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Keywords

It is observed in a double-slit experiment by Tonomura
and coworkers that single electrons recorded as dots on a
detector screen build up to show an interference pattern, which
is delocalized over the screen.!) This observation indicates that
a delocalized wave function of an isolated electron interacts
with the screen, which is a bulk solid composed of many
nuclei and electrons interacting with each other, and becomes
localized in space. This change, referred to as “collapse” in
quantum mechanics, is often accepted as a discontinuous
event, but a basic question arises: When and how the delocalized
wave function becomes localized? Our dream is uncovering
this mystery by observing the spatiotemporal evolution of a
wave function delocalized over many particles interacting with
each other. Having this dream in mind, we have developed
coherent control with precisions on the picometer spatial and
attosecond temporal scales. Now we apply this ultrafast and
ultrahigh-precision coherent control to delocalized wave
functions of macroscopic many-particle systems such as an
ensemble of ultracold Rydberg atoms and a bulk solid, envis-
aging the quantum-classical boundary connected smoothly.
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Figure 1. Schematic of the many-body system of ultracold Rydberg

atoms.?)
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1. Time Domain Ramsey Interferometry
with Interacting Rydberg Atoms?)

We theoretically investigate the dynamics of a gas of
strongly interacting Rydberg atoms subject to a time domain
Ramsey interferometry protocol. The many-body dynamics is
governed by an Ising-type Hamiltonian with long range inter-
actions of tunable strength. We analyze and model the contrast
degradation and phase accumulation of the Ramsey signal and
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identify scaling laws for varying interrogation times, ensemble
densities and ensemble dimensionalities.
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