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RAC concluded that the gene therapy was “a
cause” of rather than “likely caused” the
child’s leukemia, and that “other predisposing
factors may have contributed.” Although other
SCID trials should proceed, RAC concluded,
federal guidelines should be revised to include
a suggestion that gene-therapy researchers do
more intensive monitoring for signs of cancer
and archive tissue so that molecular events
can be traced. “We would know nothing about
the French patient if they had not archived
samples,” says UCSF’s Diane Wara.

RAC is scheduled to vote on further rec-
ommendations at its next meeting in March,
when it will expand the discussion to other
gene-therapy studies that use retroviruses.
“This is just the beginning,” Friedmann says.

~JOCELYN KAISER

PLANETARY SCIENCE

How a Pair Marries
For the Eons

Planets have satellites. Asteroids have satel-
lites. So astronomers weren’t too shocked to
discover in 1998 that Kuiper belt objects
—icy remnants from the solar system’s
formation—have them, too. But they were
mystified nonetheless: The pairs of Kuiper
belt objects (KBOs) spotted out beyond
Pluto seemed impossibly large and widely
separated; companions are of comparable
size and hundreds if not thousands of times
their own diameters distant from each other.
Collisions between asteroids suffice to loft
bits of rock into close orbit, but how could so
much mass get so far from its companion? In
this week’s issue of Nature, three astrophysi-
cists more likely to be working on stars and
galaxies than nearby ice balls suggest a way
that such binary KBOs might have come into
existence in the earliest days of the solar sys-
tem without the help of collisions.

According to the new calculations, the re-
lationships developed slowly. Newborn KBOs
would have interacted through their gravita-
tional pulls, first forming loosely bound, un-
stable pairs during close encounters and then
being stabilized by gravitational interactions
with other KBOs. The proposed mechanism
predicts that, as astronomers sharpen their
view of the Kuiper belt, they’ll find that most
KBOs are tightly bound binaries, or even
triplets, and that the standoffish partners seen
so far are outliers. “It’s an exciting paper,” says
planetary dynamicist William Bottke of the
Southwest Research Institute (SWRI) in Boul-
der, Colorado. “It’s a really creative mecha-
nism.” But it’s not the only proposed solution.
A closer look at the Kuiper belt should deter-
mine the winner, or winners.

In the past, theorists have come up with
viable explanations for binaries of all kinds.
In the 1980s and early ‘90s, studies of terres-
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trial craters began suggesting that about 15%
of impactors were actually doubles. So in
1996, Bottke and planetary dynamicist Jay
Melosh of the University of Arizona, Tucson,
argued that if collisions have battered all but
the largest and the very smallest asteroids
into flying piles of rubble, Earth’s tidal forces
could pull apart any rubble-pile asteroid that
flew within 10,000 kilometers or so—much
as Jupiter ripped apart comet Shoemaker-
Levy 9. Sometimes, the ruptured rubble pile
would form a binary that would later hit
Earth. Discoveries in the last few years con-
firm that about 15% of near-Earth asteroids
are indeed closely bound binaries.

Out in the main asteroid belt, there’s no
planet handy, so after the 1994 discovery of
tiny Dactyl orbiting Ida, the first asteroid seen

Partners. If Kuiper belt objects bond without a collision being involved,
astronomers should find particularly close pairs such as this one.

to have a satellite, theoreticians quickly came
to rely on collisions to explain binaries there.
Two chunks of debris from the catastrophic
disruption of an asteroid could go into orbit
around each other, a glancing blow might set
an asteroid spinning so fast that it split into a
binary, or ejecta from an impact might go into
orbit and agglomerate to form a satellite. But
“in the case of KBOs, both tidal fragmenta-
tion and collisional formation seem very un-
likely,” says Bottke. “We probably need a
completely different formation scenario.”
That’s where astrophysicists Peter Gold-
reich, Yoram Lithwick, and Re’em Sari of the
California Institute of Technology (Caltech)
in Pasadena came in. Lacking a convenient
planet or the necessary huge collisions, they
looked at close, purely gravitational KBO en-
counters, which would have been far more
frequent than collisions were. The Caltech
group first calculated how often two large
KBOs passing near each other would tem-
porarily fall into orbit around each other be-
fore again going their separate ways. They
then calculated how often such a transient bi-
nary could lose enough energy to become a
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stable binary, the way retrorockets rob energy
from a spacecraft to bring it into orbit. A third
large KBO passing nearby in the century or
two before breakup could do the trick. More
subtly, the cumulative gravitational influence
of the sea of small KBOs that the pair is pass-
ing through could gently rob energy from it.
Together, the two mechanisms would have
produced the small percentage of widely sep-
arated binaries observable today, according to
the Caltech calculations.

Collisionless formation of KBO binaries
“is definitely promising,” says planetary dy-
namicist Daniel Durda of SwRI, Boulder,
because it overcomes the “need for incredi-
bly huge projectiles” in collisional mecha-
nisms. But there might be another way too,
Durda notes. Planetary dynamicist Stuart
Weidenschilling of the
Planetary Science Insti-
tute in Tucson has just
published a hybrid mech-
anism in the November
issue of Jcarus. He uses a
collision, but the two col-
liding KBOs merge.
When their merging
takes place within the
gravitational influence
of a third KBO, the
combined body can form
a binary pair with that
third body. Both the Cal-
tech group and he “did
primitive, back-of-the-
envelope calculations,”
says Weidenschilling.
“There’s a lot more work
needed to compare calcu-
lations against observations. It may be both
mechanisms are viable.”

Goldreich and colleagues disagree. What-
ever conditions are assumed for the nascent
solar system, they write, the close encounters
their mechanism requires will always be far
more abundant than are the collisions that
Weidenschilling needs. “You never need these
collisions,” says Sari. “You just need the third
body to be there.”

‘Resolution could come with more detailed
observations. The collisionless mechanism
predicts that, like most stars, most KBOs are
binaries (although today’s instruments can’t
yet distinguish small, closely spaced pairs).
KBO pairs would have formed with wider
separations but spiraled inward until they
were too close for current telescopic observa-
tions to separate them. The hybrid mecha-
nism, on the other hand, predicts a decreasing
abundance of binaries at smaller separations.
At stake are insights into what the early, still-
forming solar system was really like, includ-
ing how Pluto and its huge moon Charon
came to be paired. “It’s going to be very inter-
esting,” says Durda. —RICHARD A. KERR
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