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This lecture introduces a simplified single-pole approximation (SSPA) for calculating the inelastic mean free path
(IMFP) of electrons in surface electron spectroscopy. The SSPA is a further simplification of Penn’s single-pole
approximation (SPA), in which the dispersion relation is expressed in a quadratic form with a single adjustable parameter.
By optimizing this parameter, the accuracy of the IMFP can be improved while maintaining computational simplicity.
IMFPs calculated using the SSPA were evaluated for 41 elemental solids and compared with results from the full Penn
algorithm (FPA) and the original SPA. The SSPA demonstrated good agreement with the FPA across the 300 eV to
10 keV energy range. In particular, the optimized SSPA, employing a dispersion coefficient of 0.4167, yielded relative
deviations within 3% of the FPA results, confirming its practical utility. This lecture also provides a detailed explanation
of the Mathematica implementation of the SSPA-based IMFP calculation, including procedures for dispersion parameter
optimization. These descriptions aim to ensure reproducibility and facilitate further applications in surface electron
spectroscopy.
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Figure 1. Plots of Im[—1/e(q, w)] for Al (left) and Au (right) as functions of energy loss @ and momentum transfer g in Hartree
units. Plot range: 0 < @w <5 Hartree and 0 < g < 24, ! (color online)
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Figure 2. Inelastic mean free paths calculated using SSPA, SPA, and FPA from energy loss functions for (a) Al and (b) Au.
Open circles represent IMFPs calculated by SSPA using Mathematica code. Solid lines represent IMFPs calculated using

Fortran code. (color online)
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Figure 3. (a) Inelastic mean free paths (IMFPs) calculated using the SSPA method from energy loss functions are plotted as a
function of electron energy for 41 elemental solids. (b) The corresponding ratios of IMFPs obtained using the SSPA to
those calculated with the FPA are shown as a function of electron energy for the same set of elements. (color online)
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Figure 5. Plots of IMFPs, Fano plots and IMFP ratios as a function of electron energy for Al and Au calculated with FPA and
SSPA using various « values in Equation (21). (color online)
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Figure 6. Plots of IMFPs, Fano plots and IMFP ratios as a function of electron energy for Al and Au calculated with FPA, SPA,
and SSPA using a = 0.4167 (Equation (24)). (color online).
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Figure 7. (a) Ratios of IMFPs calculated using the SSPA with the optimized parameter (« = 0.4167) in the gq-
dispersion relation to those obtained from the FPA are shown as functions of electron energy above the Fermi level
for 41 elemental solids. (b) Mean, median, third quartile (75th percentile), and maximum values of the absolute
relative deviations between SSPA-IMFPs and FPA-IMFPs are plotted as a function of electron energy for the same

41 elements. (color online)
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fl{owp_,q ]:=Sqrt[wp”2+
(9"2/3)*(3*Pi/4)N(2/3)*wp™(4/3) + (q™4/4)];

2[op ,q ,k ]:=wp+ (k*q"2)/2;

relativeError[op , q , k ]:= (2[wp, q, k]/fl{wp, q])-1;
(* e B Y o R %)

Table[ {wp, q}, {op, 0.1, 1.5, 0.2}, {q, 0, 2.0, 0.2} ], 1];

(* --- NMinimize |Z X 5 #1972 MSE f/Mb - %)
mse[k ] := Total[

((relativeError[#[[1]], #[[2]], k])"2 & /@ gridPoints)];
minResult = NMinimize[ {mse[k], 0.1 <=k <= 1.6}, k];
bestK =k /. Last[minResult];
minMSE = First[minResult];

(* - bestK (28T DAFHIENT - *)

errorsAtBestK = (relativeError[#[[1]], #[[2]], bestK] &
/@ gridPoints);

meanErr = Mean[errorsAtBestK];

stdErr = StandardDeviation[errorsAtBestK];

maxErr = Max[errorsAtBestK];
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Print[Style["'V frifbfE R G/ Mb) ",
14]];

Print["d 3 k: ", NumberForm[bestK, {6, 4}11;
Print["a #¢/)» MSE: ", NumberForm[minMSE, {6, 4}]];
Print["&d FHJFEF: ", NumberForm[meanErr, {6, 4}]];
Print["ld 2 ¥&{F75: ", NumberForm[stdErr, {6, 4}]];
Print["ld % K755 ", NumberForm[maxErr, {6, 4}]];
Print["a /N ", NumberForm[minErr, {6, 4}]];
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plot = Show[ — fi7e k ~08 DL ZAHTHEENR/N.
ListLinePlot[
{msePoints, meanPoints, maxPoints}, VL k.

PlotStyle -> {Blue, Green, Orange},
PlotLegends -> Placed[
{
"MSE: RAEDEF,
"Mean Error: FH%}FAZED SEHIE",
"Max Error: FH*REZE D fi KA i
}, Below],
AxesLabel -> {"k", "#272"},
PlotLabel -> "Error vs. k (i#fi b k=" <
ToString[NumberForm[bestK, {6, 4}]]<>") ",
ImageSize -> 650
1
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