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+ 'We present bulk-sensitive hard x-ray photoelectron spsctipy (HAXPES) data of the Cd&ore levels and lifetime-reduced
edge x-ray absorption spectroscopy (XAS) in the partiakisoence yield (PFY) mode of the @éns family with M = Co, Rh, and
E Ir. The HAXPES data are analyzed quantitatively with a carabion of full multiplet and configuration interaction madaéhich
I allows correcting for the strong plasmons in theMBes HAXPES data, and reliable weights, of the diferentf" contributions
in the ground state are determined. TheMIes results are compared to HAXPES data of other heavy fermiompoands and
a systematic decrease of the hybridization strengghfrom CePd to CeRRhB, to CeRuySi; is observed, while it is smallest for
Q the three CMIns compounds. Thd-occupation, however, increases in the same sequence atabésto one for the Qdins
—sfamily. The PFY-XAS data confirm an identickloccupation in the three G&ins compounds and a phenomenological fit to these
PFY-XAS data combined with a configuration interaction magdgkelds consistent results.

= Keywords: heavy fermion, valence, hard x-ray photoelectron spectqmg L-edge x-ray absorption, full multiplet, single
O impurity Anderson model
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") 1. Introduction compound orders magnetically or shows unconventionalrsupe

conductivity because their phase diagram covers a variety o

In intermetallic cerium CompOUndS the hybridization of Ce ground states: unconventional Superconducti\‘iﬂy:(Co and
f and conduction electrong:{-hybridization) leads to two |r), antiferromagnetic orderM = Rh), and the coexistence of
competing interactions: the Ruderman-Kittle-KasuyaiYas hoth e.g. when substituting on the transition metal siteer&h

« (RKKY) interaction prevailing for weak exchange interatts  are also quantum critical points with Fermi surface changes

S and favoring a magnetically ordered ground state and thel&on \hen going from the more itinerant, superconducting Ch-ric
.= screening which leads to a nonmagnetic ground state. NoRp the more localized, magnetically ordered Rh-rich side of

Fermi ||qU|d behavior and unconventional SUperCOﬂdL‘MiVi the substitution phase diagram or when app|y|ng pressure to

are often observed when going from the verge of one regimegeRhin. It is believed that strongerf-hybridization favors

to the other. In the presence of stronf-hybridization the  the superconducting ground state over the magnetically or-

f-electrons are even partially delocalized. The competitib  dered one3-20]. It is therefore of interest to quantify thef-
both interactions can be influenced by pressure, magnéltic fie hypridization. The 4-shell occupation is often used as an indi-
or substitution{]. cation for the degree of hybridization since strong hytzation
The CeMlIns compounds withVl = Co, Rh and Ir are an in-  favours the delocalization of electrons. Here, we use a con-
terestingmodelsystem for investigating systematically why a sjstent analysis procedure that includes a quantitatasnbn
correction to obtain the 4f occupation and that allows a mean
ingful comparison for materials with veryftirent degrees of
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state is no longer a puré!' state with anf-electron count [35], and 0.98 and 0.96 for the Rh and Ir compounds, respec-
ni=1. Instead it can be written as a mixed stégs) =  tively[31]. In these TFYLs-edge XAS data thé(f") weights
Co |9 + ¢y |f1L) + ¢ | 2L ) with additional contributions of the are not well resolved. The assignment is further complitate

divalent and tetravalent statef?(and f°) and a totalf occupa- Y the fine structure of the emptyd®>OS and the extended
tion n¢ that can be related to the weigivg = |2 (n=0,1,2)  X-ray absorption fine structures (EXAFS) which in these com-

of these ground states ag=w; + 2w,. Here Land L denote pounds are close in energy to the main absorption 8de35|.

the conduction band with one and two holes, respectivelp ThPES data at the Ceéore level were taken with Al Kradia-
amount of fO quantifies the degree of delocalization. Photo-toN [_33’ 3@_ _They bgqr the problem of surface sensitivay]
electron spectroscopy (PES) and x-ray absorption (XAS) ar@n% in addition gxh|b|t strong plasr_nons at the energy of the
invaluable in determining such mixed ground states sineseh () spectral we|ght.nf.=0.9 was gven as a Igwgr limit for
—typically & core level PES ant-edge XAS — exhibit spectral all three compounds without correcting quantitatively floe

weights at the energies of corel-electron removal stategco Plasmonsge. o _ g
sponding to three of thedestatescf0, cfL andcf2L, wherec Here we present a quantitative analysis of bulk-sensitive

= HAXPES data of the Qdlns family and compare data and
represents a core hole. Although the intensitie$®), 1(cfL) > Y P

oA analysis with the ones of the largg T~ 600 K) and interme-
andl(cf?L) (referred to as(f?), I(f*) andl (2) for simplicity) diate valent compound Cepj®1, 23, 42-46)], intermediate va-

of these structures can be related to the weights of th&tes et and ferromagnetically ordered CefBa (T = 115 K) [47—
Wo, Wi, andws in the initial state, the relation is not simple 49) and the heavy fermion compound CefSiy, which does
because of thefkects of the core-hole potential and hybridiza- o order magnetically at ambient pressure and zero magneti
tion in the final state1-24]. The Anderson impurity model fig|q [50, 51].
(AIM) in the formalism of Gunnarson and Schonhamn@}| Our HAXPES data analysis comprises a quantitative plas-
has been a very successful analysis tool to relate finalstat® 101 correction which we achieve by combining a full multi-
tral weightsl(f") to the respectivef contributionswy in the  pjet (fm) calculation with a configuration interaction (@ipdel
initial (ground) state. In Ref21] Fuggleet al. show and ana- (fm-CJ) with a single-state-approximation for the condat
lyze an impressive amount of PES data of Ce compounds gisang. |t is a convenient simplification to determine tge")
ing number fomyp and hybridization parameters. However, PESspectraI weights and relate themwg weights in the ground
data are often subject to surfadéegts and the surface valence giate. The model was already suggested by Imer and Wuil-
is usually closer to.integer.tha.n the.one of the b_Qﬂ{ Furj loud[52] and, although it has certain drawbac&g[53], has
thermore, the AIM in combination with a full multiplet rou® e great advantage that it can be combined with a full multi-
would require elaborate computation so that usually thetsple  jet calculation. This is particularly important for the [@ins
weights are assigned phenomenologically. However, the‘Specompounds where strong plasmons would otherwise hamper
tral shapes (energy_di.strit.)ution) of tiié andf.2 contributions  {pe quantitative determination of spectral intensit&S; [36].
depend on the hybridization so that the assignment of sglectrtpe || multiplet calculation fiers the possibility to describe
weights tol(f") is not trivial, something desperately neededhe plasmon intensities as part of the line shape of each-emis
when aiming at a quantitative plasmon correction. The nongjon, |ine, after having determined the plasmon parametens f
trivial assignment of spectral weights is also valid feedge  core levels that are noffacted by the configuration interaction
XAS where the spectral shapes are determined by the emptyn3p for each C#Ins, Pd3p for CePd, Rhal for CeRhB,
5d density-of-states (¢DOS). This is valid even in the state- 5,4 Ru3l for CeRuSi). We have used this type of analy-
of-the-art partial fluorescent yield mode (PFY) which giees g already successfully for the TgAl1o compounds33] and
much better contrast than conventional total fluoresceiedd y e apply it here to obtain quantitatiieoccupations for the
(TFY)-XAS[26-30]. It is therefore not_trivial to find compara- CeMIns compounds. The resulting values will be compared
ble numbers for thé-electron occupation. with the ones of CeRg CeRhB,, and CeRuSi,. The model
There have been several attempts to determine the 4is described by the Cl parameters for the Coulomb exchange
occupation of the OdIns family, however, quantitatively they interaction between thé electrons (J;¢) and between thé
are not conclusivelld, 31-36]. XAS data at the CeMl-edge electrons and@core hole U;.), the dfective f-electron bind-
or resonant data at thH-edge of the C®lIns compounds ing energyAs and the isotropic hybridizatioves. The energy
show only minor amounts df( % without further quantifica- distances and intensities of the thig¢é") spectral weights in
tion[14, 32, 34]. A more adventurous attempt to quantify the the 3 core level HAXPES data yield fficient information for
f-occupation of CeColand CeCo(lpgsCdh.15)s inanM-edge  determining the four Cl parameters in a unique manner.
XAS experiment was made by Howadd al. [37] from an ex- We confirm our findings by showinig-edge absorption data
trapolation of Cek and CeQ M-edge data, assuming the for- in the PFY mode where a decay process with longer life time is
mer is tri- and the latter tetravalent. However, there istafo selected so that the life time broadening of the XAS speena c
work showing that Ce@appears strongly covaleni{~0.5)  be reduced, thus facilitating the separation of theedéntl (f")
in core-level spectroscopies like or M-edge XAS or PES spectral weights]6-29. Here we compare the G&ins spec-
(see e.g. Ref’s38-41] and references therein), thus putting tra with the ones of the more strongly hybridized compounds
into question thd -occupation of 0.85 resulting from this anal- CeTAl10[53] and present a fit to the data which is consistent
ysis. TFY-XAS data at the Ce-edge yielch; = 0.9for CeColg  with the HAXPES results.



The experimental set-ups of HAXPES and PFY-XAS includ-
ing details for sample preparation are given in Appendix 4 an
information of the data simulation and HAXPES line shapes ar
given in Appendix B.
940 930 92 910 900 890 880 870

2. Dataand simulation [ T=10K Ce3d,,

Figurel shows the uncorrectediZore level HAXPES data
of CeMIns (M =1Ir, Rh, and Co), CeRibi;, CeRRiB,, and
CePd. All spectra exhibit two sets of emission lines, due to
the Cedl spin orbit splitting. Each set, i.¢he Ce38l;,, and
the Ce8ls/2, contains three spectral weights because of the core
hole afect on the mixed ground state. At the bottom of the
CePd data the energy positions of the two setd @), (%),
and1(f?) are marked. It shows that the expectéé®) spec-
tral weight at 915 eV binding energy does not overlap with any
other spectral feature and that thf?) intensity at~880eV
overlaps only partially with (f1). However, there is a multiplet
structure underneatiff) andl (f?) which has to be accounted
for when disentangling the two.

The CeMIns data in Figl look very much alike. Only the
Co data exhibit an extra hump at about 923 eV binding energy
which is due to some intensity from the Ga@mission. We now
compare qualitatively the ratio of tH¢f2)/1(f!) intensities for
the Ce3d; emission: the ratio increases systematically from
top to bottom, i.efrom the CéMIns family to CePd. How-
ever the intensity ratio(f°)/1(f1) seemingly does not have the
same systematic when comparing the intensities at(t% po-
sition at 915eV. For the QéIns | (f%)/1(f') seems larger than
for CeRuySi,. This is puzzling since increasing hybridization
should lead to an increase of bd{{f?)/1(f1) andl(f°)/I(f1).

This puzzle is quickly solved when looking at the p@mis-
sion spectra of the @éIns compounds at the top of Fig.
Strong and relatively sharp intensities in addition to thaimm
In3py,2 and I3z, emission lines are visible at about 13-14 eV
higher binding energies, respectively, and they are ifledtas
plasmonic excitations. This is about the energy distandhef
I(f% andI(f') spectral weights in the Cd3ore level spec-
tra, meaning the(f°) intensities in the CklIns data are su-
perimposed by plasmons as already pointed out by the authors
of Refs. B3, 36], leading to the misleading impression that the
I(f°) spectral weight in the 115 compounds is larger than in
CeRySi.

The data analysis comprises 1) the background correctjon, 2 I ]
the plasmon correction, 3) the assignment of spectral w&igh 940 930 920 910 900 890 880 87
and 4) the conversion of final state spectral weidlf$) into T
initial state contributionsv, with the CI calculation. Step 1) is Bmdmg energy (eV)
straightforward and an integrated background as markehldoy t
black lines in Figl is subtracted from the data before further Figure 1: Low temperature C43HAXPES data as measured of @&ns

analysis. In the presence of strong plasmons the steps 2), @;2‘ =1, Rh, and Co), CeRiBip, CeRf3B;, and CePgl The solid black lines
y P 9p P ) show the respective integral background. The solid andedbslue lines show

and 4) h_ave to b_e pgrformed In On_e go by usm_g Ilne_sh_apes fQﬁe Bt and 29 plasmon contribution (see text). For theNlias this is shown
the multiplet excitations that consist of the main emisgtrs  in Figure 3. The red ruler in the bottom panel indicates thergypositions of

a first and second order plasmon. the I (f") spectral weights.
The plasmon contributions to the line shapes are determined

from fits to the core hole emissions spectra (after backgitoun

correction) that are notfiected by the configuration interac-

tion. These spectra and line-shape fits are shown in2Higy.

_Intensity (arb. units)




Table 1: Top: Optimized configuration interaction parame@@+¢, Usc, Ver, Af) in €V and resultingt" contributionswg, w1, andws in the ground state in %. The
total f electron count is given bigs =wy + 2ws.

CePd CeRhB> CeRuySip CeColny CeRhlny Celrlng
Ust [eV] 11.4 10.2 9.2 8.5 8.5 8.5
Usc [eV] 11.6 10.9 9.9 9.9 9.9 9.9
Vet [eV] 0.36 0.31 0.25 0.20 0.20 0.20
At [eV] 1.3 2.0 2.6 2.4 2.4 2.4
Wo [%0] 24.0 +3.0) 13.5£3.0) 6.8 ¢£1.2) 5.0 &1.5) 4.7 ¢£1.5) 4.7 ¢£1.5)
W1 [%0] 74.0 *3.0) 83.7 £3.0) 90.3 £1.2) 93.0 £1.5) 93.3&1.5) 93.3&1.5)
Wo [%] 2.0 (+0.5) 2.6 £0.5) 2.9 £0.5) 2.0 ¢£0.5) 2.0 £0.5) 2.0 ¢£0.5)

all compounds. The lines are broadened by a Gaussian akeshown to be more strongly intermediate-valent thanTkreRu
Lorentzian function to account for instrumental resolntamd  and Os sample®B] and there is indeed a largefidirence in the
lifetime broadening. In addition a Mahan functionis usedd¢e  spectra. The strongest absorption line at 5726 eV is styargl
count for the asymmetry of the line shapes. Then a single anduced while the intensity at 5737 eV is enhancedthe latter
double plasmon excitation is attached to each multiplet.lin must be the (f°) spectral weight. Also here the band structure
The plasmon excitations in CeR$i,, CeRRB,, and CePgl  calculations reproduce the overall features of the the EXAF
are much broader than in the Réns compounds and appear and the similarity of the &DOS of CeFgAl o (green line) and
at larger energy distances from the main emission line. Neve CeRuyAl (orange line) in Fig5(c) confirms that the dlier-
theless the same procedure was used for all compounds. Tlkace in the data must indeed be due to theedgnce inl (f")
resulting plasmon parameters are listed in the Appendix B irspectral weights. The respective central energy positbiise
Table2. I(f") are marked in Fig(a).

Having determined the plasmon energies, line widths and in- In Fig.5(b) we show a consistency fit to the PFY data of
tensity ratios, the combined fm-Cl is applied to the backgay ~ CeMIns. Applying a Cl calculation using the same initial state
corrected Ce@ data. The plasmon contributions in the @e3 Hamiltonian as for HAXPES yields also good results for the
emission data of the G4Ins resulting from such a fit are shown PFY-XAS data when using identical lineshapes for el(dH),
exemplary for CeRhlin Fig.3 and for the other compoundsin consisting of three Gaussians, a tanh-type step functidm wi
Fig.1 (see solid (1) and dashed (?) blue lines). Finally, Fig4  inflection point nearby the maximum of the respectiyé")
shows the background- and plasmon-corrected data (open cibsorption, and an additional Gaussian for mimicking the EX
cles). Now the ratios(f)/1(f1) and|(f2)/I(f) are smallest AFS. This choice of lineshape has actual similarities wité t
for the 115 compounds. They increase to Cgfuand are empty ®-DOS in Fig.5(a). Here the weighted, averaged en-
largest for CePgl The red lines are the result of the fm-Cl sim- €rgy distributions of the multiplet states define the ensepa-
ulation. The resulting fit parameters and spectral weighgs a rations of the respectivi{ f"). The red line resembles the total
listed in Tablel. The complete set of lineshape parameters idit. Here only the Cl parametés . has been adjusted from 9.9
given in Table2. The orange lines indicate the underlying mul- as for HAXPES to 9 eV for PFY-XAS in order to match the en-
tiplet structures. Notd,(f°) consists of only one emission line €rgy position ofl (f%). Please note that the same adjustment is
so that it remains visible even when the intensity is ratheaky  necessary for CeAl 1o where HAXPES yields ald ¢ of 10eV

(see vertical gray lines in Fig.marking the sharp peaks in the [53] while the present PFY-XAS data require 9 eV. The reason
multiplet structure a£915 anck896 eV). is most likely the screening of thgphole in the XAS final state

We also show PFY-XAS data where the; decay process PY the additional 8 electron.

3ds,2 — 2ps,2 after thel; absorption p — 5d is measured (see
Fig.5(a)) in order to confirm our HAXPES result of a minor
and very similarc f-hybridization in the Cblins compounds.
Also here we find that at 20K the spectra of all three com-

pounds are identical within the accuracy of the measurenitent ~ The present results shall be briefly compared with some of
is actually next to impossible to spot thef®) spectral weight the data available in literature before discussing theesyatic
also when comparing the data at 20 K with data taken at 200 Kf the resulting Cl parameters in Taldle There are several
(not shown). Band structure calculations of the emphDE)S  electron spectroscopy measurements of the valence of;CePd
neglecting core holefiects (see Appendix C) show that the To name some, TFY3-edge absorption yields values of about
structures at 5733 and 5746 eV are due to band structure (se®.15f43, 44] and PES data by Fugglet al[21] and Kotani
dashed and solid black lines in Figa)). However, compar- et al[23] yield an f° contribution of wo=10% and anf-

ing the PFY-XAS data of the Cel115s with the PFY-XAS dataoccupation ofns = 0.86, respectively. The last two works take
of the more strongly hybridized CgAl1o compounds quickly final state éects into account. We find a stronger deviation
shows where thé&( %) spectral weight should be. Ceffd1gis  from an integerf-occupation which might be due to the fact

3. Resultsand Discussion
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Figure 3: Ced core level emission data of CeRBlafter subtraction of the
integral background. The blue lines (solid and dashed)essmt the total 3t
and 29 order plasmon intensities which were obtained by fittinchesmission
line of the multiplet structure (orange, times 0.1) withreelishape consisting
of a main emission line plus &%and 29 plasmon contribution at equidistant
energies. The vertical gray lines indicate the single eimigine of 1 (f°).

that the before mentioned PES dat&sufrom surface fects
which result in anf occupation closer to intege2).

Also in CeRRB; the presence of an important amountf8f
in the L-edge XAS data was reportet and anf occupation
of nt =0.85 was given from the quantitative analysis dfc@re
level PES data by Fujimo@t al.[49] The PES value is close
to what we obtain from the bulk-sensitive data and we can only
speculate why we find a slightlgmallerdeviation from inte-
ger valence in the bulk-sensitive data. Here surfdtects are
no explanation since they rather increaseftreccupation25].
However, our total fm-ClI fit to the CeRB, data is not that
perfect and this might be due to the giant crystal-electeldfi
(CEF) in this compound4]. In contrast to Fujimoret al.[49],
we used a single crystal for the HAXPES experiment and pos-
sible polarization dependencies due to CHle@s as recently
reported 5] are not part of our calculation. Hence there is
room for some error.

For CeRuySi, some bulk-sensitive HAXPES data, analyzed
with an AIM are available§6]. Here the valence band con-
tinuum was divided intdN = 21 discrete levels and the spectral
weights were assigned empirically. Theoccupation is almost
the same as from our analysis, but the Cl-parametéierdind
the empirical assignment o{f2) seems to lead to an overes-
timation of the latter 1f; = 0.987,wo= 5%, andw, =4.7% ac-
cording to Yancet al.[56]).

The values in Tablgé show the largest values fdJ:; and
Ui for the most strongly hybridized compounds CegPé&or
the more weakly hybridized compounds the fits were less sen-
sitive to U¢. so that it was kept at a constant value of 9.9eV.
The dfective hybridizationVes is clearly largest for interme-
diate valent CePgand smallest for the @élns compounds
while their dfective f electron binding energy; is compa-
rable to that CeRiBi,. The resultingf” contributions in the
ground state wave function are also given in Tdbdead we can
clearly state that the @&Ins compounds have the smallef
contribution in the ground state, even less than G&gulnter-
estingly, thef? contribution in the ground statev) is almost
the same (about 2-3%) fall compounds, from strongly in-
termediate valent CeRdo the much less hybridized Gdns,
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model with parameters as for HAXPES, oty was adjusted (see text). The
line shapes are approximated by Gaussians and a step fisé@ertext). The
orange lines are the underlying multiplet structure of ed¢h) (see text). c)
L-edge PFY-XAS data of GeAl 1o with T = Fe, Ru, and Os plussDOS from
Wien2k calculations for CeRAl 19 and CeRyAl 0.

emphasizing the importance of final statéeets. In the final
state,f* and 2 are close in energy and therefore strongly en-
tangled. As a result, the spectral weight$2) may be fairly
strong in HAXPES as well as PFY-XAS.

Within the accuracy of the present HAXPES and PFY-XAS
data, the diierent ground states in the [@liéns cannot be due to
differences in thd shell occupation. However, the supercon-
ducting compounds Celrfrand CeColg show enlarged Fermi
surface volumes, implying a more delocalizéelectron be-
havior[13-17, 20], especially in the purely superconducting re-
gions of the substitution phase diagrarhg [L9], while in mag-
netically ordered CeRhjrthe f electrons do not contribute to
the Fermi surface, i.e remain localized. These findings@ape s
ported by inelastic neutron measurements of the quase&last
line width; it is seems much broader for the Co and Ir sam-
ples with respect to the Rh on@4]. In order to rationalize
these experimental results of identidabccupations but dif-
ferent Fermi surfaces we apparently have to look beyond the
idea of an isotropic hybridization that leads to a measerabl
delocalization. In Refg7] was shown for CeRhIr«Ins that



the local f orbital symmetry, i.e. the CEF ground state wavescans over a wide energy range, from the Fermi energy to 1 keV
function is an important parameter for the ground state &rm binding energy, verified the absence of impurities.

tion. According to this experimental study, talleground state The PFY-XAS experiments were performed at the inelas-
orbitals favor a superconducting ground state. These @sdin tic scattering beamline with a Johann-type set-up at the syn
agree with first-principle dynamical mean field theory cédeu  chrotron SPring-8in Japan (BL12XU beamline). The undulato
tions by Shimet al[58] which postulated for Celrinthat the  peamline uses a cryogenically-cooled double crystal miormc
out-of-plane hybridization with the so-called In(2) is thst  mator to obtain a monochromatic beam. Tlig/3— 2ps/2 de-
important one. Hence, it is not the absolute strength otthe excitation of 4800 eV at the Cle; absorption edge was mea-
hybridization (and occupation) that changes among téi8¢  sured as function of the incident energy. The emission line
compounds, it rather seems to be tffiecéency of hybridization  was analyzed with a spherically bent Si(400) analyzer atyst
that depends on the orbital anisotropy. (radius 1m). The analyzed photons were detected in Si solid
state detectors (Amptech) with an overall energy resatstif

~ 1.5 eV . The intensities of the measured spectra were nor-
malized with a monitor just before the sample. The beam size
was 120(h)x 80(v) um?. The flight path was filled with He to
reduce air scattering. The closed-circuit He cryostathed@
base temperature of 20 K.

4. Summary

The f-occupation of the QdlIns family has been investi-
gated with bulk-sensitive HAXPES and PFY-XAS and com-
pared with spectra of cerium compounds dfe@lient hybridiza- ) .
tion strengths. The PFY-XAS data show that fheccupation The CeMins single crystals were grown with the flux growth
of the CeMIns compounds is identical within the accuracy of Method, the CeRibi, and the CeRiB; single crystals by the
the present experiments. A detailed analysis of the HAXPESZochralski technique. The CePpbolycrystalline sample was
data, which includes a quantitative plasmon correctioopsh Made by arc-melting the constituents on a water-cooled Cu
further that the #ective hybridizatiorVer and also the amount hearth under a UHP Argon atmosphere. Polycrystalline sam-
of £9in the ground state in the ®&ins is even smaller than in ples of C&,Al 1o were prepared by arc-melting the constituents

the non-magnetically ordering compound CeSi. amo_unting of pure elements under Argon atmosphere and an-
nealing at 850C for one weak.
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Fock values for the #-4f and 3-4f Coulomb interaction
were used$3]. The hybridization between thé and conduc-
Appendix A. Experimental set-ups tion electrons is described by the Coulomb exchange inierac
between the electrons J¢) and between thé electrons and
The HAXPES spectra of the Celmission were taken at 3d core hole Urc), the efective f-electron binding energss
the Taiwan beamline BL12XU at SPring-8 with an incident en-(i-e. the energy dference between th€ and f'L in the initial
ergy of 6.5keV and horizontally polarized light. An MB Sci- state) and the isotropic hybridizatias.
entific A1-HE analyzer at an angle of 9@ the incident beam Plasmons appear at well-defined energies at higher binding
in the vertical (horizontal for CeRB;) plane gives an overall energies so that the full multiplet calculations allows the
instrumental resolution o1 eV at the Ce 8 emission usinga pinning of a plasmon and its multiples to each emission line
pass energy of 200 eV and fully opened slits (S3.2). The Fermwith the same energy distance, line width and shape. The line
energy and instrumental resolution was obtained by maaguri shape parameters for life time broadening (Lorentzian & Ma-
the valence band spectra of silver or gold thin films. Clean-sa han) and the energies and relative intensities %fahd 2¢
ple surfaces were obtained by cleavingsitu under ultra high  plasmons were determined from fitting the core level spectra
vacuum of the order of T@ mbar and the reproducibility of of another element in the sample which is nfieated by the
successively taken scans showed the absence of afferse  CI[53]). We used In d for the CeMIns compounds, Pdf3for
Only CeRhB, showed one additional line at 8Energy, in- CePd, Rh3dfor CeRiB,, Ru 3 for CeRySip. The line shape
dicating some graphite on the surface, which may also axplaiparameters which were used in the data analysis are listed in
the larger broadening in this compound. For the other sanpleble?2.
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Table 2: Line shape parameters of the €e®nission lines; Gaussian FWHiILorentzian FWHM, and the Mahan broadening with asymmetgy and cut-df

ywm. plus the plasmon energye™ and width of the plasmon excitation FWH

CePd CeRRB> CeRuySip CeColny CeRhlny Celrlng
FWHMg [eV] 1.1 2.0* 1.1 1.1 1.1 1.1
FWHM_ [eV] 1.14 1.36 1.44 1.36 1.36 1.3
am 0.40 0.2 0.1 0.14 0.14 0.14
M [eV] 5 15 6 6 8 6
AEP! [eV] 29 29 22 13.2 13.4 13.4
FWHM?! [eV] 14 18 10** 3.4 3.8 3.8

*Value estimated from Fermi fit of the wide scan, since brodwig appears larger than for the Au film.

** plus Mahan type broadening afy; = 0.8 andyy =8 eV.

Appendix C. Band Structure [12]

The electronic structure calculations have been performed

using the WIEN2k program packag#l]. The generalized gra- [13]
dient approximation has been used for the exchange-ctiorela
potential 2. The Ce & states have been treatedogen core  [14]

This assures the Ce ions are trivalent and a direct influence o
the & density of states (¢DOS) is avoided. The calculations
were converged below a charge distance oP 1 a 13x13x10

[15]
mesh ofk points withRKyax = 8.0. The DOS has been cal-
culated on a 26x26x10 mesh. Core hofkeets were not taken
into accountn order to keep the calculation simpl&he cal- [16]

culations are based on the actual 300K structure paranwdters

the respective compoundd3-66). [17]
(18]
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