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Metals are solid state, free-electron plasmas, whose large negative dielectric function causes the metallic
reflectivity; the collective plasmonic response of free electrons prevents the electromagnetic penetration into a
metal. When the real part of the dielectric response inevitably passes through zero, however, the
electromagnetic fields cannot be screened, and pass through metals as charge density waves, or bulk plasmons.
Even though the epsilon near zero (ENZ) condition is common to all metals, it has hardly been explored by
optical or nonlinear optical techniques. It is established, however, that the nonlinear response at ENZ is
nonperturbative, and high-order nonlinear responses are strongly enhanced. Silver is one of the most
commonly used plasmonic materials, yet its bulk plasmon response at ENZ, from which all other plasmonic
properties derive, has not been investigated. I will present our recent results on the two-photon photoemission
(2PP) of Ag(111), Ag(100), and Ag(110) surfaces. We find that the 2PP spectra exhibit pronounced plasmonic
features starting from the ENZ region that cannot be explained within the current models for interactions
among photons, electron-hole pairs, and plasmons.

The birth of plasmons at epsilon near zero
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