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Decoherence

Part of our motivation for developing the density matrix formalism is to prepare the way for a discussion of
decoherence. Decoherence provides the explanation for why, although the fundamental laws of physics are
quantum mechanical, macroscopic systems behave classically (i.e., they do not exhibit quantum interference).
The underlying quantum behaviour is hidden when a system is imperfectly isolated from its environment, and so
becomes correlated with the environment. While microscopic systems like individual electrons, photons, or
atoms can be well enough isolated that quantum effects can be detected, for macroscopic systems the required
degree of isolation is rarely achievable, and the laws of classical mechanics therefore apply to high accuracy.

For example, we have noted that double slit interference experiments can be performed with electrons or with

photons, and even with (C_60) buckyballs, but not (yet) with bacteria or dust particles. Why not? Suppose we

prepare a quantum state of a dust particle in a superposition of two different positions. Let's denote these two
- positions as position 0 and position 1, and think of the dust particle as a two state system:
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But, there is other stuff in the room besides the dust particle. Though ~

we have pumped the air out of the room, the vacuum-is not perfect -- [0S ) ,!

there are still some gas molecules bouncing around. And though the 4

room is very dark, it is not perfectly dark -- there are a few photons @r @~ p b T
bouncing around as well. A photon, say, might be scattered by the N /’

dust particle. And if that happens, the state of the photon after being AwnsT

scattered may depend on whether the position of the dust particle
was position 0 or position 1.
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