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Temperature-dependent valence-band photoemission study of UNiSn
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The electronic structure of UNiSn has been investigated using photoemission spect(@€8pihe U 5f
partial spectral weightPSW) exhibits a broad peak centered-a0.3 eV belowEg. The Ni 3d PSW shows
the main peak well belovEg and a very low density of statg®0S) at Er. The hv dependence of the
valence-band spectrum reveals a dominantfl&lectron character for the states near the Fermi [Exelwith
a small contribution from the U@ Ni 3d, and Snsp states. Comparison of the measured PES spectra to the
LSDA+U band structure calculation indicates the importance of the on-site Coulomb interaction between U
5f electrons in UNiSn. The high-resolution photoemission spectrum of UNiSn is described well by a V-shaped
metallic DOS neaEr, suggesting a finite but reduced DOSEgt. A possible origin for the reduced DOS at
Er might be the hybridization of the Uf5states to the Ni 8 states that have a very low DOS Bt .
T-dependent high-resolution PES for UNiSn reveals a finite DOS-atven aboveTy .
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[. INTRODUCTION consensus of strongly correlated U Blectrons in heavy-
fermion uranium intermetallic compounds.

UNiSn displays an interesting phase transition. Powder On the other hand, there is no indication of heavy-electron
neutron diffractioh and magnetic susceptibilty show that  behavior in UNiSn. For example, the specific heat coefficient
an antiferromagneti¢AF) order of type | is formed below of UNiSn is quite modesty~18-28 mJ/mol K, suggesting
the Neel temperaturél =43 K. Temperature-T-) depen- a moderate & electron density of statg®0OS) at the Fermi
dent electrical resistivity(T) exhibits an activation-typd  level Eg .2 The electronic structure of UNiSn has been cal-
dependence above 200 K with an energy gap of 67—76 me\ulated by incorporating the on-site Coulomb interactions of
a maximum around 55 K, and a rapid decrease with decrea$+ electrons, and the magnetic phase transition in UNiSn is
ing T,>*indicating a semiconductor-to-met&@M) transition.  explained as due to a reconstruction of the bands. It has also
Recent powder x-ray diffraction reveals a structural transiteen suggested that the hybridization between the &nd
tion from a cubic MgAgAs-type symmetry to tetragonal U f and that between the Ni and U f are important in
symmetry atTy.° This phase transition is considered to bedetermining the physical properties of UNi&n.
anomalous because it is an inverse metal-insulator transition Neither the theoretically predicted electronic structure of
with a gap opening abovEy and the structural, SM, and AF UNiSn nor the 52 configuration of the localized 4 ion
transitions occur concomitantly. has been verified by photoemission spectroscOpES.

UNiSn has been extensively investigated to understandhere is an early resonant photoemission spectroscopy
the underlying mechanism of the peculiar multiple phasg RPES study on UTSn T=Ni, Pd, P} with a rather poor
transitions. Aokiet al. explained the AF and structural tran- instrumental resolutiotf in which the origin of the phase
sition using a crystal electric fiellCEP level scheme for the transitions in UNiSn has not been addressed. Further, no
5f2 (U*") configuration in a cubic symmetry. This model T-dependent PES study on UNiSn has been reported yet to
was supported by Akazawet al.” who proposed the exis- our knowledge. Therefore the expected gap opening or re-
tence of a quadrupolar-ordered phase from resistivity, elastiduction in the DOS atEr N(Eg) in the semiconducting
moduli, susceptibility, and thermal expansion studies. Indeeghase abov&y, as compared to the metallic phase at [Bw
qguadrupolar ordering has been indicated in high-resolutiotas not been experimentally observed. In order to investigate
neutron inelastic scatterifgin accordance with the above the role of the electronic structure in the phase transitions in
hypothesis. These models assume the localizédefectrons  UNiSn, we have performed high-resolutidrdependent PES
in UNiSn in the CEF, which is consistent with the generalmeasurements of UNiSn below and abdlvg~43 K. We
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have also performed a detailed RPES study of UNiSn near T
the U 5d— 5f absorption edge, which allows us to determine B
the partial spectral weigtPSW) distributions of both U % UNiSn
and Ni ™ electrons in UNiSn. Experimental data are com- EDC

pared to a band structure calculation performed in the local B
spin-density functional approximatiofLSDA) and the
LSDA+U method (U is the Coulomb correlation
interaction.* I (V)

Il. EXPERIMENTAL AND CALCULATIONAL DETAILS 110

£

For this work, we prepared a large button of UNiSn poly-
crystalline sample by arc melting constituent elements of
high purity. In order to ensure homogeneity of the sample,
we turned over the button several times during the arc melt-

2 &
ing process. Afterwards we annealed the button at 1070 K for L
1 month in order to achieve a cubic MgAgAs-type structure. B 60 4
Our magnetization measurements taken on the sample after 1 30 ' \_
22 ' c | ' -
B
D A L_.
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Intensity (arb. units)

month annealing showed a clear antiferromagnetic transition
near 48 K, in agreement with previous resdlts. R

Photoemission experiments were carried out at the Ames/
Montana ERG/Seya beam-line at the Synchrotron Radiation L

Center. Samples were cooled downiTtg,,<15 K and frac- 10 5 E.

tured in vacuum with a base pressure better than 3 Binding Energy (eV)

%10 ! Torr. The cleanliness of the cleaved surfaces was

checked by the absence of the 6 eV péakf. 12 or a hump FIG. 1. Normalized valence-band energy distribution curves

at about 9.5 eV binding enerdBE), as observed sometimes (EDC's) of UNiSn in the photon energyh@) range of 22—110 eV,
in inhomogeneous polycrystalline samptéghe Fermilevel — except for theh»=22 and 30 eV spectra that are arbitrarily scaled
and the overall instrumental resolution of the system werdo show their line shapes better. The peak under the arrow at
determined from the valence-band spectrum of a sputtered Pt68 eV corresponds to the Nid3satellite. See the text for the
foil. The total instrumental resolutioffull width at half  structures of A, B, C, and D.
maximum (FWHM)], due to both the monochromator and
the electron energy analyzer, was about 80 meV and 25@ith hv. Herehr=98 andh»=92 eV correspond to the on-
meV athv~20 eV andhv~100 eV, respectively. High- and off-resonance energies due to dsp—5f absorption,
resolution photoemission spectra were taken with theespectively® andhy=110 eV is another on-resonance en-
FWHM of about 30 meV. The photon flux was monitored by ergy due to U Bl;,,—5f absorption. Therefore the emission
the yield from a gold mesh and all the spectra reported werenhanced ahv=98 andhy=110 eV can be identified as
normalized to the mesh current. Fordependent PES mea- due to U § emission, and the strong enhancement in the
surements, the chamber pressure stayed belo@(7 *' Torr  emission betweelEr and about 1.5 eV in binding energy
during heating. The low PES spectra were reproduced af- indicates the large U felectron character in the electronic
ter the heating-cooling cycle. states close t& . This will be discussed further in Fig. 2.
The electronic structure of UNiSn has been calculated by The off-resonance spectrum k=92 eV is dominated
employing the self-consistent linearized muffin-tin-orbital by Ni 3d emission because at thisv the Snsp electron
(LMTO) band method. The projected angular momentumemission is negligible with respect to the Né &mission
density of state$PLDOS has been calculated by using both (<104 of the Ni 3 emission,'® and the U 5 emission is
the LSDA and LSDA-U methods. The von Barth—Hedin syppressed due to off resonance. The latter argument is sup-
form of the exchange-correlation potential has been utilizedported by the fact that the off-resonance spectrum of UNiSn
In the LSDA+U method, the spin-orbit interaction is incor- s very similar to that of CeNiSfRef. 17 except for the Ni
porated in a self-consistent variational loop, so that the orgd peak position: the Ni & peak in UNiSn is located deeper

bital polarization is properly taken into accodfit. than that in CeNiSn by about 0.5 eV. Similarly as in Ni
metal’8 the main peak around 2 eV BE and the satellite peak
Ill. RESULTS AND DISCUSSION around 8 eV BE(6 eV below the main peakin the hv

~68 eV spectrum can be roughly assigned to td8c8 !

and 3"~ 1c™ final states, respectively, by assuming the ini-
Figure 1 shows the valence-band energy distributiortial state configuration of &'c™ (n=29,10) wherec denotes

curves(EDC’s) of UNiSn in the photon energyh@) range of  a conduction or ligand electron. This assignment of the sat-

22-110 eV, which includes both the Np&nd U 5 absorp-  ellite is based on the observation that the NI 8atellite

tion thresholds. The variation in the line shape with varyingemission is resonantly enhanced hat=68 eV in Ni 3p

hv reflects the change in the photoionization matrix elements—3d RPES!’ The satellite structure associated with the Ni

A. U 5f PSW and valence-band features
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FIG. 2. (a) The extracted U § spectrum(doty of UNiSn, ob-
tained from subtraction of the Uds-5f off-resonance spectrum 0 Y
(dashed linegsfrom the on-resonance spectruolid lineg. (b) 1 1 L L 1 i
Comparison of the U 6 PSW'’s of UNiSn, UA} (from Ref. 20, -5 0

and UPd (from Ref. 22. Energy Relative to EF

3d bands, not explained by one-electron band theory, reflects

the non-negligible on-site Coulomb interaction between the FIG. 3. Projected angular momentum density of stafes-
Ni 3d electrons in UNiSn. DOY), obtained from the LSDA calculation for the AF ground state

; _ of UNiSn. From the top, PLDOS per spin and per atom off) 8
Iabg}eg)gszynsegz EO(E\:{’ :;(iy)r étr(ticéurg\s/)araené)gsvi;\;id, 6d, Ni 3d, and Sn % electrons, respectively. The spin-up PLDOS
F ) )

shoulderlike structure D +3 eV). These well-separated Sre (::ncljitnegsby black lines and the spin-down PLDOS are denoted
structures, the absence of the 6 eV BE featamnd the low y grey '

inelastic background indicate the good quality of the data ircates that the electronic states nEarhave a dominant U

this work. At these lowhv's, the cross sectionsy) of U 6d  electron character, but hybridized with the \d @nd Snsp

and Ni 3d electrons become comparable to one another withstates. Indeed this conclusion is consistent with our band

non-negligible contributions from the Sp electrons: structure calculation, which will be shown in Fig. 3.
] Figure Za) presents the extracted U 32SW (dot9, cor-
o(U 5f)io(U &d):a(Ni 3d):0(Sn sp) responding to the difference between the d-55f on-
~6%:41%:41%:12% at hy~21 eV, resonance spectruisolid line) and off-resonance spectrum

(dashed ling The U 5f spectrum exhibits a pronounced
according to the atomic photoionization cross-sectiomeak centered at about 0.3 eV BE with a FWHM of
calculation®® Therefore the valence-band spectra at fows ~1.4 eV and a tail to about 3 eV below. It is reminiscent of
indicate that the U @ and Snsp states in UNiSn are spread the U 5f PSW'’s of other U intermetallic compounds in hav-
over the whole valence band, i.e., frdfa to ~4 eV below. ing much spectral weight arourig: and showing the broad
The features A and C are mostly due to the Udectrons  5f width.1>19-2*The U 5f spectrum shows a change in the
and the Ni 2l electrons, respectively, as discussed above. slope around 2 eV BE, the intensity of which depends on the

As hv increases from 22 eV to 92 eV, the intensity nearscale factor. The off-resonance spectrum is multiplied by a
Er increases and then decreases with respect to that of the Btale factor to account for thBv dependence of other
3d main peak. The former trend reflects the increasingfU 5 conduction-band electrons. Therefore the existence of the 2
emission neaEr that has a maximum arourtv~50 eV. eV feature seems to be within experimental uncertainty. The
The latter trend is due to the suppression of thefUebnis- U 6d emission is known to resonate at thd &bsorption
sion athr=92 eV (U 5d—5f off resonancias well as the edge as welf! There is uncertainty in the resonant strength
decreasing Sisp and U & emission relative to the Nid  of the &d states with respect to that of thd States in ura-
emission with increasingny.!® Thus this observation indi- nium compoundé! Further, the line shape of the WH&PSW
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is not known for UNiSn yet. However, it is likely that the " T
resonating U @ intensity is normalized out in subtracting UNiSn
the off-resonance spectrum from the on-resonance spectrum PES
because it usually mimics the liganidandsp DOS. In other
words, the U @ wave functions overlap substantially with
the Ni 3d wave functions in space and energy, resulting in a
large hybridization between them. The range employed in
this study is surface sensitive, and so it is also possible that
the surface 5 emission might contribute to the region
around 2—3 eV BE, as found in Ce systeti8>On the other
hand, surface effects have not been observed explicitly in
uranium system&’ in contrast to Ce systems for which sur-
face effects have been well established.

The extracted 6 PSW of UNiSn is compared to those of
UAIl, (Ref. 20 and UPg (Ref. 22 in Fig. 2(b). All the e
spectra are scaled at the peak. WAhd UPd are classified ' " TTT '
as a nearly-heavy-fermion system and a typically localized
5f system, respectively. The peak in UHAd known to cor-
respond to the &—5f? transition of U ions?? while the
5f peak close t& in UAI, corresponds to the fully relaxed
5f"cM ! final states =2, 3, 4), where the 8'c™ ground-
state configuration is assumed. In the local density-functional
approximation(LDA) band theoretical view, the f5peak . L . . . .
nearEr is interpreted as the ground-state W Band. It is N g
observed that, as one moves from Y& UNiSn and UPgl Energy Relative to E_(eV)
the centroid of the 6 electron peak moves away froE:
and its width becomes wider, resulting in a decreasifig 5 F!G- 4. Top: comparison of the extracted Y BSW of UNiSn
DOS at theEg, N(Eg), from UAI, to UNiSn and UPgl (dot9 to the calculated PLDOS, obtained from the LSDA calcula-

This trend is similar to that in the Y .U.Pd S stemz,z in- tion (dotted ling and from the LSDA- U calculation(solid ling). In
dicating that the direct-f hoppingla)r(ngngjthg U Belec- this comparison only the occupied part of the PLDOS is taken, and

. then convoluted by a Gaussian function with 0.2 eV at FWHM to
trons decreases from UAto UNiSn and UPgl

| trast to the | 5 tral iaht B i simulate the instrumental resolution. Middle: similarly for Na 3
n contrast 1o the large lospectral weight arountzg In states. Bottom: comparison of thev=22 eV PES spectrum of
UAIl;, UNiSn reveals a reducedf&electron weight around |;\isn (dots to the sum of the U 8, Ni 3d, and Sn ® PLDOS.
Er because theBelectron peak is located farther away from gee the text for details.

Er and the 5 width is wider than in UA}. This difference

between UNiSn and UAlmight be understood by tge fact the virtual charge fluctuations leading to a lalgE;) are
that the average U-U separation in UN'S@:’(&4'53 ) IS suppressed by a small MiDOS atE via hybridization. To
quite large, larger than that in UA(d=3.22 A) and even  giain 4 solid picture of the hybridization interaction in UN-

T Z 26
larger than the Hill limit €ly;=3.3-35 A)}® beyond ign ‘it will be necessary to calculate the hybridization matrix
which the U § electrons are observed to form local mo- gjements.

ments, suggesting that the direct interaction between near-
neighbor U 5 electrons is negligible in UNiSn. It is consis-
tent with the fact that UNiSn has a large ordered magnetic
moment of 1.5ng obtained from a neutron diffraction Figure 3 shows the PLDOS of UNiSn, obtained from the
study? This value is significantly large, as compared to otherLSDA calculation by assuming an AF ground state. Each
U intermetallic systems. An inelastic neutron scattering studyPLDOS is per atom, and the spin-up and spin-down PLDOS
done by one of us also found rather well-defined CEF exciare denoted by black and gray lines, respectively. It is shown
tations in UNiSrf Thus the interaction between Uf ®lec-  that the valence band extends frdp to about 5 eV below
trons in UNiSn should be mediated by hybridization to Eg, in agreement with the measured photoemission spectra
conduction-band electrons, such as 4, &nsp, and Ni d (see Figs. 1 and)4The Uf states exhibit exchange-splif 5
electrons. bands, separated by about 2—-2.5 eV from each other. The
Note that the average hybridization strength between Wther stategU d, Ni d, Sn p) exhibit nearly no exchange
5f and Ni 3d/Sn sp electrons is expected to be large in splitting, indicating that the spin polarization in UNiSn is
UNiSn. The U-Ni separation (2.77 A) is very small, even mainly due to U 5 electrons. In consequence, the calculated
smaller than the U-Sn separation (3.20 A) and the U-Alspin magnetic moment of U is 2.4@, while the magnetic
separation in UAJ (3.22 A), suggesting a large hybridiza- moment of Ni is negligible. The Fermi level lies in the
tion between U % and Ni 3d electrons in UNiSn. Thus a middle of the spin-up U bands that are hybridized with the
possible explanation for the reducl@(Eg) in UNiSnisthat U d, Ni d, and Snp states. Much of the spin-ujpstates are

Intensity (arb. units)

B. Comparison to the LSDA and LSDA+U calculation

085101-4



TEMPERATURE-DEPENDENT VALENCE-BAND . .. PHYSICAL REVIEW B4 085101

concentrated within-0.5 eV fromEg. The Nid bands are The effect of including the on-site Coulomb interaction
nearly filled with a very low DOS &, in agreement with between the U 6 orbitals in the LSDA- U is the shift of the
the very low spectral intensity in the Nid3PSW (see the occupied 5 peak belowEr toward a higher BE and the shift
hv=92 eV spectrum in Fig.)1 Most of the Srp states are  of the unoccupied b peak abovee farther away fromEg .
concentrated at 1-5 eV belok-, resulting in a small DOS The second effect of the LSDAU is the shift of the Ud, Ni
nearEg . Therefore the largest contribution (Eg) comes d, and Snp PLDOS towardEg, namely, toward lower BE's.
from the Uf electrons (85%) with a small contribution The larger the value df is employed, the larger the shifts in
from U 6d (~6%), Ni 3d (~7%), and Snsp (~2%) the peaks of the U 6d, Ni d, and Snp PLDOS become.
electrons. The W, Ni d, and Snp bands are much wider The latter effect of the LSDA U calculation produces better
than the Uf bands, consistent with the negligible exchangeagreement with the measured PES spectra. In particular, the
splitting in these bands. The 4, Ni d, and Snp PLDOS 1 eV peak(B) (of U 6d—Sn 5 hybridized electron charac-
share common features, indicating a large hybridizatiorter) and the 2 eV peakC) (predominantly of Ni 3 electron
among them. These theoretical results are qualitatively simieharacter in the PES spectra exhibit good agreement with
lar to those of previous report$’ The AF phase of UNiSn the LSDA+U (solid lines, compared to the LSDAdotted
corresponds to a normal metal, in contrast to the halflines). This finding certainly suggests the importance of the
metallic nature of the ferromagnetic phase of UN#n. on-site Coulomb interaction between U Blectrons in de-
Figure 4 compares the extracted PSW’s of UNiSn to theermining the electronic structure of UNiSn. In contrast, the
calculated PLDOS, obtained from the LSOdotted lineg LSDA+U calculation does not improve the PLDOS: (i)
and LSDA+U (solid lineg calculations, respectively. In the calculated peaks in the occupied part appear at higher
comparison to the PES spectra, only the occupied part of thBE'’s than in experiment, angi) the calculated\{(Eg) be-
calculated PLDOS was taken, and then convoluted by @omes too small. A smaller value &f would yield an im-
Gaussian function with 0.2 eV at the FWHM. The Gaussiamproved agreement with the experimental UBSW, but then
function has been used to simulate the instrumental resolit would yield a larger discrepancy with the other
tion. The effects of the lifetime broadening and photoemis-conduction-band features of the Nj U d, and Snp elec-
sion matrix elements are not included in the theory curves. Itrons. Therefore neither the LSDA nor the LSBAJ seems
the bottom panel, the theoretical spectrum was obtained by provide a consistent description of the experimental elec-
adding the Ud, Ni d, and Sp PLDOS, because none of the tronic structure of UNiSn at the moment.
contributions are negligible &r=22 eV and it is difficult
to separate out the different electron emissiee the dis-
cussion under Fig.)1 The LSDA calculation shows a large
discrepancy with experiment even though the calculated Figure 5 compares the normalized valence-band photo-
bandwidths are comparable to the measured valence-bamgnission spectrum of UNiSn obtained &&= 15 K (dots,
widths. The most pronounced discrepancy is that the calcushich belongs to the AF metallic phase, to that &t
lated peak positions in the Ni and Snp PLDOS appear at =90 K (solid line) which belongs to the paramagnetic semi-
higher BE's than in the PES spectra by more than 0.5 eV. Asonducting phase. The top and bottom panels show the spec-
to the Uf states, the experimentaf PSW shows extra in- tra obtained athhr=22 eV andhv=98 eV, respectively.
tensity from~0.5 eV to about 3 eV BE with respect to the The inset compares thev=22 eV spectra, after the inelas-
LSDA calculation, for which much of the occupi€®LDOS tic backgrounds have been subtracted in a standard way. Our
is concentrated within 0.5 eV frofag . Further, the experi- data in Fig. 5 reveal the following features). Essentially no
mental 5 PSW shows a reduced &veight atEg in contrast ~ T-dependent changes are observed in the large-energy-scale
to the highN¢(Ef) in the LSDA. line shapes. Upon heating, there is a small transfer of spectral
In order to examine the origin of such disagreement beweight from lower BE(betweenEr and 1 eV BE to higher
tween experiment and the LSDA, the on-site Coulomb corBE (>3 eV BE. This change might indicate a reduced
relation parametet for the U 5f electrons has been incor- DOS atEg in the semiconducting phasgi) Peak locations
porated in the electronic structure calculation for UNiSn. Thedo not change witfT, indicating that the Fermi level stays
parameters used in this calculation are the Coulomb correlasnchanged in both the AF metallic phase and the paramag-
tion U=2.0 eV and the exchangd=0.95 eV. In the netic semiconducting phas@ii) The metallic Fermi edge is
LSDA+U calculation, the on-site Coulomb correlation for still observed aboveTy (T=90 K>Ty~43 K), which
the Ni 3d electrons has been neglected because including theeems to be contradictory to the SM transition inferred from
Ni d Coulomb correlation in the LSDAU calculation other experiments for UNiSn.
makes the discrepancy between experiment and theory Figure 6 shows th@ dependence of the high-resolution
worse?® As in the previous reportthe LSDA+U correctly ~ PES spectrum of UNiSn in the vicinity & . All the spectra
yields the correct metallic ground state for the AF phase ofvere obtained with the same measurement conditions except
UNiSn and the semiconducting state for the PM phase ofor temperature. The top panel compares the high-resolution
UNiSn. The calculated spin and orbital magnetic moment®®ES spectrum of UNiSn obtained Bt=15 K (dots to that
for U are 2.2 and —4.53ug, respectively, and so the obtained aff=90 K (solid line), taken athv=22 eV. The
total magnetic moment of U becomes 2.28 This value is middle panel compares the=15 K spectrum of UNiSn
in reasonable agreement with experinfemnd the previous (dots to that of Pt metal(solid line), both with FWHM
report? ~30 meV. In this comparison, two spectra are scaled to

C. Temperature dependence in PES
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FIG. 5. (a) Comparison of thel-dependent valence-band PES
spectra of UNiSn ahv=22 eV belowTy (T=15 K) and above
Ty (T=90 K). Inset: comparison of the two spectra after the in-  FIG. 6. Top: Comparison of high-resolution photoemission
elastic backgrounds are subtracteth) Comparison of the spectra of UNiSn in the vicinity oE; at T=15 K andT=90 K,
T-dependent valence-band PES spectra of UNiSvat98 eV for  taken athv=22 eV with FWHM ~30 meV. Middle: thehwv

T=15 KandT=90 K. =22 eV spectrum of UNiSn af=15 K (dotg, compared to that
of Pt metal(solid line). Superposed on the PES spectrum of UNiSn

each other at about 300 meV beld . Superposed on the is thg V-shaped metallic DQS that is mu!tiplied by a 15 K Fermi
T=15 K PES spectrum of UNiSn is the V-shaped metallic™/n¢tion and convoluted with a Gaussian function of FWHM
DOS that is cut off aE. by the 15 K Fermi distribution t—30 me\j(sohd line). Bottom: similarly for thehv=22 eV spec-
. . . - rum atT=90 K.

function and convoluted with a Gaussian function of
FWHM=30 meV. We have employed the V-shaped metallic
DOS because it is usually formed in semimetallic systemsgcertainly a finite metallic DOS & in UNiSn. We interpret
The dotted line along the measured spectrum of Pt metal ithis reduction inN¢(Eg) as due to the very low DOS of the
the result of the flat DOS with a nonzero slope, cut ofEat  Ni 3d PLDOS in UNiSn. That is, the reducdd;(Eg) is
by the 15 K Fermi function and convoluted with a Gaussiancaused via the energy-dependent hybridization matrix ele-
function. The bottom panel shows tie=90 K PES spec- ment between the UfSstates that are located away frdep
trum of UNiSn (dot9, compared to the same V-shaped me-and the Ni 3l states that have the main peak well belgw
tallic DOS (gray line. The model DOS is now multiplied by (about 2 eV BE and a very low DOS aEr . (iii) The same
the 90 K Fermi function and convoluted with a GaussianV-shaped metallic DOS provides a reasonably good fit to the
function (solid line). measured 90 K spectrum. Further, it is found that the model

Figure 6 provides the following informatiofi) Nearly no  with a real gap or a pseudogdpf width 10 meV belowEg
change has been observed in the PES spectrum of UNiStannot describe the measurédd=90 K PES spectrum of
with temperaturgsee the top figude except that due to the UNiSn2° These findings indicate that UNiSn has a finite me-
temperature broadening, as confirmed in the analysis showallic DOS atEg aboveTy .
in the lower panels. This observation is quite puzzling be- Finally, we would like to discuss the origin of no appre-
cause it suggests that there is no appreciable change in tie@ble difference being observed in the spectra betwken
electronic structure of UNiSn acrosky, in spite of the =15 KandT=90 K. Since our photoemission data are sur-
novel phase transitions acrog. (i) The slope of the high- face sensitive as mentioned previously, it is possible that the
resolution PES spectrum of UNiSn just beldw is lower  surface emission can cause the obseffxeavariant spectral
than that of Pt. In contrast to the simple linear DOS fofdPt features neakg . If the surface layers did not go through the
flat DOS with a nonzero slopethe 15 K spectrum of UNiSn  SM transition with temperature or if there were impurity
is described well by the V-shaped metallic DOS nEar(a  phases on the surface, the possibléependent variation of
model with a reduced but finite DOS Bt). This difference  the spectral features could be smeared. On the other hand,
suggests that UNiSn has a ldWw(Eg), even though there is our data do not eliminate the possibility of the opening of an

Binding Energy (meV)
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anisotropic gap of size smaller than<5 meV atT>Ty,  LSDA+U nor the LSDA provides a consistent description of
considering the experimental resolution achieved in thighe measured U 5PES spectra of UNiSn, suggesting that
work. The size of the gap<(5 meV) compatible with our the LSDA+U method does not properly account for the ef-
high-resolution PES data is much smaller than that suggestédct of the U 5 Coulomb correlation in UNiSn. The Ssp

by other experimenté67-76 meV.® This situation for UN-  and U & states are found to spread over the whole valence
iSn is similar to that for CeNiSH. Our experiment does not band, i.e., fronEF to ~4 eV below, with a very low spec-

allow us to determine the anisotropic electronic structure ofra| weight nearEg. In the Ni 3p—3d RPES, a satellite

UNiSn, because the sample is polycrystalline and so th@ature has been observed about 6 eV below thed\inain
spectra are effectively angle integrated. To check this, it iand, indicating a non-negligible Nid3Coulomb correlation
necessary to do angle-resolved PES measurements fR{ yNiSn.
Single-crystalline UN|Sn, Wh|Ch iS not aVaiIabIe at the The high_resolution photoemission spectrum of UN|Sn
present time. shows a lower slope just belo® than that of Pt, and is
described well by a V-shaped metallic DOS nEar, imply-
IV. CONCLUSIONS ing a reduced 6 DOS atEg in UNiSn. A possible mecha-

The electronic structure of UNiSn has been investigate _|smt f(i[]su’\?.ha‘;l r;etiuct;cr)]ntlﬁf(EF) mlghlt beggshybrl_?lﬁa-
by performing a photoemission experiment and electroni lon to the NI & states that have a very low . The
structure calculation in the LSDA and LSBDAU methods. -dependent high-resolution PES of UNiSn reveals essen-

The hv dependence of the valence-band spectrum reveaféa"y ho changes W'thT. and a f|n[te DO.S aEr bOth below
that the electronic states Bt have a dominant U B elec- and aboveT, suggesting a semimetallic electronic state for

tron character. The UBPSW exhibits a broad peak centered T>T(“j" Our fdan ;/\IOS not \?I;ml?_atﬁ_ the fgrrr?atmn 9{) the
at ~0.3 €V BE with a FWHM of~14 eV, extending to  b>°! ogat%OT"."' th- tmef orf=>Ty, an tEe contribu-
about 3 eV below. The UBPSW of UNiSn is compared to lon from the 1-invariant surface emission Neag .

those of UA, and UPd. The centroid of the 6 electron
peak moves away frorkr from UAI, to UNiSn and UPg|,
indicating that directf-f hopping decreases from UALo
UNiSn and UP4. Its width becomes wider in UNiSn than in ~ We are grateful to S.-J. Oh and E.-J. Cho for helpful dis-
UAI,, reflecting the large hybridization between © &d Ni  cussions. This work was supported by the Center for
3d electrons in UNiSn. The LSDAU calculation yields Strongly Correlated Materials Resear@@SCMR at SNU
better agreement with the measured PES spectra than tled the electron Spin Science Cen@8SG at POSTECH.
LSDA calculation, suggesting that the on-site Coulomb in-One of us(J.G.P acknowledges support by the Korean Re-
teraction between f5electrons is important in determining search FoundatiofGrant No. KRF-2000-015-DP0111The
the electronic structure of UNiSn. However, neither theSRC is supported by the NSPMR-0084402.
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