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Fig. 1. Unambiguous quantum state discrimination in a

noisy quantum channel.
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Fig. 2. The Mach-Zehnder interferometer with a which-path
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Abstract

Complementarity, or more specifically, the wave-particle duality, and quantum coherence are two
fundamental concepts in quantum mechanics. Recently, motivated by the progress of the quantification of
quantum coherence, the complementary relation between coherence and path information is investigated by
many authors, and various duality relations between them are established. Such relations not only provide
insights into fundamental problems of quantum mechanics, such as the understanding of quantum coherence
and wave-particle duality; but also are important in applications of quantum technologies. In this paper, based
on the Bures distance and unambiguous quantum state discrimination, systematic analysis of the
complementarity between the quantum coherence and path information in two path interferometers is carried
out. Similarly as other related works, the wave aspect, or the visibility of the interferometer, is quantified by
the [;-norm measure of quantum coherence, and the path information is considered via unambiguous quantum
state discrimination. In this way, a novel duality relation in two path interferometers is obtained. Compared
with known results, our work considers mixed states as well as pure states; considers the path predictability
resulting from the intrinsic path asymmetry of the quantum state, as well as the path distinguishability
resulting from the use of a which-path detector. Therefore, our work systematically generalizes known results in
two path interferometers by removing all the unnecessary restrictions. Specifically, the most general form of
quantum states in two path interferometers is considered and the duality relation between quantum coherence
and path information is proved based on the positivity property of density matrices. The cases of path
predictability and path distinguishability are considered separately. For path predictability, the proof is
straightforward; whereas some advanced mathematical techniques, such as the Schur-Weyl inequality,
properties of the fidelity and properties of positive matrices, are required in order to give a rigorous proof of the
duality relation between coherence and path distinguishability. Concrete examples are provided to illustrate the
abstract method and results. Our work concerns about two path interferometers exclusively and depends heavily
that the dimensionality is two, therefore it would be an interesting task to generalize the results in this paper to

n-path interferometers.
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