One quark knows the
other quark’s charge

Physical theory endows quarks with a
rapidly increasing variety of properties
and characteristics. Quarks are — in
theory —the basic constituents of matter,
the objects out of which the fundamental
particles of physics (for example, the pro-
ton and neutrons that make up atomic
nuclei) are built. Quarks must possess the
necessary properties in the exact amounts
so that when they are added together in
the theoretically prescribed ways, the par-
ticles that are constituted by the different
kinds of summation come out with the
properties they are observed to have.

Finding out whether quarks really have
the postulated properties, even something
as basic as electric charge, is not easy.
Quarks never appear in such a way that
they can be detected and measured as free
particles. They tend to stay within the

confines of the structures they build.
Within those confines they may be ex-
changed, altered or multiplied, but getting
information about what goes on in there
depends on indirect observation at best.

In the Feb. 12 NEw SCIENTIST is a report
that physicists working at the Deutsches
Elektronen-Synchrotron laboratory
(DEsy) in Hamburg seem to be deriving
evidence that quarks do have electric
charge. The evidence comes from study-
ing collisions of electrons and positrons in
DESY’s PETRA storage ring.

In the ring, highly energetic electrons
collide head-on with highly energetic pos-
itrons. Positrons are the antiparticle to
electrons, so the collisions constitute an-
nihilation reactions that yield blobs of
pure undifferentiated energy. This energy
can then articulate itself into just about
any form of physical particle. Sometimes it
turns into a quark and an antiquark.

This quark and antiquark are not al-
lowed to travel any farther than the equiv-
alent of the diameter of one of the particles

they could be a part of. Before they leave
that volume the individual quarks must
become something else.

These are a very energetic quark and
antiquark so each of them changes itself
into quite a spray of ordinary particles. (In
the convoluted world of particle physics it
is possible for a thing that has a lot of
energy to turn itself into its own container,
not once but many times.) The particles
produced come off in oppositely directed
jets, one for the quark, one for the anti-
quark.

The physicists working with DEsY’s
TASsoO detector have been recording quite
a few of these two-jet events that are at-
tributed to quark-antiquark production,
and they notice a curious thing about the
distribution of electric charge among the
particles in the jets. It is not random.

The original meeting and annihilation of
electron and positron produces an elec-
trically neutral bit of energy. If charged
particles are subsequently produced from
this bit of energy, the total charge, the sum
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guards: Plume moth confusion

It only takes a single chemical to excite a male plume moth. A whiff of 11-
hexadecenal sends him, antennae raised and wings vibrating, in search of a mate.
Traps with only 100 micrograms of the synthetic pheromone catch more male moths
than do traps with four attractive virgin females, report Kenneth F. Haynes and Martin
C. Birch of the University of California at Davis and Jerome A. Klun of the U.S.
Department of Agriculture. The researchers speculate that the entire 10,000 acres of
the California globe artichoke crop could be treated with the pheromone as a test of
the “male-confusion” technique for insect control. Against a high background of the
chemical most male moths would be unable to locate virgin females for mating and
the population would decrease, the scientists predict. Then artichoke growers could
get off the current insecticide treadmill.

Although the artichoke crop has only one important insect pest, the battle against
that pest has been costly. A large number of insecticides are currently sprayed on the
crop, at a cost of approximately $300 per acre. Consequently, the artichoke plume
moth has developed some pesticide resistance and normal biological controls have
been disrupted. The moth originally infected thistle plants, but when it was intro-
duced to California in the 1920s, it took up residence in artichokes. In some harvests
as many as 90 percent of the buds have been infested by the moth larvae and recent
annual losses have been as high as 50 percent of the bud crop, Haynes and colleagues
say in the January CALIFORNIA AGRICULTURE. Even if the pheromone does not control
the plume moth population by male confusion, it is expected to cut down on
insecticide use. It can be used more conveniently than can virgin females in field
traps so that more limited applications of insecticides can be appropriately timed. O
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of all positives and negatives, should al-
ways remain zero. And so it does in these
quark-jet cases, but in such a way that one
jet appears to have a bias for positive
charge, the other a bias for negative
charge.

To get the neutral balance nevertheless
this means in effect that the left-hand jet
knows what the right-hand jet is doing. For
that to be so, the bias must go back to their
origins, to the quarks. One of them must be
biased to one kind of charge, the other to
the other kind, and together they must
balance out. So the evidence seems to be
showing that quarks have electric
charge. a

Grime fighting
with superoxide

Those stubborn halogenated hydrocar-
bon industrial wastes. Try dumping them,
and they persist in the environment; try
incinerating them, and acid pollutants are
exhausted. Looks like this is a job for
“superoxide” — a form of the oxygen
molecule that has one extra electron.

Superoxide, under specific conditions,
has the power to detoxify certain haloge-
nated hydrocarbons — the derivatives of
hydrogen-carbon parent molecules that
contain a halogen (chlorine, bromine or
iodine, for example). This special ability of
the negatively charged form of oxygen is
reported by Donald T. Sawyer of the Uni-
versity of California at Riverside and Julian
Roberts of the University of Redlands in
California in the Feb. 11 JOURNAL OF THE
AMERICAN CHEMICAL SOCIETY.

While studying the electrochemical
properties of oxygen dissolved in special
inactive solvents, Sawyer and Roberts ob-
served that in the presence of an electrical
current and in the absence of water,
superoxide breaks the diehard carbon-
chlorine bonds responsible for the persis-
tence of substances such as the chemical
waste chloroform (CHCl;) and the pes-
ticide ppT. In a dozen or so nearly spon-
taneous steps, superoxide replaces the
tenacious carbon-chlorine bonds with
carbon-oxygen bonds, converting the
halogenated hydrocarbons into sub-
stances that have the component baking
soda made famous — carbonate (CO;72).

Currently, the cheapest alternative to
dumping halogenated hydrocarbons is in-
cinerating them. Sawyer says that even
though the superoxide method uses elec-
tricity, it eventually could be cost-compe-
titive with incineration. “The rationaliza-
tion here is that the electrochemical proc-
ess may be expensive, but it also is highly
specific and will get rid of only the car-
bon-chlorine bonds,” he explains. “It won't
do chemistry on the other constituents in
the mess.” Incineration, on the other hand,
burns up everything from the hazardous
chemicals to those that could be recycled
fuel sources. ]
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Shuttle test

At 845 a.m. Est on Friday, Feb. 20, an
elaborate, two-day countdown climaxed
with the spectacular 20-second firing of the
U.S. space shuttles three powerful main
engines. It was the first time they had been
fired while mounted to the shuttle vehicle,
and the last before they are ignited for a
longer burn (together with a pair of
“strap-on” auxiliary rockets) to carry the
craft on its maiden flight to orbit. The test
was deemed a success, and NAsA officials
continued to speak of an early-April
launching, despite some thermal material
that still needs rebonding to the shuttle’s
external fuel tank, and a strike begun by
several hundred launch-pad workers only
15 minutes after the engine-firing was
completed.

Mapping two-faced
Dione

Janus, a literally two-faced Roman deity,
was the name proposed for a small satel-
lite of Saturn first detected (though its
orbit was incorrectly calculated) in 1966.
Another Saturnian satellite, however,
known as Dione —whose name no one is
about to change — would certainly seem
to be a fit candidate for the title in view of
the Voyager 1 spacecraft’s recent photos,
which show it to be a strikingly two-faced
moon.

Dione’s trailing hemisphere — the one
that faces behind in its orbital motion —
reveals long, bright, “wispy” features
seemingly painted on the dark, cratered
terrain, while the leading side merely
shows the familiar, dark-colored craters
and some intervening plains. Now the
photos have been transformed into a map
(see pages 138 and 139) that clearly
portrays the Dionean dichotomy. Drawn
by airbrush at the U.S. Geological Survey’s
Branch of Astrogeologic Studies in Flag-
staff, Ariz., the map was deliberately made
with resolution only as sharp as the
photos can confirm. Proposed names for
surface features are now being evaluated
by a committee of the International As-
tronomical Union. Some additional cover-
age will be provided by Voyager 2, which
will fly past Saturn in August.

The wisps, suggests Laurence Soder-
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blom of the usGs, may be water that froze
onto the surface after “outgassing”
through cracks in the crust. The cracks
might have been due to the expansion of
Dione’s water-rich interior as it froze, or
perhaps even to tectonic activity. The
satellite’s density of 1.45 grams per cubic
centimeter might be just enough to allow
for some radionuclides as the source of
the necessary heat for tectonics, Soder-
blom very tentatively points out, and in-
deed, similar wisps may exist on portions
of Rhea (see map, SN: 2/14/81, p. 108),
slightly less dense at 1.35 g/cc. Either hy-
pothesis, he says, suggests that wisps
might once have covered the whole of
Dione, later to be preferentially obliter-
ated from the leading hemisphere by the
impacts of solar-system debris. A few large
craters also show on the wispy side, and
Soderblom poses a scenario in which
Dione’s initial formation was followed by
an episode of widespread cratering (from
the general meteorite bombardment be-
lieved to have taken place throughout
much of the solar system), after which
came the fracturing and resultant “wisp-
ing” and finally the scouring of the leading
hemisphere.

A different possibility, suggested by
Eugene Shoemaker of the usGs, is that the
cracks might be fractures caused by a
single big impact. Many of the wisps do
seem to radiate from a single general re-
gion, and near its center is a dark, ring-like
shape which, if it is indeed a crater, is one
of Dione’s largest, more than 200 kilome-
ters across. Such a localized origin for the
cracks might also explain the lack of wisps
on the opposite side.

One of Dione’s oddest features, in a
sense, is not part of Dione at all, but the
fact that it shares its orbit with another
moon, discovered about a year ago and
unofficially dubbed Dione B. Far smaller
than Dione itself (perhaps 50 to 100 km
across, versus 1,120), “B” circles Saturn
ahead of Dione’s position, sometimes be-
hind and sometimes ahead of one of the
so-called Lagrange libration points at
which it is held in a gravitational balance
by Dione and Saturn. The idealized point
(L,) is 60° ahead of Dione, but a satellite
would tend to oscillate around that point
for a variety of reasons such as less-than-
idealized geometry in the original gravita-
tional interactions that placed the two
moons in the same orbit. This week,
Harold Reitsema of the University of
Arizona reported that Dione B's angular
separation from its big companion varies
between 46.9° and 76.4°, taking about 787
days to complete one cycle. (At least one
other pair of co-orbital Saturnian moons,
yet unnamed, is also known to exist, much
closer to the planet —the larger of which,
ironically, is the object that was originally
proposed for the name Janus. And U.S.
Naval Observatory researchers are now
analyzing the possibility that Tethys may
be sharing its orbit with not one but two
librating companions.) a
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