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Testing of instantaneous coherent quantum speed limit with trapped ions.

Abstract:

Quantum speed limits (QSLs) bound the rate of quantum evolution, but established geometric metrics often become loose at extended times
under nonadiabaic conditions. Here, we theoretically propose and experimentally demonstrate a new class of instantaneous coherent QSLs
based on the Schatten 2-norm and the Hellinger distance. Our framework explicitly isolates quantum coherence by factoring the speed bound
into an instantaneous quantum coherence measure and a reference-dependent non-commutativity term. We experimentally verify these
bounds using Yb trapped ions, tracking the dynamics of single-qubit pure and mixed states, as well as two-qubit entangled Bell states under a
time-dependent Landau-Zener Hamiltonian. The experimental measurements show excellent agreement with our theoretical predictions.
Remarkably, our newly derived coherent bounds remain tight and stable throughout the entire evolution period, overcoming the long-time
breakdown of conventional metrics. This work deepens the understanding of coherence in quantum dynamics and provides robust tools for
optimizing quantum control and quantum information processing.
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