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SUMMARY.

Appearance potential spectroscopy is a simple, powerful technique for studying core states
as well as empty states above the Fermi surface of metals and alloys. The one-electron, one-den-
sity of states theory is derived and examples of its succeésses for explaining the spectra of simple
metals and the 3d transition metals are discussed. Finally, it is shown that the appearance potent-
ial spectra of rare earths cannot be explained in the same way. Several other models are introdu-
ced; each of which can account only for some of the experimental features.

1. ~INTRODUCTION

Appearance potential spéctroscopy is an old technique, introduced in 1921'to determine
the binding energy of core levels of atoms in golids 1)‘. Conceptually it is very simple, It con-
gists in measuring the total yield of x~ray emission from an electron-bombarded samplé; An
abrupt change in the total yield is expected when the energy of the bombarding electrons rea-
ches the binding energy of a core state, since a new channel for x-ray production is opened,

Due to the simplicity of the technique, appearance potential spectroscopy developed fast
in the beginning. The onset structure was extracted from the large background emission by gra-
phical differentiation and the binding energies of the core states of several materials were de-
termined. But difficulties ineherent to the technique, related to sample preparation and vacuurn
conditions, were encountered. The number of thresholds exceeded the number of available core
levels of a certain material, due to impurities. In some cases, weather conditions interfered with
the experimets., However, the most serious problem was that the differentiation method was not
very accurate, All these difficulties discouraged the physicists of that period and appedrance po-
tential spectroscopy was abandoned definetly in 1933, only twelve years after its birth,

In the late 1960s, appearance potential spectroscopy had its reinassence. Electronic diffe-
rentiation; achievedby means of phase-sengitive techniques, allowed to extract easilythe desired
threshold structures from the large background, Now-a-days ultra high vacuumn and sample pre-
paration techniques do not represent anymore a problem,

The results obtained on light metals and on the 3d transition metals have been encouraging.
The energy shift of a core level between a surface and a bulk atom has been measured, as well as
the chemical shift due to alloying or oxidation of the material, The measured spectira could be ex-
plained using a simple one-electro model, even if in a few casées many-body effects had to be taken
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into account, Instead, the spectra of Ba, La and of the rare earths did not fit anymore the one-
-electronmodel. Alocalized, atomic picture is required.

In this note we review shortly appearance potential spectroscopy, with particular empha-
sis to rare earths. In sec., 2 we shall describe the experimental technique and in sec. 3 the c;ne-
electron model. In sec. 4 we shall discuss the light metals and the 3d transition metals, Sec. 5
will be devoted to the rare earth spectra.

2. - EXPERIMENTAL TECHNIQUE.

. . , . R, 2,3
The experimental set up is sketched in Fig. 1( ’ )‘. Electrons are emitted from the filament,
RAMP GENERATOR
30V 0-1500 V
/| P
T
-
(== MODULATOR
PHOTOCATODE |
' b ”D
if ¢ ! [ =
! ! —¥T
15 1
21050 | L5M F
T» ‘ bl
l FIG, 1- Diagram of an appearance potential
600 V REFERENCE TO LOCK.IN —— L ppeavance b '
I set-up. The devices eclosed in the'large rec
v xS s FROM tangle are inside an ultra high vacuum cham
. XY X - £ . "
LOCK N o ECORDEH A AMP GENERATOR ber. F: filament. T: target. SM: mesh groun-

ded screen, C: collector,

usually a small, self-heated V-shaped tungsten wire, and accelerated to the sample by the accelerat-
ing voltage supplied by a ramp generator. A small modulating AC voltage is superimposed to the DC
bias by means of a transformer coupled to an oscillator. The emitted x-rays reach the detector pass-
ing through a semitransparent grounded tungsten mesh., The purpose of the mesh is to avoid that the
electrons emitted from the filament reach the detector region. For this reason, the filamert is bias-
ed 30V positive with respect to ground, The x-rays passing the mesh strike the walls of a cilindrical
tantalum photocatode, generating photoelectrons that are-collected by a positively biased coaxial wire,
The collector current, Ic, is a measure of the photon flux. Hereafter, we shall assume that I, is propo-
rtional to it and, consequently, to the total yield, Yy, of x-ray emission. The variation of the photo-
current is measured sinchronously with the AC modulating voltage using a lock-in and is directly plot-
ted versus the accelerating voltage supplied by the ramp generator.
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FIG, 2- Actual design of the vacuum system of an
appearance potential spectrometer (ref.(3)) and of
the detector mounted on a commercial 4 pin cur-
rent feed through (ref. (4)). B: BN insulators: F:
filarnent; S: sample; C: collector.
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The vacuum system, shown in Fig. 2, is. based on two 1 (1/2) inch crosses and one tee(3),

It permitted evaporation of samples through a baffle to keep the cathode and detector uncontami-
nated, Base pressures in the 10-11 torr were achieved, During sample evaporation the pressure
could be held below 10”8 torr and within a few minutes later, an experimental run could be made

in the 10710 torr range,

The incident electron energy, B, is referred to the Fermi surface of the target material
by:
E =eV + e +2kT . (1)

where V is the applied accelerating voltage, @' is the work function of the filament (4. 5 eV for
tungsten)and 2kT is the average kinetic energy of the electrons leaving the filament at tempera-
ture T. The last two terms amount approximately to 5 eV,

The resolution of the spectrometer is affected by several contributions:

a) The voltage drop across the filament, which is of a few volts, In order to minimize this effect
and to localize the emission, the tip of the V-shaped filament can be etched chemically, Ano-
ther method consists in heating the filament with an AC or a pulsed current and to gate the
photocurrent signal in correspondence of the zeroes of the heating current.

b) The thermal spread of the electron energy, which may amount to some tenths of eV,

¢) The spreadof the electron energies when the projectile electrons enter in the : sample.
d) The amplitude of the modulation voltage.

There are other intrinsic factors contributing to the total width, such as the lifetime broad-
ening of the core hole. In our experiments(z: 3), with 0. 3 volts peak to peak of modulation, the
sharpest features observed had a full width of about 1 eV,

3. - SIMPLE THEORY.

The total x-rays yield, Y , contains two contributions, YB(EO), from the breamms-
trahlung emission, and YXR T él;om the characteristic x-rays(l:

YTOT(EO) = YB(E?O) + YXR(EO). (2)

S B(E ) 1€ pl Op()r thIla]. to tfh.e pl O]e(,tl‘le electl on ener y.
Y E ,“ =CE . 3

The charactesitis x-rays are generated by the radiative decay of the core holes created by the 1nc1-
dent electrons:

YXR(EO) =2 P oo (E) (4)
P, is the probability for the radiative decay of the core state . n and it does not depend on the inci-
dent electron energy. ou(Eg) is the excitation cross section of an electron irn the subshell n. It is
zero for energies less than the binding energy Ej, of the core state n, and it is a smooth function
for EO// Epn. The summation into eq. 4 obviously extends over all the states with binding energies
bn < E . which can be excited by the incident electron. By definition, the appearance potential spe-
ctrum APS(E,) is the first energy derivative of the total yield and, from eqs.(2),(3)and (4), is
given by: dy do do

v APS(E)=7@T—O—T C+2P--‘—- =C+F(E)+P = (5)

o} o} o} m

dE dE
o

When Eq, scans across the excitation threshold energy for a certain ' state m, sharp structure are
generated in APS(Eg) only by the excitation cross section of the state m. For this reason, in the
right gide of eq. 5 we have separated the contribution of the newly excited state from that aris-
ing from all the other states with Ebn<< Ey~Epm, represented by the slowly varying function F(Ep).

A direc¢t calculation of o (EO) near threshold, fdl‘ low energy incident electrons, is one of the
major tasks of scattering theory. Actually, it is a many-body problem, with the N electrons of the
crystal and the projectile electron interacting between each other. In order to have an equation that.



relates simply APS(Eg) to the crystal parameters, we use the one-electron approxima‘cion(3: 5),

Within this approximation, in the initial and final states of the N+1 electron system, all the elec-
trons are considerednot interacting with each other and the projectile-electron can excite only one
of the crystal electrons. From time perturbation theéory, the excitation probability can be written

as: - _ 2@ Z|<il—--e—?‘—|f'>‘2 §(E. -I.) (6)
it £ if i £

\ i> and ] f} are states formed by two independent particles. l i) is formed by a core state wave-
function times that of a free electron of energy BE,. Since the actual state of the incident electron
is not known, we must average over all such possible states, | i) can be assumed to be already su-
ch an average, | £} is an antisymmetrized wavefunction of the two electrons lying slightly above
the Fermi surface (we shall take the Fermi energy Ep as the zero energy hereafter) with energ-
ies ¢ and ¢ respectively. The interaction is the Coulomb screened potential e / ¢} 71, where

T is the relative coordinate between the two electrons. Finally,the ¢ function in ‘eq. (8) represents
the conservation of the energy during the excitation process:

EO-EWb =g+ ¢, (7

If in eq. (8) we neglect the variation of the matrix element (which contains the information on
the type of interaction), the whole process can be described as the result of two independent tran-
sitions, as shown schematically in Fig, 3. The incident electron decays from its initial :state Ejto
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FIG. 3- Schematic diagram showing, in the i ey 7
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tation of a core state (appearance potential I8 ~Ey
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a final state of energy & above Eg; the crystal electron is excited from a core state of energy Ep to
a final state of energy &' above Ef.The total transition probability is how given simply by the product
of the two transition probalities, each proportional to the final dersity of states N(e),

W(E, — ¢, E_ = €)oo N(&) N({.g'). (8)

&' is linked to ¢ by eq. (7) and it may have any value between zero, when the core electron is excited
just on the Fermi surface, to a maximum value E,-E,, when it is the incident electron to rest on the
Fermi surface, Each pair of values £ and &', satisfying eq. (7) forms a possible final state for the two
¢lectron system, Thus the total yield contains a summation over all these final states:

Yyp(E) @ f;EO‘Eb N(¢) N(Eg-Ep- ¢ ) de (9)

The interesting contribution to the appearance potential spectrum is given by:
fEO—Eb (EO-EbdN(S) ,
APS(EQ)Y 5= ), NeIN(Eq-Ey- &) N(OIN(Eq-Ep )+ Yo e N(Eq-By,-e)de (10)

From eq.(9), we see that the total yield is given by the self-convolution integral of the one electron
derngity of states abovethe Fermi surface. )



For E4=Ey, eq.(10) yields APS(EO):N(O)Z, i, e. , the height of the structure above the back-
ground is proportional to the square of the density of states at the Fermi surface; If N(¢) does not
show sharp features,but is a smooth function of ¢ , dN/de is a small quantity and the contribution
from the last term into eq. (10) is negligiable. In such a case, APS(E ) is proportional to the den-
sity of final states:

APS(E,) aN(0) N(E,-E (11)

b)o
Within the frame of the one-electron approximation and constant matrix element, the soft
x-ray absorption coefficient, a(h®), above threshold is proportional to the density of final sta-
tes, Thus we can use an experimental spectrum of a hw) inside the self -convolution integral, to
obtain an expected appearance potential spectrum:

E
o]
APS(E,) = d j alho) a(Eo+Eb-- fw) dho (12)
Ep

In a few cases, a similarity between APS and o w) can be expected, according to eq. (11),

In Table I we present some examples of the calculated shapes of YTOT(EO) and APS(EO), ob-
tained from model densities of states.

4, - LIGHT METALS AND 3d TRANSITION METALS,

The simple theory, giving eqs. (9) and(10), describes very well the appearance potential
spectra of light metals, The appearance potential spectrum of Be(5) around the K edge “shows
good agreement with the calculated density of states above Ef(7) and with the soft x-ray absorpt-
ion speo_trum(g). The appearance potential gpectrum of A1£5,6) i presentes in Fig. 4 (full line).
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The density of states obtained deconvoliting eq. (9) (broken line) differs very:little from the original
spectrum and agrees very well with the calculated density of states(g), indicating that the last term
into eq.(10) gives only a small contribution for Al, The arrows in the upper part of Fig, 4 %ive the
positions of the structures observed in the K and in the L soft x-ray absorption spec’cra(1 ’ 11). All
toghether they match the peaks observed in APS, but the two sets of arrows do not agree with each
other, since the optical selection rules (given by the matrix element) allow to probe different port-
ions of the final: density of states, for different initial core levels. In the case of appearance potent
ial spectroscopy the transition operator is the Coulomb interaction and the optical dipole selection
rules dre relaxed, Therefore, all the conduction density of states can be probed. This is an example



TABLE I - Calculated total yield spectra and appearance potential spectra for some model
density of states in the case of metals using the one electron approximation. Energies are
referred to the Fermi surface. In the left portion of the Table the analytical expressions

are given. In the right portion their plots for some values of the parameters,
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of how appearance potential spectroscopy is more powerful than optical techniques to study the
empty states above Ep.

The 3d transition metals Mn to Ni form a second class of materials extensively studied (see
refs. 1,6,12, 13, 14), The conduction density of states canberepresented. simply by a peak generat-
ed by the 3d states superimposed to the smooth s-p free-eleciron like band. The Fermi surface li-
es in between the d bands and moves upwards for increasing atomic number Z ., We can picture
this situation with the third example of Table I. The expected appearance potential spectra should
consist of a positive peak of width Ej, corresponding to the width of the unfilled portion of the d-
~bands, followed by a dip. The intensity of the peak should be proportional to the square of the den-
sity of states at the Fermi surface. The reduction of the dip with respectto the positive peak height
measures the relative contribution of the s-p states to the total density of states.

The L2’ 3 appearance potential spectra of the 3d transition metals (5,12,13) confirm the pre-
vious expectations. The sepctira consist of a doublet, corresponding to the spin-orbit splitting of
the 2p level. Each component consists of a peak, followed by the negative dip. In Fig. 5 the appea-
rance potential spectrum of Cr is shown and compared
. with a calculated spectrum 3)obtained from eq. (12), us-~
Cr-L,, REGION ing the Lg g soft-x~ray absorption spectrum by Fisher 52
The a;gree’men’c is very good, except for a slight shift of
the calculated spectrum to higher energies. This shift is
caused by the fact that appearance potential spectroscopy
probes surface atoms only, while the soft x-ray absorpt-
ion probes bulk properties. The binding energies of core
states of atoms lying on the surface is reduced with res-
pect to the bulk ones because of the smaller coordination
and the smaller screenening from the conduction electrons
(see ref, (16)) As a matter of fact, tha binding energies

¢ obtained from appearance potential spectroscopy result-

a ed lower than those measured with other techniques (ESCA
= ___ and x-ray emission)(w). In Fig. 6 the appearance potent~
E, ial" spectrum of Ni is shown(6), The L3 line width is much
i narrower than that of Cr and the dip is almost missing in-
Q

dicating the larger contribution to the total density of states
given by the s-p bands in the present case,
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In Fig. 7 the L3 line width is plotted for increasing Z(12), As expected Ej decreases and it
agrees well with calculated values(17), if accournt ig made also for the lifetime broadening.
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Of particular interest may be the application of appearance potential spectroscopy to- alloy
problems. Ertl and Wandel' ) showed that the appearance potential spectra of a Ni/Cu alloy in the
Ni LZ, 3 thereshold region, cannot be described by the rigid band-model, according to which at 55%
concentration of Cu, the Ni d-bands should be completely filled and the peaked structure should di-
sappear. From the analysis of the intensity of the L,. line as a function of the concentration, they
concluded also that the improved CPA model describes adequately the properties of the Cu/Ni alloy.

5. - APPEARANCE POTENTIAL SPECTROSCOPY OF RARE EARTHS,

The density of conduction states sbove Ep for rare earths shoild be similar to that of the 3d
transition metals, consisting of a strong peak of density of states, originating from the empty 4f
levels, crossed by the Fermilevel, Thus one should expect small differences with respect téthe tran-
sition metals. The appearance potential spectrumof Labetween0and 1300 eV is shown in F1g 8 2
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The excitation of the 3d and 4d levels generate the strongest features. The spin orbit splittings of
the 3p, 3d and 4p states are well resolved, but not that of the 4d levels. The M4, 5 structure are
g0 strong to show up clearly as peaks even in the total yield spectra. Remarkable differences
occurred between clean and contaminated (oxidized) samples: in the latter case the chemical shift,
broadening and fewer features were observed, This is particularly interesting for the My, 5 region
where soft x-ray absorption did not show any difference

However, the appearance potential spectra of rare earths strongly differ from those of the
3d transition metals and deviate from the simple theory eq. (10)(21’ 22, 3). In particular, the Ny 5
spectrum, shown for La in Fig, 9 2 , shows more structures than the two spin orbit components,
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Second, structure appears at energies 1ower than the threshold energy 1ndlcated by the lines intheupper

part of Fig. o(l9, 24), Third, eq..12 yielded a spectrum which is totally different from the measured
onet2, 23),

A first clue in understanding the appearance potential spectra of rare earths is given by the

Ny, 5 soft-X-ray absorption spectra. These spectra show several weak, very sharp lines below the

(pected 4d excitation threshold and averybroad band,some 10 eV wide, above threshold(25, 26, 27y,
A one-to-one correspondence between optical structures and appearance potential structures can be
found, as shown in Table II 2 . An empirical rule can be derived too, that for transitions whose fi-
nal states lie below the ionization threshold, the appearance potential peaks are shifted b a con—
stant amount to higher energies than the corresponding optical peaks. Dehemer et al. (2
plained the soft x-ray absorption spectra in terms of atomic-like transitions. Most of the 0sc111a-
tor strength for exciting a 4d electron goes into the transitions 4d104fN —3 449 4N 1(N 0 for La
and N=13for Lu). The wavefunction of the excited electron is localized well inside the centrifugal
barrier and strongly overlaps the 4d wavefunctions. The exchange interaction between the 4d hole
and the 4f electron splits the 449 4¢N+1 configuration into a multiplet spread over 20 eV. Some of
the levels remain below the ionization threshold, generating the sharp lines observed experimen-
tally, while the others are pushed in the continuum and are broadened by autoionization, These are-
the strongest structure, generating the broad band inthe optical spectra. Calculations performed on

several triply ionizedrare earth iong 28,29,30, 'gave theenergies andtheoscillator strengths of thelines
in good agreement w1th exp«nrlmem(25 26,217), 1o support this atomic e ylan ation, the spectra of the
rare earth metals ,rare earth compounds(32) and of isolated atoms! agree with each other;
The same explanation holds for the excitation of the 3d states 20,3 . But in this case the exchange
interaction is smaller than the spin-orbit interaction and the lines are grouped around the two spin-
orbit components,

The excitation process is definetly atomic-like and the simple theory, egs. (9) and (10), can-
not be expected to work. In order to construct a new model to explain the appearance potential
spectra of rare earths, we shall proceed as follows.
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TABLE I - Energies (in eV) of the structures observed in the N soft x-ray
absorption spectra o o) (first column) and of the Ng 5 appearante potential

spectra (second column) of La and Ce. In the third column the type of structu-

re observed in APS(E) is indicated. The energy differences between features

in APS(E) and the corresponding ones ina@w) are given, .

LANTHANUM CERIUM
athw). | APS Typeof | \p atho) APS Typeof | g
structure structure
100.7 step
97.2 step 0 101.3 103.2 peak 1.9
97.2| 101.4 shoulder 4,2 103, 5 105.0 peak 1.5
102, 7 peak 5.5 104, 6 104.3 shoulder 1,7
‘ 2 ¢ 1,4
Log g 105.5 | peak 4.1 18‘2 f 107.2 ) pesk
* 106.9 k 5. '
06 pea 6 106.6 | ‘108.2 | shoulder 1.6
108.1 1100 peak 1.8
108. 9
109. 7
110.4 | 112.6 | peak 2.2
1131.9 113.7 -shoulder 2,2

In sec. 3 the scattering process was ultimately approxiamated with two transitions perfori.ed
indipendently by the incident and core electrons respectively. In this case, the total transition pro-
bability is given by the product of the twotransition probabilities. It was straight forward to use
same density of final states for both electrons, which is correct for nearly free electron bands. In-
stead, a more careful analysis is required in the case of localized excitations.

If we look again at the two transition, sketched in the diagram of Fig. 3, we see that the pro-
jectile electron undergoes the same process which gives rise to the short wavelength limit of the
bremsstrahlung spectrum. After scattering, it moves freely through the crystal, probing the "true"
density of states. The core electron performs a transition to an excited state of the crystal, suchas
in the soft x-ray absorption, The excited state may be either free-electron like or localized. The
former case gives the one electron-one density of states model discussed in sec. 3. In the latter
case a (Aw may -depend on a 'localized' density of states.or on matrix element effects, and it dif-

fers from N(¢&), as it is shown in Fig, 10, where the bremsstrahlung short wavelength limit and
¥ L T L] L4
-
5
‘é Ce M4,5 i
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©
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FIG. 10 - Soft x-ray Ny 5 absorp- =& - ) Zr i
tion spectrum of Ce (ref. (27)-right), E’ 200 . = ™
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. - [ % o
short wavelength continuum edge o . < ‘ . 1
A i s tilnas ! 1 L
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the N4 5 soft x-ray absorption spectrum of Ce(27) are shown., Nevertheless, a{fw) in still repre-
sentative of the core elecrontransition probability. In this way we arrive tothetwo-density of states
model proposed by Wendin for explaining the appearance potential spectrum of Ba 36 . Eq. (10)1s
replaced by:
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We applied eq. (13) to the N4 spectra of La and Ce, using the isochromat spectra of Liefeld et al.
(see ref. (37)) for La and of'Cgamberlain et al.(35) for Ce and the soft x-ray absorption data of Ha-
ensel et al.(27), The main structure are reproduced, as shown in Fig, 11 for La and Fig. 12 for Ce,
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FIG. 11 - N4 5 appearance potential spee-
trum of La compared with several calcula-

ted model spectra. — APS(E) of a clean
sample;~ — - APS(E) of a contaminated sam
ple; —..— s two density of states model cal-

culation; = —:soft x-ray absorption spec-
trum; .-+« . energy derivative of the soft x-
-ray absorption spectrum,

Now we are able to understand what is occurring.

When one of the atomic-like excited states is reached, the final energy for the core electron is
fixed and the total yield becomes proportional to the crystal density of states. This derives immedia-
tely from eq. (13); by representing the absorption line with a d function (a (h w) e 6w —En). Thus, a
step-like structure is expected in correspondence of the soft x-ray absorption line, followed at higher
energies by a peaked structure, associated with the peak of the bremsstrahlung isochromat spectrum,
Indeed, this is found in the case of the Ny ¢ spectra of La and Ce, as shown in Table II. Unfortunate-
ly the steps corresponding to the higher excited lines could not be resolved in our APS(E,) spectra,
The Ny 5 spectrum of La shows several other features which do not fit in either of the previous mo-
dels. The structure at 117 eV, as well as all the spectrum of the contaminated sample up to about
135 eV, is reproduced fairly well by the spectrum of da th @) /dfw, as it can be seen in Fig, 11. No
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satisfactory explanation has been found yet for the splitting into two components separated by-1. 3 eV,
of the two features around 102 and 107 eV, observed in going from the contaminated to the clean ma-
terial,

The My 5 appearance potential spectra, shown in Fig. 13 for La and Ce(2), require another ap-
proach., The two density of states model can explain a few of the experimental features. For istance,
in La the three thresholds at 830, 834 and 850 eV occur at the same energies as the three soft x-ray

T 1 i T N 1 ¥ T T

T . La u Ce -+
ol l 1 l l l 8' l .
> /—// e
g V ~# l l/’ FIG. 13 - 1\/[4 appearance potential spectra of
zl \/ \/ ] clean La and’Ce. (ref. (2)). The dashed lines are
ﬁ:, - | binding energies (ref, 19)); the upper arrows
=Lt N N _— are x-ray photoemission peak positions (ref. (4)

830 850 870 890 510

ENERGY (eV) and the lower arrows mark soft x-ray-absorpt-
Tk e

ion peak positions (ref, (20)).

absorption lines, indicating the onset of their excitation. But the two strong, dispersion like fea-
tures crossing zero at 837, 5 and 854 eV respectively, are due to a completely different phenome-
non. ‘In fact, in L.a and Ce the peak a few eV above the bremsstrahlung continuum threshold, due

to the preferential scattering of the incident electrons into empty 4f states, is strongly enhanced
when E, exceeds slightly the excitation energy of a 3d electron'3?: 37). My, 5 appearance potential
structures can be accounted for by integrating the series of isochromat spectra measured by ref,
(35) and (37) and differentiating them with respect to the incident electron energy 22 . The follow-
ing mechanism for the observed enhancement has been proposed(35: 36, 37). A negative ion bound
state is formed temporarily with both the projectile electron and the excited electron in a 4f state
on the same rare earth atom, Then, this state decays with one of the electrons filling the 3d hole
and the other electronoccupyinga vacant 4f state, The final state of the system does not differ from
that obtained by a direct bremsstrahlung process. Since the intermediate state is only virtual, the
emitted x~rays are monochromatic, while the normal decay of a 3d hole generates the characte-
ristic x-ray spectrum, with the emission of the 1\/[4‘“ 5 as well as of all the other possible lines, To
support this picture, the M4 5 appearance potential spectrum of S showed a decrease of the cha-
racteristic x-ray line with réspec_t to the resonant line when measured with an Al filter(38),

6. - CONCLUSIONSE,

In this review, we have discussed briefly a few problems connected with appearance poktential
spectroscopy. In the case of light metals and the 3d transition metals, the one-electr-on-c)ne-density
of states model works well, The full potentiality of appearance potential spectroscopy to measure co-
re binding energies, and their shifts for surface atoms with respect to bulk atoms, or due to different

chemical enviroments, has been shown, It is also a very useful and simple technique to probe the con
duction density of states.

When localized, atomic-like excitations occur as for the 3d and 4d electrons of rare earths,
the previous model fails and different approaches are required. We have suggested here a two densi-
ty of states model, which can explain only a part of the observed features. ‘A resonance of the brems-
strahlung continuum is also suggested for some structures. To arrive to a unified model for the case
of rare earths is still necessary a great effort both theoretical and experimental,
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