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We present high-resolutiditiR) angle-resolved photoemission spectroscGdPES measurements of the
noncuprate layered perovskite superconductgR®0,. ARPES spectra of the whole valence-band region
obtained along two high-symmetry directions in the Brillouin zone show clear dispersion, generally similar to
that of a band calculation. However, HRARPES measurements taken in the vicinity of the FermBgyel (
show narrower Rude(xy,yz,zX)-O2p# antibonding bands than those predicted by the band calculation.
More significantly, there is an extended van Hove singularity very clog&gttEg=11 me\) along the Ru-O
bonding direction, which is known to exist in cuprate high-temperature superconductors. The Fermi-surface
topology obtained by HRARPE®ne electronlike Fermi surface sheet centered af'theint and two holelike
sheets centered at tiepoint) is different from the band calculatigtwo electronlike sheets centered at fhe
point and one holelike sheet centered at ¥heoint), although the electron count is the same in both cases.
These results suggest that electron-electron correlations cause the modification of the Fermi-surface topology,
and is thus necessary for understanding the electronic structure and properties ,RiiO,Sr
[S0163-182696)02642-3

[. INTRODUCTION Ru atom in SjRuQ, has four 4l electrons while a Cu atom
in HTSC’s has nine 8 electrons. The band-structure
It is generally accepted that the Cu@lane in high- calculatiof® has predicted that the Fermi surface of
temperature superconductdidTSC’s) plays a fundamental Sr,RuQ, consists of two electronlike cylindrical sheets
role in the occurrence of superconductivity at such high temaround thel’ point and one holelike sheet at tiepoint in
peratures, since every HTSC has Gulanes as a common the Brillouin zoné*® while the calculated Fermi surface of
structural element. The recent discovery of superconductivity.a,CuQ, consists of only one holelike sheet centered at the
at 1 K in thenoncuprate layered perovskite oxide,un0O, X point* The normal-state resistivity of $2uQ, is found to
(Ref. J) would provide a unique opportunity to study the role be highly anisotropic between the in-plane and the out-of-
of CuO, planes in HTSC's. Further, since ,8uQ, has a plane componerit® but both show ar? dependence below
temperature-squared?) dependence of the electrical resis- 25 K characteristic of a typical Fermi liquidThe magnetic
tivity at low temperatures in contrast to tielinear behavior measurements show an enhanced Pauli paramagrfefism;
observed in HTSC's, a comparative study would give anthe measured specific heat, 39—45 nfol, is four times
important insight into the mechanism of the anomaloudarger than the calculated valfewhich suggests that the
normal-state properties of HTSC’s. correlation effect plays an important role in,BuQ,. A re-
The most essential difference in the electronic structureent resonant photoemission study ofF8rO, has reported
near the Fermi level Ez) between the ruthenate and the the existence of a correlation-induced satellite which is re-
cuprates is that the bands which cro& are of markably enhanced at the Rpd core threshold.
Rudde(xy,yz,zX)-O2pm antibonding charact&? in In this paper we report a comprehensive high-resolution
Sr,RuQ,, while those in the cuprates are of (HR) angle-resolved photoemission spectroscOpRPES
Cu3dx?-y2-O2po antibonding nature. This is due to the dif- on a single-crystal SRuQ,. This extends our previous
ference in the number af electrons in the outermost shell; a study® which showed the important similarity to the
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HTSC's. Our previous measurements found the existence df0-eV binding energy’ In valence-band measurements, the
an extended van Hove singularityHS) in this materiafl®  Fermi level was referred to that of a gold film deposited onto
Here we show comprehensive sets of ARPES data of thithe sample mounting substrate. High-energy-resolution
extended vHS measured with a higher-energy resolution. WARPES measurements ndag were carried out at the Syn-
also study the entire valence-band structure and compare tlolirotron Radiation Center, Wisconsin, using a 4-m normal
experimental results with the band-structure calculatidn. incidence monochromator. The total energy resolutjsio-
We observe three groups of dispersive bands; one Bear tons and electronsvas 20 meV and the angular acceptance
one around 3-eV binding energy, and a third at 6—8 eV bindwindow was=1°. A higher-energy resolution measurement
ing energy. These are attributed to the Bad02p= anti- (AE=15 me\) was performed in order to determine the ac-
bonding bands, the Ruk-O2p# nonbonding bands, and curate position of the extended vHS. The measurements with
the Rudle-O2p# bonding bands, respectively. This struc- synchrotron radiation were performed at 13 K also within a
ture is qualitatively similar to that of the band-structure few hours after cleaving the sample. A Pt foil which was in
calculation?® However, HRARPES measurements n&ar  electrical contact with the sample was used as a Fermi level
have revealed that a VHS exists just bel&w over a wide reference.
region of the Brillouin zone, in a remarkably similar manner We have measured ARPES spectra of more than ten crys-
to the extended VHS observed in the HTSE"S® Such an  tals and confirmed the reproducibility of the ARPES spectra
extended vHS judbelow E- has not been predicted by band by measuring and comparing the normal emission spectrum
calculationd? in either the ruthenate or the cuprate, thoughfor each sample. The samples used in this study are num-
Singh’ has predicted that a simpleotextended typevHS  bered serially. We measured a number of ARPES spectra by
exists at about 60 medbove E at approximately the same changing the polar and azimuthal angles in theplane
position in the Brillouin zone. (cleaved planeof the crystal. Polar and azimuthal angles are
We have measured a number of HRARPES spectra alondjrectly related to positions in the Brillouin zone. All ARPES
many cuts in the Brillouin zone and thus mapped out thespectra are labeled in terms of the valuesiqf,k,), where
Fermi surface, which was found to consist of one electronk, andk, are the wave vectors parallel to the Ru-O bonding
like cylindrical sheet centered at thiepoint and two holelike  direction (in units of A™Y). Since SjRuQ, has a body-
ones centered at thé point. The larger holelike sheet forms centered tetragonal crystal structdire, and k, are equiva-
the extended vHS around the middle point betweerdthed lent to each other.
Z points. Thus, the shape of the observed Fermi surface is
substantially different from that of the band calculatioh,
which has predicted two electronlike sheets centered df the
point and one holelike sheet centered at ¥h@oint. How- A. Valence band
ever, the total electron count estimated by the HRARPES
measurement was found to be almost the same as that of t

band calculation, suggesting a compensation effect due to tf}ﬁe Brillouin zone measured at 20 K using the He | reso-

Luttinger theorent® We discuss some possible origins to - L
. . . . nance line(21.2 . TheI'Z direction corr n h
bring about the difference in the Fermi-surface topology be- ance line( ey © direction corresponds to the

. ; - Ru-O bonding direction in the crystal while theX direction
tween the experiment and the calculation. We also discu J 4

SR 45° away from it. We used two different samples for the
the proposed conjecture'*that the position of the extended , o
VHS with respect tc,. has a close relation to tHElinear two different directiongsamples no. 1 and no. 2 for th&X

ok . ) andI'Z directions, respectively Note that the normal emis-

dependence of resistivity observed in HTSC's. sion (k,=k,=0) spectra from the two different samples are
almost identical to each other, which indicates a high repro-
ducibility in the present ARPES measurements. We find in
Fig. 1 that the ARPES spectra in both directions exhibit sev-

Photoemission spectroscopy was performed on severaral prominent features over a wide binding energy range of
single crystals prepared by the floating zone method. X-rayl0 eV fromEg and their intensity and position change very
diffraction was used to characterize the structure of thesensitively with the wave vectois, andk, . These spectral
samples. Magnetic susceptibility measurements confirmedhanges directly represent the band structure §R$0,. All
that superconductivity occurs below 0.9 K, as reportedARPES spectra have well-separated three main structures lo-
earlier! The crystal orientation was determined by Lauecated aEg, 2—4 eV, and 6—8 eV, respectively. The structure
backscattering before mounting the sample in the spectronaround 6—8 eV is ascribed to the Rig+O2p7 bonding
eter. states, which form a very sharp single peak at hpoint

Valence-band ARPES measurements using He | photon&,=k,=0), but appear to separate into several bands when
(21.2 eV} with an energy resolution of 50 meV and an an-k, and/ork, are increased as shown in Fig. 1. This change of
gular acceptance of 1° were performed at Tohoku Univer- the position of peaks in the ARPES spectrum with respect to
sity. Samples were cleavéud situ and measured at 20 Kin a the values of K, k) indicates a substantial energy disper-
vacuum better than>810 ! Torr. All measurements were sion of the Rudle-O2pr bonding states. On the other hand,
carried out within 4 h after cleaving the sample, because thehe feature around 3 eV in the ARPES spectra, which is
sample surface showed signs of degradation a(@w/) h  assigned to the Ruwk-O2p7 nonbonding states, shows
after cleaving, as seen by the reduction in intensity of thevery small energy dispersion but a drastic change in intensity
sharp peak nedEr and a concomitant growth of the well- with changing wave vector. The small peak nEaris attrib-
known contamination or degradation derived feature at aboutted to the Rude-O2p# antibonding bands. It is located

Ill. RESULTS AND DISCUSSION

Figure 1 shows the valence-band ARPES spectra of
>RUuQ, along thel'X andI'Z high-symmetry directions in

Il. EXPERIMENT
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, Figure 3 shows three sets of HRARPES spectra Bgar
FIG. 1. Valence-band ARPES spectra off0, (001 single-  yaa5red with two different sample surfageamples no. 3
crystal surfaces. measured W'th He. : phOtdﬁs‘z.ev).at 20 K and no. 4 in directions parallel to thé'X andI'Z lines as
along the two high-symmetry Fj'reCtlonS n the Brillouin zo& well as perpendicular to thEZ line in the Brillouin zone.
@ andrz (b?' EaCh,SlpeCt.rum 'S.labeled with q;et of wave VeCtorsFigure 4 shows the cuts in the Brillouin zone where the
(kx ,ky) in units of A~ which indicates the position of the ARPES . . )
measurement in the Brillouin zone for electron<Eat. measu.remems el Flg'.3 Were performed; open and
filled circles denoted by 8 3c in Fig. 4 correspond to sets
of spectra in Figs. @—3(c), respectively.
slightly away fromEg at theI” point (k,=k,=0), gradually In Figs. 3a) and 3b) we find a broad peak located at
approache&, with increasing wave vector, and finally ap- about 0.4 eV fronEg near thel” point (/k,|,|k,|<0.10 A™)
pears to croskg atk,=k,=0.85 in thel'X direction, since in the Brillouin zone, which is assigned to the Rl#O2p 7
the spectral intensity suddenly decreases at this point. Afteantibonding bands. In thEX direction[Fig. 3(a)], this band
the band crossekg, the spectral intensity & is quite  gradually approachesg with increasing K, ,k,) and finally
small untilk,=k,=1.16, and recovers &, =k,=1.22. This  appears to crosSg near k,) =(0.50,0.63 since the spec-
suggests that the same band disperses bElgin the sec- tral intensity atEp suddenly decreases at this point. As a
ond Brillouin zone. In contrast, the peak né& along the guide to the eyes, a possible dispersion of the prominent
'z direction [Fig. 1(b)] retains its intensity even after it Structure in the spectra is marked with a broken line. On the
touchesEr at (k,,k,)=(0,0.89. This shows a qualitative ©Other hand, as shown in Fig(l8, this prominent band ap-
difference in the electronic structure nelig between the PE&rs notto lose its intensity even after it touckgsalong
two high-symmetry directions in the Brillouin zone. thel“_Z (_Jllrec'qon(the Ru-O bonding dlreC'FI(jnThIS shows a
Figure 2 shows the experimental band structure O]qurclhtatlve difference between the two high-symmetry direc-

SK,RUO, (filled large and small circlésobtained from the tions in the Brillouin zone. As found in Fig.(B), the peak at

. . Er retains its intensity over a substantial part of the Brillouin
resent ARPES measuremeiiig. 1) using the formuld? F . , ) :
E: [2m(h0— Eq— )11 V2sing wr)lerek g the wave vec.  2°N€ forming a very flat nondispersive band just bew

4 R between thd” andZ points. In order to further characterize
tor paraliel to _the_ high-symmetry dlrectlom_the electron this flat band, we performed another set of HRARPES mea-
mass,Eg the binding energyg the work function, and/the g rements perpendicular to the direction as shown in Fig.
polar angle of photoemitted electrons with respect to the SUI3(c). First, note that the two ARPES spectra obtained at the
face normal. In mapping out the experimental band structurg;me point in the Brillouin zong(k,k,)=(0.07,0.85 in
we neglected the interlayer energy dispersion since the elegsigs. 3p) and 3c)] but with different crystal orientation
tronic structure of SRuQ, has a strong two-dimensional agree with each other very well, indicating a good reproduc-
character as expected from its crystal strucfutéctually, a ipility from different scans, as well as a high crystal align-
negligible interlayer dispersion was observed in normaiment accuracy. It is evident from Fig(c3 that the ARPES
emission ARPES measurements with synchrotron radidtionpeak which forms a very flat band just beld@ in the T'Z
The experimental results are compared with the band calcwdirection shows the opposite energy dispersion perpendicular
lation (broken line$ (Ref. 2 in Fig. 2. to it. This indicates that the band forms a saddle point with a
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FIG. 3. High-resolution
ARPES spectra neaEg along
three directions parallel t@) I'X,

(b) T'Z, and (c) perpendicular to

the I'Z direction, measured at 13
K using 21.2-eV energy photons.
Dashed lines are guide to the eyes.

substantial flat area around the middle point betweenlthe
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andZ points in the Brillouin zone. We also find in Fig(c3

that another band approachés from the high-binding en-
ergy side and crosses: at (k,,k,)=(0.51,0.82. We con-
firmed that the spectral change witk,(k,) is symmetric

with respect to thd'Z line.
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The experimental band structure of,BuQ, nearE. ob-
tained from the present ARPES measureméhig. 3) using
the conventional method described abGis shown in Fig.
5. To determine the energy position of the band, we took the
binding energy of the local maximum in the ARPES spec-
trum regardless of the width of peaks. However, in the case
when more than two bands are accidentally situated very
close to each other and form a very broad structure in the
ARPES spectrum, we estimated the position of each band by
comparing some adjacent ARPES spectra. The detailed pro-
cedure to determine the--crossing point will be explained
in the next section on Fermi surface topology. For compatri-
son the band calculatidris also shown in Fig. 5. Although
the ARPES measurements in Fig. 3 were performed in the
cuts slightly away from the high-symmetry lines, the devia-
tion is expected to be small. This is evident from the experi-
mental fact that the two ARPES spectra in Figc)3one of
which is on thel’Z line [(ky ,k,) =(0.0,0.89] and the other is
slightly off from it [(k,,k,)=(0.07 or 0.15,0.88 look al-
most identical to each other within the present energy reso-
lution. In Fig. 5 we find that the observed band dispersion
near Eg is almost two times smaller than that of the band
calculation, suggesting a strong mass renormalization due to
electron correlations in this material. This result is consistent
with an optical measurement which found that the effective
mass of the conduction carriers i,BuQ, is about twice the
calculated oné® More importantly, we found that the band
nearEr has a flat maximum over a substantial rangek of
values along th&'Z direction and also shows a flat minimum
perpendicular to it, forming an extended saddle point. A
similar extended van Hove singularityHS) has been ob-

FIG. 4. Brillouin zone of S)RUO,. A set of circles denoted by Served in several cuprate HTSC™ For example, a
number and alphabet represents a set of ARPES measurementst#RARPES study of YBgCu,Og (Y124) observed an ex-
one cut in the Brillouin zone, which correspond to a set of ARPEStended vHS at 19-meV binding energy along the Cu-O bond-
spectra in Figs. 3 and 9. TH&:-crossing points are shown by filled iNg direction’®
circles. Also shown are the direction of polarizatids) (of incident
light in the ARPES measurements and the Fermi surface predicteéi&énded vHS, we performed a higher-resolution measurement
by the band calculatiobroken line$ (Ref. 2.

In order to accurately determine the position of the ex-

(15 meV total energy resolutipron sample no. 5 at the
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|
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Binding Energy (eV)

FIG. 5. Experimental band structure ndar of S,L,RuQ, (open
circles determined by the present HRARPES measurements shown
in Fig. 3. The band-structure calculatioRef. 2 is shown by bro-
ken lines for comparison. Insets show the enlargement Bear

Intensity (arb. units)

middle point between thE and theZ points. We call this the 100 50 Er

M point in analogy to the HTSC cuprates. As shown in Fig. SR

6, the peak is found at 12 meV, and since its leading edge is Binding Energy (meV)
sharper than the Fermi function as seen in the spectrum of Pt,
it is clearly belowE . In order to get a better estimate of the ~ FIG. 6. A high-energy resolutioAE=15 meV) ARPES spec-
peak position, we fitted the peak to a spectral function usingfum of SeRUQ, measured at 13 K at the middle poif poiny

a Fermi-liquid line shape taking into account of the FermiPetween thel” and theZ point in the Brillouin zone. A HRPES
function and the known energy-resolution function of theskectrum of a Pt foil measgred u_nder the same condmc_m is shown
spectrometer. The fitting indicates that the binding energy ofor a reference of the Fe_rml function. Note that th_e Ieadl_ng e'dg(_e of
this quasiparticle peak is approximately 11 meV. It is to bethe, spectrum of §Ru.04 is sharper than the Fermi function, indi-
noticed here that the band calculation by Singh predicted §ating that the peak is clearly beloka .

VHS located 60 me\above E but not of the extended type.

In order to compare the extended VHS inf8IQ, to those in  energy*® In the VHS scenari&>?! the enhancement of
Y124 (Ref. 13 and BipSr,CaCyOg (Bi2212) (Ref. 20, we  comes from this divergence in the DOS. Here we find a vHS
list in Table | the width of the flat region along tHez extending in two directions, which presumably would yield a
direction, the width of the vHS belo along thexXX di- Ss-function singularity in the DOS, with weight equal to the
rection, and the binding energy of the vHS at Mepoint. It  area of the flat region. Such a singularity inRu0, would

is shown in Table | that the width of the extended regionmake the transition temperature directly proportional to the
along thel’Z direction, namely the Ru-O direction, is about pair potential. Furthermore, the critical energy of the singu-
two times smaller in SRuQ, than in the cuprates. In con- larity is closer toEg than in the case of HTSC's, although
trast, the width of the vHS belo®, along theXX direction  Sr,RuQ, has aT. of only 0.9 K. These observations raise
is slightly larger in S§RuQ,. It is also noticed that the en- important questions as to the validity of the simple vHS sce-
ergy position of the vHS is much closer E: in SLRUO,  nario for high temperature superconductivity.

than in the cuprates, meaning that the energy dispersion The vHS scenario has also been used to explain some
along thexX X direction is much flatter in SRuQ, than in the  anomalous normal-state properties such asltfinear resis-
cuprates. All these indicate that the vHS infuQ, extends tivity in terms of the critical energy of the vHE.For ex-
along two directions, while the singularity in the HTSC’s ample, Kinget al'***have pointed out that Nd ,Ce,CuQ,
extends only along one direction. A simple VHS yields ashows aT?dependent resistivity with its vHS located about
logarithmic divergence in the density of staté809,* 350 meV belowEr , while Biy(SK, 7T 09,CuCs and Bi2212
while an extended singularity yields a power-law divergenceshow aT-linear resistivity with the vHS’ being just below

of the form E—E.) Y2 where E, is the critical point Er. However, in SfRuQ, this correlation does not hold,

TABLE I. Width of the flat region of vHS along thEZ direction, width of vHS belovE along theXX
direction, and binding energy of vHS at the middle pdivt point) between thd" point and theZ point for
SrLRUQ,, YBa,Cu,Og, and BySr,CaCyOs.

Width of flat region of Width of vHS belowEg Binding energy of
VHS alongI'Z direction along XX direction VHS atM point
Samples A A (meV)
SKLRUG, 0.27 0.35 11
YBa,Cu,0Og 0.50 0.28 19
(Ref. 13
Bi,SrL,CaCyOg 0.45 0.30 34

(Ref. 20
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— would be substantially different from the calculated one. We
have performed HRARPES measurements at many points in
the Brillouin zone to map out the Fermi surface in detail.
Since the determination of th&g-crossing point using
ARPES has an inevitable ambiguity due to the finite energy
and angular resolutions, we took the following criteria to
determine théeg-crossing point. In the case when one well-
defined peakor band approache&g and appears to cross it,
as seen by the drastic decrease of its intensit{£at we
choose the point where the peak loses about a half of its
intensity, taking into account of the background. This is the
case for ky,k,)=(0.50,0.6% in Fig. 3(@. However, when
several bands move together i, we cannot apply this
criterion. In this case we used the variation of photoemission
intensity atEg to determine thd&-crossing point. Figure 7
shows a typical example for this case. The ARPES measure-
ment is along théd"Z line at an energy resolution of 15 meV
b s with sample no. 6. As is seen in Fig. 7, a band gradually
100 50 EF approachess, from k,=0.40 and appears to cro&s: at
Binding Energy (meV) k,=0.54. However, the intensity of a peak Bf does not
show a drastic decrease, since another band also appears to
FIG. 7. HRARPES spectra ned: measured along thEz  Move toEg just after the first one. It is clear that in this case
direction, showing the case when several bands show dispersioN$e cannot use the criterion described above. As seen in Fig.
nearEr and some of them cross it. A band approacBesfrom 7, the photoemission intensity Bt gradually increases from
ky=0.4 and appears to cross itlgt=0.54 since the photoemission K,=0.40 tok,=0.54, where the middle point of the Fermi-
intensity atEr shows a substantial decreaségt0.61 and simul- ~ edge cutoff is located slightly abov&: . When we further
taneously the middle point of the leading edge shows a slight backincrease the wave vector g =0.61, the photoemission in-
ward shift. tensity atEg decreases compared with thatkgt=0.54 and
) _ simultaneously the middle point of the Fermi-edge cutoff
since the vHS is located much closertip than those of the 565 backward slightly. This indicates that the band cer-
hole-doped HTSC cuprates, but showdadependence of tainly crosse€ atk,=0.54. We applied this criterion to the
the resistivity at low temperatures. Therefore _theIS|mpIe EXARPES spectra in Fig. &he enlargement ned: is shown
planation of anomalous normal-state properties in the VH$, Fig. g) as well as in Fig. 9, where we show another six sets
scenario has to be reexamined. of HRARPES spectra in the vicinity ofEx measured for
several cuts in the Brillouin zone using sample no. 3. The
position of the cuts in the Brillouin zone where the ARPES
Since the extended vHS neBg has not been predicted measurements were done is seen in Fig. 4; the correspon-
by band calculation? the measured Fermi-surface topology dence between the ARPES spectra and the cut is identified

Intensity (arb. units)

C. Fermi-surface topology
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FIG. 9. Six sets of HRARPES spectra né&gr along several cuts parallel to theX direction measured at 13 K using 21.2-eV energy
photons. The location of each cut in the Brillouin zone is shown in Fig. 4 using the figure number suah Hse®-crossing points
determined according to the criteria described in the text are marked by enclosing the wave vector on each ARPES spectrum with a box.

by the number, such asa9 Using the criteria described previous ARPES stud{ we observed the two holelike
above, we determined sevel&}-crossing points which are Fermi-surface sheets centered at ¥agoint but could not
shown Dby filled circles in Fig. 4, and also by enclosing theresolve very well the electronlike sheet centered at Ithe
wave vector denoted on each ARPES spectrum with a box ipoint, probably due to the relatively lower energy resolution
Figs. 8 and 9. (50 me\). The higher-energy resolutiqd5—20 meV in this

In Fig. 10 we plot the observei-crossing points in the  study confirms the identification of the electronlike sheet
extended Brillouin zone using the symmetry of the crystal.centered at th& point as shown in Fig. 5.
The _connection between the points is shown by different There is good agreement between the measured and cal-
shadings(open, gray, and blagk Broken lines show the . ateqd holelike sheets, as shown in Fig. 10. The experimen-
Fermi surface predicted by the band calculafihs is seen o1 cjactronlike Fermi surface sheet centered atltheoint

in Fig. 10, the observed Fermi surface consists of thre(?nay correspond to one of two calculated electronlike sheets,

Ferm|-surface shegts; one electronlike sheet cgntered Bt theprobably, the smaller one. However, the area of the electron-
point and two holelike sheets centered at ¥hpoint. In our

like Fermi-surface sheet is considerably smaller in the ex-
periment than in the calculation. The most remarkable differ-
ence between the experiment and the calculation is that one
of the calculated electronlike Fermi-surface sheets centered
at thel” point appears to transform into a holelike sheet cen-
tered at theX point. This change directly relates to the ap-
pearance of the vHS around the middle point betweerd the
andZ points, as seen in Fig. 10. Such a drastic change in the
Fermi-surface topology could lead to a change of the elec-
tron count, as discussed by Singkowever, the increased
electron count due to the transformation of an electronlike
sheet to a holelike one seems to be compensated by the
shrinking of the electronlike sheet centered at theoint.
Actually, when we estimated quantitatively the area between
the two Fermi-surface topologies, we found that they are the
FIG. 10. The experimental Fermi surface obRuQ, obtained ~ Same. This result seems consistent with a de Haas—van Al-
by the present HRARPES measureméapen, gray, and filed Phen measurement, which also found three Fermi-surface
circles. It consists of one electronlike Fermi surface sheet centere§h€ets, reporting that the area of one Fermi-surface sheet
at thel point (filled circles and two holelike sheets centered at the decreases, while that of another increases in comparison with
X point (gray and open circldsThe Fermi surface predicted by the the band calculatiof” However, they interpreted their data
band calculatior(Ref. 2 (broken lineg is also shown for compari- based on one holelike and two electronlike sheets, in contrast
son. with the present HRARPES measurement. It is more likely
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that the electron-electron correlations modify the band disstate properties of the HTSC's. It was also found that the
persion nearEg, and as a result give a different Fermi- vHS in S,RuGQ, is more two-dimensional than that in the
surface topology with an extended vHS just belBw. This HTSC's. The Fermi-surface topology obtained by
explanation is consistent with several transportHRARPES (one electronlike sheet centered at thepoint
measurement$~® and the recent resonant photoemissionand two holelike sheets centered at dgooint) is different
study’ which observed substantial correlation effects infrom that of the band calculationgwo electronlike sheets
SKLRUG,. centered at th& point and one holelike sheet centered at the
X point), although the electron count is the same in both
IV. CONCLUSION cases. These results suggest an important role of electron

) ) ) correlations for understanding the electronic structure and
We have performed high-resoluti¢hiR) ARPES studies  properties of SIRuO,.

on single crystals of SRuQ,. The valence-band ARPES
spectra show three groups of dispersive bands; oneEear
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