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Multiplet structure in Pu-based compounds: A photoemission case study
of PuSi, (0.5=x=2) films
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Thin films of PuSj (0.5<x=<2) were prepared by sputter deposition and studied by x-ray and ultraviolet
photoelectron spectroscopy. Photoemission of the fPende levels and the Puf valence band states showed
first a breakdown of 6band behavior at low Si content, but then an increasing tendencyf foyl&idization
for more diluted PuSisystems. In valence band spectra, a broad peak at high binding energy is observed for
concentrated systent®uS). It is replaced by a sharp three-peak structure close to the Fermi level for more
diluted systemgPuS}). Both structures are discussed in terms of final-state multiplets of localizethtes
with different degrees of hybridization. It is concluded that multiplets and final-state effects occur quite
generally in Pu systems and explain many of the spectral features, which often have been ascribed to the
ground-state density of state.
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I. INTRODUCTION show band features together with localizefdsbates, appear-
ing as final-state multiplets. Coexistence of these does not
The physics of plutonium and its compounds is dominatedeflect a mixed level ground state, but is due to final-state
by the competition betweenf5tinerancy associated with screening effects as for thef £ore levels. The discussion
chemical bonding andf5on-site localization. Pu has a par- will be extended to other Pu systems.
ticular position within the actinide series. It is the last ele- The electronic structure of Pu in the silicide series is de-
ment where the & electrons still participate in bonding, termined by two opposing effects. On the one hand, dilution
while in the next element, Am, they retract from bonding andof Pu in a Si matrix favors blocalization, because the direct
become localized. The delicate balance between itinerancyf-5f overlap of neighboring Pu atoms is suppressed. Above
and localization is quite sensitive to slight variations in the@ critical distancéthe Hill limit, 0.34 nm for Pu the overlap
chemical environment. The existence of six allotropic phase {00 weak to enablefSand formation. On the other hand,
(ato ) in a narrow temperature rangéhe substantial drop the bondlng interaction between Pu and the S! ligand atoms
in density (by 20% between the room temperature and  [aVOrs hybridization between the Pd &nd the Si P states,
the high temperature-Pu, and the localization of thef5 and thus could itself _result |nf5:ieloca_llzat|on. Rgplacement
states when Pu is confined to thin filffsare direct conse- of the puref conduction ba_nd by af I_|gan_d hybrid ba_nd IS
quences of the weak bonding properties of thiestates. at the pasesof heavy-fermion materlals. in the gctlln}des and
Over the last 20 years, the electronic structure of Pu metI nthanides where thef-atom separation is significantly

. i . ..~ greater than the Hill limit. It was not cleaa,priori, which of
(a and 9) has been widely investigated by photoemissioni,a o effects would dominate and whether or not tfie 5

spectrosc_op9.4—8'1°Va_Ience band data have been comparedsiaies would become localized at high dilution. In this con-
to theoretical calculations, and good correspondence betwquxt, comparison with the Ce-Si system is instructive. As in
them and the calculated ground-state density of St&1€5)  py, f states in Ce are close to the localization threshold and
has been taken as an indication for the validity of the theothere are strong similarities between the physics of these two
retical model[dynamical mean field theofy,constrained lo-  elementd® CeSj (1.6<x=<2) has been studied by photo-
cal density approximatiofLDA), or a “mixed level model”  emission and magnetic measureméftShe more concen-
with four of the five § states forced into localizatidht>'®  trated CeSiwas found to be closer to localization than the
and LDA+U (Ref. 14]. In this approach, it was generally dilute, suggesting that ligand hybridization effects prevail
implied that photoemission itself represents one well-definedver dilution effects. High-resolution photoemission data
final state, which then can be related to the ground stateshow a sharp emission right at the Fermi level, a peak at 0.3
Competing final stategvith good or poor screeningvould eV binding energy(BE), and a large peak at 2.5 eV BE.
not occur in the valence band spectra. However, for the 4These data are interpreted either in the framework of the
core-level spectra of Pu, these competing final states exissjngle-impurity model, or in terms of different final-state
and are directly related to the narrow-band nature of Pu.screening channel§.Both models attribute the peak at 2.5
Therefore, similar final effects should occur in the valenceeV to the localized respondghe 4f*— 4f° transition, and
band spectra and superimpose on the ground-state DOS feite structures close to the Fermi level to some type of hy-
tures. These effects should become more important when theidized response, be it the Kondo resonance with its spin-
5f states approach localization. In this paper we want toorbit (SO) sideband, or the ordinary SO splif peakl®?°
address this issue and present a photoemission study of thehich corresponds to the final-state configuration. Below
Pu-Si series, where thef ®tinerancy is modified by diluting we will show that a very similar interpretation can be applied
Pu with a ligand element. We will argue that the spectrato the Pu-Si system.

1098-0121/2005/7116)/1651017)/$23.00 165101-1 ©2005 The American Physical Society



GOUDERet al. PHYSICAL REVIEW B 71, 165101(2005

40 L_' PUSI, |
L 5
3.0} ~, film composition ] >
o ", I
T B
— . target composition Ch
52-0'-'-'---":; -------------------- -
= ., ]
1.0 | .......................,.........‘......... T E
460 450 440 430 420
00 1 1 1 1 . .
0 10000 20000 30000 40000 Binding Energy (€V)

Total Sputter Time (s) FIG. 2. Pu 4 core-level spectra ofa-Pu, &Pu, and

PuSj (0.5=<x=<2.0). The poorly screened pedlP) appears as a
satellite ina-Pu, grows in intensity in5-Pu, and is dominant in all
PusSj films.

FIG. 1. Evolution of the film compositioff Si]/[Pu] ratio) with
the total sputter time for the PuyStarget. The horizontal line
([Si]/[Pu] = 2) shows the target composition. After initial enrich-
ment (PuSj,) the Si content of the films drops below that of the

target and settles at a final film composition of RuSi can be assumed to be homogeneous, because in the plasma,
atomic intermixing takes places and the huge quenching rate
Il. EXPERIMENT after condensation on the surface prevents phase separation.

This allows us to study the evolution of the electronic struc-

Thin layers of PUS{0.5=x=2) were prepareth situ by ture as a continuous function of Pu dilution.

dc sputtering in an Ar atmosphe(2-20 Pa Ar, Pu target at In this paper we label the films by PySinstead of the

=700 V) from PuSi and PuSitargets. The plasma in the : ; ; ; ]
diode source was maintained by injection of electrons of 50—more generally used B8, (a andb given in atomic per

; : cend. Thus PuSjs corresponds to i35, By using this
100 eV energy. As sputter gas we used ultrahigh-purity Ardes?gnation, W?Sdo not pimply forﬁftiggn o); well?defined

A -

(92'9999;2' Th(;etﬁepdosmor_]f ratf. was abciL(J)tOoni_rr]nogolgyer ases for the films. But we use this label for easier com-

per second an € deposition ime was S. [he Fusi a X rison between the films and the stoichiometric bulk com-
0

PusSj, targets were air cooled. The substrate was also kept unds, on which magnetic measurements have been per-
room temperature. The targets were small rods of stoichioformed’

metric silicides(1.5 mm diameter, 8 mm lengthwhich were
cleaned before introduction into the vacuum chamber by me- . RESULTS
chanical polishing. The background pressure of the plasma
chamber was % 10° Pa. For the spectroscopy experiments,
we used a single-crystalline M@.00 substrate, which was Figure 2 shows the Puf4core-level lines of Pugisys-
cleanedin situ by Ar ion sputtering aff=673 K. The depo- tems for increasing Si concentration, together withand
sition currents were typically 1-2 mA. 6-Pu reference spectra. The two characteristic spin-orbit split
Photoelectron spectra were recorded using a Leybolgeaks(4fs, and 4,,) are centered at about 436 and 423 eV
LHS-10 hemispherical analyzer. X-ray photoelectron spectréinding energy, respectively-Pu is the most itinerant sys-
(XPS) were taken using AK« (1486.6 eV radiation with an  tem of this series. Its Aemissions appear as a strong, sharp
approximate resolution of 1 eV. Ultraviolet photoelectronmain line labeledV at low BE (423 eV for 4,,) accompa-
spectroscopyUPS measurements were made usingitded  nied by small satellites labele®lat 2 eV higher BE. In5-Pu
Hen (hv=21.22 and 40.81 elVexcitation produced by a the main lineW is suppressed while the satelli®becomes
high-density plasma uv sour¢8PECS. The total resolution more pronounced. Interpretation is straightforward in terms
in UPS was 0.1-0.05 eV for the high-resolution scans. Thef the final-state screening concépThe peakW belongs to
background pressure in the analysis chamber was better théime final state screened by occupation df IBvels (well
1078 Pa. screenef] which implies their hybridization with conduction
The film composition was determined from the ratio of or valence band states. Therefore the probability of this
the Pu 4, and the Si 8 peak area8.For the PuSitarget screening channel is larger for the itinerarPu than for the
the composition of the films changed during the depositiormore localized 5-Pu. The peakP is attributed to the
procesgFig. 1). Initially the films were enriched in Si. Then d-screened final statgoorly screened which occurs if the
the Si content dropped with time below the nominal compo-f-screening channel is closed—notably when ttetates are
sition of the target and settled at a final value of B4SThe  less hybridized«- and 5-Pu spectra thus simply show that
initial enrichment and the drop below the target compositiorapproaching localization is reflected in the final-state screen-
are explained by the preferential sputtering of'9depletion  ing processes, which lead to the replacement of the well-
was slow enough that film composition remained constanscreenedW) by the poorly screenetP) peak.
for each deposition run. The PyS$ims produced by sputter For all PuSj systems, the poorly screened pdaklearly
deposition are mostly off stoichiometric. Nevertheless theydominates the well-screened peéakand it is concluded that

A. Core-level study
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features become visible. The broad i 3eak in PuSi testifies to
FIG. 3. Hen valence band spectra o&-Pu, &-Pu, and ihe presence of Si. By subtracting the iHepectra from He, all
PuSj (0.5=x=<1.7. componentga, b, andc) of the f emission disappear. This shows
that they all are purely-like.
the 5 states in these compounds are essentially localized.
The poorly screenedf4eak is significantly broader than the P
well-screened peak. This is attributed to the exchange inter‘t-)eled b) and 0.85 eMlabeledc) binding energy. The com

. ) t at 0.5 eV is very weak, but it is reproducible. Quite
action between thef4core-hole and localizedfStateg2and ~ Po on , :
thus provides additional evidence fof Bcalization in this remarkably, the Bband narrowing, which should accom-

final state. Th luti f1h " ned peak is quit any the volume expansion froat to 5-Pu, does not appear
rmr?n ?ka t()all A? Ie\\//\? gimn r?t r(ﬂg Vé‘? S;Si(t:r?ew aIE) and ngt n the valence band spectra. Thiesignal has the same width
emarkapie. 0 contentusy, S we .~ _of about 4 eV for both allotropes. Only the appearance of the
well resolved from the poorly screened peak. It then disap

N PuSL. b dually f diluted three-peak structure and among them the appearance of the
pears in Pugl, but reappears gradually for more dilute sharp resonance at the Fermi level may be reminiscent of the

system, being now better sep_arate_d ffo”? the poorly screen%rrowing. It scales qualitatively with the increase of the
peak P, and settles at a maximal intensity for PuS$ince electronic specific heat, from 22 mJ mbK~2 in a-Pu to
the well-screened peal is related to the hybridization of 53 mJ mot' K2 in 5—Pu2'5

the 5f states with extended states, it should be concluded that
this hybridization passes through a minimum around PuSi
Below the minimum, hybridization is mainly due to direct

In PuSj 5 the emission at the Fermi level is strongly sup-
pressed, and the main spectral intensity is found in the broad

o ; k ab 1 eV binding energy. The spectrum looks similar
5f-5f overlap, and therefore it is suppressed when Si atom cax above - €y inaing 9y spectru S o

dded. Ab he mini hvbridization is d h that of PuSE, which has localized 6 states with a &
are adaec. Above the minimum, hybridization is due 1o econfiguration. The small peak at the Fermi level decreases

mixing of the f states_with. ligand states, and Fhus it becomese\len further in Pugi. It is part of the three-peak structure
more pronounced with higher Si concentration. It is strongalready observed ins-Pu Initially it is weak, but from '

enough to outweigh the dilution effects. PuSij ,on, it increases again and becomes a strong resonance
in PuSi -

Further identification of the peaks in the valence region is
achieved by comparing He and Hel spectra. In He the

The Hen valence band spectra of Py$0.5<x<2.0)are  cross section of thefSemission is suppressed by a factor of
displayed in Fig. 3 and compared &Pu ands-Pu spectra. 6,24 while the &l cross section increases by a factor of about
In Hel the Pu 5 cross section is about 30 times larger than4. In a good approximation, the Hiespectrum can be re-
that of Si 3.2* The valence band spectra of the PuSiries garded as a puré spectrum. The dominating three-peak
are thus dominated by the Pd 8nes. In «-Pu there is a structure in Hel is thus mainly off character. Theé and
broad § band with the maximum at the Fermi level. The non<{ contributions in the He spectrum can then be sepa-
band is featureless except for a small shoulder at 0.8 eVated by subtracting the Hespectrum(Fig. 4). After sub-
binding energy. The Bstates in this material are well itiner- tracting all three peaks disappear simultaneously. This proves
ant, and the valence band looks very similar to those of Nphat they all have the sanfecharacter, and none of them has
or U. The triangular shape is qualitatively explained by thed admixture as would happen in the casefaf hybridiza-
rising edge of a less than half-filled band, which is cut by thetion. They leave a flat region between 0 and 1 eV, which
Fermi level. Ins-Pu, the broad triangular shape is disrupted,represents thénon<) conduction band cut by the Fermi en-
and a weak gap appears at 0.1 eV BE. This gap is part of ergy. The broad peak around 2 eV binding energy is attrib-
three-peak structuré, b, andc peaks, which is found in  uted to the Si B level. It becomes more pronounced in KHe
several Pu systerh$ and consists of the sharp peak right atbecause its cross section stays constant whilé raissions
the Fermi level(labeleda), and two peaks at about O(&-  are suppressed.

B. Valence band study
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IV. DISCUSSION (a) (b) (c)

The Pu-Si series was studied to follow the evolution of | State Am PusSi, PuSe
the Pu 5 photoemission spectra with gradualocalization. _—
We were interested in how non-ground-state features, which initial 5" 5 5 ||sf 5
become more pronounced for more localized states, influ- l l l
ence the spectra. This is relevant for most Pu metallic com-
pounds. . . 1%

Within the PuSj series, the nature of thef States is de- intermediate B
termined by the opposing effects of dilutidgfavoring local- hole screening  d p \ / \ l l
ization) and H-ligand-state hybridizatiortfavoring itiner-
ancy. There are five known Pu-Si phases, which are stable a| g4 5 5 l56 56| |5¢ 5P || 57 5f°
room temperature: B8iz (=PuShe), PWSi; (=PuSj ), PO WH O m|0 =m0 ®m|O0 0O

PuSi, PySis (=PuSij ), PuSj. Recent investigation of the
magnetic properti&8 showed that PuSi orders ferromagneti-  FIG. 5. Initial and finalf configurations in actinide compounds:
cally around 72 K with a local and effective moment of Am metal, PuSj and PuSe. In Am and PyShe ground state leads
0.72ug. PuS) was shown to be a Curie-Weiss paramagneto the well-screenedWV) and to the poorly screend®) final states.
with a local and effective moment of 0.a4. The Pu-Pu For PuSe, known for intermediate valence, only the poorly screened
distances in PuSi and PySire 0.364 and 0.397 nm, which is final state is reached.

above the Hill limit. This favors b localization, and one

would expect a & configuration. However the moments are configuratior?® Among the light actinides, Am is the first
reduced compared to the theoretical value of @8@nter-  element with(weakly) localized 5 states. It displays such
mediate couplingfor the 5° configuration in the free ion. multiplets, and can be taken as reference. Photoemission
The stronger suppression of the local moment in dilute PuSifrom the ground-state Amf8§ configuration leads to two final
relative to PuSi points to a stronger hybridization of the lo-states[Fig. 5a)],>°® screened either by af state (well-
calized 5 states in Pu$j resulting in partial shielding of the screenedWV) or by ad state(poorly screenedP). The final
moment. The existence of a Iocalizeﬁ@round-state con- states appear with the characteristit® &nd 5° multiplet
figuration with different degree of residuélhybridization  structure® which for actinides are obtained within the in-
explains very well the photoemission spectra, as will betermediate coupling scherd@lt is important to notice that
shown below. even the well-screened peak, where thle is screened by
an f state, does not correspond to the ground state, but ap-
pears as a final-state multiplet structure.

The existence of different final statésell and poorly A similar model can be applied to Py$Fig. 5(b)], just
screenellin core-level spectroscopy is often encountered inpy changing the initial-state configuration t6°5Photoemis-
narrow-band materiaS. It is related to the difficulty of sjon then leads to two final states, the well-screeived5f°
narrow-band states in screening the core hole, so that screegng the poorly screened) 5f4. The corresponding multi-
ing is performed partially by more extendedonduction  pjets should be consistent with those calculated in the inter-
band states. Qualitatively, the_ decrease of the intensity O&ediate coupling schen#@which was shown recently to be
the well-screened peaW relative to the poorly screened gpplicaple to P! These multiplets must appear in other Pu
peakP (Fig. 2) is an indication for decreasing hybridization ¢ompounds with localizedfSstates. The & multiplet should
pf the 5 states. There is no sharp transition upon Ioca_ll!zauorbe pronounced for weakly hybridizedstates(strong local-
in the ground state, but photoemission spectra of itinerantatior), where the poorly screened final state dominates, and
systems already show the poorly screeriltalized re-  the 55 multiplet for more hybridized statesweak localiza-
sponse, e.g.a-Pu® while clearly localized systems, e.g., tion).
Am,?? still show the well-screenethybridized final state,
appearing as a low-intensity shoulder. In RySihe well-
screened # peak (W) virtually disappeared. Thef5states
thus are only weakly hybridized, and even in the ground state Figure 6 compares spectra of the strongly localized
5f localization is expected. In PuSj the well-screened peak PuSh7 PuSb? and PyOs;. PuSh is the prototype of a weakly
grows again. It reaches a similar intensity as that of the wellhybridized Pu compound. It has an effective moment of
screened peak in americium metdhm metal, however, has 0.86ug, Which is virtually identical with the free ion 3
a localized ground state, and this suggests that also in PuSivalue. PyO; is an ionic compoundweak hybridizatioh,
the 5 states are localized. Therefore, thedpectra should Wwith Pu at an oxidation state of #3f°). The 4 core-level
not be discussed in terms of & Band(i.e., compared to the spectra for all three compounds show the poorly screened
ground-state DO but instead they reflect final-state effects peak, thus confirming weak hybridization. So for all three
for localized 5 levels with different degree of hybridization. compounds the spectrum should be dominated by thi& 5

final-state multiplet. Indeed, all three compounds show a
B. The 5f multiplet broad emission around 2 eV binding energy, which by com-

Photoemission from localized levels leads to final-statgparison of Ha and Hell spectra are identified ddevels(the

multiplets, which are characteristic for the ground-stateweak three-peak structure in Py$iwill be discussed be-

A. Core-level and valence band spectroscopy

1. 5f* multiplet
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FIG. 7. Hen valence band spectra of Py$and PuSe, showing
FIG. 6. Hen spectra of strongly localized Pu compounds: the characteristic three-peak structure at the Fermi level. Also the
PuSj.-, PuSb, and PiD;. Also the calculated 8 — 5f4 multiplet ~ calculated 5°— 5f> multiplet transition is displayed.
transition is shown, together with the synthetic curve after adding

lifetime-dependent broadening and inelastic background. The 5% and 5° final states then correspond to the® &nd
5f6 configurations in the ground state. They thus do not re-

low). The corresponding f8 multiplet (5f°—5f*  flect two different screening mechanisrtes in PuS)), but
transition,* displayed with the P#D; spectrum, fits the ex- the mixed ground-state configuration of an intermediate va-
perimental spectra very well. Due to considerable lifetimelence system.
broadening, the individual terms are not resolved. Similar
broadening also occurs in the spectrum of Am mé&taihe
lifetime is determined by the Auger decay rate of the final- o )
state hole, which proceeds via transfer of electrons from the For é-Pu a similar three-peak structure superimposes onto
valence band. It is particularly strong when thié Bultiplet ~ the broadf emission(Fig. 3). It is related to the approaching
overlaps with the valence or conduction b&Adrhis ex- localization, because it is more pronounceddnthan in
plains that these lifetime effects are material dependent, an@-Pu. Nevertheless, it is generally interpreted in terms of
the 5 signal is broader in PuSh with a low-lying valence ground-state density of statés."“We think instead that it
band(Sb 5; see Fig. 6than in PyO5 with the O 2 valence ~ contains the final-state multiplet structure of a I_ocallzéa 5
band at high binding energy. configuration, which superimposes on the bandlike response.
The existence of an excited final state is indeed suggested by
the well- and poorly screened components in tHecdre
level spectraFig. 2). They show that the fostates in Pu are

The 5° final-state multiplet appears as a characteristioot itinerant enough to screen the core hole alone. Therefore,
three-peak structure close to the Fermi leUfélg. 7). It is  they do not perfectly screen the Bole either, and the f5
found in very different system®usSi 7, PuSe 5-Pu, and we  spectrum in Pu metal is a superposition of the localiz€d 5
argue that in all these systems the sanie final state is final state, responsible for the three-peak structure, and the
reached. The correspondigf®— 5f°) multiplet transitiod® jtinerant states, responsible for the broad triangular back-
reproduces the experimental features very well. The multiground peak. Ina-Pu, the itinerant response is strong, be-
plet terms are better resolved than for tHé final state. This  cause the Bstates are more delocalized, and the three-peak
can be explained by the longer lifetime of a shallow h8le. structure becomes weak. BPu, 5§ hybridization is weak-
For PuS;j ;, the 5 final state can thus be attributed to good ened, but still significantly larger than in Pygias shown
screening. It shows that tHestates are more strongly hybrid- by the strong size of the well-screened core-level peak. In the
ized relatively to PuSi. This is consistent with the evolutionvalence band spectra @Pul® the strongerf-d hybridiza-
of the well-screened peal in the 4f spectrum(Fig. 2) and  tion is shown by the enhancektharacter of the peak right at
the lowered magnetic moment in PySi the Fermi level: this peak is less suppressed in Hean the
two other components at 0.5 and 0.85 eV binding energy,
while for PuSj- (Fig. 4), all three peaks are suppressed.
Thus there is a gradual evolution from the itineranPu,

The three-peak structure also appears in P(F3g. 7), over 5-Pu, to PuSi. Such interpretation is supported by the
together with a broad peak around 2 eV binding energy, behavior of Pu film&:* Thick films have fairly itinerantf
and a straightforward explanation in terms of  &nd 54  states, and their spectra are intermediate between thase of
final state can be given. PuSe is an intermediate valencand 5-Pu. With decreasing film thickness, the spectra evolve
systen® which in the ground state has a mixed®5f®  from the itinerant to the localizedf% response(with still
configuration. Thef states are only weakly hybridized, so hybridized 5 state$, and eventually reach theffinal-state
that photoemission always leads to the poorly screened finaésponsgwith weakly hybridized 5 state$, thus spanning
stateq Fig. 5(c)]. the entire range from itinerancy to complete localization. The

D. The case ofé-Pu metal and Pu thin films

2. 5f5 multiplet

C. Intermediate valence and final-state multiplets

165101-5



GOUDERet al. PHYSICAL REVIEW B 71, 165101(2005

special situation where photoemission from a weakly itiner-and the Si P ligand states becomes more pronounced, as
ant ground state leads to a localized final state has been eshown by the increase of the well-screenddide. For the
countered previously for the uranium pnictidgsP, UAS), 5f emission, two final-state multiplet structures were identi-
where a narrow band exists in the ground stédege y co-  fied, corresponding to thef (three-peak structure close to
efficient of the specific hegtbut photoemission gives a char- the Fermi level and the 5% (broad peak at 2 eV binding

acteristic multiplet structuré energy configurations. They represent the well- and poorly
screened bfinal states. The well-screened final state appears
E. The Ce-Pu analogy in the more hybridized Pugithe poorly screened final state

A very similar picture has been applied to Ce which, like iS observed in the less hybridized PuSi. The photoemission
Pu, has weakly itinerarft electrons in the ground state. The data agree well with the magnetic properties of the silicides.
corresponding ground-state configurations are close to CAIll multiplet structures are consistent with calculations,
4f1 and Pu 5° (the exactf count is not integer and depends which for Pu are done in the intermediate coupling scheme.
on the allotropic phage There is a strong analogy between Pu and Ce. Photoemis-

Taking this difference into account, photoemission spectrgion from the ground-state configuratiot®u 5°, Ce 4%)
can be interpreted along similar lines. The* 4inal state in ~ gives either the well-screened final state at low binding en-
Ce corresponds to thefSfinal state in Pu. It may be reached ergy (Pu 5°, Ce 4) or the poorly screened final state at

from the narrow band in the ground state, and leads to thBigh binding energyPu 5, Ce 4°). Similar photoemission
522 and ?F doublet at the Fermi level, observed in features are observed in other metallic Pu compounds, and

a-Ce1920 The 4f° final state in Ce corresponds to thé*5 the question is raised whether in all these compounds final-
final state in Pu. As in Pu, this final state is strongly broad-state multiplet structures occur. Two prominent systems are
ened, and again can be explained by the lifetime effects. AlsBuSe, where intermediate valer(&°>-5f°) leads to two final

the silicides of Pu and Ce behave similarly. In Gegie  states, ands-Pu, where part of the spectral intensity also
hybridized response becomes more pronounced with highéeems to originate from thef5final-state multiplet.

Si content. In photoemission, thé*4final state is enhanced  In this work, interpretation of the photoemission spectra is
compared to the . The magnetic moment is suppressedﬂone qualitatively following the well-established screening
and the Kondo temperature increases. This replicates the b&wodel. It is hoped that it stimulates development of more
havior of the 5° and 5* final states, and the magnetism, in quantitative models for photoemission in the actinides.
PusS; series.
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