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Resonance effect on inverse-photoemission spectroscopy of CgRGePd;, and CeSn
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The resonant inverse photoemission stURWPES at the Ce 4—4f absorption edge of CeRhCePd, and
CeSn has been carried out. The RIPES spectra show the wide variety offtleéedtron character in these
compounds, indicating the characteristic Kondo temperature &nglettron number. The excitation energy
dependence of #4spectral resonance, especially if?4inal-state structure, indicates a largé-4f multiplet
splitting and strict selection rule in the final state of the RIPES process. Constant final-state spectri of the
final state show the #spin-orbit splitting components. A calculation is carried out by the impurity Anderson
model with full multiplet effects and explains well the excitation energy dependence of the RIPES spectra.
[S0163-18209)04231-9

I. INTRODUCTION periment, a large contribution from ndreonduction bands
(Ce-5d band also coexists with thé contribution in the
It is well known that Ce compounds show interestingnormal IPES. In the RIPES experiment, on the other hand,
electronic properties, which are mainly caused by partiallresonant processes are expressed by the following super
localized character of ¥ electrons. Some Ce compounds Coster-Kronig processes:
form so-called valence fluctuatioivF) systems, where #
electrons have itinerant character because of strong hybrid-  [4d%4f") +e~—[4d%f"*2)—|4d'%f"" )+ hyv. (2)
ization with the band electrons. In VF systems, the “Kondo
resonance” is known to be observed just above the Ferm&ince the initial and final states are the same in these two
level through inverse photoemission spectroscOfBES. processesl) and(2), they interfere with each other. There-
Therefore, IPES is a very suitable method to investigate théore, the 4 cross section increases when the excitation en-
electronic structure of such Ce compounds. ergy (Eey is tuned to Ce d—4f absorption edge. We can
Resonant inverse photoemission spectrosd8?ES is  extract the Ce # contribution by using RIPES process.
a new technique to investigate the unoccupied electronic There are two types of resonance in Ce compounds ac-
states of solids. Recently, Weibek al! have performed cording to the 8l or 4d absorption edges. The process of Eq.
RIPES measurements of several Ce compounds near tfig) is the super Coster-Kronig transition at the dbsorption
Ce-M; edge. Kanagt al? have also measured the RIPES of edge, and the corresponding processcagBsorption edge is
CePd near the CeN, 5 edges. The great ability to study the the normal Coster-Kronig transition. Thus, the resonance ef-
4f electronic structure by resonant enhancement of the 4fect by super Coster-Kronig transitions is strong alt @b-
signal was testified. In these studies, the measurements hagerption edge, while the incoherent process such as the nor-
been performed on Ced3-4f and 4d—4f absorption mal fluorescence is strong atl3>4f threshold. In fact, a
edges. The # cross section increases when the excitatiorclear resonant effect was observed at Kig; absorption
energy is tuned to the Clts and N, 5 absorption edges, so edge and several different features from thatMf edge
that the Ce-4 contribution can be extracted. In thg scase,  were pointed out.
the normal IPES process for the transition to Gestiates is In this paper, the RIPES near the Glg absorption edge
represented as follows: of cubic crystal structure of AuGttype compounds, CeRh
_ CePd, and CeSg are reported. These compounds are
4070417 +e” —|4d™41" ) + hv. (1) known as typical VF systems and have differeffithd/brid-
Here,n is the configuration number of thef &lectrons in the ization strengthd.The RIPES near C#5 absorption edge
initial state. For the incident-energy range of the present exef CeRhy and CePgwere performed in Ref. 1. The purpose
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of this paper is to investigate the resonance effect by analyZatter is expressed, with the energy widthfrom the bottom
ing the RIPES spectrum ne&d,s edge. A calculation is of conduction band to the Fermi levEl and with a rectan-
performed in the framework of the impurity Anderson modelgular density of states, as

with full multiplet coupling effects. W
ey(K)=g,+ N

" N+1
—

. . . The third term describes the hybridization effect betweén 4
The polycristalline samples were synthesized by arc melty g conduction states. It should be mentioned that the

ing the stoichiometric amounts of the gonstitu_e_nts ON gpnfiguration-dependent  hybridization ~ strength  with
water-cooled copper hearth under a fIOV\_/mg purified argong_ R,)=(0.7,0.8), following Ref. 5, is used in the present
atmosphere. To improve the homogeneity, for GeBdd  5n)ysis, although that is not explicitly taken into account in
CeRh the buttons were turned over and remelted six tlmesEq_ (3). The fourth and fifth terms describe thé-4f inter-

then splat cooled to large surface and CelBigot was an-  4tion and 4-core attractive potential, respectively. The last

nealed in an evacuated quartz tube at 950 °C for 4 days folerm 1y contains multipole parts of the Coulomb interac-

lowed by an additional annealing at 900 °C for 10 days. Contjon gescribed in terms of Slater integrals, and the spin-orbit

ventional x-ray examination was carried out on theseqniing effect. The Slater integrafk andG* and the spin-
samples with CiK a radiation. The crystal structure has been coupling constantg'(4f) and ¢(4d) are estimated
confirmed to be of AuCyitype. through the Hartree-Fock-Slater calculation for Ce ion.

Measurements were performed in an uItrahiglglh vacuum  Tha present RIPES analysis is made only for CeRine
chamber where the base pressure was about® ~~Torr. parameters ok, V, Uy, U (4d), and W are taken as

Samples were kept around 25 K by closed cyftte refrig-  _ 1 g 056, 6.8, 8.4, and 4.0 eV, respectively, so as to repro-

erator. Clean sample surfaces were obtained by scraping thg -« the 8 core x-ray photoemission of CeRhwhere the
surface with a diamond file in a high vacuum every 10Ufc(4d) is assumed to be 80% of the valuedf.(3d).
~40min at 25 K. A thermal cathodetype electron gem- As the basis sets to describe the wave functidn f1L ,
ploying BaO for cathodewas used for the excitation SOUrCe. 5 £2) 2 glectron configurations are taken into account for
The kinetic energyE,, of the electron was calibrated by the ;a1 state.cf2 andc f3L for intermediate states arfd. f2L
electron energy analyzer. The IPES was measured by the s df3L2 fo,r RIPES final states, whereand L mean' a4

x-ray emission system, which has a Rowland mountedtypg, o poje and a hole in the conduction band befwy re-
spectrometet. The Fermi-level position and an energy reso- spectively

lution of the system were determined by referring to the Usin - -
. ; . g the ground statg) and the final statef) obtained
Fermi edge in the IPES specira of Au, which was evaporatg%ithin the above framefork, the RIPES is cEtIcuIated as a

on the sample holder. Energy resolution of this system I$uncti f the incident elect d emitted pho-
0.44 &V alEq,=90eV and it was found tha/AE~200in o L T PECEm EEET0n energy, and emitted pho
d

the wide energy range in this system.

The RIPES is analyzed by means of an impurity Ander- X O(Eext Eg—w—Ey), ()
son model with full multiplet coupling effects in a Ce ion.
Our system is composed of Cé,44d core and conduction-
band stategonly states below the Fermi levEl: are taken
into account in the present analysiand is described by the
Hamiltonian,

4
Il. EXPERIMENT

1 2

_ +
F(w,Eex)—Z ‘<fTR+TR—EeX+ £ HFiT Vi

Ill. THEORETICAL MODEL

where Ty represents the electric dipole transition a‘mﬁ
represents the dkg-4f4f Coulomb scattering, so that the
first term describes the direct IPES procégs— |f), while

the second term describes the resonant process through the
4d—4f resonant excitation by an incident electromin the
intermediate state. I is the lifetime in the intermediate state

Y :st f;f7+k2 sv(k)aﬁyaky and is taken to be 2.0 eV in the present analysis.

Y Y

IV. RESULTS AND DISCUSSION

V
+\/—_2 (f5ag,+ay,f,)+Ug > ne ne, The off resonant-RIPES spectra of CgRICePd, and
N k. >y CeSn are shown in Fig. (). The cross section off4level
for inverse photoemission reaches its maximum around 80
—Ufcz§ nfyc§c§+Hmu,t, (3) ~90eV. Therefore, the spectra in Fig(al are measured
Vs

aroundE.,=80eV to obtain larger # contribution. Obvi-
ously, the considerable variations of the off-resonant spectra
whereff/, cg, andaly are the electron creation operators for indicate the difference of their unoccupied states. The strong
4f, 4d core, and conduction states, respectively, the indicepeak at 1.1 eV above Fermi level in the spectrum of GERh
v and ¢ represent both orbital and spin states &mdenotes  “ 1 peak,” which corresponds to thef# final state. It is
the discrete energy levels of conduction band belBw  known that thef!-peak structure contains the Kondo reso-
(k=1, ... N). The first and second terms describe the onenhance. However, the spin-orbit and crystal field splitting of
particle energy of 4 and conduction electrons, where the 4f! final state are convoluted with the experimental energy
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s T . — —— T ting is thought to be due to the spin-orbit splitting of 4

(a) (b) level. The splitting energy is about 0.3 eV. The energy posi-
RIPES (Off-resonance) RIPES (On-resonance) tion of lowestf! state is around 0.45 eV. Thg’s of CePd
| AETOeV ] ) and CeSgare around 200 K so that the energy positiorf bf
states are mainly determined by the energy resolution for
those materials.

It is obvious that theé! peak of CeRhhas much stronger
intensity and which is located in higher energy than those of
CePd and CeSg This indicates the extremely highy and
strong itinerant character offdelectron of CeRh This re-
sult is consistent with the extremely low values of Pauli-like
magnetic susceptibility,=0.31(10  emu/mol) at 0 K, and
the ratioy,/7y of 0.022(emu K?J), though typical Ce com-
pounds in its VF state have an enhanggdin the range of
0.5~1 (10 ®emu/Ce atom)(Ref. 6 and a ratioy,/y of
0.035 (emu K?/J).” The CePd and CeSp have nearly the
sameTy , which may explain the similar physical properties
of CePd and CeSg?®

The structures corresponding to the final state wiff 4
configuration are observed around 5 eV in the spectra of
CeRh and CePgland 4 eV in CeSp These broad peaks are
called “f2 peak.” The intensity ratio of thé® peak to the
total 4f intensity is denoted by;

[(f1)
[(FH+1(f2)

1

A f

Intensity (arb. units)
iy

2 0 2 4 6 8 2 0 2 4 6 8
Energy above E_ (eV) Energy above E_ (V) r

(6

f

FIG. 1. (a) The off resonant RIPES spectra of CgREePd, N . ) )
and CeSg The abscissa is the energy above Fermi lee) ( The Hnere, 1(f"), (n=1,2) represents the integrated intensity of
measurements were performed at 25 K and about 80 &S, 0f(b) ' peak. Ther Stm”Q'y reflects an average number df 4
The on-resonant RIPES spectra of CgRBePd, and CeSg hole, 1-n¢, wheren; is an average number off &lectron,
and can be regarded as a good index for the itinerant char-

resolution in thef! peak. Thus, the presefit-peak position acter of these systems. THé peaks are found to have sev-

in the experiment does not exactly show Kondo temperaturéer@l multiplet components in the spectra of CeRind

T., though the peak energy of 1.1 eV is much larger thareeSn. For CeRB, the peak at 4 eV and the shoulder at 5 eV
the experimental resolution in CeRhlt is thought that corresponds to the multiplet structures withconfiguration.
Kondo resonance is situated at the lower-energy side of th&ne same structures for Cegare found at 4 and 5.5 eV,

f1 peak; as discussed later, the low-energy side component [igSpectively. The peak at the lower-energy siae4 eV for
f1 peak of CeRjis situated at 0.78 eV aboug . both) can be thought to be made up by the triplet final st&te.

The f! peaks of CePgland CeSgin Fig. 1(a) are located In fact, the lowest energy multiplet 6H, has large spectral
at 0.5 eV. However, thé® peaks of CePgbelow the 4 weight. Because of the exchange interaction, the parallel

threshold split into two states, as shown in Fig. 2. This split-COUPIiNg between # spins lowers the final-state energy un-
der the Hund'’s rule. The structures at 2 eV in the spectra of

CePd and CeSp are assigned to be the Cet%and by
comparison with the band calculatiéhlt seemed to be cum-
bersome to estimate the positions and integrated intensities
of the f1 and f2 peaks without ambiguity by subtracting the
Y non{ backgroundmainly, Ce-5 band and ligand 4 band.

: o= This problem can be solved by using the following resonant
effect.

Figure ib) shows the on-resonant RIPES spectra of
0 CeRh, CePd, and CeSp The excitation energieg,, are
FECC chosen in order to drastically enhance fitepeak for each
) system. The Ce-® band is not found in the spectra of CePd
11,5 (X2) 7 and CeSgdue to the dramatic enhancement df dompo-
nents. Reduction of spectral intensity at Fermi level in the
] L on-resonant spectrum of CeRfs caused by the reduced
1 0 1 2 3 5d-band contribution just above Fermi level by the reso-
nance effect. Thus, the on-resonance spectra in [iy.can
be regarded as thef Zontribution itself.

FIG. 2. The RIPES spectra of Cepat prethreshold region. The It is found thatf! peak intensity of CeRhis extremely
dotted lines indicates the spin-orbit component in thgeaks. large in comparison with the corresponding intensity of

T

[T T T T
RIPES of CePd,

Intensity (arb. units)

Energy above E. (eV)
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TABLE |. The RIPES peak intensities ratio; and ¢(f°) de- LR BN B
rived from analyses of & XPS data for CeRl) CePd, and CeSg i RIPES of CeRh,
The number in the parenthesis for Cefthc(f°) derived from the ) 2
theoretical analysis in this paper. - f _,-f._‘ f

r c(f%(3dXPS PRW S N .
f (1)( ) AT
CeRh 0.60 0.26(0.20 !
CePd 0.22 0.08 o il ]
CeSn 0.18 <0.05 = ,1;'\,..—«-\ i
5 — i : 121
3 LA i
g 4 ”""“m):i- 116
CePd and CeSp Furthermore, the intensity at Fermi level ¥ Gl X 16|
is small. This is consistent with the extremely low value of § i n’*&;"» 114
Xo of CeRhy obtained by other experiments. The remarkable =1 5T | Fuorescence
itinerant character of # electron of CeRhis supplemented : ;
with the strongly depresseid peak. The CeRhcan be re- i ;oﬁf,,esonance
garded as the most-like metallic Ce compound. Similar 2 \,ﬂ\
remarkable properties are reported for CeFd I B - 80

The f! peak of CeSg which is not seen clearly in off- G 6 P
resonant spectrum in Fig.(d appears distinctly in on- l m l Y
resonance one in Fig.(d). The peak intensity ratio; that s [ - | .
are represented in E€p), is estimated in Table I. Th&, of 0 5 10
CePd has been reported to be about 24@Ref. 9 and that Energy above E (eV)

of CeSn to be about 200 K. They have very similar Kondo

temperatures. It is interesting thatof CeSn is smaller than FIG. 3. The RIPES spectra of Ceat several excitation ener-

. . L ) . gies. The numbers written on the side of the right axis represent
that of CePd irrespective of similarTy. This fact mainly E.. The calculated multiplets inf4 and 42 final-state configura-

indicates the reduction of the strength df Bybridization in tions are added at the bottom axis. The structure indicated by ver-

CeSn. This difference of hybridization strength between o4 par in the spectrum &= 114 eV is the normal fluorescence.
CePd and CeSgis caused by much larger nearest-neighbor

Ce-Ce distance in Ce$i14.72 A) than in CePg (4.13A) in Therefore, if we assume that the surface contribution to
the same AuCytype crystal structurB The Kondo tempera- RIPES is different for CeRgdand CeSg then the different;

ture Tx that rules the low-energy properties, depends orvalue can be explained even with the saimevalue in the
these parameters; ,U;¢, hybridization strengtly, and the  bulk system.

degeneracy of the f4level. As a result of the balance of  Ther; of CeRh is much larger than those of CepPahd
these parameters, similar physical properties of Geftdl  CeSn. Thec(f% which is thef® weight in the ground state
CeSn originate from similarT’s which are roughly esti- is derived from analyses ofd3x-ray photoemission spec-
mated from the energy positions of thepeaks in Fig. b).  troscopy (XPS) datd* for CeRh, CePd, and CeSg and
They have very similar Kondo temperatufgs. However, it listed in Table I. Thec(f°) is not 1y itself because of a
should be pointed out that thfepeak intensity ratiors in small 2 contribution in the ground state. It may introduce a
Table | is quite different for CeRcand CeSg Let us discuss  small error to regard(f°) as 1. r; is larger tharc(f°).
why the RIPES spectra of CePdnd CeSgare so different, This is caused by the following two reasons: one is that
though they have a similar value ©f . As shown by Bick- was estimated in the spectrum measured at the energy where
ers, Cox, and Wilking? the transport and thermodynamic the f* peak is most enhanced and then the intensity of the
properties of mixed valence Ce systems are represented Ipeak was overestimated; the other is that the stronger hybrid-
universal functions scaled Bl , but it should be noted that ization strength of! andf? configurations in the final state
the high-energy properties such as the ratiare not scaled transfers the spectral weight from theto f* final state. It is
only by Ty . According to our preliminary calculation, if we emphasized that the ratio of the thngés 0.60:0.22:0.18 is
changee; andV simultaneously so as to kedj (fl-peak similar to that of c(f°) 0.26:0.08:0.05, respectively for
position unchanged, the value of can be changed. We can CeRh, CePd, and CeSg Therefore, ther; can provide
say thatTx depends oz, Uy, andV, but different com- good information about the itinerant character dfedectron
binations of these quantities can chamgewith Ty kept in the initial state.

constant. The f2 spectrum in Fig. (b) exhibits a single peak with-

It is also to be noted that there is another possibility toout the shoulders observed in off-resonant spectra in Fig.
explain almost the sam&, and the different; for CePd  1(a). For CeRh and CeSg thef? peaks are located at about
and CeSgp In our discussion, we have tentatively disre- 4.8 and 4.0 eV, respectively. The reason for the lack of the
garded the surface contribution to RIPES, but actually thether f> components is explained by considering the selec-
RIPES at the d threshold should have a considerable sur-tion rule in the final state of RIPES proceédstigure 3 shows
face sensitivity. It is known that the valence number of a Cehe excitation energy dependence of RIPES spectra of
ion in surface layers can be different from that in the bulkCeRh. The multiplet structures are indicated by the vertical
system because of the reduction of the coordination numbebars and dashed lines in Fig. 3. A dramatic change in spectral
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FIG. 5. The CFS spectra for thef4and 42 final states. The
spectrum was obtained by plotting the integrated intensitiet' of
andf? peaks against the excitation energy,.

Calculated intensity (arb. units)

Fig. 3, in the off-resonant spectra &.=80eV all
4f2-multiplet components are blurred with the experimental
resolution and not obviously distinguished. The broad band

x 20 ik of multiplet structures at th&? final states in calculated off-

T R S ' resonant spectrurtFig. 4) corresponds to this. In the spec-

-5 0 5 10 15 trum atEg,= 114 eV, which is in the region of the prethresh-
Energy above E. (eV) old of the Ce 41— 4f absorptionf? peak is clearly split into

two peaks. These two peaks are also reproduced in the cal-
FIG. 4. Calculated d-4f RIPES with various excitation energy culation and are roughly assigned%d and P components.

E., and off-resonant IPES spectfhottom. The multiplet struc-  Discrepancy of the? peak intensities ofH and *P com-
tures are also shown by thin lines. ponents between experimental and calculated result may be

accounted for by taking the background and surface contri-
line shape off? peak is observed as the excitation energybution into account. The spectral weight & component is
changes. This is caused by the transfer of spectral weigiweakened as the excitation energy increases from 116 to 126
among the multiplet structures at th&final states. In order eV in Fig. 3. The multiplets around 5 e\ ~'G) are
to interpret this excitation energy dependencé’gpeak, we resonantly enhanced though the multiplets at higher-energy
have to take the selection rule in the final state on resonancgdde (D~'l) are not found aE.,=126eV, where the*!
into account. Thef! peak consists of spin-orbit components peak is the most enhanced. On the other hand!@&eom-
in the 4f* final state, which are separated by about 0.3 eV. lpponent seemed to be enhanced in the spectrum at 121 eV.
is found that the two components bf peak are clearly ob- Finally, the spectral line shape Bt,= 126 eV resembles that
served in the spectra of CePdt prethreshold regiork,,  at 80 eV. This excitation energy dependence of RIPES spec-
=105.5 and 111.5 eV, as shown in the Fig. 2. Fiie,,and  trum is well explained by the calculated results in Fig. 4. At
2F,,, multiplet structures in thd! peak are indicated by E.=121eV, the resonance spectrum has a clear resonance
dotted lines. The spectral intensity of tHé:, structure peak at 5.5 eV abov&g between®H and 3P structures.
transfers to?F,, structure asE,, increases. This suggests a That is, there are three enhanced multiplet structures in the
strong excitation energy dependence of fife, and °F;,  f? state. To understand the excitation energy dependence of
multiplet structures. This splitting is also found in CgRhs  the resonance effects on the multiplet components, the fol-
shown in Fig. 3, though they are broad. The excitation enjowing intuitive discussion is presenté8lin the off-resonant
ergy dependence of tHé peak of CeRhis discussed later. region the selection rule of thef#—4f2IPES transition

Figure 4 shows the calculated RIPES with the excitationprocess is not strict, i.e., the electrons added to théexel

energies corresponding to those in Fig. 3 and the offcan have either up- or down-spin configurations. Therefore,
resonant IPES in the bottom of the figure. In this figure, theall multiplet components corresponding to a possible final
vertical lines are calculated by E¢b) and show clear mul- state can be observed. However, on the resonance, the inter-
tiplet structures, while the continuous spectra are obtained bynediate state with thedthole spin occurs in RIPES process
convoluting them with a Gaussian function of widff;  and the large multiplet splitting of @4f3) state concerning
=0.8 eV[half width at half maximum(HWHM)] in order to  the arrangement of two f4 electrons and d-hole spin
include the overall resolution. It is shown that the experi-springs up. The intermediate state with three up-spieléc-
mental RIPES in Fig. 3 are fairly well reproduced by thetrons and a down-spindthole gives the lowest energy under
calculation at various excitation energies. Especially the drathe restriction of the selection rule for dipole transition. This
matic transfer of spectral weight on the resonantly enhanceihtermediate state transits into the triplet final state at the
multiplet structures at th& final states is explained well. In resonance. The spectral intensityféfpeak shifts from lower
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FIG. 6. Calculated CFS fof! (closed circl¢ and f? (open T L.r,.--
circle) final states. The inset shows the CFS Faj, andF,, mul- B * ]
tiplets in thef? final state. " 52 "

energy side to higher-energy side as the excitation energy
increases after the giant resonance in Fig. 3. This fact reflects N
the energy dependence of possible intermediate state of
RIPES process. The two-peak structuref dfpeak at preth- B E,-Eg= 0.8eV
reshold regior{114 eV in Fig. 3 where the excitation energy
is lower than that of giant resonance, can be interpreted by bl
the following reason. In this energy region, there are weak 1204 1208 1212 1216
intermediate states, which correspond to dipole-forbidden Excitation energy E,, (eV)
states. That is, the absorptiord@4f'+ e~ —4d%f3, takes
place by the spin-orbit interaction through the mixing with ~ FIG. 7. The CFS spectra for tifé peak of CeRh which were
the dipole-allowed state. Therefore, the intermediate state§ieasured in the narrow energy range. The dotted lines are guides
which make transition to the singlet or higher triplet final for the eyes. Top spectrum is tfié curve and middle and bottom
state can take place. spectra that are labeleidand 3 are the one foPF s, and 2F, final

The constant final stat€FS spectra of RIPES in CeRh states, respectively.A andB are the maxima of and3 curves and
are shown in Fig. 5. The spectra are obtained by plotting th&a andEg are the energy oA andB.
integrated intensities of' and f2 peaks versus the kinetic
energy of the electroik,,. Around 120 eV ofE,,, the giant In order to derive more information from CFS spectra, the
resonance takes place &g, strides over the Ce di—4f f1 curve was measured in a narrow energy range shown in
threshold. This strong-resonance enhancements ahd 2 Fig. 7. It should be emphasized that the CFS spectra contain
intensities at the d—4f threshold clearly show that these the information about the intermediate state in RIPES pro-
structures come from the localized £omponent. Thef! cess. The top spectrum that indicates the tétaintensity
and f2 curves reach a maximum at about 121 and 127 eVhas the maximum at 121.0 eV. The middle and bottom ones
respectively, and slowly decrease as the excitation energipat are labeled and 3 are the CFS spectra fdiFs, and
increases. The asymmetric line shapes of both curves withF, final states, respectively. And so, the sum of the middle
the dip just before the giant resonance around 100-115 eV @nd bottom spectrum intensities reproduces the top one. The
E., represents a very large multiplet splitting of the interme-maximum points of and$ curves are split by about 0.8 eV.
diate state and the existence of Fano-type interference. Thighe inset in Fig. 6 shows the calculated CFS Fgj,,F/»
Fano line shape has not been clearly observed in the RIPES8ultiplets in thef! final state. The peak-energy separation
of Ce compounds at thdls absorption edgé.This differ-  betweenFs, and F,, spectra is shown to be about 0.9 eV
ence represents the strong-Coulomb interaction betwelen 4and it corresponds to that of 0.8 eV in experiment of Fig. 7.
and 4f state due to a larger overlap of wave functions of This energy split can be interpreted as the difference of the
both states with same principal quantum number. The calcuntermediate state energies. In the RIPES process, the initial
lated CFS that are integrated intensities of whitleand f? state 1S, transits to some intermediate states with allowed
multiplets corresponding t6' and f2 final states in RIPES symmetry through the selection rules for Coulomb scatter-
are shown in Fig. 6. Asymmetric line shapes, which are charing. It is known that the’Gg, and 2G,, intermediate states
acteristic of the 4-4f case of experimental CFS in Fig. 5 make transition to thé’F,;, and 2F g, final states, respec-
are well reproduced by the calculation. The broader featuréively. And these transitions make much contribution to
of 2 curve in the experimental result as compared to the’F,, and 2F 5, spectral intensities. Therefore, the difference
calculated one is due to the incoherent components at thef 0.8 eV between the maximum points éfand  curves
higher-energy side of,,. reflects the energy separation between s, and G,
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intermediate states. In practice, tHeand 3 curves are V. CONCLUSION
thought to be broadened by the lifetime effect of the inter-
mediate state. RIPES measurements near the Rgs absorption edge

~ Itis needed to keep the surface effect in mind, because #re able to provide information about various df gtates in

is known that there is Iarge surface effect in Ce Compoundéubic Crysta| StructurdAuCug_type) Compounds such as
and the electron energy around 120 eV has a very shogterp, CePd, and CeSy The RIPES at the Ced—4f
mean-free path. In terms of surface effect, the change ofyge was found to be a powerful method to investigdte 4

Sfe—4fdlei_vel "’(‘jnd thedreguction Olf h()j/bridiﬁatilon lIJ_etvv_eer]J ;hjelectronic structures. Thes estimated from RIPES spectra
and ligand extended states lead to the localizationfo ave important information about thef Zlectronic struc-

electron in surface region. The RIPES is a powerful metho‘fures
o study the surface effect, because s select the sur- A calculation for CeRhin the framework of the impurity
face or bulk state and the energy dependende.genables

to study the change of the electron mean-free path. Thes%nderson model with full multiplet effects reproduced

surface effects on RIPES will be discussed elsewhere in the " =S SPectra and well explained the excitation energy de-
near future. pendence of* andf? peak in the RIPES spectra.
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