radiometer will allow Low to measure
and map the surface temperature of the
unilluminated portions of the moon to
an accuracy of two degrees C. Many of
these “hot” spots are located near
bright-rayed craters, and scientists be-
lieve the hot spots are due to heat re-
tention by ejected boulders from the
craters. But some of these hot spots are
not located near craters. They may be
related to natural heat sources within
the moon. Low should be able to dif-
ferentiate debris from hard rock. He
might even be able to differentiate crys-
talline rocks from breccias—but that’s a
long shot, admits NAsA’s Noel Hinners.

The ultraviolet spectrometer will
measure the atomic composition of the
very tenuous lunar atmosphere by ob-
serving reradiation of absorbed solar
ultraviolet between 1,175 and 1,675 ang-
stroms wavelength. William E. Fastie of
Johns Hopkins University hopes to de-
termine the height of the constituents
as well as measure the far ultraviolet
albedo and how it varies geographically.
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Lunar hot spots: Surface material or internal heat? Radiometer may answer.

He will also use the instrument to look
at far UV galactic emissions and study
distribution of atomic hydrogen be-
tween earth and the moon.

The panoramic and metric cameras
are also in the orbital package again as
on Apollos 15 and 16.

All this plus about 200 pounds of
rocks and soil (Apollo 16 returned
208), plus the astronauts’ observations.

should keep scientists busy for a while.
Although this is the last Apollo, Evans
said in a press conference this month
that the crew feels that the flight “is
just the beginning” of man’s exploration
of the universe. With all this data, Proj-
ect Apollo will certainly have given
scientists a running start. 0

Next: “A geologist goes to the moon”

The ‘lost’ particles of physics

Where, oh where are the quarks, the heavy leptons, and the intermediate vector boson?

by Dietrick E. Thomsen

Physicists have discovered more than
100 subatomic particles. Many were
unexpected, and some of the particles
seem superfluous. But in the midst of
finding things they don’t want, physi-
cists are having a difficult time finding
some things they do want. There are a
number of predicted particles whose
existence is important to one theory or
another that physicists so far have not
been able to find. Primarily these are
the quarks, the intermediate vector
boson and heavy leptons.

Reports of searches for these par-
ticles were summarized at the 16th In-
ternational Conference on High En-
ergy Physics by Robert Adair of Yale,
who said he was chosen because “my
colleagues and myself are the only
ones to have mounted massive searches
for all of them. In some circles that is
held to indicate a weakness of char-
acter.”

The most fundamental of these un-
found particles is the quark. Quarks
were invented simultaneously by Mur-
ray Gell-Mann and George Zweig both
of California Institute of Technology.
They found that the properties of par-
ticles belonging to the classes called
mesons and baryons could be explained
if the particles were regarded as being
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made up of two or three constituents
called quarks. Only three different
quarks are required to build up the
known mesons and baryons.

As soon as the theory was out, ex-
perimenters began to look for quarks
in spite of Gell-Mann’s insistence that
they are not real. The theory is per-
fectly good if the quarks are never free
but always bound together inside par-
ticles. Gell-Mann points out that a
free quark would be a somewhat dif-
ferent particle from his constituent
quark; it would obey a different sta-
tistical law. Nevertheless he agrees that
experimenters should go on looking,
although he says, “If they find one it
won’t be my quark.”

Gell-Mann’s or not, the search for
quarks has been disappointing. The at-
tempts don’t seem to have found any-
thing. One problem is that there is no
way of guessing the mass of a quark.
One thing that should help is that
quarks would have only a fraction of
the electric charge that other particles
have, one-third or two-thirds. But if
the lowest possible quark state hap-
pened to contain two quarks bound to-
gether, it could have unit charge and
appear electrically like any particle.

Most physicists who have looked
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for quarks have supposed that the rea-
son they couldn’t find any was that
quarks are too massive to be produced
in the most energetic collisions avail-
able up to now. If that is so, the In-
tersecting Storage Rings at the CERN
laboratory in Geneva ought to be able
to find heavier quarks than any pre-
vious experiment. But proton-proton
collisions in the rings that were equiv-
alent to striking a stationary target
with a proton of 1,250 billion electron-
volts 1,250 GeV) failed to find any.

The other place to look for quarks
is the cosmic rays. These observations
also give a null result.

Both the intermediate vector boson
and the heavy leptons are products of
theoretical struggles with the weak sub-
nuclear interaction. The weak interac-
tion seems closely related to the electro-
magnetic interaction, and several theo-
ries that unite the two are now a focus
of experimental attention. All these uni-
fying theories require either heavy lep-
tons or an intermediate vector boson or
both.

The 1vB would be the particle that
acts as intermediary for the weak in-
teraction, carrying its effect from one
particle to another, as the photon does
for electromagnetism and various me-
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sons do for the strong interaction.

“Heavy lepton” is something of a
contradiction in terms, since lepton
means lightweight. The known lep-
tons, particles particularly connected
to the weak interaction, are four: the
electron, the muon and the two kinds
of neutrino. To these, the theory would
add several longlived (10—1! seconds)
unstable heavy particles.

The Adone storage ring at Frascati,
Italy, is a good place to look for heavy
leptons. Adone clashes a beam of elec-
trons against a beam of positrons. This
is a lepton-antilepton collision and it
might easily produce the leptons that
are being looked for. Experiments to
detect leptons with masses of 700 mil-
lion and 900 million electron-volts
failed to turn up any. The Frascati
people hope to go above one GeV
fairly soon.

If you can’t find heavy leptons in
lepton-lepton collisions, you look at
hadron-hadron interactions. Hadrons
are particles associated primarily with
the strong interaction: protons, neu-
trons, mesons and various resonances.
As Adair describes it, such a collision
creates a kind of subnuclear fireball.
Out of this fireball comes a gamma
ray which decays into a lepton-antilep-
ton pair. Theoretically the cross sec-
tion for the production of heavy lep-
ton pairs is approximately equal to that
for muon-antimuon pairs and electron-
positron pairs. Armed with this infor-
mation, an experimenter can do a de-
finitive experiment, one where “no”
really means “no” rather than ‘“not
yet.” The technique for doing such an
experiment has yet to be worked out.

Meanwhile an experiment has been
done at Serpukhov in Russia, which
looked for quasistable heavy leptons
in the products of a proton collision
with a stationary target. The Serpukhov
experimenters sought particles with
mass equivalent to about one GeV that
would pass through a lot of matter
and have a lifetime greater than 10—8
seconds. They found none.

The intermediate vector boson has
been the object of a long search. Last
year a group of experimenters working
in a mine near Salt Lake City reported
what they thought was evidence for
the existence of the intermediate vector
boson (SN: 8/21/71, p. 121). They
were looking for muons that would
come from the decay of the 1vB and
they set up their experiment in a mine
deep inside a mountain to shield it as
well as possible from other particles.
An attempt to confirm this in a gold
mine in the Kolar Goldfields in India
yielded what the Indian researchers
consider a strong negative. Meanwhile
other groups, one a collaboration be-
tween people from the Universtiy of
California, Berkeley, and the Stanford
Linear Accelerator Center, the other a

october 21, 1972

collaboration of people from the Uni-
versity of California at San Diego, Yale
and Brookhaven National Laboratory,
report “slight counterindications” of
the Utah result.

In spite of the so-far relatively fruit-
less searches, experimenters continue
to look for these particles because
theorists would be so happy to have
them. There is still a very real hope of
finding them as the world’s two new
pieces of high-energy equipment, the
CERN ISR and the U.S. National Accel-
eratory Laboratory really get into their
stride. 0

NOTICE TO SCIENCE
TEACHERS

The advertisement on p. 232 of
the Oct. 7 SCIENCE NEWSs soliciting
entries in the Westinghouse Science
Talent Search inadvertently gave a
wrong deadline for entries. The cor-
rect deadline date is Midnight, Dec.
15, 1972. The contest is open to
those students expected to complete
college entrance qualifications be-
fore Oct. 1, 1973.

Further details and entry materials
can be obtained from:

Science Service

1719 N St. N.W.
Washington, D.C. 20036

GEODESIC CONSTRUCTIONS

The same do-it-yourself kit sold at
college book stores and science centers.
Build 8 foot circumference sphere . . .
dome models . . . 3-D figures. 400 pieces
include colored wood struts, reusable
parts. Complete. $3.00 plus 50¢ postage
and handling. IKOSO-KITS, Rt. 3 Box
480, Eugene, Ore. 97405

# 200,000 VOLTS
® ELECTRO-STATIC
» GENERATOR

\ KIT

200,000 Volts, as illus., can be assembled with pliers
and screw driver. 17" high, 7" diam., Current 1.5 to
2.5 microamps. 90% rel. humidity range. Life of
service over 1000 operating hours. 110 v 60 cycle AC
motor, insulating column of unbreakable vinyl chlor-
ide, oil impregnated bronze bearings. Aluminum
base, housing, frame and charge collector
500,000 VOLTS. Kit $45.00 postpaid
includes drawings and all necessary

rarts except motor. (Any % HP or
arger motor will suffice.)

Experiments in Electrostatics — a book of experi-
ments you can do...send 50¢. Low priced physics

cquipment for schools and science projects. Free
catalogs — send 15¢ for postage. Dept. SN 10-72

155 Great Arrow Ave., Buffalo, N.Y. 14207

SUBSCRIBE TO SCIENCE NEWS

It is easy to subscribe to Science News.
Send a check for $10 for a one-year
subscription (52 issues) or $18 for two
years to:

SCIENCE NEWS
Subscription Department

231 West Center St., Marion, Ohio 43302

National Geographic Magazine. The rarest
issue—not the First—sells for up to
$1000. For our Retail Pricelist of all is-
sues 1888-1971 send $2.00.

Playboy Magazine. Some worth $100-
$300. For our Retail Pricelist 1953-1971
send $1.00. All magazines are available.
Ostfeld Publication Research Institute, 640
1\8 Wabash Ave., Suite 1407, Chicago, Ill.
60611

COPIES MISSING

Keep your files of Science News complete
and up-to-date. Any missing issue may be
ordered. Send 35 cents per cogy (50 cents
for issues older than six months) to:

SCIENCE NEWS
1719 N St, N.W. Washington, D.C. 20036

L Q. of 145
and Can’t
Remember?

A noted publisher in Chicago reports
there is a simple technique for acquir-
ing a powerful memory which can pay
you real dividends in both business and
social advancement and works like mag-
ic to give you added poise, necessary
self-confidence and greater popularity.

According to this publisher, many
people do not realize how much they
could influence others simply by re-
membering accurately everything they
see, hear, or read. Whether in business,
at social functions or even in casual
conversations with new acquaintances,
there are ways in which you can domi-
nate each situation by your ability to
remember.

To acquaint the readers of this pa-
per with the easy-to-follow rules for
developing skill in remembering any-
thing you choose to remember, the pub-
lishers have printed full details of their
self-training method in a new booklet,
“Adventures in Memory,” which will
be mailed free to anyone who requests
it. No obligation. Send your name, ad-
dress, and zip code to: Memory Studies,
555 E. Lange St., Dept. 857-00, Munde-
lein, Ill. 60060. A postcard will do.
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