a lot more attention than it deserves,” says
Jackson. “The statements themselves—I won’t
call them predictions—are so vague.” He
points out that they predict the timing only
to within some weeks, specify the location
only to within 100 kilometers or so, and give
the magnitude to within 0.7 units. With
UCLA colleague Yan Kagan, Jackson has
“come to the conclusion the results aren’t
any better than random chance,” he says.

“I can understand why people are com-
plaining about the VAN method,” says seis-
mologist Kanamori. But when it comes to the
rarer, larger quakes, where the odds of suc-
ceeding by chance are smaller, Kanamori’s
“subjective judgment” is favorable. Because
Varotsos has been faxing VAN predictions
around the world as they are made, Kanamori
has a feel for the correlation between predic-
tions and larger earthquakes. In the past,
“when I received several faxes in a relatively
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short time,” says Kanamori, “there were al-
most always large events in Greece.”

That was the case when a series of three
large quakes—magnitude 5.2, 6.5, and 6.4—
struck Greece last May and June. “This year
Varotsos sent out three predictions for big
earthquakes,” notes Stanford’s Fraser-Smith,
“and there were three big earthquakes. There
have been no predictions since.” The predic-
tions “have never been exactly right,” notes
Fraser-Smith—two of the quakes arrived days
past the windows set by the predictions—but
they have sent Fraser-Smith “more into the
favorable column” on VAN. He and col-
leagues in California are now mounting a
study of the SES phenomenon there. Like-
wise, Seiya Uyeda of Tokai University will be
expanding his electrical network in Japan,
which he and other researchers set up in
recent years to emulate the Greek system.

But even as VAN attracts supporters out-

side Greece, a nagging question remains:
Even if it works, how useful will it ever be? If
Kanamori is right that the signals are gener-
ated not at the eventual epicenter but over a
broad area, he says the VAN method
wouldn’t be any better than past attempts at
prediction based on the broad swarms of
smaller quakes that tend to precede large
ones in some areas. At best, the predictions
could only pinpoint an impending quake to
an area 200 kilometers or so across—large
enough to include both Los Angeles and San
Diego. “I don’t think that’s very useful for
earthquake prediction in a place like Califor-
nia or Japan,” says Kanamori.

Such musings are reminding researchers
like Park, Fraser-Smith, Uyeda, and others
not to embrace the VAN group’s technique
too eagerly. But it’s too enticing to ignore,
says McEvilly: “These guys aren’t quacks.”

—Richard A. Kerr

Ulysses Cracks a Cosmic Peanut

It was an elegant picture: Enclosing the sun
and all its planets is a vast, mostly spherical
cocoon of plasma and magnetic fields, carved
out of the thin gases of interstellar space by
the wind of charged particles from the sun.
But the heliosphere, as it’s called, is not look-
ing quite so elegant anymore. If space physi-
cists are right in their interpreta-
tions of data from the spacecraft
Ulysses, our cocoon in interstel-
lar space actually looks more like
a peanut, with its “waist” in the
same plane as the solar system.
At a workshop held last
month at the Jet Propulsion Lab-
oratory in Pasadena, California,
investigators reported Ulysses
measurements showing that the
solar wind carries more momen-
tum at the sun’s poles than it
does along the ecliptic—the
plane of space in which Earth
and the other planets orbit. The
effect, they said, is to balloon the

south pole last year, sped back across the
ecliptic plane and, in September, crossed the
north pole.

During this passage, the sun has been near
the minimum of its 11-year cycle of activity,
a time when its behavior changes only slowly.
And that slow pace of change, combined with
~ Ulysses’ swift reconnaissance,
makes the observations “the
closest thing we've ever had toa
global snapshot of the helio-
sphere,” says Phillips. Although
the heliosphere’s boundary has
not yet been observed directly,
it is thought to lie 100 times far-
ther from the sun than Earth’s
own orbit. But the exact distance
now seems to vary with direction.

Even before Ulysses, says Phil-
lips, it was known that during
the minimum of the solar cycle,
the solar wind is both faster and
more tenuous over the sun’s poles.
It meets less resistance there,
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heliosphere north and south of  Shape of space. The because the sun’s magnetic field
the ecliptic. Ulysses also picked heliosphere, an enve- lines wander away into space
up hints that the heliosphere is  lope of plasma 100 instead of forming arches over

not only a peanut, it’s probably a
lopsided one at that.

Charting the shape of the
heliosphere takes a unique vantage, which is
just what Ulysses has. “I don’t believe there is
any other measurement technique that could’'ve
done it,” says John Phillips of Los Alamos
National Laboratory, leader of the Ulysses
team studying solar-wind plasma. Launched
5 years ago as a joint project between the
National Aeronautics and Space Adminis-
tration and the European Space Agency, the
$1.1 billion spacecraft swung past the sun’s

912

times wider than Earth’s
orbit, bulges at the
poles (red line).

the surface, as they do at lower
latitudes. But it wasn’t known
how the faster speed and lower
density would balance out—whether they
would combine to deliver more or less mo-
mentum, or “push.” Ulysses showed that the
rise in speed more than compensates for the
drop in density, so that the heliosphere
should have a peanut-shaped cross section
when viewed along the sun’s direction of
travel through interstellar space. (Seen from
the side, the heliosphere is thought to be
stretched into an oval or teardrop shape.)
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What’s more, the momentum carried by
the wind at the two poles differed slightly,
which may inflate the two lobes of the pea-
nut unequally and affect its ability to screen
out cosmic rays. Because of the open mag-
netic field lines at the sun’s poles, researchers
had suspected that charged cosmic rays have
an easier time getting into the heliosphere at
both poles than they do at lower latitudes.
Ulysses confirmed that the flux rises slightly
with increasing solar latitude—although, as
University of Arizona theorists Randy Joki-
pii and Joseph Kota predicted before the
flight, the overall increase is limited by waves
that jiggle the magnetic field like clothes-
lines, blocking some of the rays.

But such processes should have the same
effect at both poles, resulting in a symmetri-
cal flux increase north and south of the sun’s
equator. Yet a Ulysses team led by John Simp-
son of the University of Chicago found that
the cosmic ray flux falls to a minimum not at
the sun’s equator, as expected, but about 10
degrees south of it. Adding to the puzzle, the
flux also turned out to be higher at the north
pole than at the south. “The explanation is
unknown,” says Chicago collaborator Ming
Zhang, but some of his colleagues speculate
that the asymmetries in the wind might cre-
ate unequal barriers to the cosmic rays.

What all researchers agree on is that the
heliosphere will look even less symmetrical
when Ulysses makes its next southern and
northern passes in 2000 and 2001. The sun
will then be at the peak of its activity cycle,
and how the heliosphere will react to the
gusts of solar wind, flares, and other unruly
behavior of the sun at solar maximum is any-
one’s guess. Says Jokipii, “The next time
Ulysses goes by the poles it’s not gonna be
so simple.”

—James Glanz





