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The Fermi surface of the noncuprate superconductor SraRuO4 has been studied in detail by
two-dimensional angle resolved photoelectron spectroscopy (2D-ARPES) using a display-type
electron spectrometer and a linearly polarized synchrotron radiation. The existence of the large
Fermi surfaces agrees with previous band calculations and conventional ARPES measurements.
From the comparison of the observed photoelectron intensity distribution of the Fermi surface
with that of the simulation for atomic orbitals, the symmetry of the atomic orbitals composing
the Fermi surfaces is revealed to be the de;dyy, dy:, d.z-like in contrast to the d,2_2-like orbital
in the cuprate high-T; super conductor. The possibility of the existence of the extended van-
Hove singularity just below the Fermi level, which was suggested by recent conventional ARPES

measurements, is also discussed.
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§1. Introduction

Since the discovery of the high T, cuprate supercon-
ductors (abbreviated as HTSC hereafter), various efforts
have been made to investigate their electronic structure
in the normal and superconducting phases. The non-
cuprate superconductor SroRuQOy gives a unique oppor-
tunity to investigate the role of the two-dimensionality
and has been studied intensively. This SroRuOy,
the noncuprate oxide superconductor’ with low T, ~
0.93 K, has the same crystal structure as the LayCuQOy
(K2NiFy structure) which is the parent material of the
HTSCs. In contrast to the 3d° state of Cu 2% in
La;CuOy4,? Ruis 41 in SroRuOy4 and has the 4d* state.
Oguchi® and Singh?) have calculated the band struc-
ture of SroRuQy4 independently, using the local-density
approximation (LDA) of the linearized augmented plane-
wave (LAPW) method. According to their band calcu-
lations three bands hybridized between the Ru 4d and O
2p states cross the Fermi level and make large Fermi sur-
face. It is predicted that the antibonding state between
the Ru 4d dyy, dy,, d,; and O 2pm orbitals contributes
to the Fermi surface in contrast to the case of the HT'SC
whose Fermi surface is considered to be formed of the
Cu 3dg2_,2 and O2p o antibonding state. The Ru 4d or-
bitals are extended and hybridized with the O 2p state,
leading to the large ligand field splitting.

Conventional angle resolved photoelectron spec-
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troscopy (ARPES) studies of SroRuO4 with high energy
resolution (~50 meV) have been reported by two dif-
ferent groups.® % From the ARPES measurements both
groups have independently reported the existence of the
extended van-Hove singularity (evHs) just below the
Fermi level (119~16 meV®) which is considered to be
one of the most important feature of the HTSC. Ac-
cording to the band calculations, however, the vHs is
predicted above the Fermi level (Eg = —250 meV?) and
—60 meV & —260 meVY)).

As for the Fermi surface topology both the band cal-
culations®*% and the ARPES measurements®®) suggest
the existence of large Fermi surfaces. The Fermi surface
obtained by the ARPES measurements®® is, however,
interpreted to consist of two hole and one electron bands,
in contrast to the results of band calculations® %) which
predict one hole and two electron bands. On the other
hand, the results of de Haas-van Alphen oscillation” is
consistent with the band calculations.

In this paper we report the results of the direct ob-
servation of the Fermi surfaces of SroRuO4 by two-
dimensional ARPES (2D-ARPES) measurement using
a display-type electron spectrometer and a linearly po-
larized synchrotron radiation (SR). The obtained Fermi
surface topology is compared with that of the band cal-
culation®) and the conventional ARPES measurement.?)
From the dependence of the photoelectron angular dis-
tribution (PEAD) pattern at the Fermi level on polariza-
tion of the excitation light, we conclude that the Fermi
surface consists dominantly of the Ru 4de orbital as ex-
pected by the band calculations.>*) The possibility of
existence of the evHs is also discussed from the obtained
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PEAD patterns of the Fermi surface.

§2. Experimental

The PEAD patterns have been measured using a
two-dimensional display-type hemispherical mirror an-
alyzer,8) which was installed at the beam-line BL-4 of
SOR-RING in the Synchrotron Radiation Laboratory of
Institute for Solid State Physics (SRL-ISSP), The Uni-
versity of Tokyo. This analyzer can simultaneously de-
tect all photoelectrons emitted within £60° polar an-
gles from the surface normal for 360° azimuthal angles.
The SroRuQy single crystal was grown by a floating zone
method. The clean surface was obtained by cleaving the
sample in an ultra-high vacuum (UHV) chamber and
the surface quality was checked by low energy electron
diffraction (LEED). The base pressure of the measure-
ment chamber was less than 1.5x1071% Torr. The sam-
ple was cooled down to about 150 K by liquid nitrogen
during the sample cleavage and ARPES measurement.
To avoid the contamination effect a series of the mea-
surements was done within 6 hours after the cleavage.
Especially the PEAD patterns of the Fermi surface were
recorded in less than 2 hours after cleaving. The lin-
early polarized excitation light was incident to the sam-
ple normal direction (i.e. along the ¢ axis; the light was
s-polarized). We have measured the PEAD patterns in
two different configurations, one with the electric vec-
tor E of SR-light parallel to the vector a (=b) of the
sample (we call this configuration as 0° configuration)
and the other with the E parallel to the vector of a4+ b
(45° configuration). The photoelectrons were detected
as light pulses on the phosphorescence screen after being
intensified by double micro-channel plates. The PEAD
patterns on the phosphorescence screen were measured
through a view port by a commercial CCD camera which
was set outside the UHV chamber. The typical measure-
ment time of each PEAD pattern was about 10~30 min.
The energy and angular resolutions of the measurement
were about AE = 250 meV and A(f, ¢) = +2°, respec-
tively.

83. Results

Figure 1 shows a photoemission spectrum of SroRuO4
which was recorded with the angle integrated mode at
hv = 30 eV using aforementioned display-type ana-
lyzer,®) compared with the total density of states (DOS)
calculated by Oguchi.?) The positions of the prominent
peaks labeled as A, B, C and D agree well with those
observed by Schmidt et al.?) and Inoue et al.'® by an-
gle integrated photoelectron spectroscopy at hv = 60
and 110 eV? and 21.2 €V.19) We also labeled prominent
peaks of calculated DOS as A’, B’, C’' and D’ consid-
ering the correspondence with experimental ones. Ac-
cording to the band calculations,® %) the state A’ cross-
ing the Fermi level consists of the antibonding state be-
tween the Ru 4de (dyy, dy., d.2) and O 2pr orbitals.
Other structures C’ and D’ are the Ru 4de-O 2pr bond-
ing states. The structure B’ is a non-bonding O 2p state.
The band widths of these structures can roughly explain
the widths of the observed photoemission spectrum. In
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Fig. 1. Angle integrated valence band photoemission spectrum of
SraRuO4 measured at hv = 30 eV and 150 K, compared with
the density of state of SroRuOy calculated by Oguchi.3)

a strict sense, the shape of the experimental spectrum,
however, is quite different from that of the calculation.
These discrepancies of the binding energy (Eg) and the
spectral weight between photoemission and the calcula-
tion have been discussed by Inoue et al.l®) as the effect
of strong electron correlation in the system.

We measured the PEAD patterns of the Fermi level
states in two different configurations as illustrated at the
top of Fig. 2. In the illustration, filled and open circles
represent the Ru and O atoms in the Ru-O plane. The
broken arrows show the direction of the electric vector E
of the incident light. The 0° configuration means that E
is parallel to the Ru-O bonding direction (T-Z direction
in the Brillouin zone) and the 45° configuration means
that E is 45° from the Ru-O bonding direction (-X di-
rection). For the PEAD pattern of Fermi surface, we
measured the patterns at EFg of —0.1 eV represented by
a in Fig. 1 by considering the finite energy resolution
(AE ~ 250 meV). By setting the central detection en-
ergy just above the Fermi level and utilizing the tail of
the window function, we can realize higher energy reso-
lution (~100 meV) than the nominal energy resolution.

Figures 2(A) and 2(B) are the PEAD patterns ob-
served in the aforementioned two different configurations
((A) 0° configuration and (B) 45° configuration). These
PEAD patterns were symmetrized by two mirror planes
considering the symetry of the sample, after dividing
the images by the analyzer transmittance pattern. In
these figures the brighter region corresponds to the re-
gion where the photoelectron intensity is higher. There
is a low-efficient region in the micro-channel plate where
the incident direction of the electrons on it is rather par-
allel to the channel. The dark spots around the center
of Figs. 2(A) and 2(B) correspond to this low-efficient
region multiplied by the above mentioned symmetry op-
eration. The white lines are boundaries of the Brillouin
Zone (BZ) which were drawn afterward. The symmetry
points, I', X, M and Z (abbreviated as T', X, M and Z in
the figure) are also indicated. The bright regions of the
PEAD patterns of both 0° and 45° configurations are
observed mainly inside the 1st BZ, and the photoemis-
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Fig. 2. Photoelectron angular distribution (PEAD) pattern of
the Fermi surface of SrpRuO4 measured by a display-type ana-
lyzer (A) in the 0° configuration and (B) in the 45° configura-
tion. Illustrations at the top show the two different measurement
configurations. Filled and open circles represent the Ru and O
atoms in Ru-O plane, and the broken arrow shows the direction
of the electric vector of the incident light. The brighter region
in the PEAD patterns indicates the stronger intensity of pho-
toelectron. The boundaries of the Brillouin zone (BZ) and the
symmetry points, I', X, M and Z are also indicated in (A) and
(B). In (C) and (D), we adjusted the photoemission intensity
considering the effect of the photoelectron surface escape prob-
ability and added the calculated Fermi surfaces (=solid curves)
by Oguchi.®) We labeled a, 8,7, 6,a', B, ¢ and ¢ for the promi-
nent structures of the observed Fermi surface for clarity. In (E)
and (F), we also superimposed the estimated Fermi surface by
conventional ARPES measurement (filled and open circles) by
Yokoya et al.®) on the PEAD patterns for comparison.

sion intensity is relatively weak at higher polar angles.
The reduction of the photoemission intensity at higher
polar angles may be caused by the reduction of the es-
cape probability of the photoelectrons from the surface
at higher polar angles. Thus we corrected the intensity
in the periphery by dividing the pattern by ag cos 8 + by
fitted to the background of the observed patterns. Then
we can more clearly grasp the features of the observed
patterns (Figs. 2(C) and 2(D)). We labeled «, £, v, 6,
o', B, € and ¢ for these prominent features in Figs. 2(C)
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and 2(D). From the shapes and positions in BZ of these
peaks we consider that the o and o/, and the 8 and 3’
are originated from the same band, respectively.

As shown in the PEAD pattern of the 0° configura-
tion in Fig. 2(C), brighter regions, o, appear near the
four corners of the BZ boundary having a center of grav-
ity at about 2/3 of the [-X line. These bright regions are
accompanied with weaker structures, 8, which surround
the X points. In addition, it is seen that dark regions
surround the T’ point. However, the sharp dark regions
near the I' point are rather artificial as pointed out al-
ready. Around the " point some weak structures labeled
~ and ¢ are also seen.

In contrast to the PEAD pattern of the 0° configura-
tion with four bright regions (c) near the corners of the
BZ boundary, that of the 45° configuration (Fig. 2(D))
has two bright regions, o/, near the corners at the same
wave vector as that of the 0° configuration. The centers
of these bright regions are along the [-X line parallel to
E. The photoelectron intensities are suppressed along
the other I-X line perpendicular to E and there are no
bright regions near the upper and lower corners of the
BZ boundary. This intensity reduction is thought to re-
sult from the selection rule of the dipole transition as
discussed afterward. The two bright regions are accom-
panied with weak structures, §’, which surround the X
points as in the case of the 0° configuration. In addition
to these structures some weak and complex structures
(for example € or () are also seen in the PEAD pattern
of the 45° configuration.

§4. Discussion

The PEAD pattern is considered to be a product of
the one-dimensional density of states (1D-DOS result-
ing from the band structure), photoemission structure
factor (PSF), and angular distribution from atomic or-
bital (ADAO).'Y) Although PSF and ADAO modify the
intensity, it is considered that observation of clear inten-
sity strongly suggests the presence of the Fermi surface
in that region. In Figs. 2(C) and 2(D), we added the
calculated Fermi surfaces®) by solid curves on our cor-
rected experimental results. Comparing the calculated
results with our experimental ones, the gross shape of
the Fermi surface and the existence of the large Fermi
surfaces are generally consistent. In terms of the calcu-
lated Fermi surface, the strong intensity regions, o and
o', are ascribed to the three Fermi surfaces approaching
to each other. However, we could not obtain any direct
proof of the existence of two electronic Fermi surfaces
predicted by the calculations.® %) The results of the de
Haas-van Alphen experiment”) have suggested that the
Fermi surface is composed of two large electron and one
narrow hole cylinders in consistent with the band calcu-
lations.?*) According to the recent conventional ARPES
measurements reported by Yokoya et al.®) and Lu et al.,®
however, the experimentally derived Fermi surface is
composed of one electron and two hole Fermi surfaces in
contrast to the band calculation. In Figs. 2(E) and 2(F)
we also compare the results of the conventional ARPES
measurement®) (one electron and two hole Fermi surfaces
represented by the full and empty circles with our re-
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sults). It is shown that the electron Fermi surface probed
by the photoemission measurement is smaller than that
of the band calculation as seen in both Figs. 2(D) and
2(F). Even in Fig. 2(E), the boundary where the pho-
toemission intensity reduces drastically to zero around
the T point in our PEAD pattern seems to be consistent
with the smaller electron Fermi surface in their size and
shape. In addition, the state corresponding to the region
¢, which spreads from the brightest area to the M point
in Fig. 2(D) is similar to the controversial hole Fermi
surface suggested by the conventional ARPES measure-
ment. In order to more accurately investigate the Fermi
surface shape, however, it is necessary to perform the
measurement in higher angular and energy resolutions.
2D-ARPES measurement is also useful to investigate
the symmetry of the atomic orbital composing the Fermi
surfaces. The observed PEAD pattern is necessarily in-
fluenced by the ADAO effect which reflects the atomic
orbital character of the initial state as well as by the PSF
effect, which reflects the details of the wave-function of
the band. In other words, the photoemission intensity is
suppressed in the wave vector region with small ADAO
factor caused by the dipole selection rule for atomic or-
bitals, even if corresponding electronic state (=band) ex-
ists. Thus we can qualitatively discuss the character of
the atomic orbitals which contribute to the Fermi sur-
faces from the comparison of the observed PEAD pat-
terns with ADAOQO pattern.
Figures 3(a) to 3(j) show the calculated ADAO pat-
terns of the atomic d orbitals (dzy, dy=, dzz, dz2_y2 and
»2) for the 0° and 45° configurations. These patterns
are the photoemission intensity distribution from each
atomic orbital. The transition probabilities of them are
calculated by considering the spherical harmonics of the
atomic orbital in the initial state, the plane wave of free
electron as the final state, and the linearly polarized light
as the incident light. The periphery of the circle of these
patterns corresponds to the polar angle of 60°, and the
squares and diamonds show the size of the 1st BZ in the
0° and 45° configurations at the incident photon energy
of 30 eV. In accordance with the dipole selection rule re-
stricted by the symmetry of each atomic orbital and the
electric field of the incident light, each d orbital shows
characteristic ADAO pattern. The d;, orbital in the
measurement of the 45° configuration (=(f) digo) gives
the same pattern as the d,2_,2 orbital in the 0° con-
figuration ((d) d%;_ ) and vice versa (ie. (a) d2=(i)

o zh_y
45 2) The symmetry does not change in the 0° and

45 conﬁguratlon for the d.2 orbital ((e) d%=(j) d‘zl‘r’o).
From the numerous studies of the cuprate HTSC, it is
believed that the Fermi surface of the HT'SC consists
of the Cu3d d,2_,2-O2po antibonding state.!?) If the
atomic orbitals composing the Fermi surface of SroRuOy4
have the same symmetry as those of the HTSC, the in-
tensity of the whole PEAD pattern should be modified
by the ADAO patterns of Figs. 3(d) (d z2_y2) and 3(i)
(dI;,_y ) in the measurements of the 0° and 45° configu-
rations, respectively. In Fig. 2(D), however, the intensity
of the Fermi surface along the direction perpendicular to
E is suppressed compared to the strong intensities, o/,
parallel to E. This distribution of the photoelectron in-
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tensity is evidently different from Fig. 3(i) (d; 2) which
has strong (weak) intensity region pelpendlculeu (paral-
lel) to E. Thus the Fermi surface of SrsRuO4 does not
have the d,2_,2 symmetry in contrast to the HTSCs.

According to the band calculations,® %) the Fermi sur-
face of SroRuQ, is dominantly composed of the Ru 4de
(=dyy, dy., and d,,) orbitals. The band calculation®
predicted that the antibonding dy,-pr (d..-p7) band is
fully occupied on the T-M-Z line (=A line) along the z
(y) direction in Fig. 2. That is, the Fermi surface along
the A line consists of the dg, and d,, states (d, and
dy. states) along the z(y) direction. Meanwhile, on the
[-X line, every de state, dgy, dy, and d.,, crosses the
Fermi level and forms the Fermi surface. On the basis
of this prediction of the band calculation, the bright ar-
eas, o and o', observed near the corners of the 1st BZ
of Figs. 2(C) and 2(D) correspond to the triply gather-
ing Fermi surfaces of dgy, d,, and d., orbitals. On the
other hand the weaker intensity in the region of v (9)
in Fig. 2(C), on the A line along the z(y) direction can
be the contribution of the dgy and d.; (d.y and dy.)
orbitals.

Comparing the PEAD patterns in the 0° configura-
tion (Fig. 2(C)) with the simulated ADAO patterns of de
(Figs. 3(a) dzy, 3(b) dy. and 3(c) d.,), one can recognize
the following correspondence. That is, the four bright ar-
eas, a, in Fig. 2(C) are consistent with the bright areas



1402

of dgi pattern in Fig. 3(b). Other de states(Fig. 3(a)
dg; and 3(c) d2;), less contribute to the intensity in the
area a, because of their intensity suppression in the cor-
responding region by the ADAO effect, even if the corre-
sponding band contains those d;, and d,, components.
As already mentioned for the PEAD pattern of (D) in
the 45° configuration, on the other hand the bright areas
at the corners are suppressed along the direction perpen-
dicular to the electric field E and only two bright areas
labeled o’ remain. This suppression of the photoelec-
tron intensity is consistent only with the ADAO pattern
of dizo in Fig. 3(f). Assuming that the Fermi surface
consists of only de states, this result suggests that the
dy orbital contributes dominantly to the Fermi surface
in the region of a’. Comparing the ADAO pattern of
d,> in Figs. 3(e) and 3(j) with the PEAD patterns of (C)
and (D), its ADAO pattern is also consistent with the
intensity change of a and a’. According to the band cal-
culation, the d,2> band has small dispersion along the &,
direction and small amount of the d,2 orbital can con-
tribute the Fermi surface at certain k, value.!® There-
fore the d,» orbital can contribute also to the Fermi sur-
face and we cannot exclude the contribution of the d,2
orbital to the o and o’ states from our experimental re-
sults alone. However, considering the relatively higher
energy position of the d,» orbital than that of the de or-
bitals on account of the influence of the crystal-field, it
is not likely that the d,» orbital contributes dominantly
to the Fermi surface of SryRuO,4. As for the intensities
around the X point, 8 and ' are compatible with the
ADAO of dJ; in Fig. 3(b) and d25° in Fig. 3(f). The
intensity in the region of @ is unclear near the upper
and lower X points located perpendicularly to the E in
Fig. 2(D). This is consistent with the Fig. 3(f) (di").

The weak but appreciable intensities, ¢, in the upper
and lower parts in Fig. 2(C) are compatible with the
bright areas of dg; in Fig. 3(a) and d°, in Fig. 3(c).
The weak intensities, in the regions ¢ and ¢ near the M
points in the PEAD pattern of 45° configuration, can be
contributed by the ADAO of Figs. 3(f) di3’, 3(g) di2”,
and 3(h) d45° as well as (e) d,2. The intensity v, in (C),
however, cannot be explained by the contribution of the
ADAOQO patterns of any de orbitals in the 0° configuration
(Figs. 3(a)-3(c)). As mentioned above, small amount of
the d,2 orbital can contribute the Fermi surface and the
weak intensities in the region of v may suggest the weak
contribution of the d,2 orbital to the Fermi surface along
the A line.

As mentioned above, it is confirmed that the Fermi
surface of SroRuOy is composed of the d.y, dy., and
d,. orbitals rather than the d 2.2 orbital, being consis-
tent with the band calculations.®:%) This experimental
result is also consistent with the recently reported sym-
metry observation of the unoccupied state of SroRuO4
by angle resolved x-ray absorption extended fine struc-
ture (EXAFS) study by Schmidt et al.,?) in which they
assign the peaks of the EXAFS spectra consistently with
the prediction of the band calculations.® %)

Aforementioned conventional ARPES measurements
with high energy resolution (~50 meV)>% have of-
fered another important suggestion that there is evHs

Taichi OKUDA et al.

INTENSITY (arb. unit)

Fig. 4. Intensity profiles of the PEAD pattern of Fig. 2(C} in the
0° configuration along the X-M-X line. Horizontal and vertical
profiles to the electric vector (E in Fig. 2) and their average

are indicated by solid, dashed and dotted curves. The crossing

point of the hole Fermi surface around X calculated by Oguchi3)

or Singh,?) as well as those observed by conventional ARPES
measurements by Yokoya et al.%) and Lu et al.%) are indicated
by broken arrows labeled C, Y and L. Arrows labeled Y’ and
L’ are also the crossing points of the other hole Fermi surface
reported by Yokoya et al.?) and Lu et al.,?) respectively.

in SryRuO4 near the M point at Ep of about
11 meV9~16 meV.9 The evHs state at the M point
provides appreciable photoelectron intensity at the M
point. On the other hand the band calculations predict
that the vHs is located above Er at about 250 meV? or
60 and 260 meV,* respectively. These results of the cal-
culations mean that there is no state at the M point
which corresponds to the photoemission intensity ob-
served by the conventional ARPES measurements. The
evHs just below the Fermi level is considered to be one
of the most important features of the HT'SC. If SroRuOy4
with low T, has also the similar evHs just below the
Fermi level as suggested by the conventional ARPES
measurements,’ %) one has to reconsider the validity of
the relationship between the existence of the evHs and
the HTSC.

Direct determination of the Eg of the evHs state is im-
possible in our measurement because of the finite energy
resolution of our display-type analyzer. But if there were
evHs near the M point just below the Fermi level, high
intensity in the corresponding region should be observed
in our PEAD pattern. Figure 4 shows the intensity pro-
file of the PEAD pattern along the X-M-X direction of
the 0° configuration after background subtraction (cor-
responding to PEAD pattern Fig. 2(C)). Profiles along
the horizontal (solid curve) and vertical (dashed curve)
lines as well as their average (dotted curve) are presented.
The position of the peaks of the profile is considered to be
the crossing point of the Fermi surface surrounding the
X point. The wave vector of the peak positions (0.51MX
and 0.55MX for horizontal and vertical X-M-X lines, re-
spectively) agrees reasonably with that of the calculated
Fermi surface by Oguchi or Singh (0.61MX; indicated
by a broken arrow labeled C). Those observed by con-
ventional ARPES measurements® ® are indicated by Y
and L (0.63MX?) and 0.65MX,% respectively) which are



1999)

a little closer to the X point than our result.

In the vertical profile the intensity at the M point is
much lower than that at the peak corresponding to the
Fermi surface. On the other hand, the horizontal profile
is relatively shallow around the M point. This relatively
high intensity around the M point in the horizontal pro-
file suggests the existence of the photoemission intensity
at M point and may indicate the existence of the evHs.
Since the evHs state originate from the band forming
the Fermi surface, the symmetry of the atomic orbitals
of the evHs state is also considered to be the de orbital.
The higher intensity in the horizontal profile than in the
vertical one, suggests that the state should be dg; or d2,
or both of them being consistent with the symmetry of
the atomic orbitals consisting the Fermi surface. In addi-
tion, the shoulder of the vertical profile can be assigned
as the appearance of the other hole Fermi surface which
is observed by Yokoya et al. or Lu et al. at the positions
indicated by arrows labeled Y’ and L'. However, we have
to be careful to conclude the observation of evHs because
of our finite angular resolution.

§5. Conclusion

We have performed two-dimensional angle resolved
photoelectron spectroscopy on the noncuprate supercon-
ductor SroRuQO,4 by using a display-type hemispherical
mirror analyzer. Directly observed shape of the Fermi
surface was compared with the results of the band calcu-
lation and the conventional ARPES measurement. The
existence of the large Fermi surface is consistent with the
band calculation, the ARPES measurement and the de
Haas van Alphen oscillation. The shapes of the small
hole Fermi surface around the X point and one electron
Fermi surface around the T' point are generally consis-
tent with the band calculation. In the PEAD pattern,
however, there are some photoemission intensities which
deviate from the band calculation being consistent with
the results of the conventional ARPES measurement. In
order to investigate the Fermi surface shape more accu-
rately, however, it is desired to perform the measurement
in higher angular and energy resolutions. By comparing
the observed PEAD patterns with the simulated ADAO
pattern, the symmetry of the atomic orbital composing
the Fermi surface of SroRuQy is qualitatively determined
as dzy, dy. and d,.-like in contrast to that of the HTSC
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which is d;2_y2-like orbital. This result is consistent with
the prediction of the band calculations. Our observed
PEAD patterns of Fermi surface have also indicated the
possible existence of the extended van Hove singularity
which has been suggested by the conventional high res-
olution ARPES measurement.
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