NEW SCIENTIST

FASTER THAN THE

SPEED OF LIGHT

QUANTUM MECHANICS has been
with us for over sixty years and has
been thoroughly put through its paces
both experimentally and theoretically.
Yet physicists continue to be haunted
by its strange implications—virtual
particles, antimatter, negative energy,
Schridinger’s cat. Now it appears there
is something else to add to the list: light
that travels faster than light.

Such an idea sounds paradoxical if
not downright nonsensical. Einstein’s
special theory of relativity says that
anything that travelled faster than
light would also have to travel back-
wards in time. So if light can travel
faster than light, shouldn’t it be possible
to send signals backwards in time,
causing all sorts of mayhem, with effects
taking place before anything ought to
have caused them? .

Well, not exactly. It
turns out that the quan-
tum world is so strange
that it is, after all, possi-
ble to break Einstein's
speed limit. Until very
recently the consensus
was thar this would not
violate Einstein’s theo-
ries. But some tantalis-
ing new results reported
at a meeting last month
are not so easy to explain
away. If they prove true,
relativity theory could be
in trouble.

Most of the attempts to
send light faster than
light involve a phenome-
non called quantum tun-
nelling. In particular,
there is the work of
Raymond Chiao and col-
leagues at the University of California at
Berkeley. Chiao has been pioneering
a range of experiments that probe the
twilight zone of quantum mechanics—an
alien world where ghostly particles can
spontaneously appear and disappear,
where objects can pass through solid walls
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and where everything seems to dance to
a different tune depending on whether
or not you happen to be watching.

Quantum tunnelling is, in itself, a
remarkable phenomenon because it
involves particles travelling through
barriers that ought to be impenetrable.
If you throw a ball at a wall you expect
the ball to bounce back, not to pass
straight through it. Yet subatomic parti-
cles pull off the quantum equivalent of
this feat with consummate ease.

According to quantum theory there is
a distinct, albeit small, probability that
a particle can tunnel its way through a
barrier even if it does not have enough
energy to jump over. The probability
declines exponentially with barrier
thickness so for all practical purposes
quantum tunnelling is usually observed
only when barriers are
no thicker than a few
atomic layers. Never-
theless, quantum tun-
nelling has many
practical applications—
playing a major role in
nuclear fusion, in elec-
tronic devices such as
the tunnel diode, and in
tunnelling electron mi-
croscopes, the highest-
resolution microscopes
in existence.

What Chiao and others
have done is measure
how long it takes parti-
cles of light—photons—
tunnel through a
barrier. Their rationale
was a pile of theoretical
calculations, some per-
formed as long ago
as the 1930s, which
suggested a strange idea. In 1932,
L. MacColl of Bell Labs wrote: “When
a particle tunnels through a barrier, it
does so without any appreciable delay.”

The implications of this, though,
did not become apparent until 1955
when Eugene Wigner and his student

Einstein came up with the
ultimate speed limit—
nothing moves faster than
light. But was he wrong?

Julian Brown investigates

L. Eisenbud at Princeton analysed the
problem and concluded that under some
circumstances tunnelling particles could
actually travel faster than light.

This bizarre conclusion has been re-
examined and argued about by theoreti-
cians over the decades. The problem is
that many ways of looking at it seem to
leave common sense behind. For exam-
ple, one approach is to say that a tun-
nelling particle has to borrow energy to
overcome the barrier it is penetrating. In
effect, the particle runs an energy deficit
while it is tunnelling—it has a negative
kinetic energy. Classically, kinetic energy
is related to the square of the speed so,
if the energy is negative, the speed will
be the square root of a negative num-
ber, which sounds like nonsense.

Peaks and packets

Of course, tiny quantum particles do not
behave like ordinary balls so the classi-
cal calculation is probably inappropri-
ate. Another way of looking at the time
it takes the particles to tunnel is to take
advantage of the fact that quantum par-
ticles can also be viewed as spread-out
waves, where the size of the wave at any
particular place is related to the likeli-
hood of finding the particle there. There
are many different ways of calculating
the speed of such a “wave packet”: the
group velocity which corresponds to
the way the peak of the packet moves,
the phase velocity which corresponds
to the movement of an individual oscil-
lation within the packet, the energy
velocity corresponding to the speed at
which energy is transported, and so on.
All of them can be very different.
Wigner and Eisenbud's analysis calcu-
lated the tunnelling time in terms of the
peak of the wave packet and concluded
that it could be anomalously short. These
calculations also suggested the tun-
nelling time would become “saturated”.
In other words, it would reach a maxi-
mum beyond which it would stay the
same no matter how thick the barrier.
This would imply that the effective
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