexorably produces
new combustible material each year. If not
removed, it accumulates. There are only
three avenues of removal: physically cart-
ing it away (logging), frequent small fires
and infrequent massive fires. If the first

COPYRIGHT 2003 SCIENTIFIC AMERICAN, INC.

two, or some combination of them, do
not occur, the third becomes inevitable.

Jack Childers, Jr.

Baltimore

Your article was biased in favor of thin-
ning, the idea of removing small trees and
brush that could fuel catastrophic fires.
The single mention of the opposite point
of view was that “environmental groups
are deeply suspicious of activities they view
as illegal logging dressed up as ‘restora-
tion.”” Such suspicions are grounded in
very real concerns, which might at least
also have been explored in the interests of
balanced reporting.

There are currently mutually incom-
patible bills pending in Congress that es-
pouse these two paradigms. On one side,
the National Forest Roadless Area Con-
servation Act, HR 4865, and the Na-
tional Forest Protection and Restoration
Act, HR 1494, are based on the need to
protect the remaining pristine areas of
national forest from further logging in-
trusions. Meanwhile the ironically named
Healthy Forests Reform Act, HR 5319,
is founded on the proposed need to in-
crease access, procedural freedoms and
ever higher subsidies for the logging in-
dustry to enter pristine forests to conduct
the thinning it advocates. By publishing
this article during the crucial time while
these bills are pending, Scientific Ameri-
can is acting to convince the lawmakers
and their constituents of the logging lob-
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by’s propaganda, at the expense of envi-
ronmental conservation.

Bryan Erickson

via e-mail

DISRUPTIVE ARTICLE?

In “Weapons of Mass Disruption,” Michael
A. Levi and Henry C. Kelly perform a
public service by explaining the technol-
ogy of dirty bombs that could be used in
an attack. They perform a public disser-
vice by claiming that such terrorist acts
would create panic. Neither this article,
nor the technical report that it summa-
rizes, provides any evidence to support
the notion that there would be a “frenzied
exodus” from affected areas in such an
event. It also does not prove that people
would refuse to return following decon-
tamination or that they could not under-
stand the facts of an attack, if they were
cogently presented. These sensational im-
ages fly in the face of the relevant scien-
tific evidence, which finds that panic flight
is rare, even under conditions of extreme
danger. Authorities who assume that pan-
ic will occur could contribute to the cause
of that situation, by denying citizens the
frank and clear information that they
need to make decisions for themselves
and their loved ones. The social value of
Levi and Kelly’s analysis is limited, unless
it is translated into scientifically sound
and empirically evaluated risk communi-
cations and public-warning strategies,
which would help individuals and groups

to cope effectively should attacks occur.
Kathleen Tierney
Director, Disaster Research Center
University of Delaware
Baruch Fischhoff
Carnegie Mellon University

LEVI AND KELLY REPLY: We did not predict
that panic would necessarily result from a
dirty bomb attack. But authorities faced with
the possibility of a large radiological release
would be irresponsible to assume that people
would react rationally and to thus avoid de-
veloping plans to deal with the possibility of
public panic. In addition, whether one calls it
“panic” or not, a mass flight of people could in-

16 SCIENTIFIC AMERICAN

volve risks greater than the immediate effects
of adirty bomb attack. Unless such factors are
thought through in advance, they could strain

our emergency response system.

We are pleased that the letter writers agree
with us that it is essential to translate our
analysis into risk communications and public-
warning strategies. Along with many others,
we have been working diligently to do so.

 BOUTQUE |

CLEANUP of a dirty bomb would require hazmat-
suited workers to scrub fallout from surfaces.

LOVE LOST
Robert Sapolsky’s review of Deborah
Blum’s book Love at Goon Park: Harry
Harlow and the Science of Affection
[“The Loveless Man,” Reviews] reveals
the wrenching ambivalence that many of
us have toward animal experimentation.
Sapolsky describes Harlow’s work with
rhesus monkeys to learn about infant
love as “revolutionary” and “overturn-
ing damaging dogma” but then con-
demns the isolation studies as brutal and
not justified, conducted by an unfeeling
person. The focus on Harlow’s personal-
ity and his attitude toward his experi-
mental subjects, while interesting, does-
n’t really illuminate the dilemma. Would
the same experiments, carried out by a
sensitive person who shed tears, be less
ethically disturbing?

If we leave out the extremists who
would forbid all animal experimentation,

COPYRIGHT 2003 SCIENTIFIC AMERICAN, INC.
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the debate seems to focus on two points:
Does human well-being have priority over
animal suffering in all cases? If not, do the
results of an experiment justify the suffer-
ing? Unfortunately, the second question is
not viable, given the nature of science. The
answer may not be knowable until many
years later and even then may be ambigu-
ous. This is why experimental guidelines
will always come from the political realm.
Lyman Lyons

McFarland, Wis.

COINCIDENTAL INSECTS
As | read your article about gladiators
[“Gladiators: A New Order of Insect,”
by Joachim Adis, Oliver Zompro, Esther
Moombolah-Goagoses and Eugéne Mar-
ais], I wondered to myself how the bug
project in east Tennessee was going—and
in “A Search for All Species,” by W.
Wayt Gibbs [Voyages], I found out. What
a nice coincidence. Living on an east Ten-
nessee mountain that wasn’t even deep
forest but a developed suburb, my fami-
ly constantly found insects that didn’t ap-
pear in any bug books. I'm glad that peo-
ple are documenting their discoveries of
the exotica right here in North America.
Andrea Rossillon
Birmingham, Ala.

ERRATA “Stringing Along,” by Ken Howard
[News Scan], should have credited Nikos C.
Kyrpides, director of genome analysis at In-
tegrated Genomics of Chicago, foruse of the
GOLD Genomes OnLine Database, http://
wit.integratedgenomics.com/GOLD/

The MODIS instrument has a resolution of
250 meters to one kilometer, depending on
the data band, not 10 meters [“Burning Ques-
tions,” by Douglas Gantenbein].

Several errors appeared in the profile of
Jill C. Tarter (“An Ear to the Stars”). Stuart
Bowyer’'s name was spelled incorrectly. The
Allen Telescope Array, the first built specifi-
cally for SETI projects, will be managed by the
University of California, Berkeley, not NASA.
Tarter was initially interested in engineering
physics in college, not mechanical engineer-
ing. Her marriage to Jack Welch took place in
1980, not 1978.
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NITROGEN SCARCITY—“Nitrogen tanta-
lizes mankind with the paradox of pover-
ty in the midst of plenty. All living things
on this planet—animal and vegetable—
must have nitrogen in their food. Yet the
free nitrogen in the air is so difficult to in-
corporate into foodstuffs that man must
engage in back-breaking toil to conserve
the comparatively small amount that na-
ture captures and fixes in the soil. How-
ever, since 1949 a flurry of
discovery has turned up un-
dreamed numbers of micro-
organisms that fix nitrogen.
We can look forward to the
possibility that we may some
day be able to exploit the
power of these organisms,
and so help nature’s nitrogen
cycle to enrich our earth.”

MILKY WAY NOT FREAKISH!—
“The universe may be twice
as large, and twice as old, as
astronomers have supposed,
according to Harlow Shapley
of the Harvard College Ob-
servatory. If every galaxy is
twice as far away as we had
thought, it must also be twice
as big. As a consequence, the
Milky Way, which was sup-
posed to be an exceptionally
large galaxy, would be about
the same size as the Androm-
eda nebula and many other
galaxies. This is a relief to as-
tronomers, who have been
unable to see any reason for
the local galaxy’s being a gi-

= Moon Air
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WORLDWIDE WELCOME—“Landed at the
port of New York during last year, of cab-
in passengers there were 139,848, plus the
enormous total of 574,276 steerage pas-
sengers. But just to think of it! Over half
a million foreigners, composed chiefly of
the very poorest and most ignorant peo-
ples of Europe, are absorbed by this coun-
try, so easily and naturally that this mul-
titude makes no visible impression upon

RAILWAY TECHNOLOGY struggles with safety, 1903

Years Ago

RAILROAD PERILS—“Safety devices and
automatic apparatus, as they are adopt-
ed for railways, lessen the liability of ac-
cidents, but the iron horse can never be
taken entirely out of the hands of fallible
man. With wet face and sweating body,
sitting hour after hour watching, it is a
wonder the driver of the steel steed makes
as few mistakes as he does. Our illustra-
tion shows a wreck in Belfast, Ireland. On
a slippery day the train went through the
wall at the depot.”

MARCH 1853

LUNAR AIR—“Of late, a sele-
nologist at Rome, M. Decup-
pis, has arrived at the conclu-
sion that the moon has an at-
mosphere, though on a very
moderate scale, it being only
about a quarter of a mile in
height, two hundred times less,
probably, than the height of the
earth’s atmosphere. There are
those who believe that this
shallow atmosphere may be
one like that belonging to our
planet in the course of forma-
tion, when the atmosphere of
this earth was chiefly com-
posed of carbonic acid gas, and
that races of animals lived in it
having organs specially adapt-
ed for living in the same.”

HOG HOAX—“The adulteration
of American lard can be easi-
ly explained: in the West,
many of the hogs fall down
through fatigue during their
journey in droves to the East-

ant freak. The new estimate

would clear up another discrepancy. The
universe was previously estimated to be
about two billion years old, whereas ge-
ological evidence indicates that the earth
is over three billion years old. The revised
estimate of the universe’s size also dou-
bles its age to four billion years.”

www.sciam.com

the routine of our daily life. Our easy as-
similation of these heterogeneous millions
is due to our magnificent public school
system, which is undoubtedly the chief
agency in making the immigrants’ chil-
dren who are native by birth, native also
in sympathy and training.”

COPYRIGHT 2003 SCIENTIFIC AMERICAN, INC.

ern markets, and have to be
killed on the spot. As the only available
means of turning their carcasses to pecu-
niary advantage, they are submitted to the
action of a press, and thus forced down
into a substance sold as lard, which, from
not having been melted, necessarily con-
tains a large amount of foreign matter.”
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IPOLICY

From Lab to Embassy

A PLAN TO GET SCIENTISTS INVOLVED IN U.S. FOREIGN POLICY BY SALLY LEHRMAN

STATE DEPARTMENT SCIENCE:
George H. Atkinson, a biophysicist
at the University of Arizona, hopes
to get scientists into the realm

of policy making.

24 SCIENTIFIC AMERICAN

hot-button trade issue: the U.S. De-

partment of State is threatening to file
suit as European countries balk at accepting
American-grown genetically modified goods.
Early input from scientists could have helped
the State Department handle the policy cri-
sis more effectively, suggests George H.
Atkinson, a biophysicist at the University of
Arizona. Atkinson experienced the tension
firsthand when he visited
Europe two years ago as a
science fellow brought in to
augment the agency’s mea-
ger technical resources. “It’s
as if people are trying to
communicate in different
languages without access to
a good translator,” he says.
“If you can get policymak-
ers to understand where sci-
ence is going instead of
where it just went, there are
opportunities to avoid ma-
jor problems.”

In the hopes of chang-
ing the situation, Atkinson
is trying to establish a competitive fellowship
program that would bring up to 20 accom-
plished scientists every year to U.S. agencies
and embassies throughout the world. They
would work closely with diplomats, then re-

B ioengineered food has exploded into a

turn to their labs and remain on call for spe-
cial projects for another five years. Over time,
a growing cadre of tenured experts with in-
ternational reputations in their disciplines
would retain ties to the highest levels of the
State Department, helping to bind policy ap-
proaches to an awareness of science.

In this age of genomics, cyber-security
and energy geopolitics, it’s hard to think of a
foreign-policy problem that wouldn’t benefit
from technical input. Nuclear physicists
could give a realistic assessment of the ease
with which nuclear materials could be stolen,
determine the potential harm of “dirty
bombs” and identify the best use of funds to
contend with the problem. Biologists and
chemists could shed more light on the risk of
biological and chemical weapons attacks.
And ecologists and plant biologists might
have enabled U.S. diplomats to debate the
potential risk of gene-altered foods more con-
cretely and with more credibility. But the
State Department is notoriously technopho-
bic and has a tendency to downplay such ex-
pertise, according to recent reports by the
National Research Council and the National
Science Board. “The entire U.S. foreign poli-
cy community ... currently gives relatively lit-
tle attention to science, technology and health
considerations,” noted a 1999 NRC report.

A one-year, $50,000 planning grant from
the MacArthur Foundation has allowed
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MIXING SCIENCE

A 1999 National Research Council
report criticized the U.S. State
Department’s lack of attention to
science and technology in foreign
policy. The department responded
by appointing a science and
technology adviser to the
secretary of state and increasing
fellowships that place external
scientists in the department for
up to a year. The American
Association for the Advancement of
Science will sponsor 15 Diplomacy
Fellows in 2003-2004. These
positions usually attract
scientists with a few years of
postdegree experience. The
American Institute of Physics
began one fellowship for mid- to
late-career professionals in 2001,
and the Institute of Electrical and
Electronic Engineers begins two
this year. Separately, staff at
technical agencies such as the
National Science Foundation can
become “detailees” on temporary
assignment at embassies.

Atkinson to get the new program going. He
has had to bridge several institutional cul-
tures that assume science should stay out of
politics: foreign officers worry that scientists
will be loose cannons, and scientists fear that
political engagement will harm their careers.
By mid-January, Atkinson had won the sup-
port of more than a dozen professional soci-
ety presidents, along with as many universi-
ties, several foundations and three State De-
partment undersecretaries. In mid-February,
the executive organizing committee was to
have met to consider a proposal for a three-
year pilot program that would annually fund
five senior science fellows.

The plan builds on efforts by Norman P.
Neureiter, science and technology adviser to
Secretary of State Colin Powell, to beef up the
visibility of science in the department over the
past two years. He says that the Senior Sci-
ence Fellowships, as the venture is called,
would contribute in an important way by at-
tracting a new level of high-powered, mid-ca-
reer people who formerly would not have
considered abandoning tenured posts and ac-
tive labs for a year. Nominated by their uni-
versities, scientists would be chosen for their
communication skills, adaptability and for-
eign-policy interests—not just their research

prominence. Fellows would need to recog-
nize that State Department decisions are pro-
pelled by the political process, not necessari-
ly scientific data, Neureiter observes.

He acknowledges that integrating the fel-
lows into the agency will be difficult. So
rather than foist fellows’ expertise on unap-
preciative embassies or Washington bureaus,
the project would rely on work plans devel-
oped by foreign-service offices themselves.
For instance, a group of embassies might re-
quest a plan to develop an international col-
laboration in biomedicine or ask for a review
of ocean treaties to see whether they were
supported by the latest research findings.

A physicist now working in the State De-
partment as a technical adviser (and who re-
quested anonymity) remarks that more sci-
ence is sorely needed but has his doubts that
a fellowship would do much good. “There’s
a general belief that scientists should be
locked in their rooms and asked for technical
advice but not policy advice,” he laments.
Pointing to areas such as dirty bombs, birth
control, AIDS and global warming, he adds:
“When ideology comes up against scientific
understanding, it can be very frustrating.”

Sally Lebrman is based in San Francisco.

WIDESPREAD CELL-PHONE USE may
enable the development of stealth radar.
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STEALTH RADAR FROM CELL-PHONE RADIATION BY WENDY M. GROSSMAN

he law of unintended consequences:

build a cellular-phone network and get

a sophisticated surveillance system
along with it. At least that is what may hap-
pen in the U.K., thanks to England’s contract
research and development firm Roke Manor
Research and aeronautics company BAe Sys-
tems. The two are working on a way of using
the radio waves broadcast by the world’s
mobile-phone base stations as the transmis-
sion element of a radar system. They call it
Celldar.

Radar works by transmitting radio puls-
es (or pings) and listening for an echo. Mea-
suring the Doppler shift of the echo can give
an object’s distance and speed. Celldar pro-
poses to take advantage of U.K. base stations,

which transmit radio waves from known lo-
cations in a known microwave frequency
band. Instead of erecting a radar transmitter,
a Celldar operator would only need to set up
passive receivers that can measure the cellu-
lar-network radio waves reflected from near-
by objects and process the data. Because they
would not transmit, Celldar receivers can, ac-
cording to BAe Systems, be smaller and more
mobile than traditional systems—and unde-
tectable. Celldar operators would not require
the cooperation of the cell-phone-network
operators, either.

The physics itself is nothing new. It dates
back to research carried out in the 1930s by
Scottish meteorologist Robert Watson-Watt
and the engineering team that developed Chain
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SEE YOU
WITH RADAR?

Despite concerns of a new
government surveillance tool, the
Celldar project is unlikely to have
implications for personal privacy.
Reflected signals and multiple
targets in a crowded city would
make it impossible to use Celldar
to follow a perambulating
individual. What’s more, cell
phones increasingly offer a much
easier way to track users: they
have built-in abilities to transmit
detailed location information under
the U.S.’s enhanced 911 rules.
Mobile-phone companies also hope
to make money from selling
location-based services and so will
probably design phones to store
more position data. Plus, security
cameras have proliferated since
September 11, 2001. All those
avenues of personal surveillance
make Celldarirrelevant

by comparison.

Home Radar. This system of coastal radar
towers went up just in time to give Britain ear-
ly warning of the air attacks of World War II.

Distinguishing the moving target from
myriad signal reflections is more of a problem
for the narrow-bandwidth, low-power radi-
ation emitted by mobile-phone masts than it
is for traditional radar transmissions. BAe
Systems says the keys to Celldar are the al-
gorithms devised at Roke Manor to turn the
cell-phone data into useful information and
the emergence of widespread, cheap com-
puting power. But neither Roke Manor (part
of Siemens) nor BAe Systems will go into
much detail about the technical innards of
Celldar, which has attracted funding from
the British Ministry of Defense. Given the
companies’ secrecy, no one really knows if
Celldar will work. Mark R. Bell, an electrical
and computer engineer at Purdue University,
believes it is feasible; the main challenge will
be the weak signal strength of the base sta-
tions (compared with radar systems). “It is
really going to push signal-processing tech-
nology very, very hard,” he remarks.

Roke Manor has suggested only military
applications so far: monitoring coastlines,
spotting tanks and stealth aircraft, or track-
ing people in open areas, such as the perime-

ter of a military base. Roke Manor claims
that the system might enable such high-secu-
rity installations to deploy fewer cameras,
keeping one or two that can be trained on the
locations Celldar pinpoints.

The implications for stealth aircraft are in-
triguing: Celldar may force some design
changes. BAe Systems says, for example, that
today’s stealth aircraft were not designed to
evade multistatic radar (radar with multiple
transmitters) or cell-phone frequencies. Exist-
ing stealth planes should be detectable by
Celldar.

Celldar is not the only passive radar proj-
ect around. Lockheed Martin’s Silent Sentry
uses ordinary television and FM radio waves,
and researchers at the University of Illinois at
Urbana-Champaign are trying to incorporate
automatic target recognition into the system.
Passive radar might go beyond defense-relat-
ed uses: Robert K. Vincent, a geologist at Bowl-
ing Green State University, has proposed us-
ing the radiation from telephone microwave
towers to detect tornado touchdowns. That
would provide earlier warnings for those in a
tornado’s path—an unintended consequence
that no one could complain about.

Wendy M. Grossman is based in London.
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PRIMEVAL PRIMATE:
Carpolestes simpsoni.
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Outonalimb

A STUNNING NEW FOSSIL SHOWS HOW SIMIANS GOT THEIR START BY KATE WONG

iving primates exhibit a dazzling diver-

sity of forms—from the saucer-eyed

bush babies of sub-Saharan Africa to
Borneo’s proboscis monkey (the Pinocchio of
primates) to humans, the cosmopolitan bipeds.
They are united, however, in having large
brains, forward-facing eyes, nails instead of
claws, an ability to grasp and an ability to
leap. For almost three decades, evolutionary
biologists have puzzled over how modern pri-
mates came to possess this distinctive suite of
characteristics. Some workers reasoned that
these features evolved to permit predation on
insects, others proposed that they enabled the
procurement of fruit from the tips of tree

branches, and still others envisioned these
traits as adaptations to a mode of locomotion
combining grasping and leaping. But the
scrappy fossil record of early primates—
mostly teeth and isolated skeletal bones—left
researchers hard put to test these hypotheses.

A spectacular find from the badlands of
Wyoming is bringing some answers to light.
Paleontologists recently uncovered a nearly
complete 55-million-year-old skeleton of a
mouse-size creature known as Carpolestes
simpsoni. Like modern primates (or eupri-
mates, as they are termed), it has long fingers
and toes, as well as nails on its opposable dig-
its—good for grasping spindly tree limbs. But
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CRETACEOUS
PRIMATES?

Last spring Robert D. Martin of
Chicago’s Field Museum estimated
using a statistical approach that
primates originated some

80 million years ago, during the
Cretaceous period, when dinosaurs
still roamed the earth. That date
accords fairly well with
conclusions from molecular
studies. The oldest undisputed
primate fossils were only

55 million years old, however. Now
the characterization of Carpolestes
and other plesiadapiforms as
primates extends the fossil record
of this group back to 65 million
years ago. Might paleontologists
eventually find Cretaceous
primates? Unlikely, but not
impossible, says Jonathan I. Bloch
of the South Dakota School of
Mines and Technology. Although
the Cretaceous fossil record has
been fairly thoroughly documented
in North America, Europe and Asia,
there may still be some surprises
in store in southern Africa and the
Indian subcontinent.

unlike euprimates, this an-
imal exhibits laterally po-
sitioned eyes and legs
built for climbing, not
leaping. Previously some
scholars had placed car-
polestids and their kin—a
group known as the plesiadapi-
forms—in a category of gliding
mammals called dermopterans. But the
anatomy evident in the new specimen signi-
fies to discoverers Jonathan I. Bloch, now at
the South Dakota School of Mines and Tech-
nology, and Doug M. Boyer of the Universi-
ty of Michigan at Ann Arbor that Carpolestes
and its fellow plesiadapiforms were in fact
archaic primates closely related to the ances-
tor of modern lemurs, monkeys, apes and
humans.

As such, Carpolestes provides the first
fossil evidence that primates acquired their
distinctive traits piecemeal. “Originally, the-
ories about primate origins took all these
characteristics as a package,” remarks Wash-
ington University paleontologist D. Tab Ras-
mussen, noting that until this discovery, the
fossil record had yielded only specimens bear-
ing all or none of the features. Bloch and Boy-
er, Rasmussen says, “managed to break it
down and show that the grasping terminal
branch adaptations are primary and that
some of the other things probably came in a
little bit later.”

The finding dovetails with the paleo-
botanical record, which shows that the flow-
ering plants had just invented a veritable cor-
nucopia of new fruits, flowers, gums and nec-

TOEHOLD ON slender tree
branches gave Carpolestes
access to fruit.

tars with which to entice
pollinators and seed dis-
persers. A mammal capable
of venturing out onto the un-
stable branch tips where fruit and
flowers abound would have been richly re-
warded. And once primates got a grip on ter-
minal branch feeding, it may have been only
a matter of time before they evolved forward-
facing eyes to hunt the insects swarming
around the plants’ offerings. (Bloch and Boy-
er further speculate that competition with
partly arboreal rodents, which were spreading
across the globe at this time, may have helped
drive early primates out onto the boughs.)
More fossils will be needed to discern ex-
actly how and when the other defining eupri-
mate features arose. Clues may come from
the five additional plesiadapiform specimens
the team is currently analyzing—all recovered
from the same shoebox-size block of lime-
stone that entombed Carpolestes. And this
summer Bloch and Boyer are heading to
Montana’s Crazy Mountain Basin to collect
fossils from even older deposits. But freeing
the remains from the rock is painstakingly
slow work. The limestone must be dissolved
gradually and the position of each bone doc-
umented meticulously to preserve critical in-
formation about which bones belong to
which skeleton. So it will be a while before
the roots of the primate family tree are fully
exposed.
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Getting Warmer

MAGNETIC SEMICONDUCTORS REACH HIGHER TEMPERATURES BY GRAHAM P. COLLINS

ost electronic gadgets function by
moving around electric charges. The
nascent technology of spintronics,
however, makes use of not only the charge of
electrons but also their spin. Spin is closely re-
lated to magnetism, and the first spintronic
devices include read heads of computer disk
drives and magnetic random-access memory

(MRAM); the latter retains its data even
when the power is off [see “Spintronics,” by
David D. Awschalom, Michael E. Flatté and
Nitin Samarth; SCIENTIFIC AMERICAN, June
2002]. But spintronic computer chips and oth-
er more complex gear are not yet possible—
unlike MRAMSs and read heads, they might
need magnetic semiconductors, and existing
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ELECTRONS’ SPINS are as important
as electric charge in spintronics.

NEED TO KNOW:

Advanced spintronic devices will
also require electron spins to be
controlled. The usual techniques
rely on magnetic fields, but they are
not well suited for thousands of
components on a chip. Now David D.
Awschalom of the University of
California at Santa Barbara,
Jeremy Levy of the University of
Pittsburgh and their colleagues
have demonstrated how to control
electron spins in an appropriately
designed semiconductor device
simply by applying voltages, just
as today’s transistors on a chip are
controlled by electric gates. The
work, conducted at five kelvins,
was posted online at the Science
Express Web site on January 23.

semiconductors are not magnetic at room
temperature. Several groups have recently
made significant progress in this direction.

One of the most studied magnetic semi-
conductors is gallium arsenide doped with
manganese. In 1998 a group led by
Hideo Ohno of Tohoku University
demonstrated that this substance can
remain ferromagnetic up to 110
kelvins (-163 degrees Celsius). (Fer-
romagnetism is the technical term for
magnetism that persists after an ap-
plied field is turned off.) At liquid-
nitrogen temperatures, this material
has been used to demonstrate devices
such as spintronic light-emitting di-
odes (LEDs), which emit light polar-
ized according to the spin polariza-
tion of the electrons and holes that generate it.

In late 2002 Masaaki Tanaka and his co-
workers at the University of Tokyo found that
applying a relatively simple annealing process
to manganese-doped gallium arsenide boosts
its maximum working temperature (known as
the Curie temperature) as high as 172 kelvins.
That is still far below room temperature, but
the result constitutes “a genuine milestone,”
according to spintronics expert David D.
Awschalom of the University of California at
Santa Barbara.

The material made by the Tokyo group is
a heterostructure: it consists of a series of lay-
ers carefully deposited one at a time by a
beam of molecules (a process called molecu-
lar beam epitaxy). The manganese-doped
layer is only three atoms thick, sandwiched
between two layers of undoped gallium ar-
senide, all of which sits atop a layer doped with
beryllium. More recently, researchers at sev-
eral institutes have achieved Curie tempera-

tures almost as high—150 kelvins—by an-
nealing manganese-doped gallium arsenide
without needing an elaborate heterostructure.

A much higher Curie temperature has
been seen by Arthur F. Hebard and his col-
leagues at the University of Florida. His team
uses carbon-doped gallium phosphide, to
which manganese is added by firing a beam of
high-energy ions at the sample. Magnetic prop-
erties remain as high as about 300 kelvins—
room temperature. To be useful for devices,
the result must be reproduced with a more or-
derly material grown by a more controlled
process, such as molecular beam epitaxy. Heb-
ard points out that gallium phosphide is well
suited for integration with silicon because the
atomic spacing in the two materials is nearly
the same. It is also possible that a similar high-
temperature ferromagnetism can be achieved
in alloys of indium and aluminum with galli-
um phosphide, which are used to make LEDs.

Semiconductors with indications of still
higher Curie temperatures have been report-
ed. For instance, in early 2002 a group led by
Hidenobu Hori of the Japan Advanced Insti-
tute of Science and Technology in Ishikawa
announced a Curie temperature of 940 kelvins,
extrapolated from measurements conducted
up to 750 kelvins. That group’s material is gal-
lium nitride, again doped by manganese, this
time made by molecular beam epitaxy. More
research needs to be done, however, to confirm
to everyone’s satisfaction that ferromagnetism
really is at work at such a high temperature.

All the materials now being studied will
require a great deal of engineering to go from
a demonstrated ferromagnetic semiconduc-
tor to a working device. “The proof of the
pudding,” Hebard says, “will be when some-
one makes a useful device.”
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iTriggered Swarms

A QUAKE IN ALASKA SETS OFF A SERIES OF RUMBLES IN THE U.S. BY NAOMI LUBICK

he enormous earthquake last Novem-
ber along Alaska’s Denali Fault buckled
highways and shook the trans-Alaska oil
pipeline. But the magnitude 7.9 shock also set
off surprising swarms of small tremors thou-
sands of kilometers to the south. This discov-

ery is convincing geologists that far-reaching
effects—only recently documented—are very
likely a common result of most major shocks.

The Denali temblor is the third major
earthquake in the West in the past 10 years
known to have caused smaller quakes. The oth-
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A PARTNERSHIP BETWEEN THE UNIVERSITY OF UTAH, THE U.S.G.S. AND YELLOWSTONE NATIONAL PARK

STEPHAN HUSEN University of Utah; DATA: YELLOWSTONE VOLCANO OBSERVATORY,

Day
= 11/20/02
11/16/02
11/12/02
11/08/02
11/04/02

SMALL EARTHOUAKES shook the Yellowstone caldera in the days following the Alaskan earthquake
of November 3, 2002. Researchers remain unsure about the causes of these minor tremblings.

er two were in southern California: the Lan-
ders earthquake in 1992 and the Hector Mine
quake in 1999. All three quakes affected the
same geothermal volcanic fields in Wyoming’s
Yellowstone National Park, Mount Rainier in
Washington State, and several sites in Cali-
fornia. These fields, which are hot springs fu-
eled by magma roiling deep underground,
normally rumble at low levels. But the sec-
ondary quakes that were triggered far ex-
ceeded the background seismicity, and re-
searchers aren’t quite sure why.

Alaska’s quake, which was centered about
283 kilometers (176 miles) northeast of An-
chorage, sent out a train of seismic waves. It
could have caused a subtle expansion and
contraction of the earth’s crust, which in turn
could have tripped faults that were on the edge
of failure. That’s a tidy explanation for the
earthquake swarms that immediately followed
the Denali shock. But some of the secondary
tremors occurred a day or more later, indi-
cating a more complex scenario at play.

Many researchers have cited gas bubbles
in the magma chamber to explain the delay.
Geophysicist Alan T. Linde of the Carnegie
Institution of Washington suggests that the
passing waves can dislodge the bubbles,
which typically stick to the walls of the cham-
ber like champagne bubbles to the sides of a
glass. In addition, the seismic waves might stir
the magma enough to create new bubbles,
notes geophysicist Emily E. Brodsky of the
University of California at Los Angeles. In ei-
ther case, as the bubbles rise, they expand,
thereby increasing pressure in the fluid. They
may also expand and contract as seismic waves
pass through them, further changing the pres-

www.sciam.com

sure, according to Brodsky. The pressure
changes deform the overlying rocks, possibly
jarring certain faults into action.

Magma bubbles may not be the only pos-
sible earthquake triggers. In Greece, Brodsky
has found that hot springs are fueled not by a
magma chamber but by changes in the pres-
sure of fluids coursing through underlying
crystalline rocks. Crustal deposits from the
mineral-laden fluids frequently clog channels
that the fluids once followed. Seismic surges
from a large earthquake might crack those
seals, Brodsky says. The change in pressure
from renewed fluid flow is enough to start
earthquakes on tiny nearby faults, a process
that would apply to the hot springs in Cali-
fornia and Yellowstone.

Magma bubbles and cracked geothermal
seals can’t account for all the secondary
quakes, however. North-central Utah shook
as well, but that area is a nonvolcanic, non-
geothermal zone. Moreover, the region saw a
weeklong increase in seismicity, a phenomenon
that bubbles and cracked seals cannot explain.

Research geophysicist Michael Blanpied
of the U.S. Geological Survey coordinated the
analyses of the Denali earthquake. He says
that the Utah rumbling makes him more in-
clined to rely on stress changes solely from
seismic waves. He points out, though, that
multiple mechanisms may be responsible for
the variety of events. Denali provided an enor-
mous amount of data over a broad area, but
ultimately, Blanpied says, they “didn’t answer
any questions.” It may take more tremors for
the theories to shake out.

Naomi Lubick is based in Palo Alto, Calif.
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The November 3, 2002, Denali
earthquake in Alaska initiated
several quakes in the geyser
basins of Yellowstone National
Park in Wyoming.

Events
between

Geyser Events Nov. 3
basins peryear and Nov.23
Upper
Geyser 1 20
Norris
Geyser 18 20
Northern
Yellowstone
Lake 1.2 17
West
Thumb 6 27

SOURCE: Stephan Husen, University of
Utah. “Events per year” represents an
approximate average since 1995.
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HAVANA BRAIN SURGERY:
International Center for
Neurological Restoration has
performed subthalamotomies
on nearly 80 patients.

MYSTERY OF THE

The cause of most Parkinson’s
disease cases is unknown. But its
debilitating motor symptoms
result from the loss of dopamine-
producing cells in an area of the
brain called the substantia nigra.
Drugs, surgery and medical
devices can treat the disease.
None of these approaches,
however, is a cure, and over time
the disease inevitably progresses.
Neurosurgery to relieve the
symptoms of Parkinson’s was
practiced routinely until the advent
of levodopain the 1960s. Its
popularity revived in the early
1990s as neurologists sought
ways to complement drug
therapies, which produce their own
complications. The earlier surgery
generally targeted other deep-
brain structures, the thalamus and
the globus pallidus, two other sites
involved in controlling movement,
but may have involved the
subthalamic nucleus at times as
well. It is thought by some
investigators that
subthalamotomies may be more
effective than the other surgeries.
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CUBA PIONEERS A MEDICAL PROCEDURE TO RELIEVE PARKINSON’S BY GARY STIX

n its hard-currency-based health econo-

my, Cuba has tried to attract foreign pa-

tients from all over the world, who come
for the country’s inexpensive or unique thera-
pies, such as a surgery for retinitis pigmentosa
or vitiligo treatment with a substance extract-
ed from the human placenta. Although many
physicians outside Cuba have frowned on
these treatments, a number are applauding a
research program at Havana’s Inter-
national Center for Neurological Res-
toration (CIREN). The center has as-
sumed a leading role in developing a
surgical procedure that appears to
provide significant relief for patients ex-
periencing the slowness of movement,
tremor and muscle rigidity in middle-
to late-stage Parkinson’s disease.

In the surgery, physicians create le-
sions in either one or both subthalam-
ic nuclei, deep-brain structures that, in
Parkinson’s, trigger movement disorders. The
center, which has U.S. and Spanish collabora-
tors, reported at the American Neurological
Association meeting last October that two
years after undergoing a bilateral dorsal sub-
thalamotomy, 17 Cuban patients improved by
an average of 50 percent on movement tests —
and they could dramatically reduce their dai-
ly ingestion of the Parkinson’s drug levodopa.

Some of the patients in the Cuban study
developed complications from the surgery, in-
cluding severe involuntary movements, but the
symptoms abated (to the point where patients
could tolerate them) after three to six months.
Investigators continue to explore a number of
open questions, such as to what extent the
benefits of the surgery diminish over time.

But before these issues are resolved, sub-
thalamotomies—and other lesioning surg-
eries—are emerging in developing nations as
an alternative to the high cost of an increas-
ingly popular Parkinson’s treatment called
deep-brain stimulation (DBS). It entails plac-
ing electrodes on the subthalamic nucleus (or
nearby areas) and stimulating it with a pace-
makerlike device to achieve benefits similar to
lesioning. Subthalamic lesioning has also been
tried in India, China, Taiwan, the U.K. and

Spain, among others. “In the Third World,
some of these patients don’t have adequate ac-
cess to the drugs. So, for them, the algorithm
is that if you’re diagnosed, you have a lesion
surgery,” says Andres M. Lozano, a professor
of neurosurgery at the University of Toronto.

The Cubans have performed subthala-
motomies on nearly 80 patients since 1995.
Development of the technique has not es-
caped the entanglements of Cuban politics.
Hilda Molina, the neurological center’s
founding director, says she rejected requests
to do these operations in the early 1990s be-
cause she was disturbed at the prospect of
Cubans becoming “guinea pigs to the world.”
Besides, she says, the U.S. and Spanish col-
laborators were better equipped to do the pro-
cedure. Molina recalls being told that con-
ducting studies in Cuba would avoid problems
with ethics commissions and lawsuits over-
seas. (She quit her post in 1994 because she
claimed that she was asked to increase the
number of hard-currency-laden foreign pa-
tients. Her cause was taken up by the Cuban
exile community, which has charged that the
well-appointed health-tourism facilities are di-
verting basic medical resources from Cubans.)

Officials from the neurological center note
that a national ethics commission has ap-
proved the research. Meanwhile Emory Uni-
versity physicians, who have lent the Cubans
imaging expertise for their studies and have
served as co-authors on scientific papers, had
already made a commitment to deep-brain
stimulation by the time of the first surgery in
Cuba. The Havana center now performs sub-
thalamotomies on foreign patients.

The Cuban experience may have some
benefit in high-tech meccas as well. Some pa-
tients are not good candidates for DBS be-
cause of their susceptibility to infection from
the stimulator implants. Emory neurologist
Jorge Juncos says that one incentive to get in-
volved with the project was to gain under-
standing in case American health care reform
necessitates lower-cost procedures. Will Cuban
physicians come to the U.S. one day to teach
the surgery? Let’s hope the trade embargo is
not extended to ideas as well as goods.
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Sizing Up Evangelicals

FUNDAMENTALISM PERSISTS BUT SHOWS SIGNS OF MODERATION BY RODGER DOYLE

undamentalism represents more than a

continuation of traditional religion; it is

also a transformation of old religious
attitudes that arose in reaction to modernity
and, in particular, Darwinism and progres-
sive Protestantism. Its most prominent fea-
ture—the doctrine of biblical inerrancy—was
a creation not of the 16th-century Reforma-
tion but of 19th-century Princeton Universi-
ty theologians attempting to preserve tradi-
tional belief in divine origins. Unlike the
Calvinist tradition from which it grew, Amer-
ican fundamentalism is unsympathetic to sci-
ence. After the Scopes “monkey trial” of
1925, it entered a quiescent period, reawak-
ening in the 1960s and 1970s as a reaction to
feminism and events such as the U.S. Supreme
Court’s 1963 decision banning prayer in pub-
lic schools and its 1973 decision overturning
laws against abortion in 46 states.

In the U.S., fundamentalism is one of sev-
eral strains of evangelistic religion, which also
includes charismatics and Pentecostals. Track-
ing the course of fundamentalism and its sis-
ter beliefs has long been difficult, in part be-
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cause church statistics are unreliable and in-
complete. Furthermore, fundamentalists and
other evangelicals are not confined to certain
denominations. Only 57 percent of Southern
Baptists believe in the literal interpretation of
the Bible, whereas about a fourth of the cler-
gy in one typical division of the United Meth-
odist Church, the biggest mainline Protestant
denomination, participates in evangelical re-
newal movements. Catholics who call them-
selves charismatic can fall under the evangel-
ical classification.

Survey data on four indicators of evan-
gelical belief and practice—the top lines on
the chart—suggest that evangelicalism has
held the allegiance of 40 to 50 percent of the
U.S. population over the past quarter of a
century. But the data include many for whom
such beliefs are not primary. The size of the
evangelical core—the most committed be-
lievers—has fluctuated around 20 percent
and includes only those characterized by all
three central beliefs: in biblical inerrancy, in
having been “born again” and in proselytiz-
ing. The decline in the number of those be-
lieving in the inerrancy of the Bible and those
supporting prayer in schools suggests that
evangelicals are becoming more like other
Americans in that they are more accepting of
gender and racial equality and are moderat-
ing extreme antiabortion attitudes, according
to additional research.

The widespread assumption that, world-
wide, fundamentalism is rising remains untest-
ed. Researchers have not yet gathered enough
data to explore this assumption outside of
Judeo-Christian countries. Fundamentalism
in Europe generally persists at a far lower lev-
el than in the U.S. and presumably far lower
than at the beginning of the 20th century.
Only in Portugal and Poland does belief in in-
errancy range higher than in the U.S. During
the 1990s no Western country experienced
substantial change except Northern Ireland,
which registered a decline from about one
third to one fifth believing in inerrancy.

Rodger Doyle can be reached at
rdoyle2@adelphia.net
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DEFINING

Evangelicals are “born again”
(that is, have had a conversion
experience resulting in a personal
relationship with Jesus Christ),
accept the full authority of the
Bible in matters of faith and
personal conduct, and are
committed to spreading the
gospel. Not all evangelicals

are fundamentalists.

Fundamentalists, such as Jerry
Falwell, emphasize doctrine and,
in particular, biblical inerrancy.

Pentecostals, such as Jim
Bakker and Jimmy Swaggart,
are theologically and culturally
akin to fundamentalists but
accentuate religious experience
rather than doctrine.

Charismatics, such as

Pat Robertson, accentuate
spiritual gifts such as prophecy
and are nondenominational.

Neoevangelicals, such as Billy
Graham, accept the basic tenets
of conservative Protestantism
but reject the extreme anti-
intellectualism and sectarianism
of fundamentalism.

FURTHER
READING

Contemporary Evangelicals:
Born-Again and World-
Affirming. Mark A. Shibley in
Annals of the American Academy of
Political and Social Sciences,

Vol. 558; July 1998.

Reviving the Mainline: An
Overview of Clergy Support for
Evangelical Renewal
Movements. Jennifer McKinney
and Roger Finke in Journal for the
Scientific Study of Religion,

Vol. 41, No. 4; December 2002.
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R
DATA POINTS:

Global warming is affecting the
behavior of plants and animals—
for most species, the start of
spring is advancing (based on
activities such as migration,
breeding and blooming). Two
recent meta-analyses—by Terry L.
Root of Stanford University and his
colleagues and by Camille
Parmesan of the University of
Texas at Austin and Gary Yohe of
Wesleyan University—review the
effects of warming on about 1,500
species. The rapid shifting of
habitats could upset ecological
balances as some species start
entering the ranges of others.

Worldwide temperature
increase over past 100 years:
0.6 degree Celsius

Percent of species showing
spring advancement: 62

Percent showing delayed spring: 9

Rate at which ranges have shifted
poleward: 6 kilometers a decade

Creatures showing greatest
range changes:

Butterflies, 200 kilometers
Marine copepods
(crustaceans),

1,000 kilometers

Global average rate of spring
advancement, per decade:

2.3 days

Average for temperate-zone
species: 4.2 days

Largest shift to earlier spring:
North American murre
(seabird), 24 days

Largest shift to delayed spring:
Fowler's toad, 6.3 days

SOURCE: Nature, January 2, 2003
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ASTRONOMY

Has a Nice Ring to It

A fair number of the stars in the Milky Way are puzzlingly un—-Milky Way-like. At the Jan-
uary meeting of the American Astronomical Society, Heidi Jo Newberg of the Rensselaer Poly-
technic Institute, Brian Yanny of Fermilab and their colleagues described the largest batch of
such anomalies yet. Detected by the Sloan Digital Sky Survey, the stars are packed more tight-

ly, move slower (110 kilometers a second,
half the usual speed) and contain fewer heavy
elements than typical stars in the outer galaxy.
They form an arc about 60,000 light-years
from the galaxy’s center, twice as far out as
the sun. The arc may be part of a complete
ring, with a total of 500 million or so stars. It
could be the remains of a small galaxy that
got ripped apart 10 billion years ago, but oth-
er researchers think it is actually a cast-off
from the Milky Way itself. Rings and other
coherent patterns are sensitive to the shape of
the galaxy’s gravitational field, so astronomers
hope to use them to map the distribution of
dark matter. —George Musser

PHYSICS

GALACTIC GIRDLE: Artist’s conception of a band of
stars that may encircle the Milky Way.

Self-Organized Scenery

Various filigreed patterns of stone circles,
polygons, stripes and labyrinths are seen in
arctic soils, but researchers have never been
able to account for the full panoply of shapes.
Now Mark A. Kessler of the University of
California at Santa Cruz and Brad Werner of
the University of California at San Diego
have used a computer model to determine
that the rhythm of freeze-thaw cycles pro-
duces two main mechanisms that generate
any stone pattern.

NOT FROM ALIENS: The physics of freezing and thawing explains
these two-meter-wide stone circles in Spitsbergen, Norway.

In lateral sorting, freezing soil expands as
small, lens-shaped frost crystals form paral-
lel to the stone-soil boundary. The expansion
exaggerates the existing soil shape. Small hills
enlarge and depressions widen, and stones roll
from the former toward the latter. When the
soil thaws, it expands only vertically because
of gravity. This rise helps to prevent other
stones from rolling, thus maintaining the new,
more separated configuration of stone and
soil. The process repeats, feeding back on it-
self. The same ice crystals also pinch
and elongate the growing stone piles,
in a process called stone domain
squeezing. Daniel H. Mann of the
University of Alaska—Fairbanks says
the result suggests that some geolog-
ical shapes are not simply by-prod-
ucts of the microscopic physics of dirt
but obey higher-order rules, such as
sorting and squeezing, that operate
on a range of timescales and size
scales. The research and comment
appear in the January 17 Science.

—JR Minkel
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BRIEF
BITS

= Lifesaving saris: pouring drinking
water through the cloth of sari
robes can catch tiny crustaceans

on which cholera bacteria cling.
The method cut the incidence of
cholerain Bangladeshi villages

by almost half.

Proceedings of the National Academy of

Sciences, published online
January 14,2003

= Reducing the blood level of beta-
amyloid, the Alzheimer’s

disease protein, could reduce

the protein’s buildup in the brain,
according to a study in mice.

Journal of Neuroscience, January 1, 2003

u Researchers have builta
semiconductor-based nanowire
laser that can be driven electrically.
Previous nanowire lasers needed to
be jump-started by another laser,
hindering theirincorporation

into silicon chips.

Nature, January 16,2003

= Contrary to widespread thinking,
seeds don’t need to be touching
wet soil to germinate; water

vapor by itself is sufficient.

Soil Science Society of America Journal,
November—December 2002
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MOLECULAR BIOLOGY
Immunity Sapped

Vaccines rely on the ability of the immune system
to remember and respond again to past invaders.
Now vaccine investigators have discovered the first
gene that underpins this long-term immunity, in-
dicating that drugs targeting the gene might boost
resistance to some diseases. People who lack a gene
called SAP are immunodeficient and often suc-
cumb to Epstein-Barr virus. Shane Crotty, Rafi
Ahmed and their colleagues at Emory University
knocked out the gene in mice and found that de-
spite a normal initial antibody response to a virus,
the SAP-less animals failed to produce virus-spe-
cific plasma cells or B cells, which make sure that
antibodies stick around for years. Normally T cells
stimulate the growth of both kinds of cell, but they
seem to be helpless without SAP. The January 16
Nature has the details. —JR Minkel

BIOLOGY
Re-evolution

Stick insects’ resemblance to twigs hides them
from predators. A standard genetic analysis used to
determine evolutionary lineages shows that they
have kept something else long hidden: winged spe-
cies evolved from wingless ancestors, whose own
ancestors were winged. “To our knowledge, this is
the first example of a complex feature being lost and
later recovered in an
evolutionary lineage,”
write Michael F. Whit-
ing of Brigham Young
University and his col-
leagues in the January
16 Nature. The au-
thors further note that
the new wings did not
re-evolve from scratch;
genetic blueprints seem
to have lain in wait
for at least 50 million
years, until flight was
favored over fecundity
(wingless insects tend to lay more eggs). The re-
searchers predict that more examples exist in which
complex structures re-evolved.

WINGING IT: Walking stick lost
and recovered its wings.

—Steve Mirsky
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CHILDHOOD VACCINES protect into adulthood,
thanks in part to an immunity memory gene.

BIOTECH
Unnatural at 21

The standard genetic code calls for just
20 amino acids, enough to make all of
life’s proteins. Now researchers have
made E. coli that generates an amino
acid not found in nature, known as
p-aminophenylalanine, or pAF. The
team, led by Peter G. Schultz of the
Scripps Research Institute in La Jolla,
Calif., altered one of the bacterium’s
“stop” codons—a bit of genetic data
that instructs the cell when to cease
making protein—so that it coded for
pAF. The bacterium’s genes could sub-
sequently make pAF and weave it into
proteins on its own, in contrast with
previous work, in which the bacterium
had to be given pAF. A few exotic mi-
crobes make nonstandard amino acids,
but E. coliis a better lab organism. The
investigators hope they will help an-
swer why most life settled on 20,
whether added nonstandard amino
acids confer benefits, and if new pro-
teins can be made. The findings appear
in the January 29 Journal of the Amer-
ican Chemical Society. —Charles Choi
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Innovations

The Relentless Storm

Bell Labs weathers the worst crisis of its 78-year history By GARY STIX

For years, David Bishop has served as a standard-bear-
er for the postdivestiture Bell Labs. Trained as a con-
densed-matter physicist, Bishop demonstrated how
someone who spent the formative years of his career do-
ing high-temperature superconductivity experiments at
one of the nation’s top industrial laboratories could
make the transition to overseeing early-stage product
development. In the mid-1990s, as the emphasis on
market-oriented research was growing, Bishop man-
aged a group that fabricated microelectromechanical
systems (MEMS), which contain tiny mirrors that can
change the direction of optical signals. The initial re-
search on MEMS resulted in his heading a team of
about 100 people that built the LambdaRouter: a switch
that could take a wavelength from one optical fiber and
route it to hundreds of other pathways in a network.

e am

MICROMIRROR LIGHT SWITCH created at Bell Labs was taken off
the market during the telecommunications meltdown.
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The product was a showpiece of innovation at the
laboratories. But in the summer of 2002, as the de-
pression in the telecommunications sector reduced de-
mand dramatically for new long-haul optical pipes,
the LambdaRouter was pulled off the market. Not
much interest lingered in a switch equipped to handle
10 terabits (trillions of bits) of switching capacity.
Speaking of this experience, Bishop invokes the perfect
storm, which, along with the nuclear winter, is con-
stantly repeated as a metaphor for the telecommunica-
tions industry’s financial implosion of the past two
years or so. “Never before in the history of the com-
pany has its survival been so actively discussed,” Bish-
op laments.

From the moment of the AT&T divestiture in 1984,
questions arose about whether the unparalleled mix of
scientists and engineers that produced the transistor, the
laser and the fractional quantum Hall effect could sur-
vive outside the shelter of a monopoly. The push for
market relevance at Bell Labs began just a few years af-
terward and has continued to emerge with the morph-
ing of corporate parenthood from AT&T to Lucent,
which later cast off its microelectronic, fiber and busi-
ness-networking divisions.

Through spin-offs, layoffs and attrition, Bell Labs
Research—the locus of the company’s basic science in-
vestigations—has diminished from 1,200 employees in
1997 to about 500 today. A three-year-old Bell Labs
Research facility in Silicon Valley was shuttered in
2001. The umbrella organization—Bell Labs, which in-
cludes the development side of Lucent’s business—has
shrunk from 24,000 in 1999 to 10,000 today. Overall
R&D spending has dropped from $3.54 billion in the
company’s 1999 fiscal year to $2.31 billion in fiscal
2002, although as a percentage of dwindling company
revenues it has actually increased.

The current crisis, exacerbated by numerous mis-
steps by Lucent upper management, is the worst since
the laboratories were founded in 1925. Some outsiders
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Innovations

question whether basic research at Bell
Labs will survive, the rationale for its ex-
istence having been frittered away over
time; for instance, the spin-off in 2001 of
Lucent’s microelectronics division into
Agere Systems undercut some of the jus-
tification for maintaining a physical sci-
ences group, a linchpin of the research di-
vision. “Bell Labs Research is currently
misaligned with Lucent’s future, so ulti-
mately it’s going to be disassembled,”
says Greg Blonder, a venture capitalist
who spent about 15 years at Bell Labs.

The physicists, materials scientists,
chemists, mathematicians, engineers and
even some biologists who are members of
the core research team reject that argu-
ment, contending that the organization
has a new role to play in staging a turn-
around. In the past few years, many of
these scientists have begun to work more
closely with product developers than at
any time before in the labs” history. Lab-
oratory managers battled to alter the
ivory tower mind-set of basic researchers
beginning in the early 1990s. But officials
assert that collaborations between Bell
Labs and the business units have never
been undertaken in such a systematic
manner as they are now.

For his part, Bishop has managed
smaller projects since the LambdaRouter
was put on hold, including development
of automated methods for assembling op-
tical components. Lucent is also attempt-
ing to market its intellectual property
more broadly. Government agencies and
Ford Motor Company, among others, are
evaluating quantum cascade lasers, de-
signer light emitters invented at Bell Labs,
as chemical sensors. World-class chemist
Elsa Reichmanis worked at Bell Labs for
about 15 years developing chemicals for
semiconductor manufacturing, but this
expertise was no longer needed after the
Agere spin-off. She now leads a team that
is lending know-how, along with Lucent
patents, to DuPont and Sarnoff Corpora-
tion to help create organic light-emitting
diode displays.

Basic scientific investigations have not
disappeared either, as a greater focus on
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applied research has emerged. “We’re still in the damn
good science business,” Bishop says. The emphasis on
the practical sometimes works backward from applica-
tion to science—scheduling algorithms for wireless net-
works have helped address nettlesome theoretical ques-
tions, for example. Research by Bishop and his col-
leagues on MEMS went into making a type of sensor
that measures a quantum-mechanical effect called the
Casimir force. Two scientists from unrelated disciplines
can still strike up a collaboration over cafeteria ham-
burgers or sushi and begin work on a project the same
afternoon, a difficult proposition at universities, where
the need to seek grant money constrains such im-
promptu alliances. This atmosphere prevails despite a
recent scandal that led to the firing of physicist J. Hen-
drik Schon over misrepresented data about organic elec-
tronics and high-temperature superconductivity.

Bell Labs’s continued existence obviously depends
on its parent’s survival. “I think what’s critical for Lu-
cent is to show better success in commercializing R&D,
whether that’s done by Bell Labs or wherever,” observes
Nikos Theodosopoulos, a financial analyst with UBS
Warburg who holds stock in Lucent. Too often Bell
Labs inventions—from the Unix operating system to ad-
vanced chipmaking techniques—were ones that ulti-
mately furnished as much or even more benefit to oth-
er companies as they did to AT&T and its offspring.

For the most part, other companies have eschewed
de novo research in favor of different models—for in-
stance, buying smaller companies or tapping research
from national laboratories or universities. But Jeffrey
M. Jaffe, president of Bell Labs Research and Advanced

Technologies, defends Lucent’s approach. “Developing
technology in house is more efficient than making ac-
quisitions,” he says. “Companies pay premiums for ac-
quisitions—and at times have difficulty integrating
them.”

Even if Jaffe is right—and other research leaders
might disagree with his assessment—the monopoly-era
notion that research should originate in the organiza-
tion that ultimately brings it to market has changed un-
alterably. The demands of commercial research require
a heterogeneous mix of collaborations extending far be-
yond any single company. The danger, however, is that
without the critical mass of scientists engaged in undi-

Can basic research survive as Lucent
absorbs blow after financial blow?

rected pursuits, pathbreaking telecommunications tech-
nologies will not emerge. “The problem with not doing
research is that you never know what you’re going to
lose. You never know what you might have had that
would have changed things in some way,” says Robert
Lucky, a former research executive at both Bell Labs
and one of the AT&T progeny, Bell Communications
Research (later Telcordia). The National Research
Council has recruited Lucky to head a study group this
year to determine whether the U.S. research base in
telecommunications is being eroded. When the partici-
pants begin examining the merits of new research mod-
els, one thing is certain: Bell Labs and its more than
40,000 inventions will serve as a frame of reference
against which all alternatives will be compared.
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Staking Claims

Some Rights Reserved

Cyber-law activists devise a set of licenses for sharing creative works By GARY STIX

In a book published in 2001, Stanford Law School pro-
fessor Lawrence Lessig decried the threat to the Inter-
net from both large media interests and burgeoning in-
tellectual-property laws. In Lessig’s view, the Internet
should serve as a commons, a medium that encourages
creativity through the exchange
of photographs, music, litera-
ture, academic treatises, even en-
tire course curricula. Lessig and
like-minded law and technology
experts have now decided to go
beyond making academic argu-
ments to counter the perceived
danger.

On December 16, 2002, the
nonprofit Creative Commons
opened its digital doors to pro-
vide, without charge, a series of
licenses that enable a copyright-
ed work to be shared more easi-
ly. The licenses attempt to over-
come the inherently restrictive nature of copyright law.
Under existing rules, a doodle of a lunchtime compan-
ion’s face on a paper napkin is copyrighted as soon as
the budding artist lifts up the pen. No “©” is needed at
the bottom of the napkin. All rights are reserved.

The licenses issued through Creative Commons
have changed that. They allow the creator of a work to
retain the copyright while stipulating merely “some
rights reserved.” A user can build a custom license: One
option lets the copyright holder specify that a piece of
music or an essay can be used for any purpose as long
as attribution is given. Another, which can be combined
with the first, permits usage for any noncommercial
end. Separately, the site offers a document that lets
someone’s creation be donated to the public domain.

A copyright owner can fill out a simple question-
naire posted on the Creative Commons Web site (www.
creativecommons.org) and get an electronic copy of a
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license. Because a copyright notice (or any modification
to one) is optional, no standard method exists for track-
ing down works to which others can gain access. The
Creative Commons license is affixed with electronic
tags so that a browser equipped to read a tag—speci-
fied in XML, or Extensible Markup Language—can
find copyrighted items that fall into the various licens-
ing categories. An aspiring photographer who wants
her images noticed could permit shots she took of
Ground Zero in Manhattan to be used if she is given
credit. A graphic artist assembling a digital collage of
September 11 pictures could then do a search on both
“Ground Zero” and the Creative Commons tag for an
“attribution only” license, which would let the pho-
tographer’s images be copied and put up on the Web,
as long as her name is mentioned.

Lessig and the other cyber-activists who started
Creative Commons, which operates out of an office on
the Stanford campus, found inspiration in the free-soft-
ware movement and in previous licensing endeavors
such as the Electronic Frontier Foundation’s Open Au-
dio License. The organization is receiving $850,000
from the Center for the Public Domain and $1.2 mil-
lion over three years from the John D. and Catherine T.
MacArthur Foundation.

Some legal pundits will question whether an idea
that downplays the profit motive will ever be widely em-
braced. Creative Commons, however, could help ensure
that the Internet remains more than a shopping mall.
For his part, Lessig, who last year argued futilely before
the U.S. Supreme Court against an extension of the term
of existing copyrights, has translated words into action.
Now it will be up to scholars, scientists, independent
filmmakers and others to show that at least part of their
work can be shared and that a commons for creative ex-
change can become a reality in cyberspace.

Please let us know about interesting and unusual
patents. Send suggestions to: patents@sciam.com
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Skeptic

BRAD HINES

Demon-Haunted Brain

If the brain mediates all experience, then paranormal phenomena are nothing
more than neuronal events By MICHAEL SHERMER

Five centuries ago demons haunted our world, with incubi and
succubi tormenting victims as they lay asleep. Two centuries
ago spirits haunted our world, with ghosts and ghouls harass-
ing sufferers during all hours of the night. This past century
aliens haunted our world, with grays and greens abducting cap-
tives and whisking them away for probing and prodding.
Nowadays people are reporting out-of-body experiences, float-
ing above their beds.What is going on here? Are these elusive
creatures and mysterious phenomena in our world or in our
minds? New evidence adds weight to the notion that they are,
in fact, products of the brain. Neuroscientist Michael Persinger,
in his laboratory at Laurentian University in Sudbury, Ontario,
for example, can induce all these perceptions in
subjects by subjecting their temporal lobes to
patterns of magnetic fields. (I tried it myself and
had a mild out-of-body experience.)

Similarly, the September 19, 2002, issue of
Nature reported that neuroscientist Olaf Blanke
of Geneva University Hospital in Switzerland
and his colleagues were able to bring about out-
of-body experiences through electrical stimula-
tion of the right angular gyrus in the temporal lobe of a 43-year-
old woman suffering from severe epileptic seizures. With initial
mild stimulation, she felt she was “sinking into the bed” or
“falling from a height.” With more intense stimulation, she said
she could “see myself lying in bed, from above, but I only see
my legs and lower trunk.” Another trial induced “an instanta-
neous feeling of ‘lightness’ and ‘floating” about two meters
above the bed, close to the ceiling.”

A related study is cited in the 2001 book Why God Won't
Go Away. In it, Andrew Newberg of the University of Penn-
sylvania Medical Center and the late Eugene D’Aquili found
that when Buddhist monks meditate and Franciscan nuns pray,
their brain scans show strikingly low activity in the posterior
superior parietal lobe, a region the authors have dubbed the ori-
entation association area (OAA). The OAA provides bearings
for the body in physical space; people with damage to this area
have a difficult time negotiating their way around a house, for
instance. When the OAA is booted up and running smoothly,

www.sciam.com

The fate of the
paranormal and
the supernatural

is to be subsumed
into the normal
and the natural.

there is a sharp distinction between self and nonself. When the
OAA is in sleep mode—as in deep meditation or prayer—that
division breaks down, leading to a blurring of the lines between
feeling in body and out of body. Perhaps this is what happens
to monks who discern a sense of oneness with the universe, or
nuns who feel the presence of God, or alien abductees who be-
lieve they are floating out of their beds to the mother ship.

Sometimes trauma can become a trigger. The December 15,
2001, issue of the Lancet published a Dutch study in which 12
percent of 344 cardiac patients resuscitated from clinical death
reported near-death experiences, some having a sensation of
being out of body, others seeing a light at the end of a tunnel.
Some even described speaking to dead rela-
tives. Because the everyday occurrence is of
stimuli coming from the outside, when a part
of the brain abnormally generates these illu-
sions, another part of the brain interprets them
as external events. Hence, the abnormal is
thought to be the paranormal.

These studies are only the latest to deliver
blows against the belief that mind and spirit
are separate from brain and body. In reality, all experience is
mediated by the brain. Large brain areas such as the cortex co-
ordinate inputs from smaller brain areas such as the temporal
lobes, which themselves collate neural events from still small-
er brain modules such as the angular gyrus. Of course, we are
not aware of the workings of our own electrochemical systems.
What we experience is what philosophers call qualia, or sub-
jective states of thoughts and feelings that arise from a con-
catenation of neural events.

It is the fate of the paranormal and the supernatural to be
subsumed into the normal and the natural. In fact, there is no
paranormal or supernatural; there are only the normal and the
natural—and mysteries yet to be explained. It is the job of sci-
ence, not pseudoscience, to solve those puzzles with natural,
rather than supernatural, explanations.

Michael Shermer is publisher of Skeptic (www.skeptic.com)
and author of Why People Believe Weird Things.
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Profile

Man against a Mountain

Yucca Mountain is set to become the nation’s prime nuclear waste site, but geologist Rodney C.
Ewing thinks that federal enthusiasm for it has outstripped the science By STEVE NADIS

Some 75,000 feet of core samples and 18,000 geologic
and water specimens have been retrieved from a deso-
late ridge in the Nevada Desert called Yucca Mountain.
Products of a 20-year investigation by the Department
of Energy, the recovered materials and their subsequent
analyses have made the volcanic protrusion among the
most studied features on earth. And such statistics
make DOE officials confident that Yucca Mountain

el

would be a suitable disposal site for the nation’s high-
level nuclear waste, able to hold 70,000 metric tons of
radioactive poison safely for 10,000 years.

Rodney C. Ewing begs to differ. Citing the amount
of research is “not the way you measure good science,
any more than you judge the merits of a book by the
number of words,” says the 56-year-old geologist, who
holds an interdisciplinary professorship at the Universi-
ty of Michigan at Ann Arbor. Ewing sits on the Nation-

al Academy of Sciences (NAS) Board on Radioactive
Waste Management and has served on the Yucca Moun-
tain peer-review panel. One of Yucca’s most knowl-
edgeable critics, he believes that the mass of information
collected, which can be measured in tons, masks even
greater unknowns.

In 1987 Congress named Yucca Mountain as the
preferred site in amendments to the Nuclear Waste Pol-
icy Act of 1982, cutting off consideration of alternative
sites in Texas and Washington State. Opponents of the
legislation have sometimes called it the “screw Nevada”
bill. The law enabled the DOE to spend $7 billion laying
the foundation for a repository and building some nine
kilometers of tunnels through the mountain to facilitate
studies and to provide access for waste disposal.

The DOE’s risk evaluation hinges on an elaborate
computer calculation that tries to predict the fate of
wastes buried for millennia. This “probabilistic per-
formance assessment” has revealed no deal breakers,
prompting the agency to press for continued develop-
ment. The Bush administration and Congress endorsed
the site in 2002. After the DOE files for a construction
permit, which is not expected before December 2004,
the Nuclear Regulatory Commission (NRC) will have
four years to rule on the repository’s future. With the
NRC’s sanction, the DOE can begin construction.

Ewing thinks the process has outpaced the science:
“We’ve learned a lot about this mountain, but when
you look at the substance of it, our knowledge is actu-
ally quite thin.” According to Ewing, a host of prob-

A

RODNEY C. EWING: SAYING NO TO YUCCA

= Amultidepartmental professor at the University of Michigan at Ann Arbor,
spanning nuclear engineering, geology and materials science.
m With geologist Allison Macfarlane of the Massachusetts Institute of

Technology, Ewing is finishing a book, due out early next year, on Yucca
Mountain’s unresolved technical issues.

u “The game is not rigged like a crooked card game, but the lack of choice at
every step drives us inexorably to Yucca Mountain.”
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lems stem from the exclusive invest-
ment in Yucca since 1987. His chief
complaint is that the rules of the game
have changed to fit the site. The linch-
pin of geologic disposal has tradition-
ally been “defense in depth”—that is,
the reliance on favorable geology plus
engineered barriers, such as multilay-
ered glass and metal packaging, to iso-
late wastes. At Yucca, this philosophy
was quietly abandoned; site-specific
standards replaced general ones, Ewing
insists. “Instead of devising a regulation
and finding a site that meets it,” he says,
“we picked a site and made a regulation
for it.”

In this case, the Environmental Pro-
tection Agency has set the annual ex-
posure limit of 15 millirems (about a

UNTESTED SCIENCE? Geologist Ewing argues that a
host of questions should be answered before nuclear
waste goes past the entrance of Yucca Mountain.

at which the radiation is measured to be
too far from the source.

When pressed, Ewing can’t find
much good to say about the endeavor
except that some capable scientists and
engineers have been employed. “But be-
cause of the way the program is de-
signed, the work is so fragmented that
people can’t put it all together,” he says.

Unlike most Yucca Mountain foes,
Ewing has faith in geologic waste dis-
posal and nuclear power. For example,
he approves of New Mexico’s under-
ground Waste Isolation Pilot Plant. At
WIPP, burial of plutonium-contaminat-
ed debris from nuclear weapons work
started in 1999, after more than 20
years of scientific and political wran-
gling (Ewing also served on WIPP’s re-

third the strength of a medical x-ray)
measured at 18 kilometers from the repository over 10,000
years. Satisfying this standard rests on a probabilistic assess-
ment that incorporates thousands of assumptions—an ap-
proach never before applied to such a complex system. Some
parameters (such as the density of water) are well known; oth-
ers (such as the likelihood of volcanic activity) vary by a factor
of 100,000. No one has figured out how to combine all these
uncertainties, Ewing notes.

The mathematical approach, in his opinion, keeps us from
seeing how the individual components are working. For exam-
ple, much stock is being placed in Alloy 22, a relatively untest-
ed metal that is supposed to confine wastes over the long haul.
The corrosion rate for the alloy depends on geochemical condi-
tions—such as the pH and carbon dioxide content of the ground-
water—that are inherently difficult to predict. “We’re betting on
a new material about which we know little, while making opti-
mistic assumptions about its behavior under conditions we can
only guess at,” Ewing states. “Uncertainties throughout the
model are rolled together, which makes it hard to tell whether
any of the barriers are effective.” He adds that there’s been no
attempt to test this model on a real geological system. Further
complicating the model are still unresolved concerns about the
site’s geology, including seismic activity and volcanism.

Ewing finds the EPA guidelines deficient as well. The desig-
nated limit of 10,000 years is too short, he says; exposures are
likely to peak millennia later. That is because some of the long-
lived radionuclides to be buried there have half-lives of at least
24,000 years, and the geologic and engineered barriers will in-
evitably weaken over time. “We should do the analysis first to
find out when the peak dose occurs, rather than setting the time
limit in advance.” He also considers the 18-kilometer distance
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view panel). Compared with those for
Yucca Mountain, the wastes at WIPP are not as “hot”: a much
smaller amount of radioactivity will ultimately be stored there,
greatly reducing the possibility of thermal problems. And the ge-
ology at WIPP is much simpler, according to Ewing, raising few-
er concerns about water, earthquakes and volcanic activity.

Ewing’s 12-year stint on the WIPP panel was his first pro-
longed involvement in the radioactive waste business. It all be-
gan as a “hobby,” an offshoot of his main research on the ef-
fects of radiation on materials. While at the University of New
Mexico in the 1970s (he taught there until his 1997 move to
Ann Arbor), he found that none of the guest speakers from the
nearby national labs could answer his questions on how radi-
ation would damage a waste repository. The only way to find
out, he concluded, was to do the experiments himself. Before
he knew it, he had become an expert in the field.

Given the advanced stage of the project, Ewing sees little op-
portunity for scientific input at Yucca Mountain. As a result,
he is taking a broader look at the environmental impacts of the
nuclear fuel cycle. But he hasn’t fired his last shot at Yucca: he
expects to have a book out on the subject next year.

Ewing may induce heartburn among advocates of the Neva-
da facility, but he nonetheless has the respect of most of his col-
leagues. “He’s a good scientist, someone who digs very deeply,”
says John F. Ahearne, chair of the NAS radioactive waste board.
Although Ahearne calls him a “thoughtful critic and not at all
intransigent,” Ewing can be a formidable adversary because he
follows a problem to the end, regardless of disciplinary bound-
aries. Before he’s done, Yucca enthusiasts may wish he’d tak-
en up a more traditional hobby, like stamp collecting.

Steve Nadis is based in Cambridge, Mass.

SCIENTIFIC AMERICAN 49

COPYRIGHT 2003 SCIENTIFIC AMERICAN, INC.



the search for

Dark Matter

Dark matteris
usually thought of
as something

“out there.” But we
will never truly
understand it unless
we can bring it

down to earth

By David B. Cline

IF WE COULD SEE DARK MATTER, the Milky Way galaxy would look like
a much different place. The familiar spiral disk, where most of the
stars reside, would be shrouded by a dense haze of dark matter
particles. Astronomers think the dark haze is 10 times as massive as
the disk and nearly 10 times as big in diameter.
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The universe around us is not what it appears to be. The stars make up less

than 1 percent of its mass; all the loose gas
and other forms of ordinary matter, less
than 5 percent. The motions of this visible
material reveal that it is mere flotsam on
an unseen sea of unknown material. We
know little about that sea. The terms we
use to describe its components, “dark
matter” and “dark energy,” serve mainly
as expressions of our ignorance.

For 70 years, astronomers have steadi-
ly gathered circumstantial evidence for
the existence of dark matter, and nearly
everyone accepts that it is real. But cir-
cumstantial evidence is unsatisfying. It
cannot conclusively rule out alternatives,
such as modified laws of physics [see
“Does Dark Matter Really Exist?” by
Mordehai Milgrom; SCIENTIFIC AMERI-
CAN, August 2002]. Nor does it reveal
much about the properties of the sup-
posed material. Essentially, all we know is

that dark matter clumps together, provid-
ing a gravitational anchor for galaxies
and larger structures such as galaxy clus-
ters. It almost certainly consists of a hith-
erto undiscovered type of elementary par-
ticle. Dark energy, despite its confusingly
similar name, is a separate substance that
entered the picture only in 1998. It is
spread uniformly through space, exerts a
negative pressure and causes the expan-
sion of the universe to accelerate.
Ultimately the details of these dark
components will have to be filled in not
by astronomy but by particle physics.
Over the past eight years the two disci-
plines have pooled their resources, coming
together at meetings such as the Symposia
on Sources and Detection of Dark Matter
and Dark Energy in the Universe. The
next symposium will be held in February
2004 in Marina del Rey, Calif. The goal

Most astronomers think the heavens are filled with dark matter, but their observations
are too imprecise to provide unequivocal proof, let alone measure the detailed
properties of the supposed material. Particle physicists are trying to take up the
slack by building detectors to look for the dark matter as it streams through Earth.

DARK MATTER
PARTICLES
L

m Particles of dark matter, though reluctant
to interact with ordinary atoms, should still

do so occasionally. When such a particle
ricochets off an atomic nucleus, the nucleus

COLLISION
WITH ATOM

RADIOACTIVE
DECAY

recoils, hits surrounding atoms and releases
energy in the form of heat or light.

= The real trick is to distinguish this energy
release from the effects of more prosaic

processes, such as radioactive decay. Such
effects may account for the only reported
detection of dark matter to date.
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has been to find ways to detect and study
dark matter using the same techniques
that have been so successful for analyzing
particles such as positrons and neutrinos.
Rather than inferring its presence by look-
ing at distant objects, scientists would
seek the dark matter here on Earth.

The search for dark matter particles is
among the most difficult experiments ever
attempted in physics. (The search for par-
ticles of dark energy is even less tractable
and has been put aside, at least for the
time being.) At the first symposium, in
February 1994, participants expressed a
nearly total lack of confidence that a par-
ticle detector in an Earth-based lab could
ever register dark matter. The sensitivity
of even the best instruments was a factor
of 1,000 too low to pick up hypothesized
types of dark particles. But since then, de-
tector sensitivity has improved 1,000-
fold, and instrument builders expect soon
to wring out another factor of 1,000.
More than 15 years of research and de-
velopment on detector methods are final-
ly bearing fruit. We may soon know what
the universe is really like. Either dark mat-
ter will prove to be real, or else the theo-
ries that underlie modern physics will
have to fall on their swords.

WHAT KIND OF particle could dark
matter be made of? Astronomical obser-
vation and theory provide some general
clues. It cannot be protons, neutrons, or
anything that was once made of protons
or neutrons, such as massive stars that
became black holes. According to calcu-
lations of particle synthesis during the
big bang, such particles are simply too
few in number to make up the dark mat-
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COMPOSITION OF THE UNIVERSE

TYPICAL PARTICLE

REPRESENTATIVE

MATERIAL PARTICLES

Ordinary Protons,

(“baryonic”) electrons

matter '

Radiation Cosmic
microwave
background
photons

Hot dark Neutrinos =1

matter i i

MASS OR ENERGY
(ELECTRON VOLTS)

{ 10°t010°

NUMBER OF
PARTICLES IN
OBSERVED UNIVERSE

| 1078

0.005%

| 1087

0.3%

PROBABLE
CONTRIBUTION TO
MASS OF UNIVERSE

SAMPLE
EVIDENCE

i Direct observation,
i inference from
i element abundances

Microwave
telescope
observations

! Neutrino measure-
i ments, inference from
i cosmic structure

Inference from
galaxy dynamics

Cold dark Supersymmetric

matter particles?

Darkenergy | “Scalar’ i 10-33
i particles?

T

{ (assuming dark

i energy comprises

! particles)

| 70%

Supernova

i observations of
accelerated cosmic
expansion

ter. Those calculations have been cor-
roborated by measurements of primor-
dial hydrogen, helium and lithium in the
universe.

Nor can more than a small fraction of
the dark matter be neutrinos, a light-
weight breed of particle that zips through
space and is unattached to any atom.
Neutrinos were once a prominent possi-
bility for dark matter, and their role re-
mains a matter of discussion, but experi-
ments have found that they are probably
too lightweight [see “Detecting Massive
Neutrinos,” by Edward Kearns, Takaaki
Kajita and Yoji Totsuka; SCIENTIFIC
AMERICAN, August 1999]. Moreover,
they are “hot”—that is, in the early uni-
verse they were moving at a velocity com-
parable to the velocity of light. Hot par-
ticles were too fleet-footed to settle into
observed cosmic structures.

The best fit to the astronomical ob-
servations involves “cold” dark matter, a
term that refers to some undiscovered
particle that, when it formed, moved slug-
gishly. Although cold dark matter has its
own problems in explaining cosmic struc-
tures [see “The Life Cycle of Galaxies,”
by Guinevere Kauffmann and Frank van
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den Bosch; SCIENTIFIC AMERICAN, June
2002], most cosmologists consider these
problems minor compared with the diffi-
culties faced by alternative hypotheses.
The current Standard Model of elemen-
tary particles contains no examples of
particles that could serve as cold dark
matter, but extensions of the Standard
Model—developed for reasons quite sep-
arate from the needs of astronomy—offer
many plausible candidates.

By far the most studied extension of
this kind is supersymmetry, so I will con-
centrate on this theory. Supersymmetry is
an attractive explanation for dark matter
because it postulates a whole new family
of particles—one “superpartner” for every
known elementary particle. These new
particles are all heavier (hence more slug-
gish) than known particles. Several are
natural candidates for cold dark matter.
The one that gets the most attention is the
neutralino, which is an amalgam of the
superpartners of the photon (which trans-
mits the electromagnetic force), the Z bo-
son (which transmits the so-called weak
nuclear force) and perhaps other particle
types. The name is somewhat unfortu-
nate: “neutralino” sounds much like

COPYRIGHT 2003 SCIENTIFIC AMERICAN, INC.

“neutrino,” and the two particles indeed
share various properties, but they are oth-
erwise quite distinct.

Although the neutralino is heavy by
normal standards, it is generally thought
to be the lightest supersymmetric parti-
cle. If so, it has to be stable: if a super-
particle is unstable, it must decay into
two lighter superparticles, and the neu-
tralino is already the lightest. As the name
implies, the neutralino has zero charge, so
it is unaffected by electromagnetic forces
(such as those involving light). The hy-
pothesized mass, stability and neutrality
of the neutralino satisfy all the require-
ments of cold dark matter.

The big bang theory gives an estimate
of the number of neutralinos that were
created within the hot primordial plasma
of the cosmos. The plasma was a chaotic
soup of all types of particles. No individ-
ual particle survived for long. It would
quickly collide with another particle, an-
nihilating both but producing new par-
ticles in the process; those new particles
soon collided with others, in a cycle of de-
struction and creation. But as the universe
cooled down and thinned out, the colli-
sions became less violent, and the process
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LIKE MOTORCYCLISTS FEELING the wind in their face, we on
planet Earth are being blasted by a head wind of dark matter.
The dark matter is essentially a stagnant gas—particles move
randomly but have no organized motion—and our solar system
roars through this material at 220 kilometers a second. Within

ground to a halt. Particles condensed out
one by one, beginning with those that
tended to collide less often and proceed-
ing to more collision-prone types.

THE NEUTRALINO is a particularly col-
lision-shy particle, so it froze out early on.
At the time, the density of the universe
was still very high, so a huge number of
neutralinos were produced. In fact, based
on the expected neutralino mass and its
low tendency to collide, the total mass in
neutralinos almost exactly matches the in-
ferred mass of dark matter in the universe.
This correspondence is a strong sign that
neutralinos are indeed dark matter.

To detect dark matter, scientists need
to know how it interacts with normal
matter. Astronomers assume that it in-

THE DARK WIND

OVERALL
MOTION OF
SOLAR SYSTEM

teracts only by means of gravitation, the
weakest of all the known forces of na-
ture. If that is really the case, physicists
have no hope of ever detecting it. But the
astronomers’ assumption is probably just
a convenient approximation—something
that lets them describe cosmic structures
without worrying about the detailed
properties of the particles.

Theories of supersymmetry predict
that the neutralino will interact by a
force stronger than gravitation: the weak
nuclear force. This is similar to the in-
teraction that betrays neutrinos [see
“The Search for Intermediate Vector
Bosons,” by David B. Cline, Carlo Rubbia
and Simon van der Meer; SCIENTIFIC
AMERICAN, March 1982]. The vast ma-
jority of neutralinos will slip through a
slab of matter without interacting, but
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the solar system, Earth orbits at 30 kilometers a second. When
the tilt of the orbit is taken into account, the head wind has a
net velocity of 235 kilometers a second in the northern summer
and 205 kilometers a second in winter. This variation distinguishes
dark matter from noise, which does not change with the seasons.

NORTHERN
SUMMER |

iz & EARTH’S ORBIT

| NORTHERN
WINTER

the occasional neutralino will hit an
atomic nucleus. The unlucky particle
will transfer a small amount of its ener-
gy to the nucleus.

The improbability and feebleness of
the interaction are offset by the sheer
number of particles. After all, dark mat-
ter is thought to dominate the galaxy. Be-
ing dark, it was never able to lose energy
by emitting radiation, so it never could
agglomerate into subgalactic clumps
such as stars and planets. Instead it con-
tinues to suffuse interstellar space like a
gas. Our solar system is orbiting around
the center of the galaxy at 220 kilometers
a second, so we are pushing through this
gas at quite a clip [see illustration above].
Researchers estimate that a billion dark
matter particles flow through every square
meter every second.

Leszek Roszkowski and his team at
the University of Lancaster in England
recently carried out a complete calcula-
tion of the rates of neutralino interac-
tions with normal matter. The rates are
usually expressed as the number of
events that would occur in a day in a sin-
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gle kilogram of normal matter. Depend-
ing on the theoretical details, the figures
vary from 0.0001 to 0.1 event per kilo-
gram a day. Current experiments are
able to detect event rates in the high end
of this range.

The main difficulty is no longer detec-
tor sensitivity but detector impurity. All
materials on Earth, including the metal out
of which the detectors are built, contain
a trace amount of radioactive material
such as uranium and thorium. The decay
of this material produces particles that
register much as dark matter would. Ter-
restrial radioactivity typically outpowers
the putative neutralino signal by a factor
of 10°. If the detectors are located above-
ground, cosmic rays worsen the situation
by an equal factor. To identify dark mat-
ter particles with any confidence, re-
searchers must reduce both these unwant-
ed backgrounds a millionfold.

Turning the Other Cheek

PHYSICISTS THUS FACE two chal-
lenges: to detect the inherently weak in-
teraction of dark matter with ordinary
matter and to screen out confounding

noise. To take the first challenge first, sev-
eral properties of matter can be used to
record the recoil of a nucleus that has
been struck by a neutralino. Perhaps the
simplest of all possible methods is just to
look for the heating that will occur when
the recoiling nucleus plows into the sur-
rounding matter and gives up its kinetic
energy, thereby raising the temperature
of the material slightly. To detect this
heating, the material must be at a very
low temperature to start with. This is the
principle of a cryogenic detector.
Cryogenic detectors such as those
used by two leading search programs, the
Cryogenic Dark Matter Search (CDMS)
and Edelweiss, are designed to measure
individual phonons, or quanta of heat, in
amaterial. They operate at a temperature
of about 25 millikelvins and use thermis-
tors to record the temperature rise in the
various parts of the apparatus. Individual
detectors have a mass of a few hundred
grams, and researchers can stack a large
number of detectors to reach a total mass
of a few kilograms or more, thereby
boosting the signal. The latest incarnation
of CDMS, located inside the Soudan

Mine in Minnesota, is scheduled to start
taking data later this year.

A second method watches for anoth-
er effect of the recoiling nucleus: ioniza-
tion. The nucleus knocks some electrons
off surrounding atoms, resulting in ex-
cited ions known as excimers. Those ions
eventually recapture an electron and re-
turn to normal. In some materials, main-
ly noble gas liquids such as xenon, the
process triggers the emission of light,
called scintillation light. This is how ex-
cimer lasers—those used in eye surgery—
work. For liquid xenon, the light is very
intense and lasts about 10 nanoseconds.
A photomultiplier can amplify the signal
to detectable levels.

In the early 1990s the ZEPLIN proj-
ect—led by HanGuo Wang and me at
U.C.L.A. and Pio Picchi of the University
of Turin in Italy—developed two-phase
liquid-xenon detectors. These instru-
ments amplify the light by introducing a
layer of gas threaded by an electric field;
the field accelerates the electrons that get
kicked off by recoiling nuclei, thereby
turning a handful of particles into an av-
alanche. Eventually it should be possible

LEADING SEARCHES FOR DARK MATTER

PROJECT  LOCATION

UKDMC Boulby, U.K. 1997

START DATE

PRIMARY

PRIMARY
DETECTOR
MATERIAL

DETECTOR
TYPE

Scintillation Sodium iodide

PRIMARY
DETECTOR
MASS (kg)

DISCRIMINATION
DETECTOR TYPE(S)

5 None

Gran Sasso, Italy

ROSEBUD : Canfranc, Spain 1999
PICASSO Sudbury, Canada 2000
SIMPLE Rustrel, France 2001

Boulby, U.K.

Scintillation Sodium iodide

Cryogenic Aluminum oxide
Liquid droplets  Freon
Liquid droplets | Freon

lonization

Carbon disulfide gas

0.05 Thermal
0.001 None
0.001 None

Directional

Edelweiss : Frejus, France 2001

ZEPLIN | Boulby, U.K.

Cryogenic Germanium

Scintillation Liquid xenon

lonization, thermal

CDMSII Soudan, Minn., U.S. : 2003

ZEPLIN II Boulby, U.K.

Cryogenic

Scintillation Liquid xenon

Silicon, germanium

CRESSTII

Gran Sasso, Italy 2004

Cryogenic
oxide

Calcium tungsten

I lonization, thermal
lonization,
scintillation

10 Scintillation,
thermal
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to construct a 10-metric-ton liquid-xenon
detector, which should be sensitive to the
neutralinos even if their interactivity is
very low.

The xenon need not be in liquid form.
Some detectors use it in gaseous form. Al-
though the gas has a lower density than
the liquid does, gas more readily reveals
the trail left by the recoiling nucleus. The
trail points back to the direction of the in-
coming dark matter, allowing a further
check that a galactic neutralino is re-
sponsible. Detectors of this type are be-
ing developed for the Boulby under-
ground laboratories in England.

Xenon is convenient because it has no

natural long-lived radioactive isotopes
(thus reducing the background noise)
and is readily available in the atmosphere
(after purification to remove radioactive
krypton left over from nuclear bomb
tests). But it is not the only material that
scintillates. DAMA, an experiment being
conducted at the Gran Sasso Laborato-
ry near Rome, uses sodium iodide. With
a mass of 100 kilograms, DAMA is the
largest detector in the world.

Telling the Difference

THREE STEPS are generally taken to
cope with the other great challenge, over-
coming the background noise from nat-

ural radioactivity and cosmic rays. First,
researchers screen out cosmic rays by
placing detectors deep underground and
enclosing them in special shields. Second,
they purify the detector material to reduce
radioactive contamination. Third, they
build special instruments to look for the
telltale signs that distinguish dark matter
from other particles.

Even when the first two steps are tak-
en, they are not enough. Therefore, new
dark matter detectors all take the third
step, employing some form of event dis-
crimination. The first line of defense is to
look for an annual variation of the signal.
The flux of dark matter should be higher

TWO TYPES OF DARK MATTER DETECTORS

CRYOGENIC DETECTOR

SCINTILLATION DETECTOR

ZEPLIN Il project (also below)

Principle:

Looks for slight pulses
of light triggered by
dark matter passing
through, in this case,
liquid xenon

Advantages:

= Measurement of shape of pulse,
potentially distinguishing dark
matter from ordinary matter

= Measurement of multiple particle
properties

=l Principle:

Looks for slight pulses
of heat generated by
dark matter passing
through a supercooled
crystal

Advantages:

= Simplicity

m High sensitivity to
low-energy particles

m Precise measurement
of particle energy

Cold head (to condense xenon gas to liquid)

Photomultipliers (to detect flashes of light)

&+ Dark particle

Vacuum (to provide thermal insulation)

Signal feed-through (to connect detector with outside computer)

Liquid xenon (to generate flashes of light in response to dark matter)

High-voltage system (to generate electric field, which amplifies signal)
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in the northern summer, when Earth’s or-
bital motion adds to the overall motion of
the solar system through the galaxy, than
in the northern winter, when Earth’s mo-
tion subtracts from that of the solar system
[see illustration on page 54]. The signal
variation could be as high as a few percent.

The most advanced projects add a sec-
ondary detector, built using a different
technology from that of the primary. The
two detectors will respond to different
types of particles in slightly different ways.
For example, background particles tend
to produce more ionization than a nucle-
us recoiling from a neutralino collision.
By combining two detectors, this differ-
ence can be caught.

Using one or more of the above tech-
niques, searches for dark matter signals
started in earnest in the late 1980s. All but
one have been null to date, which is not
surprising, because they have only re-
cently achieved the requisite sensitivity
and noise tolerance. The lone exception is
DAMA. Four years ago this project re-
ported an observation of annual variation,
which created excitement and skepticism
in equal measure [see “Revenge of the
WIMPs,” by George Musser; News &
Analysis, SCIENTIFIC AMERICAN, March
1999]. The problem was that DAMA
does not use multiple detectors to dis-
criminate between signal and noise. Three
other experiments that do use multiple de-
tectors have since cast doubt on DAMA’s
claims. Edelweiss, ZEPLIN I and CDMS1
observed nothing in much of the range of
parameters that DAMA had probed. The
CDMS I team claimed a confidence level
of 98 percent for the null result. If inde-
pendent projects continue to come up
empty-handed, the DAMA researchers
will have to attribute their signal to ra-
dioactive processes or other noise.

The new generation of detectors
should be able to rule neutralinos conclu-
sively in or out. If they do not find any-
thing, then supersymmetry must not be
the solution that nature has chosen for the
dark matter problem. Theorists would
have to turn to other ideas, however dis-
tasteful that may now seem. But if the de-
tectors do register and verify a signal, it
would go down as one of the great ac-
complishments of the 21st century. The
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DARK MATTER PROPERTIES are predicted by theory to fall somewhere within a certain range (gray
area). The two properties shown here are the mass and the effective cross-sectional area, which is a
measure of how likely it is that the dark matter particles will interact with ordinary matter. Detectors
(colored curves) already probe a substantial part of this predicted range; the colored curves indicate
the limit of their sensitivity. Most have found nothing, but one, known as DAMA, has seen hints of dark
matter with a narrow band of possible properties (red area). Future detectors should be able to probe
most of the predicted range, either proving the existence of dark matter or ruling it out.

discovery of 25 percent of the universe
(leaving only the dark energy unex-
plained) would obviously be the most
spectacular implication. Other valuable
information would follow. If detectors
can spot particles of dark matter, particle
accelerators such as CERN’s Large Had-
ron Collider near Geneva might be able to

re-create them and conduct controlled ex-
periments. The confirmation of super-
symmetry would imply a vast number of
new particles waiting to be discovered
and would lend support to string theory,
in which supersymmetry plays an integral
role. The greatest mystery in modern as-
trophysics may soon be solved.

MORE TO EXPLORE

Through a Universe Darkly: A Cosmic Tale of Ancient Ethers, Dark Matter, and the Fate
of the Universe. Marcia Bartusiak. HarperCollins, 1993.

Supersymmetric Dark Matter. Gerard Jungman, Marc Kamionkowski and Kim Griest in Physics
Reports, Vol. 267, pages 195-373; March 1996. Available at arXiv.org/abs/hep-ph/9506380

Just Six Numbers: The Deep Forces That Shape the Universe. Martin J. Rees. Basic Books, 1999.
Quintessence: The Mystery of the Missing Mass. Lawrence M. Krauss. Basic Books, 2001.

Sources and Detection of Dark Matter and Dark Energy in the Universe. Edited by David B. Cline.

Springer Verlag, 2001.

WIMP Direct Detection Overview. Yorck Ramachers. Invited review at Neutrino 2002 conference,
Munich, Germany, May 25-30, 2002. arXiv.org/abs/astro-ph/0211500

Some Web sites on specific programs:

www.physics.ucla.edu/wimps/default-main.html

cdms.berkeley.edu
www.Ings.infn.it/Ings/htexts/dama
hepwww.rl.ac.uk/ukdmc/ukdme.html
avmp01.mppmu.mpg.de/cresst
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DURING DECOMMISSIONING, the Maine Yankee plant’s containment dome rises above{he:'rén-xains of
the turbine hall, where steam energy was once converted to electricity. The four gaping pipes at the
bottom carried saltwater between the bayand the condenser, where steam was turned back into
water. Above them, on the dome’s exterior, are three lines that channeled steam from the three
steam generators in the containment dome and three lines thatreturned water for reboiling, The
stack was used forthe controlled release of radioactive gases.
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I n a tid g Office in the city hall in Wiscasset,

Me., right around the corner from the town clerk, Judy Foss
touts the virtues of an 820-acre industrial site that she plans to
have available for redevelopment soon. It offers easy access by
road, rail and barge and has plenty of cooling water. It is al-
ready on the high-voltage electric grid. It is just a mile from the
municipal airport, the local government is stable, and the na-
tives are friendly.

There is a catch, though. It’s radioactive. And parts of it will
stay that way until at least 2023 and probably a lot longer.

The site, 40 miles northeast of Portland, is the home of
Maine Yankee, one of the first large commercial nuclear pow-
er—generating stations built in this country and one of the first
to close. It will also be among the first of this group to be de-
commissioned, an unglamorous task that was not fully thought
through during the era when plants were being constructed.

Foss, a consultant, was brought in to find a replacement for
the Maine Yankee plant, which, like nearly all power reactors,
was the keystone of its local economy. When the plant was run-
ning, from 1972 until the end of 1996, it paid 90 percent of Wis-
casset’s property taxes and provided most of the high-paying
jobs. Vital as such sites generally are to their host communities,
Maine Yankee, as a pioneer in decommissioning, is particular-
ly crucial to the nuclear industry’s hopes for revival. No new
technologies need to be developed to make decommissioning
work. But the public and policy makers have scientific questions
to weigh, including how much engineering work needs to be
done and how clean is clean enough. (Whereas other countries
rely more heavily on nuclear power, the American program is
older, and thus decommissioning is more advanced here.)

The U.S. has 123 large commercial-scale power reactors
that have ever operated, including the 103 currently open. Sev-
eral companies that run them have talked about building new
ones, a notion that has garnered recent national attention [see
“Next-Generation Nuclear Power,” by James A. Lake, Ralph

__Overview/Plant Disassembly

m The U.S. has 103 commercial nuclear power plants in
operation, many of them the keystones of their local
economies. Now owners are making plans for their
eventual closure and decommissioning—a complex task
not fully considered during the era they were built.

= The successful return of these sites to “green-field”
status for unrestricted usage is considered imperative for
the revival of the nuclear industry; the public will not
accept the building of new plants if the status of closed
ones cannot be resolved.

= Maine Yankee, one of the first large commercial nuclear
plants to be built, provides a case study for the technical,
environmental and economic complexities of
decommissioning. Around the country, among the still
unsettled questions: How clean is clean enough?
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G. Bennett and John F. Kotek; SCIENTIFIC AMERICAN, Janu-
ary 2002]. If the industry is not, in fact, dead (a debatable point,
because no plants have been ordered since 1973 except those
that were later canceled), then among the hurdles that must be
overcome before building new plants is successfully decom-
missioning the old ones. The industry has to show that the
acreage that once housed a plant is not a permanent industrial
sacrifice zone and that it can be returned to the clean, “green-
field” status essential for most kinds of redevelopment.

Decontamination in Action

AS IT TURNS OUT, “decommissioning” does not mean “neu-
tralizing”; it means moving radioactive material from one place
to another. At Maine Yankee, that means 233 million pounds
of waste, of which 150 million pounds is concrete. A little more
than half the waste, 130 million pounds, is radioactive.
Younger plants have 50 percent more generating capacity than
older ones, and their debris volume will be somewhat larger.

There was a plan to sharply cut the amount of waste to be
moved around. Originally, Maine Yankee’s owners wanted to
“rubbleize” the concrete and dump it into the building’s foun-
dation, then pour in more concrete to make a monolith. But lo-
cal law blocks such burials of nuclear waste without a statewide
referendum. (The Nuclear Regulatory Commission, or NRC, still
considers on-site burial a useful option, but so far no civilian fa-
cility has tried it.) So instead the plant is literally going away, at
a rate of about a trainload a week. In doing so, it is demon-
strating both the pitfalls and the ease of decommissioning.

At the site, on a saltwater peninsula south of town where
herons nest on power pylons, giant earth-moving equipment
has torn up the nonnuclear buildings and loaded the concrete
and metal onto railcars. The open gondolas are headed for nu-
clear dumps in South Carolina or Utah or for a nonnuclear
landfill for construction debris in Niagara County, New York.

The anatomy of the plant is laid out a bit like that of a frog
being dissected in a high school biology lab. During this visit
the massive containment dome stands at the edge of a tangle of
wreckage that used to be the turbine hall, where the energy in
nuclear-heated steam was converted into torque for an electric
generator. The path through which the reactor’s product once
traveled is plainly visible. Three pipes, each about the size of a
water main, emerge from the containment building wall. They
conveyed 500-degree-Fahrenheit steam to the turbines at more
than 1,000 pounds per square inch of pressure. Underneath
each pipe is a larger one that carried water back again for re-
heating. These were once monitored intensely for signs of ra-
dioactive contamination or fluctuations in temperature or flow.
Now they sit open to the breeze, waiting their turn to move into
the gondolas.

The dome is a tougher challenge. It is a typical containment
for a large nuclear plant, big enough to enclose a high school
gymnasium. It is four feet thick at the bottom, tapering to two
feet at the top, with concentric layers of steel reinforcing bars.
It weighs about 62 million pounds.
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LAURIE GRACE

Where the Plants and Dumps Are

LARGE COMMERCIAL nuclear power reactors (blue) operate mainly
in the North and East. Shut-down plants (red) will eventually be

dismantled, and their low-level radioactive waste could be sent to
dumps in Barnwell, S.C., or Clive, Utah; the federal Hanford nuclear

#® Pressurized water reactor
4 Boiling water reactor

™ Other reactor type

ﬂ Waste storage facility

*Browns Ferry 1 is licensed to operate but is not currently running.

To get the major components out of the dome, workers
used a diamond saw. The concrete on the outside surface of the
dome has the texture of a driveway. But where blocks have
been removed, it feels as smooth as a lacquered coffee table.
“Making the first few cuts into a nuclear-related safety system
was very difficult to do, knowing it would never come back,”
says Michael J. Meisner, the chief nuclear officer on the proj-
ect. In what was designed to be airtight even at 50 pounds per
square inch of overpressure, a rough plywood door, fastened
shut with a padlock, gives a little in the occasional breezes.

Although it seems counterintuitive, one of the easiest tasks
thus far has been removing the main nuclear components, such
as the reactor vessel and the three steam generators at the heart
of the plant. They were taken out whole. In the case of the re-
actor vessel, a giant carbon-steel pot with a stainless-steel lin-
er, the “internals”—the metal frame that held the core and
channeled the water on its serpentine path—were chopped up
with water jets and cutting tools. The work was done by remote
control and underwater. (Tellingly, the American reactor in-
dustry did not survive the full life cycle of the first big plants; a
French company, Framatome ANP, provided the technology
for slicing apart the big metal components.)

Then the reactor core was filled with cement, or “grouted”
in industry parlance, to reduce the possibility of parts loosen-
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reservation in Washington State has also been used for some
decommissionings. Assuming that approval and construction of the
proposed high-level waste facility at Yucca Mountain (orange) in
Nevada stay on schedule, it won’t open before 2010.

ing in coming centuries. The vessel was lifted out in prepara-
tion for a barge trip to a low-level-waste dump in Barnwell, S.C.
Less active material goes to Envirocare in Clive, Utah, about 85
miles west of Salt Lake City. A third dump, on the federal gov-
ernment’s Hanford nuclear reservation in south-central Wash-
ington State, has also been used for some decommissionings.
The environmental benefit to moving the material is that it is
easier to guard and monitor in a central location.

The internals will eventually go wherever the fuel—urani-
um pellets encased in pencil-thin rods—goes. In theory, that will
be Yucca Mountain, in Nevada, where the Department of En-
ergy hopes to build a nuclear waste repository. In any case, the
internals will wait in four giant steel-and-concrete casks, along-
side 60 other casks filled with spent fuel.

These, on a six-acre plot, form the new Independent Spent
Fuel Storage Installation. The ISFSI, one of the newer acronyms
to enter the nuclear lexicon, is similar to those springing up at
plants around the country. Maine Yankee’s has earthen berms
around the 18-foot-high canisters, an electrified fence, closed-
circuit cameras and a solid-looking guard building. If the En-
ergy Department sticks to its latest schedule for finishing Yuc-
ca Mountain and accepting waste, which would be remarkable,
the plot here will be in use for about 20 years. But it is expect-
ed to be far longer.
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Dissection of a Plant

SOME 233 MILLION POUNDS of waste at Maine Yankee will be trucked to three dumps, depending
on the level of radioactivity. More than half the material—130 million pounds—is radioactive.
(For clarity, aspects of the plant’s actual design and layout are modified in this illustration.)

MAINE YANKEE before its close in 1996.

Ahole was cut in the wall of the Spent-fuel rods containing uranium pellets are

containment dome to allow for being removed to dry casks for temporary on-

removal of the components. The site storage (which may last decades, until a

pressurizer and three steam central facility opens). The “internals”"—the The surface of the concrete around
generators (for simplicity, two are metal frame that held the core and channeled the reactor vessel was “scabbled,”
shown) were shipped intacttoa water throughout the plant—will ultimately fill or blasted away, to remove the top,
dump at Barnwell, S.C. four of 64 casks at Maine Yankee. contaminated layer.

TO THE GRID
CONTAINMENT

DOME ; . i
| s i fﬁr
swi’rcdurl

STEAM
GENERATORS

SPENT-FUEL POOL REACTOR
VESSEL
PRIMARY  sECONDARY
PRESSURIZER LooP LoOP
CONDENSER
PIPES TO BAY
After the components were
removed, the reactor vessel The primary loops were chemically
was “grouted,” or filled with washed to remove radioactive deposits. Low-level waste goes to Envirocare in Clive, Utah.
concrete, and prepared for (Maine Yankee had three piping loops; for Nonradioactive material is being sent to a landfill
shipment to Barnwell. simplicity, two are shown.) for construction debris in New York State.

Concrete bunker

Storage cask

ON-SITE STORAGE

WITH NO CENTRAL FACILITY yet available for
high-level radioactive materials, commercial
nuclear power plants are opening
Independent Spent Fuel Storage Installations
to house giant casks of their waste. At some
plants these steel-and-concrete containers
rest horizontally (far right), but at Maine
Yankee the casks are upright, under earthen
berms, on a six-acre plot.

Canister

Spent-fuel
assemblies

.18 feet
Cask length:
DAVID FIERSTEIN (top illustration); DON FOLEY (bottom illustration)

COURTESY OF MAINE YANKEE (photograph);
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In fact, although the NRC refuses to certify the casks indef-
initely, it is not clear what would make them unsafe to use over
the next 100 years or more, except global sea-level rise or, per-
haps, terrorism. Critics say the casks are vulnerable to attack.
Some have suggested sheltering the canisters in the dome, but
the owners counter that it is too small. Nuclear experts argue
that breaking the canisters would be difficult and that the ma-
terial inside, already at a low-enough temperature that it does
not require mechanical cooling, is not prone to aerosolizing and
spreading over large distances. The NRC says it believes the
casks are safe, but in September 2002 the agency imposed new
security rules on them; the rules are secret.

How Clean Is “Clean”?

THE FUEL IS AN OBVIOUS PROBLEM. Much of the rest of
the plant presents a more subtle one. Technicians made 14,300
measurements, a little more than half in areas where they did
not expect to find contamination. On the other hand, certain
parts were barely tested, such as the reactor cooling system, the

A power reactor makes two kinds of radioactive materials.
The dominant type is fission products. As nuclear plants run,
they split uranium, which emits so little radiation that techni-
cians handle raw fuel in nothing more than cotton gloves. But
uranium splits into a dozen major kinds of fragments, which in
turn decay into others. The fragments, and many of the decay
products, are highly unstable. They readily give off energy—in
the form of a gamma ray, an alpha or beta particle, or some-
times a gamma ray and a particle—to return to equilibrium.
The fuel begins as a ceramic pellet wrapped in a metal tube and
bathed in ordinary water. But in operation the ceramic frac-
tures; at several plants, including Maine Yankee, the tubing
leaked, allowing fission products to enter the cooling water.
Many of these radioactive particles “plate out” on the interior
of the vessel or on the piping.

In the pressurized-water design, the water that circulates
past the fuel runs through giant heat exchangers, called steam
generators, streaming inside thin-walled metal pipes, while
clean water on the outside is boiled into steam, which then

THE FUEL IS AN OBVIOUS PROBLEM. MUCH OF THE
REST OF THE PLANT PRESENTS A MORE SUBTLE ONE.

emergency core cooling system, and the chemical volume and
control system; these were presumed to be dirty. Some sampling
was done by running a vehicle over the land at speeds lower
than five miles an hour. Many samples were sent to off-site labs
for more sensitive analysis than was possible using Geiger-
Mueller detectors.

The residual radiation permitted by state and federal regu-
lations was so low that plant managers concluded that they
would have to determine what normal background was, lest
they end up removing radionuclides that would have been pre-
sent had the plant never been built. (For instance, one major
source of background radiation is fallout from atmospheric nu-
clear tests, mostly cesium 137.) So they went to the headquar-
ters of one of Maine Yankee’s owners, the Central Maine Pow-
er Company in Augusta, and sampled for beta activity on paint-
ed and unpainted concrete, ceramic tile, and asphalt.

While trying to discount natural background sources, man-
agers also looked for the unnatural ones. As part of an agreement
with a local environmental group, Friends of the Coast, they in-
vited former workers back to Maine Yankee to discuss locations
where materials had been dumped or spilled. The General Ac-
counting Office (GAO), the investigative arm of Congress, lists
this opportunity as a factor favoring prompt decommissioning.

Pressurized water reactors like Maine Yankee have multi-
ple layers to hold in radioactive materials, but they always es-
cape and turn up in odd places. In Maine Yankee’s case, that
included cobalt 60 on the employees’ baseball field. (Decom-
missioning managers think it was brought there with snow
plowed from the area immediately around the plant.)
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flows to the turbine. At Maine Yankee, those tubes leaked, too.
And as is common at industrial plants, contaminated water was
sometimes spilled into drains.

To cope with these fission products, plant technicians
washed the piping with chemicals, lowering the radiation in the
primary coolant loops fivefold. For surface-contaminated con-
crete, workers turned to “scabbling,” or blasting away the first
quarter- to half-inch; dust was vacuumed out and went through
a high-efficiency particulate air, or HEPA, filtration system.

Even if the tubes or the fuel had never leaked, there is a sec-
ond kind of contamination: activation products, atoms that are
struck by neutrons from the fissioning uranium, absorb the neu-
tron and become unstable, or radioactive, instead of splitting.
Technicians found evidence of activation products up to two
feet deep into concrete. Over the years of operation, the reac-
tor internals are generally so transformed by neutron irradia-
tion that they must be treated as high-level waste.

According to the NRC, one of the dominant activation prod-
ucts and a major source of radioactivity aside from the fuel is
cobalt 60. It is produced by the interaction of neutrons and
cobalt 59 or nickel, both components of various metal alloys.
There is a saving grace to cobalt 60: its half-life, or the period
that it takes half the material to give off its particles and gam-
ma rays and transmute itself to nonradioactive nickel 60, is just
5.27 years. In theory, workers could simply wait it out; in 21
years, /16 of the cobalt 60 would be gone.

But at Maine Yankee and many other plants, the impetus is
to move ahead. One reason is cost, which tends to increase with
time. Another is a characteristic of nuclear projects that own-
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ers have learned to fear: changing rules. Just as shifting regula-
tions caused major delays in plant construction, they could lead
to delays in tearing them down. A related concern is whether
low-level waste repositories will be available when the time
comes. If one or more of the three now in operation in the U.S.
were to shut and not enough new ones were to open, prices
could rise steeply or disposal could become unavailable. Dis-
posal costs today already can run $600 per cubic foot.

In fact, rule changes have already occurred since the shut-
down of Maine Yankee, and the regulatory challenges have
grown. In 1997 the challenge was to meet the NRC’s standard
for unrestricted release of a property, but new rules are stricter.

The NRC standard is “as low as reasonably achievable” but
no more than 25 millirem a year in additional radiation (above
the background exposure in that area) to the average member
of a critical, or vulnerable, group. The Environmental Protec-
tion Agency has a standard for sites that are chemically con-
taminated, based on a one-in-a-million chance of an addition-
al cancer. It works out to 15 millirem per year, with no more

MATTHEW L. WALD is areporter at the New York Times, where he has
been covering nuclear topics since 1979. He has written extensively
about reactor construction and operation, production of materials
fornuclear weapons, military and civilian waste management, and
the economics of power generation. He has visited 22 of the nu-
clear power plants in North America, as well as three research re-
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LATTICEWORK of 24 pigeonholes holds 12-foot-long radioactive fuel
assemblies (above). The assemblies are shrouded in 2.5-inch-thick steel
and set in a concrete silo 28.5 inches thick and 19 feet high (right).

than four millirem of that amount coming from groundwater.

The millirem is an odd unit to get a handle on. It is not di-
rectly a unit of radiation but one of biological damage. It de-
rives from the roentgen, a measure of the ionizing power of
gamma rays. But the three dominant types of radiation—alpha,
beta and gamma—differ in their biological potency; the rem,
which is short for “roentgen equivalent man,” integrates the
three into a single number.

The NRC asserts that its standard is sufficiently protective.
For the moment, it is the federal standard. But it is also rapid-
ly losing relevance. That is because the ultimate arbiters of
health and safety, the states, are stepping in. In 2000 the Maine
legislature cut the amount to 10 millirem, with no more than
four from groundwater. Massachusetts, New York and New
Jersey took similar steps, although so far the last two states do
not have any reactors ready for full decommissioning.

The number is a key parameter because cleanup becomes
more complicated as standards tighten. When it comes to ra-
diation, it seems, almost no standard is stringent enough.

Some people think the Maine law sets a bad precedent.
“What we ought to do is set standards for cleanup based on
sound science and protection of health and safety,” says Mar-
vin S. Fertel, a senior vice president of the Nuclear Energy In-
stitute, the industry’s trade association. “The Maine sta