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Absence of U 5 band states in resonant photoemission spectra of URAI;
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The U 5f spectral weight of Wa, ,PdAl; (x=0.1, 0.25, 0.6, and 1)0Ois obtained by the resonant
photoemission spectroscopiRPES, and is compared with the results of the band-structure calculations. We
have found that the spectrum of UfAd; (x=1) could not be reproduced by the calculated id&nsity of
states in shape and position, even if the contribution fromdi$tates is considered. Moreover, the essential
spectral shape did not change umti 0.1, where most of the uranium atoms are substituted with lanthanum
atoms. All these results indicate that the fband states are not observed in the RPES spectrum ofALRd
and the single site effects govern[i80163-18209)01215-1

[. INTRODUCTION tance of the single site effects has been proved by the studies
on dilute alloys. Kanget al. measured the RPES spectra of
Uranium compounds exhibit a rich variety of electrical U,Y;_,Al, for x=1-0.02 and found that the spectral shape
and magnetic properties, due to their peculiar behavior of thés essentially identical for the dilution of uranium atofns.
U 5f states. Numbers of experimental and theoretical studieSherefore, the validity of the band-structure calculation on
have been made on these compounds. However, it is stithe description of these spectra is still an open question.
unclear which of the two approaches, of the localizéd 5 In the present study, we demonstrate that the RPES spec-
electrons or of the itinerantfSlectrons, supplies a better trum of UPGAI; reflects the single site effect of uranium
basis for the description of these compounds. An essenti@tom sties, and the band-structure calculation cannot be a
question is whether the band-structure calculation can be good starting point for their description. UfAd; is an HF
good starting point for a description of their U &ates. To uranium compound which has transition into an antiferro-
understand this point, the photoemission experiments havaagnetic phase aiy=14 K and into a superconducting
been performed for many uranium compounds, and the okphase aff =2 K.® The coexistence of large local moments
tained spectra have been compared with the results of th@®.85 ug) and a superconducting state is one of the charac-
band-structure calculatioflsn particular, the resonant pho- teristics of this compound. Another important point of this
toemission spectroscopfRPES technique is widely em- compound is that the local-spin-density-functioieEDF)
ployed to extract the contribution only from the B §ates. calculations could very well reproduce the results of de
With this technique, the U fdifference spectra have been Haas—van AlphefdHvA) experiments and the magnitude of
obtained by using different energy-dependent photoionizalocal magnetic momenfsThus, an itinerant description of
tion cross sections for the Uf &nd conduction-band elec- the U 5 electrons is strongly supported in this compound,
tron. For the itinerant icompounds, like Uyor UC, it has  and it is interesting to examine its validity in the photoemis-
been reported that the calculated f08nsity of state€DOS) sion spectrum. Ejimaet al. have first measured the RPES
matches with the U f5difference spectrad® Meanwhile, spectra of UPsAl,,” and then compared the obtained spectra
the situation of the heavy-fermidiF) uranium compounds with the result of the band-structure calculatidfislt has
is controversial since the obtained fdfference spectra do been pointed out that the obtained Bdifference spectrum
not match with the calculated Uf ®OS. One point of view does not match with the calculated U BOS, while the
is that the band-structure calculations is still a good startingalculated Pd ¢ DOS matches very well with the off-
point for their description, even though the entire spectrum isesonance spectra, where the Ridstates dominate the spec-
not reproduced by the calculation. Arleb al. suggested that trum. In these studies, however, detailed analysis on thé U 5
these spectra are understood by a superposition of a weltlifference spectrum has not been provided, and the origin of
screened peak, which is entirely consistent with calculated Whe disagreements is not discussed.
5f DOS, and a poorly screened satellite, which is located In the present study, we have further performed the RPES
about 2—3 eV below th&g.! On the other hand, an impor- study on the dilute alloys {la; _,PdAl; for x=0, 0.1, 0.25,
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0.6, and 1.0 to clarify the validity of the band-structure cal-

culation on the RPES spectrum of UAd;. The dilute al- UPd,Al, RPES NA
loys Ula, ,PdAl; have the same crystal structure of U 57 difference '
UPdAI 5 and the substitution of uranium atoms with lantha- calculated U 5f DOS|
num atoms in these alloys reduces the contribution froniuU5 £/ | calculated U 64 DOS|

band states. To complement the photoemission study, we
have measured the x-ray bremsstrahlung isochromat spec-
troscopy(X-BIS) spectrum of UPgAl; also. The BIS studies
are especially important for the uranium compounds since
most of the U 5 states are located in an unoccupied part.

Photoemission Intensity (arb. units)

Il. EXPERIMENT 10 8 6 4 2 E; 2

Binding Energy (eV)

Single crystals of LWa; ,PdAl; for x=0.1, 0.25, 0.6,
and 1.0 were grown in a tri-arc furnace. The details for their FIG. 1. The comparison of the U Bifference spectrum with the
preparation and characterization have been describetfliculated U and U &l DOS with the Gaussian broadening of
elsewheré® The RPES experiments were performed at!¢=0.7 eV
BL-2 of the SOR-Ring, a 0.38 GeV electron storage ring at
the Synchrotron Radiation Laboratory of the Institute forand broadened. This experimental spectrum is far from flat,
Solid State Physics, the University of Tokyo. Total resolu-andEg is expected to be located at the peak if the large DOS
tion of about 0.7 eV was obtained. The samples were meexists atEq, as seen in the calculations. The positionEef
chanically scraped in the preparation chamber undeinh the experimental spectrum suggests that an actual intensity
ultrahigh-vacuumUHV) condition. The O P derived state  at E. is lower than that of the calculated U BOS.
was checked before and after the measurements at the photonSecond, the experimental spectrum has a humped feature
energy ofhv =32 eV and no oxygen signals were detected.around 2.5 eV beloviE, which is not seen in the calculated
The X-BIS measurements were performed in a VG ESCA 5f DOS. It has been pointed out that the d §tates are
LAB MK-Il equipped with a preparation chamber. For also enhanced by a procedure of the subtraction, and ap-
X-BIS, the photonenergy ofiv=1486.5 eV was used and peared around this energy regithTo consider the contri-
total resolution of about 0.75 eV was obtained. The sampleBution from U &l states, we have shown the calculateddJ 6
were mechanically cleaned in the preparation chamber undgysOS in Fig. 1. The calculated W@OS has broad structure,
UHV condition and then introduced into the spectrometerand has its maximum at about 1.0 eV belBw. Hence, the
The sample was cooled to liquid nitrogen temperature during) 5f difference spectrum cannot be reproduced by the calcu-
measurements to prevent oxidation. No oxygen signals wengted DOS, even if the contributions from the d $tates are
detected during the course of the measurements. also considered. This is in contrast with the calculated éd 4

In all experiments, the work functions of the spectrom-DOS, where a good agreement was obtained for the off-
eters were carefully adjusted, referring to the spectra ofesonance spectrum in shape and posttibn.
evaporated gold or silver films. These adjustments are crucial Next let us consider the RPES spectra gf.&}_ ,PdbAl,
for the present study, and we have paid special attention far x=0.6, 0.25, and 0.1 to understand the origin of thefU 5

their determinations. difference spectrum. Figure 2 shows ®difference spectra
of U,La; ,PdAIl; obtained by the subtraction of the off-
IIl. RESULTS AND DISCUSSION resonance spectrahg=101 e\) from the on-resonance

spectra flv =106 e\). The spectrum of URAIl; (x=1.0) is

First let us summarize the results of the RPES study oguperimposed in each spectrum for comparison. The most
UPdAI; since detailed discussions have not been given inemarkable point in these spectra is that their spectral fea-
previous paper$®’ Figure 1 shows the UfSlifference spec- tures are not essentially influenced by the substitution of ura-
trum of UPdAI; obtained by a subtraction of the off- nium atoms with lanthanum atoms. If the spectrum is origi-
resonance spectrumhg =101 eV) from the on-resoance nated with the U fband states, narrowing or shifting of the
spectrum fiv =106 e\). The spectrum is in agreement with spectra with the substitutions should be expected. The ab-
the result of the previous experimétithe U 5 spectra dis-  sence of any changes in these spectra suggests that they are
play a generic triangular shape having very large amplitudgoverned by the interaction between uranium and neighbor-
nearEr and tailing off slowly to high binding energies. The ing palladium and aluminum sites, with negligible contribu-
calculated U 5DOS with a Gaussian broadening of 0.7 eV tions from neighboring uranium sites.
is superimposed for a comparison. Major differences be- Accordingly, the above results indicate that the RPES
tween the calculated DOS and the experimental spectrum aspectrum of UPgAl; is governed by a single site effect of
as follows. the uranium sites, and the band-structure calculation cannot

First, the position of the prominent feature ndgf is be a good starting point for the description of the RPES
different in the experiment and the calculation. TBeis  spectrum. This result is inconsistent with the agreement be-
found at the half-intensity point in the experimental spec-tween the experimental data and the results of the band-
trum, while it is located almost at the peak in the calculation.structure calculations in the dHVA experiments and the mag-
The placement oEg at a half-intensity point is only strictly netic properties. Here, we consider the origins of these
correct for a flat density of states cut off by a Fermi functioninconsistencies.
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FIG. 2. The U % difference spectra of {la; ,PdAl; for x FIG. 3. (a) The X-BIS spectrum of UPdIl; and the procedure
=0.1, 0.25, and 0.6. The spectrum of YRt (x=1.0) is super-  of the background subtraction. The dashed line shows structureless
imposed in each spectrum for comparison. background to account for the transitions into ndrstates. The

solid line indicates the result of the subtractidh) X-BIS U 5f
One possible explanation is that the RPES process affecgpectrum of UPgAl;, together with the calculated Uf BOS with
the U & band states, and the U band states are not cor- the Gaussian broadening b=0.75 eV.
rectly imaged in the RPES spectrum. The RPES process is

understood within an atomic process, first described bihant, and the contribution from the U States were difficult
Fano.” The application of this scheme to thelectron sys-  to estimate. Meanwhile, the situation is much more prefer-
tem has been investigate in many wo?%sk_dowe_ver, areal- gple in the X-BIS measurements since there are no contribu-
istic treatment of this process is still a difficult issue, and it istjons from Pd 4 states in the unoccupied part. For this rea-

still unclear whether this complicated process can correctl . e have measured the X-BIS spectrum of MPgand

project the bandiike U foelectrons also. compared it with the calculated U ®OS. The solid line in

Another possible explanation is that the contributions_.
. Fjg. 3(a) shows the X-BIS spectrum of URAI;. To account
from the sample surface dominate the RPES spectrum, al}é? the)transitions into nonFiUfSStates Efcil as the Ud6

the localized nature of the U States is observed. The escape tat tructurel back di med. This back-
depth of photoelectrons in the present measurements is coR2 es(,j ahs ruc utr)e es;, achgrgrsn IS assumed. AJ? dac
sidered to be about 5 A, which corresponds to about tw@0und shape is based on the BIS measurements ojAlp

atomic layers. The lower coordination in the surface layerdt hv=20 eV7, where the non-UfScontributions dominate
generally results in a narrowing of band states, and this mag‘e spectrun}. The obtained difference spectrum, indicated
even result in a breakdown of their delocalization. This isPy the dots in Fig. @), can be considered as the contribu-
actually in the case of some Ce-based compounds, where tf#@ns only from the U 5 states. Figure ®) show the com-
different spectral features are observed in different excitatioparison between the obtained W difference spectrum and
photon energies, i.e., different surface sensitivitieBor ac-  the calculated U 5DOS with Gaussian broadening of 0.75
tinide materials, the theoretical calculations suggested thatV to account for the instrumental resolution. The spectrum
the U & electors are more localized in the surface than in thés much broader than the calculated UZBOS; however, the
bulk.* Experimentally, Allenet al. have recently measured structure neaEr is well matched with the calculation. In
the valence-band spectra of UAlsing photon energy from particular, a fine structure, originated with thé,5-5fs
40.8 to 1486.5 eV? However, they did not observe any spin-orbit splitting, is well reproduced by the calculation.
significant changes in the spectral shape by changing th€he X-BIS studies on various uranium compounds showed
photon energy. This implies that the surface effects play ahat this structure is considerably different in different
minor role in the photoemission spectra of YATherefore, compounds® This agreement may imply the applicability of
the importance of surface effects in the RPES spectrum ahe band-structure calculations to the ) ates, although
UPdAI; is still an open question. the experimental spectral width is broader than that of the
To avoid the influences from the RPES process and thealculation. This kind of broadening has been observed in
surface contributions, the photoemission experiments witlthe inverse-photoemission spectra of HF uranium com-
higher photon energies, but not core electron excitatiorpounds, and is understood due to the Coulomb interaction
threshold, are required. We have previously measured theetween U Selectrons:® Recent angle-resolved photoemis-
photoemission spectra of URAl ; at hu =1486.5 eV, where sion studies on HF uranium compound Y&tso showed that
these contributions can be neglectéddowever, in these U 5f—derived states have narrow-band behavibrEhis re-
spectra, the contributions from the Pd gtates are predomi- sult shows the possibilities of proving the Wland states in
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HF uranium compounds by the photoemission measuresponsible for the absence of the Uand states in the RPES
ments. spectrum.
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