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Electronic structure of a- and é-Pu from photoelectron spectroscopy
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We report photoemission results anand &Pu using a laser plasma light soufe®LS) as well as He light
as the exciting radiation. The LPLS is a pseudocontinuum tunable light source with intensities rivaling some
second-generation synchrotrons. Both phases of Pu display a narrow, temperature-indepérnuxate b
feature at the Fermi energy, which is narrowesiRu than ine-Pu, suggestive of possible heavy-fermion-like
behavior. In bothe-Pu andé-Pu the photon-energy dependence of this feature suggests sbamngixture,
albeit somewhat smaller i&-Pu. In this respect it differs qualitatively from Ce and U heavy fermions.

. INTRODUCTION 4f or 5f shell whose bulk properties sugg¥ést®that thef

) . . electrons at the Fermi energy display a crystal effective mass
The electronic structure of thef Sseries of metals in the that is orders of magnitude larger than the rest mass of the
periodic table represents one of the last unexplored areas Klectron and, indeed, much larger than the calculated band
condensed matter physics. Indeed, it probably represents thgsss for the materidP A long-standing(though somewhat
most interesting area of materials properties since here ﬂ‘@mplistic) model to explain this behavior is the single-
5f electrons tend_to behav_e ina high_ly correlated manner aﬁ‘npurity model (SIM),7*8 which postulates that theelec-
opposed to the single-particle behavior so prevalent in S'Mons behave as noninteracting magnetic impurities on every

pler systems. The myriad of narrow-band phenoniena, atomic site at high temperatures. As the temperature is low-

ranging from magnetism through heavy-fermion behavior to : .
- 9 . ered, a cloud of nom-conduction electrons is postulated to

normal transition metal behavior, is unparalleled in any othe%1Ii n antioarallel to thd spin to form a sinalet state. thus

series of elements. g P P 9 '

The metal plutonium appears to be the most exotic of a”guenching the magnetic moment below a characteristic tem-

displaying six allotropic phaségnd forming the boundary Perature called the Kondo temperature, Tgr. Within the
between localizedAm) and delocalizedNp) behavior of the SIM, very §I|ght residuaf-electron hybridization with this
5f electrond The resistivities of bothu- (Ref. 5§ and &Pu ~ compensating cloud produces a narrow resonance near the
(Ref. 6 are large and have a negative temperaturdermi energy(atkgTy aboveEr for a less than half filled
coefficient’ which is highly unusual for an elemental mate- shell, andkgTy belowE for more than half filling, referred
rial. It is the delicate balance betweefi Bonding and local-  to as the Kondo resonance, which is expected to yield a very
ization that is most likely responsible for many of plutoni- narrow sharp feature & in a photoelectron spectroscopy
um’s unusual properties, including its propensity for phasgPES spectrum. However, the SIM applicability to periodic
changes, low-symmetry crystal structures, and low meltingystems is tenuous at best since the concept of an impurity
point. By virtue of its structural diversity, Pu presents aon every site is almost a contradiction in terfi$! Recent
unique opportunity to observe the modifications in electronianeasurements in uranium heavy-fermion compoftftfids
structure effected by the allotropes’ striking volume andsuggest that LDA-derived bands are well reproduced experi-
structural differences. mentally, except at the Fermi energy where they are flatter
The low-temperature phase of Pa-Pu) is characterized and narrower than the calculated bands. A comprehensive
by a monoclinic crystal structufeand a high density~19  model that incorporates both lattice periodicity as well as
glcnt). Local-density-approximation (LDA) band electron correlations is yet to be worked dtitynwarranted
calculations suggest that one should obtain diréétwave- adherence to any one particular model could impede
function overlap, yielding narrow but robust Bands so that progress in the bseries. Clearly, a detailed understanding of
the material can be described as having transition metahe Pu 5 electronic structure is of fundamental importance
properties. The high-temperatuseghase, by contradfis a  to the overall understanding of properties of Pu, and to con-
fcc structure with a density of 16 g/cnt. Directf-f overlap  densed matter physics as a whole.
is considered unlikely for most of thef5electrons. Small Photoelectron spectroscopy represents a direct and de-
residual hybridization, as per the periodic Anderson mdtlel, tailed tool for experimentally determining the electronic
or perhaps itinerancy from one out of the five Pd 5 structure of a material. This is especially true when this tool
electronst? may yield some 5 density of state§DOS) at is used in conjunction with a tunable light source where it is
Er. Indeed, recent magnetic susceptibility measurementpossible to select any desired photon energy, owing to the
suggest that-Pu is a heavy-fermion materi&d. fact that the cross sectiéffor photon absorption is a strong
Heavy fermions are metals or compounds with an unfilledunction of both electron orbital symmetry and photon en-
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ergy. In this work we make use of a benchtop tunable light
source?® the laser plasma light sour¢ePLS), to deconvolve

the orbital character via tunable light. The LPLS is the only
benchtop tunable light source for valence-band PES dedi-
cated to transuranic research. Spectra using photon energies
of 21.2 and 40.8 eV represent Hand Hel radiation, re-
spectively, and are an integral part of the LPLS system.
These energies are used for the higher-resolution spectra be-
low.

Pu Oxide

Laser Ablation
Cleaning Cycle

L

Il. EXPERIMENTAL DETAILS

The hazardous nature of Pu generally precludes the use of
synchrotrons for photoelectron spectroscopy except for some
limited applications. Although some Pu experiments are now
possible owing to the undulator intensities and hence the
rapidity with which spectra can now be obtained, most ex-
periments still requirén situ cleaning of the surface, particu-
larly for work at low photon energies where, in the presence
of surface oxygen, the O cross section domin&tds.order
to circumventin situ cleaning difficultiegat public facilities LPLS Data, hv=40 eV
associated with highly radioactive materials, we have devel- AN T T T T O O Y
oped a tunable light sourédthe LPLS, whereby we are able 28 0 32 o 3%
to mimic the output of a synchrotron within our own labora- Kinetic Energy (V)

tory with a benchtop system, albeit at lower intensities. In £ 1. Spectra from various stages of cleaning:?u via laser
the LPLS apparatus a KrF excimer laser pulse of 248 nmypation, starting with a Pu oxide surface. Note the change in line
light and 20 nsec duration is focused onto a target consistinghape of the oxygen feature at 6 eV belEw, and the growth of
of a thin stream of Hg, thus creating a plasma. The soft Xhe Fermi edge with progressive ablation. In cycle 5 thegB@nal
rays emitted by plasma recombination are collected (30@s probably due to adsorbed oxygen.
X100 mrad) and monochromated using a Hettrick in-focus
variable-groove-spacing monochromator, with a maximumaser ablation. The advantage of this is that it is trivial to
resolving power of 1000. Light intensity is measured as goerform cleaning in the vacuum through a quartz window
photocurrent from a 90% transmitting Ni mesh, with typical starting with a “dirty” sample, and it can be done in seconds
currents of 1-5 pA at maximum resolving power. while the sample is at cryogenic temperatures. The low tem-
A VSW HAC100 electron energy analyzer is used forperature reduces the migration of impurities from the bulk
energy analysis of the photoemitted electrons. The electroonto a freshly cleaned surface. The ablation technique is
detector was modified with a multichannel plate and phosdemonstrated in Fig. 1 where PES spectra fromaaBu
phorescent screen, while a charge-coupled de{&€D) specimen are shown in various stages of cleaning in the spec-
camera recorded the electron events on the phosphorescerimeter chamber, starting with primarily a PuGur-
screen. The use of a CCD camera is essential owing to thiace. PES data taken at a photon energy of 4@ree, not
time structure of the incoming lightypically 50 Hz at 20  40.8 or Hal) are both very surface sensitive and at a maxi-
nsec per pulse, although the system is capable of 200lHz mum for O 2 photoelectron cross sectiéhThis enhances
circumvents the dead time associated with resistive anodge oxygen signal from the surface oxygen relative to the Pu
detectors. With the use of the He lamp the best resolution igh the bulk. In Fig. 1 only a few laser pulses represent each
typically 50 meV, while with the LPLS, resolutions of 150 cleaning. Note that with each cleaning the Fermi edge grows
meV are more common. Measurements were performed ah intensity, while the oxide peak at6 eV binding energy
either 300, 80, or 20 K. decreases and changes in line sh@psidual surface oxygen
The Pu specimens were polycrystalline samples typicallys still present in cycle 5, but the line shape is clearly differ-
3x3x1 mn?, and weighing about 200 mg. These were sol-ent from the starting oxide, which suggests adsorbed oxy-
dered onto Cu posts and inserted into the spectrometer viagen. Using these techniques we have obtained PES data on
load-lock transfer system. We measured both dgedut 10  o- and 5-Pu at a number of different photon energies. The
yr) and freshly prepared specimens, with the Ga-stabilizethigher resolutionsrelative to previous work'?% and cleaner
6-Pu specimens having a nominal Ga concentration of kurfaces have yielded dramatic, unexpected results as we
wt %. show below.
Surface preparation is a crucial part of a PES experiment
since the probing depth of PES is only a few atomic layérs, IIl. PES RESULTS AND DISCUSSION
thus requiring optimal coupling between the surface and bulk '
wave functions to accurately measure the bulk. Atomically In Fig. 2@ we show energy distribution curvégEDCs9
clean surfaces are essential. With the in-house LPLS systefor the two Pu allotropes using Hieradiation with the speci-
we can redirect the laser beam into the vacuum chambenens at 80 K. By collecting the data at 80 K and working at
through a quartz window to clean the sample surface via photon energy of 40.8 eV where thd &nd 5 cross sec-
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FIG. 2. (a) Wide-scan spectra af- and 5~Pu at 80 K using He 1

hv=21.2eV
T=20K

a-Pu = dark line

&-Pu = gray line

1 | |

-

radiation. The feature at6 eV is due to about 0.1 monolayer of
adsorbed oxygen. The spectra nearly overlie each other belel

eV. (b) Expanded view of spectra near the Fermi energy. The sig-
nificant difference between them is the broader nature of the near-
Er feature ina-Pu.
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FIG. 3. Spectra for- and 5-Pu at 21.2 eV and 80 K. Again the
spectra overlie each other almost exactly except near the Fermi

energy. Here the spectra should be dominated dylfaracter, yet
) ) most features are similar to those at higher energies. @heeght
tions per electron are nearly eqdalwe obtain, perhaps, a may be spread throughout the valence-band region.

good representation of the DOS in the PES spectra. In Fig. 2
a Shirley-type background has been subtracted and the spec-
tra normalized to equal spectral weights betwEgrand —4

eV. With the exception of the feature near the Fermi energy.
the spectra are surprisingly similagiven the volume change
and differences in mechanical properties and crystal stru
ture). There are also some very subtle and perhaps insignifi
cant intensity differences in thel.5 eV range. The intensity
at about—6 eV is due to adsorbed oxygen from the edge
portions of the sample not fully cleaned by ablation. The
sharp, neakg structure for5-Pu is more intense and narrow

C-

than that ofa-Pu, consistent with a narrower DOS and hence a-Pu LPLS £
greater tendency toward localization. T~80K PP WX
Concentrating on the expanded view in Figb)2where i ,f&

only the near=g data are shown, we find the only truly sig-
nificant and understandable differences betweeRu and
&-Pu in the valence-band data. In particular, the sharp feature
in &~Pu[full width at half maximum (FWHMXx 100 meV is
clearly much narrower than that found wPu (FWHM
=200 meV) and, to within our resolution, crosdgs, while

the much broader peak ia-Pu reaches maximum intensity
at about 100 meV belovEr. This is consistent with the
larger specific heag value of &Pu?’ relative to that ofa-Pu.

Because of the similarity of the- and 5-Pu spectra there
has been speculati#fi?® that the surface ofi-Pu may con-
tain a &like structure. However, in Fig. 4 we show-Pu
spectra taken with 21.2, 30, 40.8, and 60 eV light. Using
conventional escape depth arguméftthe low-energy data
Should be more representative of the bulk, yet all features are
present at all energies. The sharp feature€atis in fact

4 0 P

Pae R
. gl P 't
S
ey

Photon Energy

o 60 eV g
Comparison of this spectrum to spectra in uranium com- ——4a1eV \
pounds suggests thaPu could be identified as a heavy |  —— 30 eV o
fermion® However, there are differences, as described be- —e—alay Yo
low. 35 -3 25 2 45 1 05 0 05

Data taken at 21.2 eV lighHe! radiatior) are shown in
Fig. 3 for botha-Pu ands-Pu, where across the full valence
band both PES spectra again appear surprisingly similar ex-
cept for the neakg feature which is, as in the 40.8 eV data,
much narrower and somewhat more intense*Ru. Since

Binding Energy (eV)

FIG. 4. Spectra oix-Pu at 80 K taken at the various indicated
photon energies. The narrow feature n&gr is persistent at all
photon energies and must thus contain substantiadmixture in

for the most part the data are similar to data presented in Figs orpital symmetry, since at 21.2 eV it should be dominated dby 6
2, despite the fact that thedécross section should predomi- emission(see Fig. 5. Moreover, it is most likely bulk derived based
nate over the 6 at 21.2 eV, this suggests that there existson the larger escape depth at 21.2 eV. The pufeststes are in the

some @l character aEg and that @ features display a nar- —1 eV region which clearly grows faster with photon energy than
rowness similar to the Bstates. the nearEg peak.
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FIQ. 5. Spectra of NpAs are displayed at _the ind_icatgd photon FIG. 6. Spectra ob-Pu (left pane} and &-Pu (right pane] at 20
energies. The spectrum takeq withr =21.2 eV is of prllnl1arlly &l and 300 K. a-Pu is temperature independent, while the small tem-
character. It has been superimposed on the remaining spectra ﬁ%rature dependence 6fPu can be completely accounted for by a

thh"th the g_rowth ofc:hﬁe B_fegturesh_l\lﬁtehthe difference in line convolution with a 110 meV FWHM Gaussian which approximates
shape due to increased mission at higheny. the Fermi function broadening at 300 K.

somewhat more intense relative to the other featlﬂmﬂ' apparenﬂy exhibit Very narrow bandsa; and very similar
tered at about-1.2 eV) at 21.2 eV photon energy than at electronic structures at higher binding energies. While very-
higher energies, which indicates not only that this peak denarrow-band behavior was in fact anticipated &®u (and is
rives from the bulk, but also that it contains moreé &mix-  optained in a band calculation; see betéwit is unexpected
ture in its orbital character than the remaining featuresfor o-Pu where all indications from bulk measuremeéenare
which may be of purely 6 character. From Figs. 2 and 3 one that the 5's are strongly hybridized with theds and in-
can deduce that i#-Pu we are also dealing with bulk phe- deed may have diredtf overlap. While the neay feature
nomena in that the 21.2 eV data are similar to 40.8 eV dath a-Pu is twice as broad as that &8Pu and reaches a maxi-
although now there appears to be a smaller change in th@um intensity 100 meV belovE, it is nevertheless not
intensity of the sharp peak &g relative to other features. reproduced in a band calculatiqsee below This, com-
Very similar datd® at a photon energy of 220 eV likewise pined with the overall similarities between the two spectra at

support the bulk-derived interpretation of spectral featureshigher binding energies, precludes a complete understanding
This suggests that the orbital mix of the n&gr-peak in  at this point.

&-Pu contains somewhat moref Eharacter than in-Pu. Invoking Kondo-like electron-electron correlations.g.,
This would be consistent with the conventional wisdom thathe single impurity modé_["l% even ina-Pu as the source of
a-Pu is more hybridized and bandlike thasPu. the narrow structure presents problems. The fact that the

The escape depth argument is obscured somewhat by thgaximum in intensity occurs clearly belo#-, combined
possibility of 6d admixture, as well as the fact that thé 5 ith the indication of strongd-f admixture, puts such an
cross section varies dramatically in this rafg€or this rea-  interpretation in doubt. A SIM-like DOS in a less than half
son we show in Fig. 5 similar data in NpAs where the 5 filled f shell should be positioned above the Fermi energy
electrons are most likely localized and the system is in theyith only its tail extending into the occupied staté$®Thus
antiferromagnetic state at 80 K, in order to demonstrate thgy py allotropes the maximum PES intensity must, of neces-
cross-sectional differences betweeri &nd & electrons. sity, be atE within such an interpretation. Similar problems
Here the § and &l features are well separated and one carare not encountered iftPu where the PES spectrum actually
clearly discern the growth of thefSpeaks with photon en-  exhibits a maximum intensity precisely Bt (to within our
ergy relative to the 8. The sharp $ peak is situated about resolution and is thus partially consistent with the above
0.4 eV belowEg (localized with weak intensity athv  interpretation. For this reason the SIM interpretation needs
=21.2eV. The 21.2 eV spectrum has been superimposed darther testing.
the higher-energy spectra for ease of viewing thérensity One of the tests for the applicability of the SIM to Pu is a
increase relative to thed states. This photon-energy se- determination of the temperature dependéhoéthe narrow
quence confirms that we are observing bulk phenomena &f features. In Fig. 6 we show data taken at 21.2 eV at both
these energies. Alv=40eV the 5 intensity has already 300 and 20 K for bothw-Pu ands-Pu. No change with tem-
surpassed thedsintensity. Since the integratedi@ontent in  perature is evident inx-Pu (consistent with no electron-
Pu is expected to be similar to that of Np, a reasonable corelectron correlations attributable to SjMvhile a decrease in
clusion again follows that the sharp nda¢-features in Pu  intensity actually occurs at 300 K i&-Pu. One must, how-
must contain some & admixture, and the & weight is  ever, take into account the role of the Fermi function trun-
spread throughout the spectrum, otherwise the Begpeak  cating this narrow feature prior to ascribing a temperature
would be much smaller at 21.2 eV relative to other featuresgependence to the effects of correlations within the SIM or
as it is in NpAs. any other model. A 110-meV-wide Fermi functidie.,

We now contend with the fact that both allotropes of Pu4.4kgT whereT~300K) can be approximated by convolut-
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dict some admixture of band & character for the narrow
a) \ peak, the amount depending on the choice of constraint con-
_— ditions. The photon-energy dependence of the data suggests
“ that such a mix is reasonable férPu, as dicussed above.
However, the calculation at the present time would place the
/ w narrow feature a few meV belo® as opposed to exactly at
Er where it is found experimentallfa 60 meV shift would
overlay the data The exact nature of this discrepancy is not
understood at this time.
b) x In Fig. 7(b) we compare the-Pu spectrum to an uncon-
il strained LDA calculation where allf5electrons are allowed
6-Pu N \ to be itinerant. Within this calculation the bulk of theé 5
/ \ DOS is found to be contained in a narrow region within 0.5
eV of the Fermi energysimilar to that of uranium This is
{unconstraingd clearly at odds with experiment, so that the the unconstrained
LDA) : ; . ; .
calculation misses badly. It reinforces the notion of localiza-
tion for at least some of thefbelectrons.

The a-Pu calculation in Fig. (&) would seem to present
more serious problems since the sharp structuig-as not
well reproduced in an unconstrained LDA calculation. The
occurrence of this feature at 100 meV bel&w would seem
to rule against correlation effects. However, while one would
not anticipate electron-electron correlations in a system with
a temperature-independent susceptibiliag well as a dense

structure wheré-f overlap is possible, one cannot neglect the
3 28 2 A8 1 98 0 anomalous resistivifwhich suggests unusual scattering be-
’ ; : havior. Moreover, as we state below, core-level spéttra
show satellite behavior even ia-Pu. Perhaps correlation

FIG. 7. Comparison of spectfdata pointsto band calculations Phenomena are important in spite of thierdaximum occur-
(solid curves. Calculated curves have been broadened as indicateting at 100 meV belowEg . A very reasonable calculational
in the text while a Shirley background has been subtracted from thapproach might be one of renormalized bands in which the
data.(a) &Pu compared to a constrained LDA calculation whereHubbard Hamiltonian is introduced as a perturbation on
only one § electron is itinerant(b) 5-Pu compared to an uncon- LDA-derived bands. By varying the Coulomb correlation
strained LDA calculation. The comparison is very po@. «-Pu  one controls the strength of the electron-electron correla-
compared to an unconstrained LDA calculation. Sharp featugg at tions. In this way bothr- and 5-Pu may yet be understood.
is not reproduced. The intense radioactivity of Pu introduces radiation dam-

age and daughter products over time in the Pu matrix. The
ing the spectrum with a 110-meV-wide Gaussian, since theadiation damage tends to anneal out even at room
remaining broad features will be unaffected by this convolutemperatur& and is in any case eliminated by the laser ab-
tion. When this is done, all the temperature dependence bdation. However, the buildup of impurities may have an ef-
tween 20 and 300 K is accounted for, thus making it unnecfect on thea-Pu electronic structure since, as we state in the
essary to invoke additional phenomena. We realize that thimtroduction, a mere 1 wt% of Ga stabilizes the féc
is only an approximation, but it immediately yields the bulk phase** Several other elements are equally as effective in
of the answer. transforming thea phase intod, including americium. In-

Comparison to band calculations is shown in Fig. 7 fordeed, aging effects have been the subject of much conjecture.
both a-Pu ands-Pu. In each frame the calculated DG&®lid  While we do not claim to have carried out a comprehensive
curves has been convoluted with a Gaussian whose fullstudy of aging, we have obtained PES spectra in both freshly
width at half maximum increases &&,+E;(E3)], where prepared as well as 10-yr-olg-Pu where about 0.1% of the
Eg is the energy below the Fermi enerdy, is set to 20 atoms have undergone a disintegration. These spectra are
meV, andE, is 1.1(eV) ! to simulate lifetime broadening of shown in Fig. 8 using both Heand Hei radiation. Very
the photohol€® The maximum allowed broadenitigis re- little difference is observed with 21.2 eV photons where the
stricted to 1 eV. All calculations are broadened identically.6d electron cross section is emphasized, while at 40.8 eV
The secondary electrons have been subtracted out of the eghoton energy, where thef &cross section becomes signifi-
perimental data via a Shirley-type background subtracfion. cant, the neaEg peak of the fresh material shows a substan-

In Fig. 7(a) the &Pu spectrum is compared to a con- tial intensity increasébut no change in widthvs the aged
strained LDA calculatiolf where four of the five § elec-  material. This suggests thé impurities affect primarily the
trons are artificially constrained to localization. Globally the 5f orbitals, (b) again this is evidence of a significant 6
experimental-Pu spectrum is well reproduced by the calcu-admixture in the neakE: peak, which to a first approxima-
lated spectrum, suggesting that perhaps this could be a statten is unaffected by impurities, ar(d) impurities are not the
ing point for a basic understanding of Pu. This notion issource of the narrow, ne& peak which confounds com-
reinforced by the observation that the band calculations preparison to the LDA.

Intensity (Arb. units)

(constrained LDA )

Intensity (Arb. units)

hv ~ 41 eV
T~77TK
AE ~75 meV

Intensity (Arb units)

Binding Energy (eV)
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FIG. 8. Effects of aging inv-Pu. Note that effects are observed
only at 40.8 eV where the PES spectrum is sensitiveftmgensity.
This may be indicative of greater bonding off States vs @ states
to accumulated impurities.

1 | t |
-2 -1.5 -1 -0.5 0
Energy Below EF (eV)

A. J. ARKO et al.

PRB 62

We note for completeness that there exists previous
takeoff-angle-dependent wdfkthat suggests a possible sur-
face reconstruction to &phase ina-Pu. It is indeed puzzling
that the theoretical calculation fa¥Pu comes closer to re-
producing the experimental data, including the sharp feature
at (actually, only nearthe Fermi edge, than it does for the
presumably more strongly hybridized-Pu. In addition,
work has been report&tion thin fims of a-Pu which is
interpreted as indicating &like surface reconstruction based
on the spectral similarity argument. However, in that work
the escape depth was not varied via a photon-energy depen-
dence. By contrast, our measurements ofdHeu spectra as
a function of escape depth yield nearly invariant results. At
least in bulk polycrystalline Pu a surface reconstruction
seems unlikely, particulary not in the presence of pervasive
surface oxygen.

IV. CONCLUSIONS

The similarity betweeny- and 5-Pu spectra raises suspi-
cion of a surface reconstruction ®Pu to adélike surface.
However, the invariance with escape depth in bathnd
&Pu indicates that the spectra presented Harewell as
higher-energy PES dafa are representative of the bulk

We did not measure fAcore-level spectra, but these have electronic structure. All data are consistent with the concept

been used in the pasto verify the more localized nature of
&Pu vs a-Pu. The basic differences betweeh dore-level

of much narrower itinerant states #Pu vs a-Pu. Indeed,
bulk property data fors-Pu suggest heavy-fermion-like be-

satellites ina-Pu and&Pu have been discussed before inhavior. The narrow bands are nearly reproduced within a
terms of the SIM modéf and should be addressed here. Inconstrained LDA band calculatiofwith some residual dis-
both cases thefdcore-level spectra show a metalliclike state crepanciessuggesting no apparent need for further band nar-
at about 421 eV binding energy and a broad satellite at aboubwing arising from correlation effects. Temperature-
423 eV. The satellite is much more prominentdPu and independent PES data for bot# and &Pu support the
has thus been modef&dvithin the SIM interpretation. How- notion that the SIM is not applicable. The nearly identical
ever, the satellite is not negligible evendrAPu, where a SIM  nature of the spectri@nly subtle differences exisbelow the
interpretation seems less justifiéelg., the magnetic suscep- Fermi energy is surprising and not reproduced in calcula-
tibility shows temperature-independent paramagnélism tions. Further, the relatively narrow and intens®u feature
Perhaps the existence and strength of the satellites is primat E¢ is likewise not reproduced. The introduction of corre-
rily related to the narrowness of the renormalizefdtind  lation effects via periodic models such as the periodic Ander-
structure(and hence to their screening capabjliagnd is not  son model or renormalized band model may yet be necessary
necessarily a significant indicator of SIM-like correlation ef- to understand this electronic structure, but the constrained
fects. LDA result for &Pu provides a reasonable starting point.
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