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A Giant Step Toward Unified Field Theory

The use of field theory, which connects
forces to characteristics of space and de-
scribes them by means of equations with
geometrical content, is an old tradition in
physics. We speak of the earth as being in
the gravitational field of the sun. In school
most people have seen the demonstration
of a magnetic field using iron filings; text-
books represent electric fields with bun-
dles of lines in the manner of Michael
Faraday.

This geometrizing tendency has yielded
many dividends from philosophy to prac-
tical technology. Among theoretical phys-
icists it has aroused the long-standing
hope of a unified field theory—essentially
one description uniting all kinds of force.
At the moment there are four known kinds
of force (or interaction, as physicists pre-
fer to say): gravity, electromagnetism and
the weak and strong interactions of the
subatomic domain.

The modern unified field theory, often
called the Weinberg-Salam model after
Steven Weinberg of Harvard University
and Abdus Salam of Imperial College, Lon-
don, begins with the weak and electro-
magnetic interactions. An experiment
recently done at the Stanford Linear Ac-
celerator Center has confirmed some key
predictions of the Weinberg-Salam model,
suggesting that there are not four forces in
nature but three: gravity, the strong in-
teraction and the one for which there is no
name yet, the weak interaction cum elec-
tromagnetism. (The historical parallel is
the union of electricity and magnetism
into electromagnetism as completed in
James Clerk Maxwell’s theory in 1876.) The
significance of the experiment could be
seen in the reception of its results—which
had been eagerly awaited and even wa-
gered on by physicists. The results, an-
nounced at sLac on June 12 by experi-
menter Charles Prescott, are reported to
have been met with an unusual degree of
sustained and enthusiastic applause. As
the June 22 NEw ScIENTIST reminds us,
citing the august opinion of the philoso-
pher of science Karl Popper, no single ex-
periment can prove a theory, but the pre-
ponderance of evidence more and more
favors Weinberg-Salam.

The experiment deals with a particu-
larly important aspect of the proposed
unified force, its behavior with regard to
parity or left-right symmetry. Many things
are either left-handed or right-handed. Re-
flect them in a mirror, and they become
their opposite. Other things have no hand-
edness; they look the same reflected in a
mirror. It used to be thought that nature
was even-handed, showing no preference
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for left or right. This principle of space-re-
flection symmetry or parity was one of
three symmetry principles — the other
two are time-reversal symmetry and
symmetry of positive and negative electric
charges or matter and antimatter — that
all physical processes had to respect.

It is now known that for parity at least,
some respect it and some do not. Proc-
esses governed by the weak interaction
are particularly notorious for disrespect
to the principle of parity, and what is rele-
vant for the present case is that the formu-
lations of Weinberg and Salam increase
the possibilities for such violations .and
make them a likely means of testing whe-
ther this theory is a good description of
what'’s going on. The Weinberg-Salam for-
mulation provides a whole new class of
weak-interaction processes, the neutral-
current processes.

A neutral-current process is one in
which two particles interact without ex-
changing a unit of electric charge. If a
neutrino strikes a proton and bounces off,
and the neutrino remains a neutrino and
the proton remains a proton, that's a
neutral-current interaction. (Before Wein-
berg and Salam the weak interaction had
only charged-current interactions, those
in which a unit of charge was exchanged.
In that case the proton becomes a neutron
and the neutrino becomes a positron.) To
test the Weinberg-Salam theory, a search
for neutral-current processes was under-
taken, and they were discovered in 1973
(SN: 9/15/73, p.164).

The neutral-current interactions are
predicted to violate parity, and the exper-
iment mounted at sLac by Prescottt and a
large number of co-workers now seems to
confirm that prediction. The experiment
strikes high-energy electrons (accelerated
to between 16 and 21 billion electron-
volts) against proton targets. The elec-
trons’ handedness appears in the relation
of their spins to the direction of flight.
Some will be equivalent to right-handed
screws, some to left-handed screws. The
question is whether the protons prefer one
over the other.

The protons turn out to have a slight
preference for the left-handed, and the
number is just the same number as pre-
dicted.

Physicists would generally assume that
electromagnetic forces were dominating
any interaction between an electron and a
proton, but the appearance of parity viola-
tion requires the conclusion that another
force is operating. As far as anyone knows,
the electromagnetic interaction always
respects parity. Physicists assume the
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other force is the weak interaction. “That’s
an assumption,” says Richard Taylor, one
of the experimenters, but it's a plausible
one. The weak interaction exists; nothing
else is known that might be causing the
effect. If it is the weak interaction, then it is
a neutral-current process, because no
charge is exchanged between the electron
and the proton. So it must be a neutral-
current effect that is doing the parity viola-
tion between electron and proton. And
that pleases the theorists, because it is an
important result of the way the theory or-
ders the basic structure of matter that the
electron and the neutrino be equivalent to
each other in this kind of activity.

Some previous experiments have failed
to find this parity-violating effect and
caused much unhappiness among the
theorists. But they were done with atoms
and had complications that are being
hotly debated. Meanwhile, a group at
Novosibirsk in the USSR claims to have
found the electron parity violation, but
they have not published enough informa-
tion to allow Western physicists to judge.
Now comes the sLAC experiment, which is
described as clear, clean and confirma-
tory. The great excitement, says Taylor, is
that it tends to support the theory as
Weinberg and Salam originally conceived
it, not as it has been tinkered with over the
years. That conception is simple in struc-
ture and extremely broad in concept. It
does not intend to stop with the elec-
tromagnetic and weak interactions. Its
basic mathematical feature, the so-called
gauge principle, can encompass the
strong interaction and may be able to
reach gravity, too. If it does that, it will
become a theory that explains why every-
thing goes. O
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