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Abstract

An investigation of the surface effect on Au4f X-ray photoelectron spectra was made for different emission angles. It
was found that surface plasmon excitations made significunt contributicns to the spectra in single and plural energy-loss
peaks and in the multiple loss background. Our approach involved Monte Carle simulations of photoelectrons in the interior
region of the solid and Poisson stochastic processes in the surface region. The purtial-wave expansion method with the
Hartree—-Fock-Wigner—Seitz potential for the solid was used to calculate differential electron elastic scattering cross
sections. .sn extended Drude dielectric function model was employed to compute electron differential inverse mean free
paths for volume excitations. The inelastic mean frec puaths in the surface regicn became spatially-varying and were
calculated. Differential probabilities for surface excitations were determined using t1e same model dielectric function. The
computed X-ray photoelectron spectra including surface excitations agreed quite weil with experimental data.

1. Introduction

A quantitative description of the angular distribution
and energy spectra of electrons emitted by a solid sample
is important in surface analyses. X-ray photoeiectron spec-
troscopy (XPS), for instance, is a poweriui technique
applied in surface compositional analysis [1], i.e. eiectron
spectroscopy for chemical analysis (ESCA). Theoretical
XPS studies require information on both elastic and inelas-
tic interactions for electrons with energics below, say,
2000 eV [2] in solids. For inelastic interactions, it is the
excitations of the v:lence band that dominate the energy
losses of the detected electrons. Both volume Uncluding
bulk plasmons and interband transitions) and surface
(surface plasmons) excitations contribute to the XPS. Sin-
gle and plural excitations give rise to prominent loss peaks,
whereas multiple excitations !ead to the peak background.

Monte Carlo fMC) simulations are widely applied in
quantitative surface analvses. Analyses for XPS have ei-
ther ignored elastic electron scattering {3—5] or considered
both elastic scattering and iuelastic volume excitations
[6-9). The contribution from s-irface excitations was never
considered until recent work [10] showed an effective
loss-function extracted from measured Aud4f XPS data at
45° exit angle. This function, however, was later found to
yield incorrect spectra at other exit angles [11]. It was then

' Corresponding author. Tel. +886 35 727300, fax +886 35
718649, e-mail cjtung@ins.nthu.edu.tw.

argued that the effective loss-function was dependent on
the exit angle. Previously, we have successfully incorpo-
rated surface excitations into models for reflection elec-
tron-energy-loss spectroscopy (REELS) [12,13}. Our work
made use of an energy-loss function established by the
dielectric response theory. Differential cross sections for
inelastic interactions were corstructed separately for sur-
face and volume excitations. The calculated REELS was
compared with experimental data [14) and other theoretical
results [15]. Thus. it seems plausibic to derive XPS using
detailed cross sections calculated from first principles.

In this work, we investigate the surface effect on Au 4f
XPS for different exit angles. Our approach involves MC
simulations of photoelectrons in the interior of the solid,
referred to as the deep region, and Poisson stochastic
processes near the surface, i.e. the shallow region. The
Poisson process is valid since the shallow region extends
into the solid only a few angstroms. on the order of one
inelastic mean free path (MFP). Thus, electron inelastic
MFP in the shallow region may be assumed to be a
constant everywhere inside this region. In addition, this
process makes use of the total probability for inelastic
interactions rather than the differential probability per unit
pathlength required by MC simulations. Since the latter
quantity becomes spatially-varying in the shallow region
[16], it is very difficult to apply it in MC simulations. In
this work, we use the partial-wave expansion method with
the Hartree—~Fock—-Wigner—Seitz (HFWS) potential for a
solid to calculate electron differential elastic cross sections
[13]. An extended Drude dielectric function model [17] is
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emploved to compute electron differential invere mean
free paths (DIMFP) for volume excitations. The spatially-
varying DIMFPs in the shallow region are also established.
Differential probubilities for surface excitations are deter-
mined Lsing the same model dielectric function. All cross
section data are then substituted into a program to compute
Au4f XPS with and without the contributions from surtuce
excitations. It is found that surfuce plasmon excitations
make significant contributions to the XPS in single and
plural energy-loss peaks and in the multiple loss buck-
ground. The computed XPS including surface excitations
agrees quite well with experimental data.

2. Interaction cross sections

Elastic and inelastic interactions of electrons in solids
contribute mainly to, respectively, the angular detlection
and the energy loss of these clectrons [18]. Inelastic intei-
actions include excitutions of the valence band and of
inner shells. For electron energies involved in Au4f XPS,
valence band excitations dominate the encrgy losses of
electrons. Electrons in the solid in the deep region (volume
excitations) as well as in the shallow region (surface
excitations) contribute to these excitations. In the case of
volume excitations, both interband transitions (single-par-
ticle excitations) and bulk plasmon osciilations (coilective
oscillations) are possible. For surfuce excitations. surface
plasmons are generated by the surface charge density
fluctuations.

2.1. Elastic scatterings

Since we deal with the transport of Au4f photoelec-
trons in Au, electron energies are below ~ 1410 eV.
These energies are less than the Bouin threshold [19)], ie.
E < 152% eV, where Z is the atomic number, so that the
Bom approximation is poor in the description of elastic
scatterings. Here, we apply the purtial-wave expansion
method to evaluate the differential elastic cross section
according to [13]

A f: 2! W yp 6 2 1
—_— I+ V(e = 1} (cos ,
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where d 2= 2x(sin 8)d6, @ is the scattering angle, E is
the electron kinetic 2nergy, & is the momentun ransfer, &,
is the (th phase :hift, and 7{ccs @) is the Legendre
polynomial of orde: I. Note that all quantities and expres-
sions in this paper are in atomic units unless otherwise
specified. The /th phase shift may be given in the WKB
method [26,21] as
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is the effective scattzring potential for the [th phase shift,
V(r) is the elastic scattering potential, and ry is the larger
root of the equation k* - U, (ry=10. The scattering po-
tential for a solid atom may be determined by
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where Ry is the Wigner-Seitz radius and na(r) is the
HEWS electron density distribution of the solid atom [22].
One may calculate the elastic electron MFP, A, ac-
cording to
do

! N df? 5
I fd—!—) , (5)
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where N is the atomic density of the solid. For a measure
of the effectiveness of elastic scatterings in causing deflec-
tion of the el:ctrons, one may also calculate the electron
transport mean free path using {23]

L N[ - cos ) 20 6
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A large differ:nce between A, and A, indicates that elastic
scatterings are dredominantly in the forward direction.

2.2, Volume ¢xcitations

For inelas ic interactions of the photoelectrons with the
solid, the ressonse of the solid may be characterized by a
dielectric fur :tion [24). In the deep region of the solid, the
electron DINMFP for volume excitations is given by [25]

_ Pk ! ~1
n(E w)= E?Efk; Zlm[m]dk, (7)

where w is i.1e energy transfer, k = V2E + VUE - )
are derived - rom conservations of energy and momentum,
and Im( - 1, ¢), the ncgative inverse dielectriz function. is
the bult. ene:gy-loss function. Eq. (7) i valid for £ > 7E,
[26.27], vwhe e K. is the Fermi energy of the vajence band.
Since Ep= 15 eV for Auy, this equation works quite well
for Au4f pt stoelectrons in Au.

In the . or region of the solid, the electron inverse
mean free nath (IMFP) for volume excitations can be
calculated £ om

1 (E)=A '(E) =f‘fuv(12,w)clw. (8)

In the shall» region, the electron IMFP is modified by a
reduction ir tiic volume excitations and by an addition due
to surface excitations. This IMFP for volume excitations at
a depth z below the surface is approximately given by

B (E,2) = (1 —e o Y (E), ®
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where w,, is the free-electron plasma energy. Note that
w (E,2) vanishes at == 0 due io the orthogonality of bulk
and surface plasmons [16]. This tunction approaches the
asymptotic value in the deep region, i.e. u (E) in Eq. (8),
as 2> v/w, The spatially-varying electron IMFP given
in Eq. (9) makes MC simulations difficult in the shallow
region. The application of Poisson stochastic processes,
however, eliminates these difficulties by applying the total
probability for inelastic interactions rather than the proba-
bility per umt pathlength. The total probability for volume
excitations by an electron traveling a distance Dsec a in
the shailow region is determined by

P,(E) = sec apo.V(E.z)dz, (10)
0

where D is the depth of the shallow region and « is the
exit angle relative to the surface normel. Substituting Eq.
(9) into Eq. (10), we find

P(E) =sec Q[D— —f—(l —e /Yy u (E). (1)
@y

2.3. Surface excitations

The electron IMFP for surface excitations as a function
of depth has been derived using a simple-metal model {16].
It was shown that this quantity has a maximum at the
surface and drops off to zerc at a distance on the order of
angstroms on both s 3cs of the surface. Such a spatially-
varying surface plasmon IMFP suggests also that Poisson
processes should be applied in the shallow region. Previ-
ously [13], we have worked out the differential probability
for surface excitations for obliquely incident electrons
considering the recoil effect. For fast electrons, this effect
was usually neglected by replacing k2/2 —k-v by —~k-v
{28]. In our previous work, wc added a reduction term in
the probability for volume excitations in order to explore
the surface-specific effect. Since the spatially-varying elec-
tron IMFP in Eq. (9) already contains such a term. we then
need to modify the formulas given in Ref. [13] to find the
differential probability for surface excitations. This modifi-
cation may be made by replacing Im{(e ~ 1)?/e(e + 1)]
by Im{—4/(e+ 1)]. It can be demonstrated by writing
Im{{e — 1)2/e(e + )] = Im[—4/(e + D]. where
Im{--4/(e+ i)] and Im(~1/¢) have maxima at, respec-
tively, the surface and bulk plasmon energies.

The probability per unit energy-loss for an eleciron of
energy E to lose energy w in surface excitations is given
by
P(Ew)=P_ (Ew)+P (Ew) (12)
The positive (negative) index denotes the like (opposite)

sign between the scattering angle, 8, and the exit angle, «.
Explicitly, we can write

2 krlk;ll [ -4
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The positive and negative indices in Eq. (13) indicate an
asymmetric effect in the surface excitation probability due
to different scattering-angle orientations. This effect has
been confirmed experimentally [29]. The total probability
for surface excitations by an electron crossing a surface or
interface may be obtained from

PS(E)=LEPS(E,w)dw. (15)

2.4. Dielectric functions

Calculations of electron inelastic cross sections for
volume and surface excitations require the dielectric func-
tion of the solid. For a free-electron-like material, this
function may be characterized by ~ Drude model [30). This
model, however, is poor in the description of the energy-
loss function, exhibiting interband transition peaks with
broad and overlapping features. In the case of Au, for
instance, modifications must be made to the model to
allow individual oscillator strengths, damping coefficients,
and critical-point energies for each excitation. The real and
imaginary parts of the dielectric function at zero momen-
tum transfer, i.e. the optical limit, are given i the modi-
fied Drude model as [16.31]

Ai[wz - wf}

«(0.w)=e- L {wZ-w2]2+wzyz (16)
and

Ain
&0.0) = ¥ - (17)

3 ,
2 2 2,2
,,—.u{w -w,] + wy,

where €, is the background dielectric constant accounting
for the effect of polarizable ion cores and A, v, and w;
are, respectively, the oscillator strength, damping coeffi-
cient, and critical-point energy associated with the ith
excitation. Summations in Eqgs. (16) and (17) run over all
valence electron excitations (denoted by the index v).
Thus, it is required that ¥, A, = 4mwn,, where n, is the
number of valence electrons per unit volume.

The above optical dielectric function may be general-
ized to the region of &> 0 by replacing w; in Egs. (16)
and (17) by w, + k* /2 [25]. This generalization utilizes the
asympt-tic behavior of the dielectric function at the two
ends of &, i.e. the optical limit £ — 0 and the Bethe ridge
limit & — x. All parameters in the modified Drude dielec-
tric function, i.c. €,, A,, v; and w,, can be determined by
a fit of Eq. (17) to experimentally measured optical data.
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To ensure that fitting results are accurate. we apply tw)
sum rules to check the validity of the model dielectric
function. These sum rules are

x s woo
fwez(().w)dw=—2/\i=——w‘ (1%)
o 2 - 2
and
ol -1 T} 1
_—|dy= —L.
fow m (0. w 7el (19)

3. Electron transport

As sketched in Fig. 1, a photoelectron (triangle) ejected
by an X-ray photon travels zigzag paths in the <olid due to
elastic (squares) and inelastic (circles) interactions. Elec-
trons of the solid near the surface are responsible for
surface excitations (solid circles), whereas thosc residing
deep inside contribute to volume excitations (open circlex).
The assumptions that elastic and inelastic interactions con-
tribute to, respectively, angular deflection and energy loss
are valid from the following standpoints. First. the ratio of
elastic energy loss to inelastic energy loss is on the order
of m,/m,. where the electron mass, m,, is much smatler
than the nuclear mass, m,. Second, the scattering angle in
inelastic interactions is on the order of w/E. which is
quite small for electron energies considered in this work.

To deal with the transport of photoelectrons in the
solid, we apply MC simulations in the deep region and
Poisson stochastic processes in the shallow region. These
simulations begin with the ejection of photoelectrons by
incident X-rays. The photoelectrons are assumed to be
randomly produced along the paths of incident photons.
The angular distribution of these electrons is determined
by the differential photoionization cross section. This cross
section for the ionization of an ni-subshell by unpolarized
X-rays is given by [32,33}

d(r,,,__ i B 3._ s
a0 —Z‘;[‘-FE'(ESIH d)“l)] (20)

where 2= 2nsin ¢ dd. & is the angle between the inci-

4
\ v
\/ N, shallow region

deep region

» elastic scatterings
volume excitations
o surface excitations

Fig. 1. A sketch of the zigzag trajectory of a photoelectron ¢jected
by an X-ray inside the solid for XPS simulations. Here, a is the
emission angle.

dent photons ard the emitted photoelectrons, and 8 is the
asymmetry parameter. In this work, we take 8= 1.03 for
Au4f photoelectrons ejected by AlKo X-rays [33]. The
energy distribution of photoelectrons that have not been
inclastically scattered is assumed to obey the Lorentzian-
Gaussian mixed function [34]

prakheight
v MQE/y Te(( - MIR2QAEY 4 )
2y

where = E, — AFE. I, is the peak energy, y is related to
the full width at half maximum of this distribution. and M
is the Lorentzian—Gaussian mixing ratio. Values adopted
in this work are y=0.46 ¢V and M =0.89. Eq. (2D isa
reasonable approximation to experimentally measured pho-
toelectron lineshapes.

In the deep region, electrons may interact with the solid
through elastic scatterings and inelastic volume excitations.
The actuai type of interaction. the angular deflection, and
the energy loss are determined in MC simulations through
the relevant differential cross sections and random number
generatioris. These simulations proceed until all electrons
either enter the shallow region or their cnergies fall below
a specified value. In the shallow region, electrons may
interact with the solid through additional surface excita-
tions, Since electron DIMFPs for both volume and surface
excitations become spatially-varving in this region. MC
simulations tend not to be feasible. This situation arises
because it is not practical to sample a wide range of
inelastic cross sections covering all depths due to the low
vield of photoelectrons and the small thickness of the
shallow region. The fact that surface plasmons may be
excited by emerging electrons in the vacuum further com-
plicates these simulations. The application of Poisson pro-
cesses, however, is useful since integrated cross sections
over all depths are employed. This application is valid in
the shallow region because it extends into the solid only a
few angstroms, on the order of one inelastic MFP. Thus,
electron inelastic MFP in the shallow region may be
assumed to be a constant ex :rywhere inside this region.

The excitation of n surface plasmons by an electron of
energy E crossing a solid-vacuum interface obeys the
Poisson distribution

PAE) e P

n!

)

Fm = : (2)
where P(E) is given in Eq. (15). Similarly, the excitation
of n bulk plasmons in the shallow region is given by

P(E)'e P&
— (23)

where P (E) is given in Eq. (11). With F!” and Fi"
determined, one can estimate the energy loss of an electron
passing through the shallow region using the differential
probability functions of Egs. (12) and (7).

i =



JP. Wang et al. / Nucl, Instr. and Meth. in Phys. Res. B 108 (1996) 331 -338 335

For photoelectrons ejected from the shallow rcgion, the
above probabilities, P(E) and P.(E), must be modified.
In the case of volume coxcitations, the upper limit of
integration in Eq. (10) should be replaced by the depth at
which photoelectrons ¢ produced. For surface excita-
tions, a similar replacement should be made.

4. Rsults and discussion

Using the partial-wave expansiorrmethod with the WKB
approximation, we have calculated electron differential
elastic cross sections in Au. Fig. 2 shows some representa-
tive results of these calculations as a function of scattering
angle, 6, for electrons of several energies. It is seen that
elastic scatterings are predominantly in the forward direc-
tion wiihh enhanced small-angle scatterings for high-energy
electrons. Fig. 2 also reveals that the elastic cross sections
decrease smoothly with increasing 6 for #<20°. but
fluctuate for 8 > 20°. This fluctuation, owing to the screen-
ing of nuclear charge by atomic electrons in different
shells, becomes larger for lower energy electrons due to
the longer scattering time. In Fig. 3 we plot electron MFPs
in Au for elastic scattering, A_, for transport scattering, A,
and for vel'me excitations, A,, as a function of electron
encrgy. Fig. 3 shows that for most electron energies A, is
smalicr than A, by a factor of no more than 2. In other
words, each volume excitation in Au 1s accompanied by
one to two elastic scatterings. The significant difference
between A, and A, indicates that elastic scattering is
predominantly in the forward direction. For comparison,
we also plot in this figure results from other calculations.
The solid circles [35] are electron inelastic MFPs calcu-
lated using experimental optical data and the theoretical
Lindhard dielectric function. The solid and open triangles
[36] are, respectively, electron transport and elastic MFPs

.
3
<
c
=
] !
10 0 Skev E
—— lkeV !
10} 15kev
I — = 2keV
1w i - - :

020 40 60 K0 K0 120 140 160 180
6 ( degree)
Fig. 2. A plot of the differential elastic cross section as a function

of scattering angle for electrons of several energies in Au. This
cross section is expressed in atomic units.

60
Au - 3
//
40 g
- l” '//
3 e
z -
= ~
b 3 .
v
.
= el
— * ® R
s * d *e
ISRty |
a
0
500 1000 +500 2000
F (eV)

Fig. 3. A plot of electron mean free path for elastic scattering, A,.
transport scattering, A,. and volume excitations, A, , as a function
of ¢lectron energy in Au. The solid circizs are clectron inelastic
MFPs from other calculations [35]. The solid and open triangles
are. respectively, electron transport and elastic MFPs from other
calculations [36].

calculated using the static approximation with Hartree—
Fock atomic wavefunctions. The minor differences be-
tween the present and other calculated results reflects
deviations due to different models.

Table 1 lists purameters in the model dielectric function
of Egs. (16) and (17) for Au determined from fits to the
data of Ref. [30). In these fits, we check not only the
accuracy of €,(0,w), €,(0,w) and Im[{—1/€(0.w)] ob-
tained from the piesent calculations, but also the extent to
which they satisfy the sum rules. Note that the upper limit
of integration in Egs. (18) and (19) is infinity. If we set
this limit to a finite value, the contribution from valence
electrons is not exhausted. On the other hand, inner-shell
contribution may occur before the exhaustion of valence
electrons. For a useful check on the derived dielectric
function, we fit Eq. (17) to experimental data for energy
losses which cover the loosely bound 5s and Sp subshells.
Because of the overlap of oscillator stre 1gths between the

‘Table 1
Parameters in the model dielectric functon of Egs. (16) and (17)
for Au. €, 1.0l

A, lev?] vy, [eV] o, [eV]
79 0.1 00
9 1.0 3.1
36 1.9 4.1
17 2.3 5.3

60 40 8.17
100 @0 12.0
120 0.0 14.0
155 6.0 213
145 7.2 29.5
280 20,0 38.5
360 28.0 630
183 26.0 100.0
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’ 0 20 0 o At UG
eV
Fig. 4 A comparison of experimental data (solid curves) [30] and
calculated results (dashed curves) for the real part of the diclectric
function. €,. the imaginary part, €,. and the energy-loss function,
Im( —1/€). in the optical limit. i.c. &k -+ 0, for Au,

vilence band and these subshells, we require that the
saturation number of electrons contributing to energy losses
up to ~ 100 eV equals 19. This is reasonable since the
overlap of oscillator strengths between the valence band
and other innes shells is negligibly small. The influence of
inner shell electrons on the diclectric function is contained
in the buckgreund dielectric constant appeariag in Eq.
(16). A detailed dscussion about this constant is given
elsewhere {31]. Fig. 4 shows a cemparison of €(0,w),
€,(0.w) and Im| — 1 /€(0,w)] for Au calculated presently
(dashed curves) and measured experimentally (solid curves)
[30]. Good agreement is found between the pre .ent results
and experimental data for all functions plotted.

Based on the model dielectric function, we have calcu-
lated electron DIMFPs for volume excitations in an infinite
medium of Au. Fig. 5 sh:ws the results of such calcula-
tions for electrons of several energies. It is noted that the

vaw

Qu2s -

0018

wifw) tauw)

0810

2005

9.0

@ (V)

Fig. 5. A plot of the volume excitation DIMFP for elcctress of
several energies traversing in the deep region of Au. This DIMFP
is expressed in atomic units.

ore
Au
015
t
. N0 eV
wir -4
Ny 210
: ALY
100y _e
U eV
008 (ALY 8
/ ;
SH00 eV
300
[+] 10 20 30 40
7 (A)

Fig. 6. A plot of clectron IMFP for volume excitations as a
function of depth in Au for clectrons of several energies. Asymp-
totic values at an infinite depth are depicted as solid circles at 40
Al

bulk plasmon loss-peak occurs at ~ 37 eV, comresponding
to the main peak energy in the energy-loss function of Fig.
4. Fig. 6 shows a plot of electron IMFPs for volume
excitations as a function of depth in Au for electrons of
several energies. It is scen that the electron IMFP becomes
spatially-varying in the shallow region, rising fromo zero at
the surface o a constant value at ~ 10-20 A. Also
depicied in this figure (solid circles at 40 A) are the
spatially non-varying electton iMFPs in an infinite mediom
of Au. This feature of the depth dependence in the electron
IMFP for volume excitations is compensated by the excita-
tion of surface plasmons. The IMFP for surface excitations
has a maximum at the surface. and falls off to zero on
either side of the s {ace. Here, we have calculated elec-
tron differential prohabilities for surface excitations using
the same model diciectric function. Fig. 7 shows the
results of these calculations for electrons passing through a
Au surface with an exit angle of 0°. Two surface plasmon
peaks at 3.1 and 5.3 eV are prominent.

1o

0K Au
/ 0%

— aSkev
~ bor et keV
2 1.5 heV
'3
o /\ / — - 2keV

0 \
0.2
00 s
0 3 10 15 20
@ (eV)

Fig. 7. A plot of the surface excitation differential probability for
electrons of several energies crossing the Au-vacuum interface.
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uB Au 7
(a=75% .

0 .
1300 1320 1340 1366 1380 1400 1420
E(eV)

Fig. 8. A comparison of Au4f XPS at an exit angle of 75° from
experimental measurements (solid diamonds) [11], theoretical
computations by Yoshikawa et al. (open diamonds' [11] and the
present calculations considering (solid circles) and neglecting
(open circles) surface excitations.

The generaticn of Au4f photoelectrons along the paths
of incident AlKa X-rays is traced to a depth of 100 A.
For photoelectrons generated in the deep region, MC simu-
lations are applied to determine electron trajectories from
differential cross sections for ejastic scattering and volume
excitations. When these electrons enter the shallow region,
Poisson processes are used tc determine electron trajecto-
ries with respect to volume and surface excitations. In the
case of photoelectrons produced in the shallow region,
Poisson processes are adopted for the determination of
electron trajectories. The computer program terminates
when all electrons either leave the solid or their energies
fall below a cutoff energy of 1300 eV. Electrons escaping
from the solid are then registered if they enter the accep-
tance solid angle of the analyzer. This solid angle corre-
sponds to an acceptance angle within 1 4° from the central
axis of the analyzer. Fig. 8 shows a comparison cf experi-
mental data (solid diamonds) [11], present calculations
witn (solid circles) and without (open circles) surface
excitations, and other theoretical results (open diamonds)
{10,11] for Au4f XPS with an emission angle of 75°. In
order to compare theoretical results with experimental data
on the same basis, all spectra are normalized at the energy
of the Audf, , photoelectron peak at around 1402.6 eV
with a peak height of 5. It is seen that surface excitations
make significant contributions to XPS in single and plural
energy-loss peaks and to the multiple loss background. The
single and plural surface plasmon loss-peaks are easily
identified.

A similar comparison for Au4f XPS is made in Fig. 9
for an exit angle of 0°. Here the contribution from surface
excitations to XPS is less pronounced than ¢hat for an exit
angle of 75°. This is because glancing-emergence electrons
travel a longer pathlength in the shallow region than those

337
10
.
08 Au
(o 0%
U6 *

(E)

00 :

1330 1320 “340 1360 1380 1400 1420
E(eV)

Fig. 9. A comparison of Au4df XPS at an exit angle of 0° from
experimental measurements (solid diamonds) {11]. theoretical
comnutations by Yoshikawa et al. (open diamonds) [11] and the
present calculations considering (solid circles) and neglecting
(open circles) surface excitations.

emitted normally. Hence. the influence of surface excita-
tions is enhanced for larger emission angles, owing to the
increased probability for surface excitations. Finally, we
compare in Fig. 10 Au4f XPS for an evit angle of 45°,
Again, the contribution from surface excitations to XPS is
significant. In all cases, the present results that include
surface ¢ «citations agree quite well with experimental data.
Note that the effective loss-function in the Yoshikawa et
al. [10] calculations is extracted from experimental XPS at
an exit angle of 45°. Thus, the calculated results by
Yoshikawa et al. agree better with experimental data at this
emissior angle than at other angles. The present XPS

10 —r T T
..
08 Au
(=45
06

L(e)

0.0
1300 1320 1340 1360 1380 1400 1420
E(eV)

Fig. 10. A comparison of Audf XPS at an exit angle of 45° from
experimental measurements (solid diamonds) {11], theoretical
computations by Yoshikawa et al. (open diamonds) [10,11] and
the present calculations considering (solid circles) and neglecting
(open circles) surface excitations.
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calculations are obtained from theoretical cross sections
derived from first principles rather than from a single set
of experimental data.

5. Cuiwiusions

Studies have been made to determine the infiuence of
surface excitations on Au4df X-rav photoelectron spectra.
Our approach involved Monte Carlo simulations of photo-
electrons in the interior of the solid and Poisson stochastic
processes near the surface. Differential cross sections for
elastic and inelastic interactions of electrons in Au were
determined from model calculations. Eleciron inverse mean
free paths for volume and surface excitations in the surface
region were constructed as 9 function of depth. Computed
results on Au4f XPS showed that surface plasmon excita-
tions made significant contributions *o the spectra in single
and plural energy-loss pecks and in the multiple loss
background. The spectra that included surface excitations
agreed quite well with experimentai data for different
emission angles.
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