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Surface Dynamics Studied by Time-Resolved Nonlinear Spectroscopy
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Advancesin ultrafast laser technol ogies encourage surface scientists to explore electron and nuclear dynamics
at surfaces. Major spectroscopic means are time-resolved nonlinear laser spectroscopy including second har-
monic generation (SHG), sum frequency generation (SFG), and two-photon photoemission (2PPE). After
introducing fundamental aspects of the nonlinear spectroscopy briefly, this paper describes some recent appli-
cations of the nonlinear spectroscopy to ultrafast dynamics at surfaces. Examplesinclude: (1) SFG with tun-
ableinfrared pulsed lasersis used for exploring how the vibrational modes of adsorbate couple to bulk phonons
when ametal surfaceis rapidly heated by an ultrafast laser pulse. (2) A vibrational motion of adsorbate on a
metal surface is coherently excited by an ultrafast laser pulse and the dephasing of the vibrational mode is
probed by time-resolved SHG. (3) Ultrafast electron decay and electron hydration dynamics are explored by
2PPE.
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Fig. 1 Various nonlinear processes. (a) Second harmonic
generation, (b) Sum frequency generation, (c)Two-
photon photoemission. E, is the energy level of an
unoccupied state, E, 4., the vacuum level, and E, the
kinetic energy of a photoelecton.
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Fig. 2 Time-resoleved SFG spectra of the CO stretching vi-
bration as a function of pump-probe delay. Left in-
set: The spectraat 0.5, 3, 23 ps are expanded. Right
inset: Depletion curve of CO coverage. The wave-
length of pump pulsesis 800 nm.”
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Fig. 3 Time-resolved SFG spectra of the CD stretching vi-
bration of DCOO/NiO(111) as a function of pump-
probe delay. (a) The results obtained by using p-po-
larized visible and p-polarized IR pulses, (b) s-po-
larized visible and p-polarized IR pulses. The wave-
length of pump pulsesis 1064 nm. 8
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Fig. 4 Time-resolved SHG traces from (a) a clean Pt(111)
surface and (b) a Pt(111) surface with 0.27 ML of
Cs. Absorbed fluence of apump pulseis 6 mJcm? in
(&) and 3.4 mJcm?in (b).
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Fig. 5 Fourier transformed spectrum of the oscillatory part
in Fig.4(b).
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Fig. 7 Time-resolved 2PPE spectraof (a) 4 BL D,O/Cu(111)
at hv;=3.90 eV, hv,=1.95 eV, and of (b) 1 BL at
hv1=4.20 eV, hv,=2.10 eV. SS and | S denotes the
peaks from a surface state and an image-potential
state, respectively. 2
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