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The boundary between quantum and classical physics is not a 
sharp divide but is actively traversed by energy exchanged between 
degrees of freedom at vastly diff erent scales. Scanning tunneling 
microscopy with time-resolved detection, matched to the intrinsic 
timescales of the relevant physics, off ers a direct window into this 
crossover in real space. 
I will introduce how the STM can reveal atomically localized dyna-
mics, illustrated by two recent experiments. In NbSe2, ultrafast THz 
excitation reveals how quantum correlations in a charge-density wave 
produce spatially heterogeneous phase fl uctuations on the picose-
cond timescale. In a second experiment, individual Fe atoms driven 
into stochastic spin switching perform measurable mechanical work 
on a macroscopic AFM cantilever via magnetic exchange forces. 
Both experiments demonstrate how atomic-scale quantum dynamics 
couple directly to classical observables, with implications for quantum 
thermodynamics, the control of correlated electronic phases, and the 
transduction between quantum and classical degrees of freedom in 
hybrid quantum systems.


