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High Energy- and Momentum-Resolved Two-Photon Photoemission Spectroscopy :
Pure Dephasing Rate Measurement on Image States
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High energy-resolved (AE~9.5 meV) two-photon photoemission was used to study the electron dynamics of the
image potential states on the clean Cu(001) surface. We constructed a system consisting of a picosecond Ti : sapphire
laser system and a hemispherical analyzer equipped with a two-dimensional electron detector to achieve high energy
resolution. The image states of Cu(001) were clearly resolved up to n =235, and the energy positions of these states were

determined up to n= 7. Linewidth analysis yielded pure dephasing rate for the lowest image states.
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Fig. 1. (color online). Schematic image of experimental set-
up. Inset shows Fermi edge of Cu(001) at 8 K. From this

spectrum, the energy resolution was determined to be 9.5
meV.
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Fig. 2. (color online). 2PPE spectrum of Cu(001) in normal
emission. Red curve is experimental data and blue broken one
is the result of Voigt function fitting. Fitting curve consist of
four peaks (n=1~4).
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Fig.3. (color online). (a) 2PPE spectrum of Cu(001) in
normal emission with high power excitation. Red curve is
experimental data. The blue curve is the Voigt function fitting
data. (b) Magnified view of the energy range from — 150 to 50
meV. The orange dotted lines are each component of Voigt
function.
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Table 1. Energy positions, linewidths for Lotentzian parts in
Voigt functions, and effective masses.

n E, (meV) width (meV) (m."/m.)

1 —590.2+2 23.7£5 0.9%0.1

2 —-176.3%2 61 0.98+0.1

3 —78.8%£2 3+1 1.0%0.1

4 —42.5%2 <1 1.0+0.1

5 —252%2 <1 1.0£0.1

6 —13.8%£2 <1 —

7 -6.0£t2 <1 —

Intermediate Energy (eV)

-10 -5 0 5 10
Emission angle ( Degree )

Fig. 4. (color online). Angle-resolved 2PPE spectra of
Cu(001). The vertical dotted lines indicate the same parallel
momentum (K ) of the emitted electron. The red curves are
fitting data of image states. From these fitting results, effective
masses are determined.
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Fig.5. (color online). Angle-resolved 2PPE spectra of
Cu(001) at higher energy region. The vertical dotted lines
indicate the same parallel momentum (k,) of the emitted
electron. The horizontal white dotted line indicates the upper
energy threshold determined by the photon energy. IPS of n=
1 and n=2 clearly exceed the vacuum level.
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