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Chasing Electron Dynamics in
Molecular Systems with Soft-X-Ray
Attosecond Pulses

In this talk, | will present recent advances in resolving ultrafast electronic dynamics in
molecules using soft-X-ray attosecond spectroscopy.

The central theme is how attosecond soft-X-ray pulses—originating from either tabletop or free-
electron-laser sources—enable direct measurement of electronic coherence with ultimate
temporal resolution and atomic-site specificity.

At ETH Zurich, we have developed a water-window high-harmonic-generation beamline that
enables soft-X-ray attosecond transient absorption (HHG-ATAS) with sub-cycle resolution. This
platform provides element- and site-selective access up to the nitrogen K-edge, enabling us to
track, in several experiments, how intense laser fields sculpt charge flow and redistribute
electronic density across molecular valence states.

In parallel, attosecond pulses from the high-rep-rate LCLS-II at SLAC (Stanford) now provide the
photon flux and peak intensity to actively launch (pump) and probe coherent motion in deeply
bound core-level electrons—something previously out of reach. Building on this capability, | will
also present results from two recent experimental campaigns that capture, with unprecedented
clarity, the emergence, transformation, and eventual decay of core-hole coherence in
benchmark molecular systems.

Together, these approaches reveal how soft-X-ray attosecond tools are transforming our ability
to initiate, steer, and resolve electron dynamics in complex molecules, unlocking a new
experimental regime in ultrafast science.
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