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PROBLENMS IN QUANTUM MEASUREMENT AND APPLICATIONS

SUN Chang- Pu
(Institute of Theoretical Physics , Chinese Acade my of Sciences , Beijing 100080)

Abstract In connection with the recent experiments on quantum measure ment , such as the “ which - way” de-
tection using the Bragg scattering of cold atoms and quantum interference using a small molecular Csy quantum
system , we introduce the quantum measure ment proble m and its relevant fundamental concepts and ideas , such as
quantum coherence , quantum decoherence and quantum entangle ment . In order to understand the loss of quantum
coherence for a quantum system due to its interaction with another syste m behaving classically or macroscopically ,
we discuss some quantum dynamical models to describe the quantum decoherence and quantum dissipation induced
by couplings to the external environment or inner motions . In the classical or macroscopic limit, it is shown that
the wave function of the total syste m formed by the quantum syste m plus another syste m interacting with it is fac-
torized as an entangled state with correlation bet ween the measured quantum states and the configurations of the
external large system or the inner degrees of freedom . In association with a novel vie wpoint about quantum mea-
sure ment , which has been directly verified by recent experiments (e .g.,S. Durret al., Nature ,1998 ,33:359) ,
it is shown that quantum entangle ment is indeed responsible for the quantum decoherence , and thus it can be re-
garded as a “clean” quantum measure ment when the large system behaves as a classical object. These arguments
give us a possible solution to the “ Schrddinger cat paradox” and to whether the coherent superposition of macro-
scopic states exists . These discussions are also applied to the quantum decoherence proble ms in quantum informa-
tion including quantum computing and quantum com munication .
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