How Decoherence Kill ed Schrodi nger's Cat

The inventors of quantum mechanics in the early twentieth

century had no illusions about its weirdness. In 1935 the German
physicist Erwin Schrodinger illustrated this by reference to a
cat held at the nercy of a device that could kill it. If the

devi ce was operated by a quantum event, this inplied that the
cat could be sinultaneously dead and alive. Now US physicists
have experinentally denonstrated the process by which, for
better or worse, the cat escapes this curious fate.

Quant um nechani cs dictates the behavior of matter at very small
scal es, around the size of single atons-a world utterly at odds
with our intuition. Wiereas we are used to the idea that an
object can be in only one state at a tine-either on the table or
on the floor-a quantum object can be in two (or nore) states at
once. It is then said to exist in a 'superposition of states'.

To show how quant um super positions contradi ct conmon sense,
Schrodi nger posited his cat-threatening device, in which the

out cone of an atom c-scal e quantum event would trigger, say, a
gun to fire. If, said Schrodinger, the quantum systemwas in a
superposition of the states that triggered and failed to trigger
the gun, then the gun would sinultaneously fire and not fire.
The cat would be both killed and spared.

Fortunately, there is a way out of this illogical outcone. Every
real system whether quantum or cl assical (such as a life-sized
cat), Is in contact wwth an external environment - a nmessy,
noi sy collection of atons whose state can never be perfectly
known. This coupling between a quantum systemin a superposition
and the environnment in which it is enbedded | eads the systemto
‘col | apse' or decay over tine into one state or another. This
process i s known as decoherence.

The rate of decoherence depends on the size of the quantum
system Physicists can now create and nmai ntai n quantum particl es
such as atonms or single photons of light in superpositions for
significant periods of tine, if the coupling to the environnent
is weak. For a systemas big as a cat, however, conprised of
billions upon billions of atons, decoherence happens al nost

i nst ant aneously, so that the cat can never be both alive and
dead for any neasurable instant. It is rather like a juggler
trying to keep billions of balls in the air

Yet physicists would dearly |ike to know just how that process
of decoherence takes place for many-atom systens. David W nel and
and col |l eagues at the National Institute of Standards and
Technol ogy(NI ST) in Col orado, USA, suspected that this m ght be
possible to follow at internediate scales - for superposition
states of only noderate size. Now, they report that they have
been able to watch decoherence happen and see how it speeds up
as the systemgets | arger

They set up superpositions of quantum states in single ions
(charged atons) of the elenment berylliumcooled to very |ow
tenperatures using | aser beans and held within a trap created by
an el ectromagnetic field. In this trap, laser light can then be
used to prepare the ion in a variety of superpositions of its



possi bl e quant um st at es.

W nel and and col | eagues tailored the coupling between the ion
and its environnment, which induces decoherence. In particular,
t hey showed that the anmobunt of coherence - crudely put, the
anount of superposition still surviving - declined over tinme in
t he manner predicted by quantumtheory. They also verified that
the rate of decoherence increases as the size of the
superposition increases. Furthernore, by using a special trick
to control the coupling of the trapped ion to its environnent,
they sinmulated the effect of shrinking the environnment to the
poi nt that they could observe slow ng and even reversal s of
decoher ence.

This informati on about how quantum super positions decay i s not
only of theoretical interest. Proposals to exploit gquantum
physics in conmputers with many tinmes the power of today's
superconputers depend on the ability to maintain many quantum
swi tches in coherent superpositions. These results suggest that,
at least in principle, this can be achieved by controlling the
coupling to the surroundings in sone way.



