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Evidence for [ 1s2p]3p shake-up channels in compounds and oxides of third-period elements
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X-ray photoemission spectré&XPS) of NaF, MgO, ALO5, SiO,, InP, and NaHBPO, collected using
synchrotron radiation in the 1900—3400-eV energy range are reported. Accurate XPS spectra have been
collected around the Na, Mg, Al, Si, and B photoemission peaks including a region extending for a few
hundred eV on the high-binding-energy side. Clear features associated with additional excitatigns of 2
electrons, more evident in lo&-elements, have been identified. The fine structure of these satellites, domi-
nated by the lower-upper splitting, has been studied in different compounds as a function of the photon energy.
Energy positions and splitting are consistent with theoretical predicti@@4.63-182806)05523-3

I. INTRODUCTION photon energy above this threshold, shake-up final states, in
which one electron is excited to continuum and the other
Satellites of core-level peaks in x-ray photoemission specpromoted to the unoccupied discrete level, should be acces-
troscopy(XPS) have been widely studied, especially in gassible. The effect of these channels in XAS is the increase of
phase experimenisThe deepest core levels that can be in-the background absorption level through the threshold.
vestigated are limited by the energy of the excitation source. In photoemission spectra shake-up excitation channels are
In the case of laboratory XPS facilities, equipped with an Alassociated with satellite peaks, which provide direct evi-
Ka source, § core levels can be investigated up to the Mgdence for the existence of these transitions. These are ex-
atom. Photoemission experiments with synchrotron radiatiopected to be visible on the high-binding-energy side of main
are usually performed using lower-energy sources in theore-level peaks. Shake-off continua should also be visible
range of grating monochromators. The advent of third genas a photoelectron background continua. The study of energy
eration sources and the development and improved perfointensity and shape of these satellites brings additional in-
mance of insertion devices are making available intenssight to inner-shell electron interaction and correlation as
monochromatized beams suitable for high-energy photowell as to the nature of localized excitonic states of selected
emission experiments. A renewed interest has consequenthymmetry to which the shake-up transition can occur.
developed in the possibility to perform photoemission ex- Very few studies of high-energy core-level peak satellites
periments probing inner-shell processes stimulated by deegxist. Neon has been the most widely studied element and a
core excitations. very complex sequence ofslshake-up satellites has been
A large number of recent x-ray absorption spectroscopybserved on top of progressively opening shake-off continua.
(XAS) experiments indicate that for energies higher tharEarly investigations® have been followed by more recent
inner-shell absorption thresholds many additional absorptiohigh-resolution low-noise experimefhtsthat evidenced fine
channels open up that are associated with shake-up antktails and line shap&sThe problem of the excitation en-
shake-off of less bound electrons. The features observed iergy dependence of Neslsatellites has been addressed and
absorption spectroscopy are sometimes located several husynchrotron radiation experiments with tunable photon
dred eV above the main edge. In particular several cleasources performed.
features have been detected abovektexige of heavy third- The possibility to reveal similar satellite peaks in solid
period elements such as in)XGicompound$and P, S, and systems has been only recently considered and experiments
Cl salts® The strongest XAS features are found to be assowere carried out with laboratory equipments on (Reefs. 10
ciated with discrete autoionizing resonances resulting fronand 12 and Mg(Ref. 12 compounds only. The XPS spectra
the simultaneous excitation ofsland 2 electrons to the of Na halides excited by both Mg and Kla sources clearly
lowest unoccupieg-symmetry level. These resonances, cor-present shake-up satellites corresponding to the excitation of
responding to the threshold BfL excitations, are exception- 2p electrons to the B level of Na* with the typical lower-
ally strong in CIQ, salts®* It is expected that by tuning the upper splitting®* as well as of 2 electrons to 3 levels!*
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The attempt to reveal similar features in Mg compounds such
as MgO and Mgk has been successttibut the presence of

a strong tail of secondary electrons prevented the authors
from obtaining reliable information on peak profiles. These
findings have clearly shown the existence and detectability
of high-energy satellite features in XPS spectra of condensed
matter. In this paper we present the result of an XPS experi-
ment on several compounds of third-period elements per-
formed using a tunable photon source in the 1880-4300-eV
range.

The paper is organized as follows: Experimental details
are reported in Sec. Il while the results in Sec. Il are subdi-
vided into a global presentation of the principal data and
specific subsections for increasing atomic humber from Na
to P. Section IV reports and summarizes the major results
and addresses general scientific interest.

Il. EXPERIMENTAL DETAILS et Naw
| R N | | L) | I | 1 ; L1 l |_

The experiment was performed at Stanford Synchrotron 200 150 100 50 0
Radiation Laboratory on beamline SB3(Ref. 13 during AE, (eV)
dedicated beamtime. The SPEAR storage ring was operating b
at 3 GeV with typical currents in the 50100-mA range. The
Jumbo monochromatbt'* was equipped with a pair of  FIG. 1. Typical Is photoelectron spectra of light third-period
Ge(111) crystals having a full width at half maximum element compounds. From top to bottom the spectra refer to NaF at
(FWHM) resolution of about 1.5 eV in the energy range of E,=2500 eV, MgO at,=2400 eV, ALO3 at E,=2500 eV, SiO
the experiment. The UHV chamber, commonly used for sur- at E,=3300 eV, and NaHPO, at E,=3400 eV. The energy
face physics experiments, was operating with a base pressufeleAEs represents the additional binding energy with respect to
of 2x10~ ! torr. Photoelectrons were detected with athe corresponding d peak. Relative amplitudes are normalized to
double-pass cylindrical mirror analyzer used in the ConStan,tlhe 1s peak area. The shake-up satellite region on the left-hand side

SE mode with a pass energy of 100 or 200 eV. The overalf$ magnified 50 times. The®shake-up satelliteglark arrow$ and

energy resolution in the photoelectron spectra was in th(?rzrr?de i?]) i'g;;;i?;gesl'%thagﬂgg Sli;: (;Ive;:)r/“vmble. The regular
range 2-6 eV FWHM. b g '

Samples were chosen among UHV compatible oxides ofig. 1 the energy region of the shake-up satellites is reported
halides of third-period elements. In particular we measuregn a magnified scale to evidence the weak satellite features.
NaF microcrystalline powder, a MgO single crystal cleavedThe spectra are normalized to the area under theehk and
in vacuum along th¢100) surface, an AJO3 single crystal,  the shake-up region is magnified by a factor of 50.

a SiO, single crystal cut along thé€1010) surface, an InP Several interesting features are visible in Fig. 1. The re-
single crystal cleaved in vacuum along {id 1) surface, and  gion between 10 and 30 eV left of thes peak is character-

a hot sintered pellet of NajPO, salt. For all the insulating ized by a visible hump associated with valence-band electron
samples, charging and peak shifting were avoided using excitations. This feature contains both lggxtrinsig pro-
flood gun, with typical currents of 0.5 mA at 4 V. cesses and shakimtrinsic) features that are not separated in

The counting statistics required several hours of acquisienergy. In the NaF case it has been the subject of previous
tion per spectrum to evidence the satellite features above thgudies'®
background. The tunable photon source was essential to shift More interesting for the present investigation is the mag-
the kinetic energy of the outcoming electrons, to optimizenified high-energy satellite region. The dots represent the
the contrast, and to distinguish photoelectron features froractual experimental points, while the solid line is only a
Auger peaks. Particular care has been used in choosingmoothed guide for the eye. All spectra present satellite fea-
sample holder materials and photon energy to avoid spuriousires in the energy region expected for thpeéxcitation with

photoelectron counts (arb. units)

core levels or Auger peaks in the recorded range. a clear trend as a function of the atomic numBer
We recall that two different excitations ofp2electrons
IIl. RESULTS AND DISCUSSION can be observed and recorded on these spectra of solid-state

sampleg®! The first is due to a loss process occurring on a
The major results of the present research are summarizeks peak photoelectron while traveling in the solid that ex-
in Fig. 1. Typical spectra for NaF, MgO, AD3, SiO,, and cites a 2 electron of another atom. The corresponding fea-
NaH,PO, recorded at different photon energies are reportedture occurs roughly at the energye, = E,, whereE,, is the
The photoelectron spectra include thecbre-level peakéof ~ 2p binding energy. This is an extrinsic process. The other
Na, Mg, Al, Si, and P, respectiveljthat are aligned on a and more interesting process is intrinsic and occurs when a
common additional binding-energy scalE,, [for each 5  single photon excites simultaneously, on the same atom, a
peak AE,(1s)=0], and are extended to several tens of eV1s and a 2 electron. This is possible due to electron inter-
on the high-binding-energy side. On the left-hand side ofaction and correlation. The interaction between the two re-
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TABLE I. Binding-energy difference and intensity ratio of the majm ¢hake-up satellites in NaF, MgO,
Al ,03, SIiO,, and NaH,PO, compounds with respect to the correspondisgpak. The splitting between
lower and upper components is reported in the last column. Estimated errors on the last digit are quoted in

parentheses.
Lower peak Upper peak Splitting

Element Compound AE, (eV) /14 AE, (eV) /14 (eV)

Na NaF 57.22) 0.0081) 61.92) 0.01Q1) 4.7(3)
Mg MgO 80.03) 0.0021) 86.013) 0.0082) 2 6.0(5)

Al Al ,03 108.54) 0.0021) 114.82) 0.0061) 6.312)

Si SiOo, 145.45) <0.003

P NaH,PO, 164.55) 173.05) ~0.002 8.06)

®Refers only to main component.

sulting core holes requires a higher excitation energy for théveen applied, but in any case the exact peak position is also
process than simply the sum of the twe &nd 2 binding  dependent on flood current and therefore the absolute posi-
energies. Actually the required energy can be roughly estition is not reliable. The spectra are normalized to the area
mated in theZ+ 1 approximation to be the sum of the bind- under the respectiveslpeak reported on the right-hand side
ing energy of the & plus that of the P in theZ+1 atom.  of the figure. The shift on the ordinate scale is only for
Due to the large exchange interaction between teeadd  graphical purposes. The high-binding-energy region is mag-
2p core holes an observable triplet-singkéower-uppef  nified 100 times. The peak FWHM resulted in 2.94, 3.07,
splitting of the main features of a few eV is predicted. and 3.45 eV, respectively, for the three spectra in order of
AII these featurgs are nlc_ely revealed by the present SXncreasingE
periment. Most evident in Fig. 1 are the shake-up satellite  geyeral features can be recognized easily. The broad peak

features centered aroudtE, = 60 eV for Na, 85 eV for Mg,  centered around 1115 eV is associated with thdds pro-
110 eV for Al, 145 eV for Si, and 170 eV for P, with position ~osses. The @@ lower and upper shake-up peaks are also

roughly indicated by the dark arrows. Their relative intensityde‘.jmy visible aroundE, = 1135- 1140 eV. Additional bind-
with respect to the 4 peak reduces progressively asin- 4 energy with respect to theslpeak, intensity ratios, and
creases. The split lower and upper components are clearlyitting are reported in Table I. They are in relatively good

visible in Na, but also in Mg, Al, and perhaps P. Clearly 5qreement with previous results on Na halides obtained with
visible are also the 2 loss features in Na, Mg, and Al 45 laboratory sourck:

(broad as indicated by the small white arrows. It is interest- 1o presence of a background step on the high-binding-
ing to note that, as expected from the- 1 picture, shake-up  gnergy side of the shake-up doublet is consistently shown by
features in Na and Mg are roughly centered, on X, 5| gpectra. It is probably a signature of the shake-off con-
scale, on the loss features of Mg and Al. , tinuum, easily revealed, for instance, in Kbut, due to the
Due to the smaller cross sections and lower resolution thgid nature of the sample, it can also be an artifact of the
shake-up peaks in SiOand NaH,PO, are not as evident as jncreased secondary electron background. Finally, weak fea-
in the othgr compounds; in any case the ewden_ce for th‘?'lrures, systematically revealed arouBg=1160-1170 eV,
presence is very strong. However, further experiments willy e 1o pe associated with the 2hake-up region. The count-

be required to provide an unambiguous picture. ing statistics are, however, not sufficient to identify shapes
The energy positions of the main shake-up features and

their relative intensity with respect to thes pbeak are sum-

marized in Table I. The specific results for each element and I—
the whole set of measurements at different energies are dis- [  NaF RS
cussed separately in the following subsections. S

v

00 .

A. NaF

NaF and various other Na halides were widely studied
with laboratory equipmen!! The results of the present ex- o
periment are important for the tunability of the photon source -__fl' .- R Y
but they are not able to add new insight into shape and com- 1180 1160 1140 1120 1100
position of the satellite features. Actually the use of an Al E, (eV)

Ka source combined with multichannel electron detection
provides higher counting rates and allowed us to obtain evi- g 2. photoelectron spectra of NaF as a function of photon
dence for the completeand 2 shake-up regions. energy; from top to bottom the photon energies refer to 1970, 2500,

Photoelectron spectra of NaF have been collected &ind 3040 eV. p loss features a,~1115 eV and the nicely split
E,=1970, 2500, and 3040 eV. These spectra are reportegh shake-up satellites &,~ 1134—40 eV are clearly visible. The
and compared in Fig. 2 on the same binding energyeature atE,~ 1165 eV should be associated with the shake-up
E,=E,—E, scale. No correction for the work function has region.

counts (arb. units)

E,=3040 eV .. -.j
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————— — — side, whereKL shake-up satellites are located. The FWHM

P MgO YL X100 ] was found to be 2.75, 2.8, and 3.35 eV for spectra collected
J’ } ; ] atE,= 2000, 2400, and 2900 eV, respectively.

= Several features can be recognized in the XPS spectra. At

i —/\'/k about 1365 eV there is thep2loss peak. It is found to be
A E about 56 eV higher in binding energy than the magpkak,

E,=2000 eV

E,=2400 eV

a value consistent with the binding energy of the @lec-

counts (arb. units)

B,=2900 eV, . 4 : trons in Mg (around 50 eV. The second evident feature is

T T i T = found in the 1390-1400-eV binding-energy region. It is as-
1450 1400 1350 1300 sociated with the 82p (KL) shake-up doublet. The energy
E, (V) of the doublet(see Table )l is consistent with previously
published self-consistent calculatich$he splitting is found
FIG. 3. Photoelectron spectra for MgO at three different photontg pe around 6 eV. The other features found at higher bind-
energies. The vertical scale is normalized to tisepgak aredvis- ing energies, although of lower intensity and recorded with a
ible on the right-hand sideThe shake-up regiofieft-hand sideis  coarser energy step, are found to be reproducible as a func-
magnified 100 times. Arrows indicate lowet." and upper “U”  tjon of the photon energy. The two small humps found in the
components. region 110-130 eV above theslbinding energy can be

. . . . associated with thesPs (KL,) shake-up satellites.
and peak energies. Present results confirm, in a wider range The KL doublet in the MgO case has a very particular
of photon energies, previous findings with a different experi-

tal setupdil shape. The triplet pealk}, found at about 80 eV higher in
mental Setup. o binding energy than thesl has a very tiny intensity with
. A quite lrjterestlng issue to be addressed regards .the poFéspect to the main singlet featung). This occurrence was
sible detection of an energy dependence of th_e satellite Speﬁlready observed at lower photon energis & 1486.6 eV
I(rtjzms.omgeiggqr?al\rlig? iﬁijiscg?ggzcocl)lssciflg \i':é?egﬂgeaor}dﬂfgyvhere a distinct triplet peak_could not be resolVédt is
I intensity rati ap ing th Th interesting to note that there is clear evidence that the inten-
OWer-upper intensity ratio upon Increasing thé energy. 1h ity of the triplet peak increases with the photon energy. The
comparison among the present spectra in Fig. 2 and also wi oad feature accompanying the singlet pedk,(extending
previous results on NaFRef. 1]) |n.d|c'ates a further reduc- for about 10 eV, can be attributed to several effects. This
tion qf the upper pealg Intensity W.'th Increasig. peak around 90-95 eV can be associated with the energy
With presently available experimental evidence it IS Nt edge due to the excitation of 8lectrons in the medium.
UF|owever, important solid-state effects can occur in this ox-

ications of the spectral features. Furtliidr photoemission
tudies using tunable photon energy, better resolution, and
thhanced signal-to-noise ratipresently quite difficult to

comparing spectra recorded with different photon source
and analyzer. In addition the simultaneous apparent increa

of the background step through the shake-up features, visib erform are necessary for a quantitative evaluation of the

in Fig. 2, complicates the evaluation of peak intensity.
According to the current interpretation the shake-up cross bserved energy trends and of the complex spectral features.

section is expected to reach the asymptotic sudden limit

value much closer to threshold than in the presently investi- C. Al,0,
gated photon energy interval. Any observation of an intensity . i :
energy dependence, if confirmed, would be extremely sur- To our knowledge, no evidence for shake-up peaks in Al

prising and stimulates further theoretical and experimenta(l:ompound.S eX|s§ed_ before th? present experiment. A rough
investigations. energy estimate indicated the interested region to be between

100 and 120 eV on thAE, scale. Photoelectron spectra of
Al ,O3 single crystal were recorded at three different photon
B. MgO energies, namelyk,=2000, 2500, and 3500 eV in order to
MgO XPS spectra were previously collected with labora-avoid possible contaminations from Auger peaks. The ana-
tory equipmentt but the high secondary electron backgroundlyzer pass energy was 100 €V in all cases. The results are
and the intrinsic characteristics of the spectrometer preventeshown in Fig. 4 on the commoB, energy scale. Figure 4
the authors from obtaining accurate line shapes. Present ragcludes the % peak region and the shake-up satellite region
sults allow us to perform a more accurate determination ofmagnified 100 times. The dots represent the actual experi-
the shake-up spectral features. Previous reSultee con- mental points while the smooth solid line is only a guide for
firmed but the present experiment is characterized by an inthe eye. In all spectra thep2shake-up features are clearly
proved energy resolution. identified. The spectra are normalized to the deak area.
Photoelectron spectra were collected at several photon effhe 1s peak FWHM increases from 2.6 eV at 2000 eV, to
ergiesE,, = 2000, 2400, and 2900 eV, using a 100-eV pas2.9 eV at 2500 eV, to 3.9 eV at 3500 eV. At this last energy
energy. The XPS spectra, shown in Fig. 3, cover a widehe profile is slightly asymmetric, probably because of charg-
range of binding energiesE(=E,—E,;,) in the region of ing fluctuation in this particular acquisition. The width of the
the 1s satellites. The spectra are normalized to the area of thenain shake-up satelliténdicated with a vertical dashed line
1s peak shown in the right-hand side of the figure. Spectran Fig. 4) is roughly equal to that of theslpeak and no
are magnified by a factor of 100 in the higher-binding-energymajor trends in intensity ratio can be detected. The shake-up

free path. Special care should in any case be taken wheé]



53 EVIDENCE FOR[1s2p]3p SHAKE-UP CHANNELS IN ... 15575

T T 1 e
] [ WP (111)
= — ) |
- ] E | E7=3150 ev _
§ ] 3 l
g : E
z : =
a 4 =]
g Vo Cl — -
— |
i IR R B [ A I R L. Ll
1700 1650 1600 1550 2400 2350 2300 2250 2200 2150
Ey(eV) Ey(eV)
FIG. 4. Photoelectron spectra for A5 at three different pho- FIG. 6. Photoelectron spectra of cleaved [dR1) and sintered

ton energies. The vertical scale is normalized to thep@ak inten-  NaH,PO, pellet. The vertical scale is normalized to the fieak
sity (visible on the right-hand sideThe shake-up regiofieft-hand intensity. The insets show the shake-up region magnified 50 times.
side is magnified 100 times. Lower and upper components areshake-up features are visible especially in the ,P@mpound
roughly indicated with dotted and dashed vertical lines, respecwhere P is in a high oxidation state.
tively.

. ) o ] The dashed line in Fig. 5 indicates what is tentatively as-
to 1s intensity ratio is found to be 0(6)%. On the right-  signed to the upper component. Further experiments are re-

hand side of the main shake-up peak a weak second compguired to provide conclusive evidence and to reveal the sat-
nent (identified as lower components consistently seen in  gllite pattern.

the three spectra. Its intensity is about (@)% of the 1s
peak and the splitting between the two components is about

6.3(2) eV in agreement with the expected-2p exchange . . o
interaction effect. Experimental evidence of (2 shake-up satellites is also

provided for phosphorus compounds. Two samples have
D. SiO, been considered in this case. These were a hot-pressed
] i . . NaH,PO, pellet and an InP single crystal cleaved in vacuum
Also for Si we have obtained direct evidence for the eX-along the(111) surface. The spectra collected at slightly dif-
istence of D shake-up satellites in XPS spectra. The spectraf,erentEy are reported on the sani, scale in Fig. 6.
reported in Fig. 5 on a binding-energy scale, are both re- The extended range InP spectrum has been collected with
corded atE,=3300 eV and using a 200-eV pass energy.a 100-eV pass energy, but the extended spectrum of
This was required to increase the count rates; the resultingaHZp04 and both expanded spectra for the shake-up re-
1s FWHM is about 5.2 eV. The upper spectrum refers to thegjons are collected with a 200-eV pass energy to increase the
a-SiO, single crystal, the lower spectrum to a thick $iO  count rates. The FWHM of theslpeak is 3.3 eV in InP and
film thermally grown on a $100) wafer. The insets show 5 g eV in the PQ salt. The increase is partly due to the
the shal'<e—'up region magnified 50 times. The intensity of thgncreased pass energy and partly to the appearance of a
feature is in any case found to be very weak, of the order ofjightly reduced P component associated with decomposed
0.25% of the X intensity, and this explains the difficulty in  phosphate units. In this case very different compounds have
the detection. The correctness of the identification is Suppeen chosen where the P atom is in a quite different oxida-
ported by the good correlation between the features recordaghy, state. In the P@compound P is highly oxidized with a
in the two spectra of different samples and by the consisformal valence of P* but in InP the P electronegativity is
tency of the energy positions with the predicte&, value.  pigher and it is formally a P~. The magnified insets of Fig.
6 reveal visible features particularly evident in the P&@m-
pound, as expected. The doubly peaked shape with a splitting
of about 8 eV is consistent with the expected pattern and

% 50 E exchange splitting. Also the resulting energy corresponds to
] the expected value. Very weak features are visible also in

E. InP and NaH,PO,

4 InP, the correlation between the corresponding position evi-

] denced by the vertical dashed and dotted lines is striking.

- However, the weakness of the InP features, of the order of

) ] 0.1% of the & peak, makes this assignment only a tentative

R one. The evident difference in shake-up intensity between
1850 oxidized and reduced P is consistent with expectation and

Ey(eV) suggests that systematic studies of shape and intensity can be
performed in a wider range of compounds.
FIG. 5. Photoelectron spectra of crystalline and amorphous

X 50

counts (arb. units)
I

2050 2000 1950 1900

SiO, at E,=3300 eV. The vertical scale is normalized to the 1 IV. CONCLUSIONS
peak intensity. The insets show the shake-up region magnified 50 _ _ o
times. Weak features are systematically visible arope- 1990 The results of the present experiment, summarized in Fig.

ev. 1, provide striking evidence for the existence and detectabil-
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ity of 2p shake-up satellites on the high-binding-energy sidevery effective in lower-symmetry compounds such as MgO.
of 1s core-level peaks in photoelectron spectra of third- The main quantitative results for the various elements
period elements in condensed phases. The existence of thes&ve been summarized in Table I. The energy position of the
shake-up channels appears to be a rather general phenogatellites is consistent with difference of total-energy calcu-
enon in third-period elements. The energy distance of theations. Similarly, the lower-upper splitting is found to in-

satellites from the 4 peak ranges from a few tens of eV to a crease slightly according to the increase of &¥1s,2p)
few hundred eM170 eV for B, well beyond the range where jntegral.

satellite features are commonly observed in XPS. The cross The results presented in this paper stimulate further theo-

sections are found to decrease with increasingThis IS retical and experimental investigations. Theoretical questions
probably due both to matrix element effects and to the actuglegard the correct prediction of the satellite pattern intensity
reduction of available final states for the electron, induced byq shapes, also for low-symmetry cases such as MgO, and
the progressive filling of the [8 level through the atomic  the explanation of the photon energy dependence of the sat-
table. ) ) ellite features, possibly revealed, at present, in NaF and
The shape of the shake-up satellites is clearly seen ijgo. Future experimental efforts may be devoted to
NaF, MgO, and AJOs. In NaF the observed pattern con- proaden the range of elements and compounds and to im-
firms previous results obtained with laboratory equipritent prove the counting rates. In particular, further investigations
with the clearly split lower and upper components. In MgO aand experiments possibly using third-generation synchrotron

very different pattern is observed. A broad upper feature withadiation sources and advanced detectors are encouraged.
a shoulder on the high-binding-energy side is accompanied

by a weaker isolated lower feature. Finally, in 485 the
pattern is composed of a strong upper feature and a weaker
lower feature. This seems to be reasonably valid also for
PO, . The experiment has been performed at Stanford Synchro-
In general it is found that the pattern is always dominatedron Radiation Laboratory, which is operated by the Depart-
by the lower-upper splitting associated with exchange interment of Energy, Office of Basic Energy Sciences. The valu-
action in the double-hol¢1s2p] configuration, which is able assistance of M. Rowd&SRL is acknowledged. Part
clearly an atomic effect. Solid-state effects appear importantf this research has been financed through the Consiglio Na-
in determining the actual lower-upper intensity ratio and arezionale delle Ricerche, Research Grant No. 93.01301.CT02.
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