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Light Matters: HHG Spectroscopy of Solids
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Intense laser pulses, with energies comparable to electron binding in solids, unlock a new
regime: extreme nonlinear optics. This phenomenon produces high-order harmonic light from
within the material, a breakthrough that birthed the field of attosecond science. It offers ac-
cess to previously unseen spectral ranges, enabling attosecond-scale exploration and novel
spectroscopy techniques. These techniques allow detailed probing of a material’s electronic
structure. This section focuses on our research utilizing high harmonic spectroscopy to in-
vestigate various solid-state systems. We explore properties like topology, superconductivity,
disorder, and strong correlations in condensed matter. By correlating different optical excita-
tions with high harmonic generation, we reveal the ultrafast dynamics of both single-particle
and collective electronic excitations in these materials. We show how HHG spectroscopy can
probe exotic Majorana fermions [1], reveal various strongly correlated phases in a cuprate su-
perconductor [2], probe multifractality of wavefunctions in quasiperiodic materials [3], and
track phase transitions from the Mott to a charge density wave phase in strongly correlated
systems [4]. Our research emphasizes the significant potential of extreme nonlinear optics in
understanding various solid state quantum phenomena.
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