RABITT spectra from surfaces

(Reconstruction of Attosecond Beating By Interference of Two-photon Transitions)
Experiment: Tao et al.,

incident Science 353,62 (2016)
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RABITT spectra from surfaces

Attosecond pulse trains synchronized with and delayed (or advanced) relative to the
driving IR laser allow for time-resolved investigations of the electronic dynamics in
matter by reconstruction of attosecond beating by interference of two-photon
transitions (RABBITT) [1-6]. We found spectra calculated with tight-binding initial
states to agree better with the experimental spectra in [1,2] than a DFT-based
(“Chulkov” potential) [7] modeling of the valence band. Fresnel reflection of the
incident IR pulse enhances side-band vyields and induces a harmonic-order-
independent phase shift of -1.6 radians. We predict distinctly different RABBITT
spectra from Cu(111) and Cu(100) [5], which can be distinguished experimentally
with existing technology. As Fresnel reflection reduces the IR skin depth, we find the
inclusion of the Fresnel-reflected incident IR pulse (i) prerequisite for reproducing
measured Cu(111) RABBITT spectra [2] and (ii) to modify photoelectron spectra from
bulk and surface states differently, revealing their different degrees of spatial
localization [5].
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RABITT spectra from surfaces
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RABBITT spectra from surfaces

RABBITT phase shifts: 052 = of | — o5, unknown
HH phases
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RABBITT spectra from surfaces
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Time-resolved interferometric photoemission from metal surfaces
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Basic theory

Transition matrix:
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Net IR-electric-field: superposition of incident and reflected IR field, calculated
from Fresnel’s equations for a complex Lorentz-Drude dielectric function [8].
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Initial states we(z)
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Surface electronic structure

“Chulkov potential” : et
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RABBITT spectra from Cu surfaces
XUV-background subtracted

Band structure
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* IR pulse attenuation affects surface states Expt.: Lucchini, Keller, et al., PRL 115, 137401 (2015)
less than bulk states
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RABBITT spectra from Ag(111) surfaces

Expt: Theory: Tight binding. Gen. Sturmian basis.
Locher, Keller et al., Optica 2, 21323(2015) Ambrosio, U.T. in prep.
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RABBITT spectra from Au(111) surfaces

Expt: Theory: Tight binding. Gen. Sturmian basis.
Locher, Keller et al., Optica 2, 21323(2015) Ambrosio, U.T. in prep.
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