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Abstract

Femtosecond time-resolved two-photon photoemission (2PPE) is used to investigate the hot electron dynamics of Cu(111 ), Ag(110)
and Ta(poly). The experimentally derived relaxation rates of photoexcited electrons scale with the available phase space for scattering
with electrons below the Fermi level and are compared with predictions from Fermi liquid theory. A simulation employing rate
equations to account for hot electron lifstimes, transport effects and the creation of secondary electrons demonstrates that the
relaxation dynamics is strongly influenced by secondary electron cascades. With Ag(110) a pronounced temperature dependence of
the photoemission yield is observed, indicating the importance of electron—phonon scattering for momentum conservation in the

2PPE process.
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1. Infroduction

The dynamics of electronic excitations plays an
important role in laser-driven surface reactions,
molecule-surface interactions involving vibrational
and electronic energy transfer as well as in techno-
logical applications of electronic materials [1,27.
While much is known about the electronic struc-
ture of excited states from techniques like inverse
photoemission [3] or two-photon photoemission
(2PPE) [ 4], only the recent advances in generation
of ultrashort laser pulses have allowed the investi-
gation of dynamical electronic properties directly
in the time domain [2]. Time-resolved multi-
photon photoemission is best suited to a study of
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excited state electron dynamics because it combines
energy and momentum sensitivity with a temporal
resolution that is only limited by the laser pulse
duration. In recent years time-resolved 2PPE has
been used to investigate the relaxation dynamics
of photoexcited carriers in semiconductors [5-7],
nonequilibrium processes in metals [8-12] and
the dynamics of electrons in image potential states
[11,13] on a femtosecond timescale.

Fig. 1 illustrates schematically the principle of
time-resolved photoemission. An ultrashort laser
pulse {(AV,um,) generates a nonequilibrium electron
distribution at the surface. This nascent distribu-
tion will subsequently relax via scattering with
electrons in the Fermi sea and, thereby, secondary
electrons originating from below Ep are excited
into unoccupied states above the Fermi level.
Hence, both primary and secondary electrons will
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