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Only recently, a systematic comparison of experimental
data with theoretical predictions for plasmon satellite
strengths in XPS from core levels has been made!’2), This
comparison has shown that although the modelsl'3) describe
the behaviour of the loss spectra correctly, they somewhat
overestimate the plasmon creation probability, especially
the so-called "intrinsic"” contribution4).
In this paper we examine how the dispersion and
finite lifetime of surface plasmons modify the strengths
of plasmon lines in XPS from the core level of an adsorbed
atom on a free electron metalS). We start from the results
obtained for the case of a uniform-density, semi-infinite
solid with a step function of electron
density at the surface and dispersionless plasmons
The strength of the n-th plasmon line (describing the ex-
citation of n surface plasmons) relative to the no-loss
line is given by3)

3,4)

1 n
Ry= o, (1)
where
Q = i; [ a*righe®? 1—115 I a%xi (oM?
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and the notation is the same as in Refs.. 4 and 5. The so-
called "intrinsic", "extrinsic" and "interference" contribu-
tions to the plasmon line strength can easily be identified
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from eq. (2).

In order to investigate the influence of plasmon dis-
persion and damping, we will again use egs. (1-2) but will
replace the free plasmon frequency by

Rug + hug (k) - 4T (k) , (3)

where the dispersion relation ms(k) and the damping T (k) are
known functions of momentum, obtained independently, e.g.
from experiment. One point should be stressed here. The case
when the dispersion of surface plasmons is due to the geo-
metry of the specimen, is exactly solvable. However, in this
case it is assumed that in eq. (3) the dispersion and, ad-
ditionally, the damping are a consequence of the interaction
between plasmon modes and their decay into particle-hole
excitation. Here we want to account for this effect.

In our calculation we use the following parameters for

\
0.81

Fig.l. Contributions to the strength of the first plasmon peak.
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the plasmon dispersion and damping in aluminiumﬁ)

fog (k) = 10.7 + 1.1k + 2.2k 2

r(k) =1.85 + 3k,

where the energy is measured in eV and k in R-l.

In Fig. 1, the contributions of the intrinsic (Ah),
extrinsic (Ae) and interferepce (Ai) mechanisns to the strength
of the first plasmon peak Rl'(R1=Ah+AefAi) are shown as a func-
tion of the distance of the excitation point above the surface.
(The dashed line shows the results for a dispersionless, infi-
nite-lifetime model). The kinetic energy of the photoelectron,
emerging normally to the surface, is taken to be 967 eV.

As can be seen from Fig. 1, the intrinsic term is marked-
ly reduced by plasmon dispersion and damping. Extrinsic and
interference contributions are less affected. It is interest-
ing to note that the absolute value of the interference term
1s increased (note that it is always negative). The net effect
is a strong reduction of the total peak strength and, at the
same time its behaviour becomes more extrinsic-1like.

However, in spite of a considerable improvement in com-
parison with the free-plasmon model, the theory still over-
estimates intensities, especially for higher escape angles.
This might be due to electron-refraction effects, surface
roughness, or, the unrealistic assumption of a step-function

electron density.
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