Is the moon there
when nobody looks?
Reality and the quantum theory

Einstein maintained that quantum metaphysics entails spooky act?ons _
at a distance; experiments have now shown that what bothered Einstein
is not a debatable point but the observed behavior of the real world.

N. David Mermin
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Quantum mechanics is magic

In May 1935, Albert Einstein, Boris
Podolsky and Nathan Rosen published”
an argument that quantum mechanics
fails to provide a complete description
of physical reality. Today, 50 years
later, the EPR paper and the theoreti-
cal and experimental work it inspired
remain remarkable for the vivid illus-
tration they provide of one of the most
bizarre aspects of the world revealed to
us by the quantum theory.
Einstein’s talent for saying memora-
ble things did him a disservice when he
declared “God does not play dice,” for it
has been held ever since that the basis
for his opposition to quantum mechan-
ics was the claim that a fundamental
understanding of the world can only be
statistical. But the EPR paper, his
most powerful attack on the quantum
theory, focuses on quite a different
aspect: the doctrine that physical prop-
erties have in general no objective
reality independent of the act of obser-
vation. As Pascual Jordan put it?
Observations not only disturb
what has to be measured, they
produce it. . . . We compel [the elec-
tron] to assume a definite posi-
tion. ... We ourselves produce the
results of measurement.
Jordan’s statement is something of a
truism for contemporary physicists.
Underlying it, we have all been
taught, is the disruption of what is
being measured by the act of measure-
ment, made unavoidable by the exis-
tence of the quantum of action, which
generally makes it impossible even in
principle to construct probes that can
yvield the information classical intu-
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ition expects to be there.

Einstein didn't like this. He wanted
things out there to have properties,
whether or not they were measured*:

We often discussed his notions on

objective reality. I recall that dur-

ing one walk Einstein suddenly
stopped, turned to me and asked
whether I really believed that the
moon exists only when I look at it.

The EPR paper describes a situation
ingeniously contrived to force the quan-
tum theory into asserting that proper-
ties in a space-time region B are the
result of an act of measurement in
another space-time region A, so far
from B that there is no possibility of the
measurement in A exerting an influ-
ence on region B by any known dynami-
cal mechanism. Under these condi-
tions, Einstein maintained that the
properties in A must have existed all
along.

Spooky actions at a distance

Many of his simplest and most explic-
it statements of this position can be
found in Einstein’s correspondence
with Max Born.® Throughout the book
(which sometimes reads like a Nabokov
novel), Born, pained by Einstein’s dis-
taste for the statistical character of the
quantum theory, repeatedly fails, both
in his letters and in his later commen-
tary on the correspondence, to under-
stand what is really bothering Ein-
stein. Einstein tries over and over
again, without success, to make himself
clear. In March 1948, for example, he
writes:

That which really exists in B

should ...not depend on what

kind of measurement is carried out

in part of space A; it should also be
independent of whether or not any
measurement at all is carried out
in space A. If one adheres to this
program, one can hardly consider
the guantum-theoretical descrip-
tion as a complete representation
of the physically real. If one tries
to do so in spite of this, one has to
assume that the physically real in

B suffers a sudden change as a

result of a measurement in A. My

instinct for physics bristles at this.
Or, in March 1947,

I cannot seriously believe in [the
quantum theory] because it cannot
be reconciled with the idea that
physics should represent a reality
in time and space, free from spooky
actions at a distance.

The “spooky actions at a distance”
(spukhafte Fernwirkungen) are the ac-
quisition of a definite value of a proper-
ty by the system in region B by virtue of
the measurement carried out in region
A. The EPR paper presents a wave-
function that describes two correlated
particles, localized in regions A and B,
far apart. In this particular two-parti-
cle state one can learn (in the sense of
being able to predict with certainty the
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An EPR apparatus. The experimental setup consists of two detectors, A and B, and a source of something (‘particles"
or whatever) C. To start a run, the experimenter pushes the button on C; something passes from C to both detectors.
Shortly after the button is pushed each detector flashes one of its lights. Putting a brick between the source and one of
the detectors prevents that detector from flashing, and moving the detectors farther away from the source increases the
delay between when the button is pushed and when the lights flash. The switch settings on the detectors vary randomly
from one run to another. Note that there are no connections between the three parts of the apparatus, other than via
whatever it is that passes from C to A and B. The photo below shows a realization of such an experiment in the
laboratory of Alain Aspect in Orsay, France. In the center of the lab is a vacuum chamber where individual calcium
atoms are excited by the two lasers visible in the picture. The re-emitted photons travel 6 meters through the pipes to
be detected by a two-channel polarizer. Figure 1
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