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Abstract 

 

Gold and platinum both have the face-centered-cubic crystal structure and are considered 

noble metals, yet they differ by one in atomic number.  Near-edge M4,5 x-ray absorption and 

resonant M4,5N6,7N6,7 Auger spectroscopy reveal “dark” edges and a photon-energy-dependence 

of Auger electron (4f12 final-state) energy distributions.  These results are a direct consequence 

of the delayed onset of df transitions and space quantization of the 3d hole prepared by 

photoexcitation that is predominantly dp vs df near the edge, in agreement with theoretical 

predictions.  This study showcases the centrifugal barrier for f-wave electrons and spectral 

evolution arising from the existence of multiple intermediate-state channels and final states for 

both photoexcitation and Auger decay.  
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I. Introduction 

 

Matrix elements and selection rules are ubiquitous in the interaction of radiation with 

matter.  The most celebrated is undoubtedly the dipole matrix element,  

    < ψf | ɛ . r |ψi >.     (1) 

Here i and f are electron initial and final states, r is an electron coordinate, and ɛ is the electric 

field polarization vector.  In core-excitation spectroscopies, and for the special case of linearly-

polarized radiation with ɛ taken along the z-axis, the spherical harmonic property of the dipole 

operator ɛ . r  Y1,0(θ,ϕ) requires that the z-component of orbital angular momentum l (m=lz) and 

total angular momentum j (with j=l+s and jz=lz+sz, s being the spin angular momentum) are 

unchanged [1].  Moreover, a transition is only allowed if l changes to l1 (“step-down” 

transition) or l+1 (“step-up” transition).  Such restrictions on angular momenta and quantization 

of its z-component, referred to as space quantization, are readily generalized to many-electron 

atoms [2].  If Eq. (1) is squared and multiplied by the energy-conserving density of final states, 

one obtains the differential cross section for the photoelectric effect, which is an example of 

Fermi’s golden rule [1]. 

 

One may use the above simple facts to interpret spectral signatures of the Fermiology 

(here, denoting the study of all electronic states) of low-lying unoccupied electron Bloch states in 

Au and Pt.  This work is likely the most detailed high-resolution analysis of M4,5 edges of these 

systems.  The Fermiology causes “dark” M4 and M5 x-ray edges (where “dark” is synonymous 

with dipole transitions having weak oscillator strengths), because of centrifugal barriers delaying 

3d-f transitions, as a function of continuum energy  relative to weaker 3dp transitions.  Our 

study demonstrates how the j and jz values of a 3d photo-hole retain a memory of how it was 

prepared that is manifested in the final-state Auger electron energy distribution, referred to here 

as a “Zeeman Auger” effect.  This memory is responsible for a photon-energy dependence of the 

M5N6,7N6,7 Auger electron energy distribution.   

 

It should be emphasized that the present analysis of Auger spectra departs from 

traditional studies of post-collision interaction (PCI) and the resonant-Auger effect, however, 

because the effects observed here are observed in our “non-interacting” Auger spectra, and they 
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therefore do not arise from the Coulomb interaction of the photoelectron with either the Auger 

electron or the core hole [3,4,5,6,7].  Rather, they depend on the symmetry of the outgoing 

photoelectron itself.  Our findings also differ from coincidence experiments that require 

numerous electron analyzers [8] by exploiting the typical geometry found at many current 

synchrotron beamlines: an electron analyzer collects electrons within a narrow angular cone 

centered around the incident x-ray electric field polarization.  Therefore, information stored in 

the core hole memory implanted by the x-ray photon is optimally communicated to the analyzer 

within the Auger electron energy distribution. 

 

II.  Experimental Methodology 

 

Experiments were performed at the National Institute of Standards and Technology 

beamline SST-2 at the National Synchrotron Light Source II, Brookhaven National Laboratory, 

on 200 nm-thick Au and Pt sputter-deposited films.  X-ray absorption spectra (XAS) were 

collected by monitoring sample drain current (total electron yield) vs incident photon energy in 

the vicinity of Au and Pt spin-orbit-split M5 and M4 edges (2207 eV and 2293 eV for Au, 

2122 eV and 2203 eV for Pt).  The spectra were normalized to incident photon flux determined 

by photocurrent from either an Al foil or a Ni mesh upstream of the sample.  Auger electron 

spectra (AES) were recorded with a hemispherical electron analyzer operating in angular mode 

with a pass energy of 200 eV [9].  The total experimental resolution was better than 0.2 eV at 

these photon energies, and counting statistics achieved were better than 2 % for all spectra.  The 

acceptance cone of the analyzer (±3.5) was aligned parallel to the x-ray polarization vector of 

the synchrotron beam, which defines the z-axis throughout this work.  Samples were held at 

normal and glancing incidence for XAS and AES measurements, respectively.  We used a liquid-

nitrogen-cooled, double-crystal Si(111) monochromator, specifically designed to operate close to 

90 Bragg angle with an energy reproducibility better than 0.1 eV.  Details of the beamline, 

vacuum system, and experimental procedures are given elsewhere [10,11,12,13].   

 

III.  Theoretical Analysis 
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 The electronic structures and XAS of solid Au and Pt were calculated within density-

functional theory (DFT) and Bethe-Salpeter-equation (BSE) calculations [14], respectively.  The 

local density approximation (LDA) was used in a plane-wave, pseudopotential framework.  

Details of the DFT calculations are given elsewhere [15].  We used hard norm-conserving 

pseudopotentials of the Hamann-Schlüter-Chiang type [16] with Vanderbilt cut-off 

functions [17], with 5s, 5p, 5d and 5f electrons in the valence category.  We used a 100 Rydberg 

cut-off for the Bloch states.  For the PDOS, we used an 8000-k-point grid in the full Brillouin 

zone.  Throughout this work, k-point grids were shifted to break degeneracies of stars of k-points, 

thereby accelerating convergence.   

 

For the Bethe-Salpeter calculations, we included the main corrections to the unoccupied 

LDA band structure, namely a 5% stretch of the energy scale.  Such an enhancement of the 

energy scale of low-lying unoccupied bands is typical, and our result is based on a quasiparticle 

treatment of a similar system by Marini, del Sole, and Onida [18].  Bethe-Salpeter calculations 

were performed using OCEAN [14,19-21] with 145 bands total (including the 5s and 5p bands) 

and Brillouin-zone grids with 1728 k-points.  This proved that results are converged with respect 

to k-point sampling at 1728 k-points.  Sparser zone sampling was used when calculating partial 

absorption spectra obtained for individual core levels, because broadening effects greatly 

accelerated convergence.  We simulated the randomized crystallographic orientation of the 

sputtered films by 26-point Lebedev cubature of the sample surface normal on the unit 

sphere [22].   

 

The electron-hole interaction changed XAS spectra only slightly, consistent with the 

strong core-hole screening expected in such systems [23].  By omitting the small multipolar parts 

of the electron-core hole interaction, we could separately calculate XAS for each 3d hole state 

with quantum numbers j and jz.  We also confirmed that the photoelectron-core hole interactions 

did not affect the Auger results significantly, other than changing the overall Auger yield in 

much the same way as the absorption spectrum.   

 

For the Auger spectrum calculations, atomic structure, core-level wave functions and 

energies, and final-state two-hole states were obtained using a relativistic, Hartree-Fock atomic 
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program with a dense radial grid [24].  Calculations were performed using both the Dirac 

equation, including determination of spin-orbit splitting, and the scalar-relativistic Koelling-

Harmon equation [25] plus spin-orbit interaction in a Pauli two-component framework.  This 

methodology used limited configuration interaction, including all states with two 𝑁଺,଻ holes and 

mixed coupling.  The level scheme agrees with observed spectra and even features anomalous 

ordering of levels with different total J for the same (nominal) L and S.   

 

Auger electron continuum states were treated in a spin-orbit-averaged scalar-relativistic 

framework.  Because of the small (7 full cone) solid angle for acceptance by the electron 

analyzer, all spin and orbital angular momenta are quantized along that direction.  Therefore, it 

was only necessary to consider final states with Auger electron 𝑙௭ ൌ 0.  Several selection rules 

may be concerned regarding allowed transitions and/or allowed observed final states for a given 

𝑀ହ core hole in the intermediate state.  When calculating Auger spectra, it was necessary to 

consider all possible Auger electron angular momentum and spin values, with only its 𝑙௭ being 

known.  It was therefore necessary to consider Auger electrons with orbital angular momentum 

𝑙௔ restricted according to 0 ൑ 𝑙௔ ൑ 8.  Spectra were dominated by values of 𝑙௔ nearest the middle 

of that range.  By virtue of parity, only even values of 𝑙 were allowed.  Also, because the final-

state value of |𝐽௭| in the two-hole final state could not exceed the corresponding value of 𝐽, the 

triangle rule ensured additional selection rules in some cases.  For instance, a two-final state with 

𝐽 ൌ 0 would also have 𝐽௭ ൌ 0, possible only for an 𝑀ହ holes with 𝑗௭ ൌ േ 1 2⁄ , which would be 

transferred to the Auger electron.  Figure 1 shows the relative contributions to the Auger 

spectrum for a core hole in each level at the 𝑀ସ and 𝑀ହ edges.  The level schemes betrayed by 

these partial spectra are presented in Table 1.   

 

Theoretical M4,5N6,7N6,7 Auger spectra in the solid were obtained by calculating the 

energy distribution for collected Auger electrons for each j and jz of the core hole and weighting 

each distribution by the probability of vacating each 3d state as a function of photon energy.  

Allowed values of jz depend on j and the photoelectron final state l as shown in Figure 2.  The 

probabilities also result from the PDOS and transition matrix elements that involve the Bloch 

states, and the pertinent Gaunt and Clebsch-Gordan coefficients.  The multiplet structure of the 

4f12 level scheme was found using configuration interaction in a relativistic Hartree-Fock 
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program, including multipolar and spin-orbit effects [24].  The spectra were then broadened by 

applying the appropriate Lorentzian widths of about Γ3d+2Γ4f above resonance and Γ3d/2+2Γ4f at 

resonance [5,26], with Γ values taken from the literature [27], plus a small allowance for 

experimental broadening.  Interactions between the photoelectron, the Auger electron, and the 

core hole were explicitly not treated in the atomic calculations underpinning the Auger spectra 

(aside from shifts in binding energies), thereby demonstrating the validity of the sudden 

approximation for interpreting spectra.  We also, reasonably, ignored solid-state effects on the 

inner-shell degrees of freedom and final state of a high-kinetic-energy Auger electron. 

 

IV.  Results and Discussion 

 

The s, p, d, and f partial densities of states (PDOS) are shown in Figure 3.  The Figure 

depicts the familiar broad s-p band and narrow 5d bands with d10 occupancy in Au and nominally 

d9 occupancy in Pt.  Above the Fermi energy (Ef), the p and f PDOS of interest for M4,5 near-edge 

XAS are also shown.  There is a marked crossover from the PDOS favoring p to favoring f 

around Ef +15 eV because of the centrifugal barrier of the radial Schrödinger equation, but the f 

PDOS is also enhanced along with the d PDOS in the spillover of the 5d states above Ef in Pt.   

 

The PDOS are similar for Au and Pt, a direct result of their face-centered-cubic (fcc) 

crystal structures and similar lattice constants and atomic structure.  However, besides the 5d 

band of Pt being only nearly filled, the different lattice constants slightly change the energy scale 

of the XAS fine structure (XAFS) oscillations [28].  The l dependence of the centrifugal barrier 

l(l+1)ħ2/2mr2 of the radial Schrödinger equation is also readily apparent [1]:  The occupied 5d 

levels lie largely above the occupied 6s levels, while the unoccupied 5f levels lie largely above 

the unoccupied 6p levels, consistent with the lower angular momentum orbitals penetrating 

closer to the nucleus [29].  The energy order and relative (2l+1) degeneracy (l = 1 for p states 

and l = 3 for f states) accounts for the p-to-f crossover in the unoccupied states around 15 eV 

above Ef.  This observation is also consistent with the energy ordering of the core states:  5s 

below 4f, below 5p, for Au and Pt as observed in XPS spectra [30]. 
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Figure 4 shows XAS spectra and their derivatives (inset) of Au and Pt around the M5 

edge.  As an accurate description of the electronic structure is a prerequisite for obtaining a 

reliable XAS spectrum [31], the agreement between theory and experiment supports the high 

accuracy of our unoccupied DOS.  The experimental assignment of the absorption threshold was 

made by determining the energy at which the M5N6,7N6,7 Auger peak narrowed and became 

coincident in energy with the normal or diagram Auger line as measured above threshold [13].  

This narrowing and linear dispersion of the Auger peak at threshold are hallmarks of the resonant 

Auger effect [5,32,33].  Here we deem identification of Ef to be accurate to within 0.5 eV for 

both Au and Pt because the excitonic binding energies should approach zero for these well-

screened metallic systems [23].  Indeed, careful inspection of the Auger data near threshold 

proved necessary for the experimental determination of Ef which was poorly estimated by our 

initial XAS measurements alone.  In the calculations, Ef was precisely located by electron 

counting and high-density Brillouin-zone sampling.   

 

The different near-edge spectroscopic signatures of both materials are most visible in the 

derivatives.  These differences arise from their d10 vs d9 characters.  Relevant to the 3d 

photoexcitation, this leads to a PDOS that for Au is mostly p-like, whereas for Pt it is rich in f 

character at Ef, as evident from the theoretical partial DOS curves.  These considerations depart 

from more frequent XAS analysis where it has been convenient to overlook step-down (l1) 

angular momentum transitions [26,34,35,36].   

 

 Figure 5 shows the “raw” experimental Au and Pt M5N6,7N6,7 Auger spectra recorded as a 

function of photon energy above the M5 edge.  Data are shown for photon energy beginning at 

the M5 resonance and continuing past the p-to-f crossover.   The data have not been corrected for 

background.  Only a constant scale factor was applied to each spectrum to make the background 

intensity above the Auger peaks equal to one.  The “darkness” of the edges is evident in the raw 

data. 

 

To compare these spectra more closely, Figure 6 shows the M5N6,7N6,7 Auger spectra 

from Figure 5 after Shirley background subtraction [37] and normalization to equal peak height.  

As the Auger spectrum of a core hole is an accurate account of transitions to different 4f12 final 
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states, these spectra and their differences are a critical test of whether the 3d core hole retains 

information contained within its jz distribution as to how it was prepared.  For both materials, the 

largest features of an Auger spectrum are an intense peak, accompanied by two higher-kinetic-

energy lobes with approximately half the weight of the first peak.  There are 91 4f12 microstates 

in total [38].  The calculations reproduce many spectral features, including the significant 

changes observed at the p-to-f crossover.  The weak feature on the low-kinetic-energy side of the 

Auger spectra (e.g., around 2017 eV in the Au M5N6,7N6,7 spectrum) is associated with a 1S 4f12 

multiplet level and can only result from 𝑗௭ ൌ േ1/2.   

 

The spectral signature of the p-to-f crossover can be motivated as follows.  Suppose we 

define the coordinate system so that the z axis is always the x-ray polarization direction, 

regardless of crystal orientation.  Because spin-orbit splitting is strongly quenched except at 

high-symmetry points, we suppose further that spin-orbit effects are negligible for the 

unoccupied states.  In addition, regroup summation over Bloch states into the local PDOS on a 

core-excited site.  In the case of a sputtered sample, random orientation of the crystalline axes 

renders the effective PDOS to be independent of the photoelectron’s magnetic quantum number 

𝑚 for a given orbital angular momentum l.   

 

The rate at which a core level with orbital angular momentum 𝑙௖, total angular 

momentum 𝑗 ൌ 𝑙௖ ൅ 1 and 𝑗௭ ൌ 𝑚 is vacated by photoexcitation into a partial wave channel with 

orbital angular momentum l is given by  

 

 
𝑆௟ሺ𝑗,𝑚ሻ ൌ

஼೗ሺாሻ

ଶ௟೎ାଵ
ሼሺ2𝑙௖ ൅ 1 ൅𝑚 െ 𝑗ሻሾ𝑔ሺ𝑙,𝑚 െ 1 2;⁄ 1,0; 𝑙௖ ,𝑚 െ 1 2⁄ ሻሿଶ ൅

 ሺ𝑗 െ 𝑚ሻሾ𝑔ሺ𝑙,𝑚 ൅ 1 2;⁄ 1,0; 𝑙௖ ,𝑚 ൅ 1 2⁄ ሻሿଶሽ.
 (2) 

 

Here we have Gaunt coefficients given by  

 

 𝑔ሺ𝑙ଵ,𝑚ଵ; 𝑙ଶ,𝑚ଶ; 𝑙ଷ,𝑚ଷሻ ൌ 𝑑ଶΩ 𝑌௟భ,௠భ׬
∗ ሺΩሻ𝑌௟మ,௠మ

 ሺΩሻ𝑌௟య,௠య
 ሺΩሻ.     (3) 

 

(One is to understand 𝑔 ൌ 0 if there is any |𝑚௜| ൐ 𝑙௜.)  The factor 𝐶௟ሺ𝐸ሻ includes effects of the 

orientationally averaged, unoccupied PDOS, radial factors in wave functions, and all other 
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kinematical factors.  In the present case, relative ratios of values of 𝑆௟ሺ𝑗,𝑚ሻ for different values 

of 𝑚 are given by  

 

 𝑆ଵ ቀ
ହ

ଶ
,േଵ

ଶ
ቁ : 𝑆ଵ ቀ

ହ

ଶ
,േଷ

ଶ
ቁ : 𝑆ଵ ቀ

ହ

ଶ
,േହ

ଶ
ቁ ൌ 3: 2: 0 ≅ 1.000: 0.667: 0.000  (4) 

 

and 

 𝑆ଷ ቀ
ହ

ଶ
,േଵ

ଶ
ቁ : 𝑆ଷ ቀ

ହ

ଶ
,േଷ

ଶ
ቁ : 𝑆ଷ ቀ

ହ

ଶ
,േହ

ଶ
ቁ ൌ 43: 37: 25 ≅ 1.000: 0.860: 0.581.  (5) 

 

Hence, a p-to-f crossover in the unoccupied PDOS emphasizes larger absolute values of 𝑗௭.   

 

For a core hole with each value of 𝑚, the partial energy distribution curve for Auger 

electrons emitted into the z direction involves the factor,  

 

𝐽௠ሺ𝜖௔ሻ ൌ ∑ ∑ ቀଶ௟ೌାଵ
ସగ

ቁ௟ೌ,௠ೌ,ఙೌ ห∑ 𝐶௞,௜௝〈𝜖௔, 𝑙௔,𝑚௔,𝜎௔; 𝑗,𝑚|𝑉௘௘|𝑖𝑗〉௜௝ ห
ଶ
𝛿ሺ 𝐸௞ ൅ 𝜖௔ െ 𝜖ᇱሻ௞ .   (6) 

 

Summation over k runs through the stationary, two-hole final states on the core-excited site, each 

with energy 𝐸௞.  Summation over 𝑖 and 𝑗 sums over two-hole microstates, each mixed with 

coefficient 𝐶௞,௜௝ in a stationary state.  The operator and matrix element involve the electron-

electron Coulomb interaction 𝑉௘௘.  Each Auger electron has its continuous energy 𝑎 and discrete 

quantum numbers 𝑙௔, 𝑚௔ and  𝜎௔ (again neglecting spin-orbit effects).   

 

In a highly simplified picture, the delta-function ensures energy conservation in the 

overall final state.  The energy 𝜖ᇱ accounts for the inner core level binding energy and energy 

sharing between the photoelectron and core-excited site.  More generally, the delta function 

should be replaced with a Lorentzian, or, even better, the resonant Auger process should be 

treated such as is done by Drube et al. [26].  In the absence of such complications, which we 

reasonably neglect here, the total energy distribution curve for Auger electrons is given by  

 

 𝐼ሺ𝜖௔ሻ ൌ ∑ ∑ 𝑆௟ሺ𝑗,𝑚ሻ𝐽௠ሺ𝜖௔ሻ௠௟ .       (7) 
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The shape of the Auger electron energy distribution curve depends on 𝐸, therefore, both through 

the resonant Auger line shape (not central to this work) and through the PDOS. 

 

Figure 7 shows measured and calculated M4N6,7N6,7 Auger spectra recorded with photon 

energy above the M4 threshold as indicated.  Nearly full suppression of the high-kinetic-energy 

lobe is observed for both Au and Pt relative to the M5N6,7N6,7 spectra (Fig. 6), consistent with 

previous L2,3M4,5M4,5 measurements for Ag, Pd, and Rh [39-43].  Differences observed here for 

the spin-orbit splitting of the core hole, however, emphasize Auger-transition matrix elements for 

filling M5 vs M4 core holes and not just preferential sampling of different values of core hole jz.  

Nonetheless, in the M4 case, the same four jz values are always allowed in dp and df 

transitions, albeit by varying amounts, and the photoexcitation-energy dependence is weak and 

difficult to distill.  Indeed, difficulty with extracting clean Auger spectra (background-subtracted, 

satellite-free, etc.) from the data could be reasonably expected in view of the M5 edge being only 

slightly lower in energy than the M4 edge.   

 

Gotter et al. [8] presented results for coincidence measurements of a photoelectron and 

Auger electron for selected emission directions at one photon energy.  The work presented here 

differs because we do not rely on a coincidence experiment and the multiplicity of electron 

analyzers that such an experiment requires.  Instead, angular selectivity is achieved using x-ray 

polarization and the electron analyzer acceptance cone being along the same axis, requiring 

only one electron analyzer.  Additionally, the use of multiple photon energies probes different 

parts of the crystalline band structure and hence the different symmetries of the outgoing 

photoelectron.  This situation is highly suitable to many current HAXPES (Hard X-ray 

Photoelectron Spectroscopy) beamlines, so our method can be immediately and broadly 

exploited and should be of interest to much of the synchrotron radiation and electron 

spectroscopy community.   

 

V.  Conclusions 
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In conclusion, dark edges were observed and predicted at the 3d M4,5 XAS thresholds of 

Au and Pt.  This situation arises from angular-momentum selection rules of the dipole matrix 

element and the centrifugal barriers that render differentially delayed onsets of 3d→6p and 

3d→5f excitations.  The observation of a p-to-f PDOS crossover further restricts potentially 

created 3d holes with varying likelihoods (orbital blocking).  The M4,5N6,7N6,7 Auger spectra 

demonstrate that a 3d core hole directly registers how it was prepared vis-à-vis the symmetry of 

the outgoing photoelectron final state (wave).  The Zeeman-like phenomena reported here are 

distinct from those associated with the traditional resonant Auger effect because the latter 

involve Coulomb interactions between the core hole, Auger electron, and photoelectron that we 

have explicitly not treated.  The present phenomena will also be manifest in many other systems.  

Obviously, this study also showcases centrifugal-barrier effects and spectral evolution arising 

from the existence of multiple intermediate-state channels and final states for both 

photoexcitation and Auger decay.  The observed effects should be quite general, because the core 

hole assumes quantum numbers related to those of the initially ejected photoelectron.  

Furthermore, the observed variations in Auger spectral features amplify the admonition that XAS 

measurements are reliable only insofar as a proxy signal such as electron yield is proportional to 

the absorption rate, because only sampling different Auger electron energy regions would 

indicate different XAS spectra.   
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Tables 

 

Table 1.  Level schemes for the 4𝑓ଵଶ two-hole final states.  The 𝐽 ൌ 6, nominally ଷ𝐻 binding 

energy (B.E.) is set to zero.  Despite being in the intermediate-coupling regime, the nominal term 

designations are provided for the Hund’s rule, lowest-energy state, the “anti-Hund’s rule” 

highest-energy state, and the tallest peak in all spectra.   

 

Relative B.E. (eV) 
J 

Nominal 
term Au Pt 

0.00 0.00 6 3H 
1.14 1.18 4 n/a 
3.21 3.56 5 n/a 
4.04 4.25 2 n/a 
4.30 4.69 4 n/a 
4.67 5.06 3 n/a 
7.35 8.06 4 n/a 
7.79 8.30 2 n/a 
9.11 9.53 0 n/a 
9.12 9.67 6 1I 
9.99 10.58 1 n/a 

11.19 11.99 2 n/a 
19.37 20.45 0 1S 
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Figures 

 

Figure 1.  Partial Auger emission spectra, with the relative binding energy of the Auger electron 

set to zero for the ଷ𝐻, lowest-energy 4𝑓ଵଶ two-hole final state on the core-excited site.  The level 

schemes are shown in Table 1. 

 

Figure 2.  Dipole-allowed Zeeman-like transitions for E along z for d→f (red) and d→p (blue) 

core hole excitations from the M4 and M5 subshells (brown).  Spin-orbit splitting of the 3d 

subshell and modest spin-orbit effects in the continuum states at energy  are indicated.  

Excitation of 𝑚 ൌ േ1/2 and േ 3/2 electrons is always allowed, whereas excitation of 𝑚 ൌ

േ5/2  electrons is only allowed for d→f transitions.   

 

Figure 3.  Au (upper) and Pt (lower) angular-momentum-resolved LDA partial densities of states 

(PDOS).  The insets show the s, p, d, and f PDOS near the Fermi level, while the outsets show 

the p and f PDOS at higher energies relevant to 3d photoexcitation.  Note the p-to-f crossover 

(indicated by arrows) that occurs approximately 15 eV above the Fermi level for each. 

 

Figure 4.  Normalized M5 XAS of Au and Pt: experiment (top); theory (bottom).  The insets 

show their derivatives.  The experimental Fermi level was determined by the resonant Auger 

measurements (see text). 

 

Figure 5.  As collected Au and Pt M5N6,7N6,7 Auger spectra recorded as a function of photon 

energy above the M5 edge.  The data have been multiplied only by a constant to normalize the 

background level at higher kinetic energy. 

 

Figure 6.  Au (upper) and Pt (lower) M5N6,7N6,7 Auger spectra as a function of photon energy 

above the M5 edge.  The top of each panel is the experimental data, and the bottom is the 

theoretical result.  The spectra were normalized to have the same maximum height after Shirley 

background subtraction. 
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Figure 7.  Au (upper) and Pt (lower) M4N6,7N6,7 Auger spectra for photon energies 30 eV or 

40 eV above the M4 resonance, respectively.  The top of each panel is the experimental data, and 

the bottom is the theoretical result.  The spectra were normalized to have the same maximum 

height after Shirley background subtraction. 
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core hole excitations from the M4 and M5 subshells (brown).  Spin-orbit splitting of the 3d 

subshell and modest spin-orbit effects in the continuum states at energy are indicated.  Excitation 
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electrons is only allowed for d→f transitions.   
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Figure 3.  Au (upper) and Pt (lower) angular-momentum-resolved LDA partial densities of states 

(PDOS).  The insets show the s, p, d, and f PDOS near the Fermi level, while the outsets show 

the p and f PDOS at higher energies relevant to 3d photoexcitation.  Note the p-to-f crossover 

(indicated by arrows) that occurs at approximately 15 eV above the Fermi level for each. 
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Figure 4.  Normalized M5 XAS of Au and Pt: experiment (top) and theory (bottom).  The insets 

show the derivatives.  The experimental Fermi level was determined by the resonant Auger 

measurements (see text). 
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Figure 5.  As collected Au and Pt M5N6,7N6,7 Auger spectra recorded as a function of photon 

energy above the M5 edge.  The data have only been multiplied by a constant to normalize the 

background level at higher kinetic energy. 
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Figure 6.  Au (upper) and Pt (lower) M5N6,7N6,7 Auger spectra as a function of photon energy 

above the M5 edge.  The top of each panel is the experimental data, and the bottom is the 

theoretical result.  The spectra were normalized to have the same maximum height after Shirley 

background subtraction.   
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Figure 7.  Au (upper) and Pt (lower) M4N6,7N6,7 Auger spectra for photon energies 30 eV or 

40 eV above the M4 edge, respectively.  The top of each panel is the experimental data, and the 

bottom is the theoretical result.  The spectra were normalized to have the same maximum height 

after Shirley background subtraction.   


