Introduction.—Quantum information processing prom-
ises revolutionary advances in communication and com-
puting, with secure long-distance quantum key distribution
[1] and quantum computing [2] as two important long-term
goals. In the medium term, progress in quantum informa-
tion implementation has been most pronounced for quan-
tum communication protocols [3], which consume
entanglement to enable quantum-enhanced communica-
tion. An experimental quantum walk (QW) [4-6]
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beneficial implications for ion-trap-based quantum infor-
mation processing in general.

Ideal QW on a line.—Before discussing the full feasible
implementation of the QW on a line in an ion trap, here we
study the ideal QW on a line and show that the phonon
number distribution P, carries the signature of the QW as
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