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We performed a detailed study of the intrinsic electronic structure of YRu,Si, employing angle-resolved
photoemission spectroscopy (ARPES) and density-functional theory (DFT) based first-principles calculations.
Electrical and magnetic measurements were conducted on well-oriented high-quality single crystals. Bulk
physical measurements indicate that the compound exhibits slightly enhanced Pauli paramagnetic behavior,
accompanied by electrical transport properties reminiscent of metals. Our ARPES data reveal fourfold symmetric
Fermi surface with weakly dispersing bands around the N point originating from Ru d orbitals. We observed the

anisotropic characteristics of the band near the N point, showing weak dispersion in the X-N-X direction and

minimal dispersion along the N-I"-N direction. The electronic band structure near the Fermi level is primarily
governed by the Ru d orbital, with minor contributions from the Y d and Si p orbitals. Polarization-dependent
ARPES results indicate the multiband and multiorbital band character of YRu,Si,. Due to the negligible
correlation effect, the observed ARPES data are found to be in good agreement with the DFT results.
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I. INTRODUCTION

A wide range of physical properties are displayed by com-
pounds with AB,X; stoichiometry and ThCr,Si,-type crystal
structure. Their peculiar physical properties arise from the
alternating stacks of quasi-two-dimensional A and B, X, lay-
ers in this series of compounds [1,2]. There are numerous
elemental combinations for which the ThCr,Si, derivatives
exist. Alkali, alkaline earth, rare earth, or actinoid metals
can make up the A cations, while the entire family of tran-
sition metals may occupy the B sites. The third, fourth,
and fifth main group elements can occupy the X sites [3].
The valence electron count and, consequently, the magnetic
ground states can vary due to the flexibility in the site
occupancies. Iron-based superconductors with over 450 dis-
tinct compounds [4] and heavy fermions, such as YbRh,Si,
[5], CeCu,Si; [6], and CeRu,Si; [7], also possess the same
crystal structure. In the context of heavy fermion systems,
particularly, the phases containing cerium and uranium have
received a great deal of attention during the past 30 years
[3]. CeRu,Si; is a well-known nonmagnetic Kondo lattice
compound with a high electronic specific heat coefficient of
350 mJ/K?mol [8]. The f electron in CeRu,Si, was found
to exhibit itinerant behavior [9]. The electronic structure and
Fermi surfaces of LaRu;Si; have been thoroughly investigated
through band structure calculations [10], de Haas—van Alphen
(dHvA) effect measurements [11,12], and angle-resolved
photoemission spectroscopy (ARPES) measurements [13].
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At extremely low temperatures, superconductivity is demon-
strated in several AB,X, phases such as YPt,Si, [14], YIr,Si,
[15], YRh;Si,, and YPd,Si, [16]. Recently, the discovery of
a square magnetic-skyrmion lattice in GdRu,Si, which also
crystallizes in the ThCr,Si, structure with /4/mmm space
symmetry [9,17,18], has further generated enormous research
interest because it hosts the shortest-period skyrmion lattice
ever discovered and it does not possess a geometrically frus-
trated lattice [19]. This is important because it may have
applications in quantum computing and memory devices [20].
Furthermore, recent research has uncovered the presence of
flat bands located at the X points of the Brillouin zone (BZ) in
the unconventional superconductor YFe,Ge,, which has the
same ThCr,Si,-type crystal structure. These flat bands pri-
marily consist of d,, and dy; orbitals [21]. YRu,Si, is another
compound possessing the same crystal structure as CeRu,Si,
but lacks any 4f states. While studies on the magnetoresis-
tance and the dHvA effect of YRu,Si, have been reported
[11,12], the material remains relatively unexplored despite
the growing interest in compounds with ThCr,Si,-type crystal
structures.

In this paper, we report the electronic structure of YRu,Si,
determined by combining ARPES and density-functional the-
ory (DFT) calculations. Bulk physical measurements reveal
that the compound is a slightly enhanced Pauli paramagnet
with metalliclike electrical transport properties. Our ARPES
measurements indicate multiple pockets at the Fermi level E,
which is consistent with the metallic nature of this sample.
We notice a flattened region of the spectra along the N-I'-N
direction which exhibits weak dispersion along the X-N-X
direction. This indicates the anisotropic nature of this band,
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which originates from Ru d orbitals. We also observe a Dirac-
like electron pocket at the X point.

II. METHODS
A. Single-crystal growth and characterization

Single crystals of YRu,Si, were grown using the Czochral-
ski pulling technique in an ultrapure argon atmosphere using
a tetra-arc furnace from GES Corp., Japan. Elemental con-
stituents with high chemical purity (Y: 99.97 wt %, Ru: 99.95
wt %, Si: 99.9999 wt %) were taken in the stoichiometric
ratio. The pulling rate was 10 mm/h, and the copper hearth’s
rotation speed was 3 rpm. The so-prepared ingot was wrapped
with Ta foil, sealed in an evacuated silica tube, and annealed
at 900 °C for 2 weeks. The product was checked for its
crystal-chemical quality by utilizing energy-dispersive x-ray
(EDX) analysis, performed using an FEI scanning electron
microscope and equipped with an EDAX Genesis XM4 spec-
trometer. Powder x-ray diffraction (XRD) was carried out
on a PANanalytical X’pert Pro diffractometer with Cu Ko
radiation. The results of these XRD and EDX experiments are
presented in Figs. S1 and S2, respectively, in the Supplemental
Material (SM) [22]. Single-crystalline specimens used in the
physical properties measurements were oriented by means of
single-crystal Laue x-ray backscattering, implemented in a
Proto LAUE-COS system.

B. Transport measurements

Electrical resistivity measurements were performed in
the temperature interval 2-300 K using a Quantum Design
PPMS-9 platform. The electrical leads were made of 50 um
silver wires attached to a bar-shaped specimen with silver-
epoxy paste. The experiment was performed employing a
standard four-point AC technique with the electric current
flowing within the tetragonal plane of the YRu,Si, crys-
tal. The resistivity measured at room temperature was about
32 u€2 cm, and that at 2 K was equal to 0.4 u$2 cm. The large
ratio between these two values (residual resistivity ratio = 80)
proves the high quality of the sample investigated.

C. ARPES measurements

ARPES measurements were performed at the Stanford
Synchrotron Radiation Lightsource (SSRL), endstation 5-2.
Measurements were carried out at a temperature of 15 K.
The pressure in the UHV range was maintained at better than
1 x 107!° Torr. The angular and energy resolutions were set
to be better than 0.2° and 15 meV, respectively. Measurements
were performed using photon energies in the range of 30—
90 eV with both linear horizonal (LH) and linear vertical (LV)
polarizations.

D. Ab initio calculations

DFT calculations were performed using the projector
augmented-wave potentials [23] implemented in the Vienna
Ab initio Simulation Package (VASP) [24-26]. Calculations
were made within the generalized gradient approximation in
the Perdew, Burke, and Ernzerhof parametrization [27]. The
energy cutoff of the plane-wave expansion was set to 400 eV.
In the calculation, we used the experimental lattice vectors
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FIG. 1. Crystal structure and sample characterization of
YRu,Si,. (a) Crystal structure of YRu,Si,, where the red, pink, and
blue solid spheres denote the Y, Ru, and Si atoms, respectively.
(b) Temperature dependence of the electrical resistivity measured
with electric current flowing in the tetragonal plane. The solid line
represents the BGM fit discussed in the text. The inset shows the
Laue diffraction pattern taken from the (001) plane. (c) Temperature
dependence of the magnetic susceptibility measured in a magnetic
field of 0.1 T applied along the tetragonal axis. The inset displays
the magnetization isotherm measured at 2 K with increasing (solid
symbols) and decreasing (open symbols) field applied along the
tetragonal axis. (d) Bulk Brillouin zone (BZ) and its projection onto
the (001) surface BZ. High-symmetry points are marked.

as well as atomic positions [3]. The theoretically obtained
Fermi level is overestimated with respect to the experimen-
tally observed Fermi level by around 0.2 eV. In our study, we
present the theoretical results with the shifted Fermi level. The
electronic band structure was also evaluated within QUANTUM
ESPRESSO [28-30] with PSLIBRARY [31]. The exact results
of the electronic band structure calculation, performed for
the primitive unit cell, were used to find the tight-binding
model in the basis of the maximally localized Wannier or-
bitals [32-34]. This calculation was performed using the
WANNIERIQ software [35-37]. In our calculations, we used
the 8 x 8 x 8 full k-point mesh, starting from the p orbitals
of Si, as well as the d and s orbitals for Y and Ru. Finally,
the 24-orbital tight-binding model of YRu,Si, was used to
investigate the surface Green’s function for the semi-infinite
system [38], using the WANNIERTOOLS [39] software.

III. RESULTS AND DISCUSSION

A. Crystal structure

The crystal structure of YRu;Si, is shown in Fig. 1(a). The
compound crystallizes in the ThCr,Si;-type body-centered
tetragonal structure (/4/mmm, space group 139), with lattice
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constants a = b = 4.1580(6) A and ¢ = 9.546(2) A [3]. The
primitive unit cell contains one Y atom at the 2a (0,0,0) Wyck-
off position, two Ru atoms at the 4d (0,1/2,1/4) Wyckoff
position, and two Si atoms at the 4e (0,0,0.3684) Wyckoff
position [3]. The crystal structure of this material is mainly
formed by edge-sharing RuSiy tetrahedra layers in the ab
plane, which are separated by Y atoms. An exemplary Laue
diffractogram is shown in the inset in Fig. 1(b). A clear tetrag-
onal symmetry pattern with well-defined sharp spots proves
the high crystalline quality of the sample investigated, and
a comparison of the experimental data with the simulated
diffractogram indicates its (001) orientation.

B. Main transport properties

The temperature variation of the resistivity p(T"), presented
in Fig. 1(b), is typical for metals. The experimental p(7") data
can be well described by the Bloch-Griineissen-Mott (BGM)
formula [40]:

T 4 »0p/T
o(T) = po+ 4RT(—> f
Op 0

xXdx B
(e —1)(1 —e™)

where pg stands for the residual resistivity due to static defects
in the crystal lattice, the second term describes the phonon
contribution to the total resistivity, and the third one represents
s-d interband scattering processes. The solid line in Fig. 1(b) is
a least-squares fit of the experimental p(T') curve to the above
expression, yielding the BGM parameters: py = 0.4(1) u<2 cm,
the Debye temperature ®p = 306(4) K, R = 0.09(7) u<2
cm/K and K = 1.7 x 1077 u2 cm/K3. It is worth noting that
the small value of the latter parameter, directly related to the
small curvature of p(T') at high temperatures, implies that the
scattering of conduction electrons via Mott-type processes in
YRu,Si, is almost negligible. Magnetic measurements were
performed in the temperature range from 2 to 300 K and in
magnetic fields up to 7 T using a Quantum Design MPMS-XL
superconducting quantum interference device magnetometer.
Figure 1(c) presents the temperature dependence of the molar
magnetic susceptibility x (') = M/H measured in a magnetic
field of 0.1 T applied along the crystallographic ¢ axis of the
tetragonal unit cell of YRu;,Si;. The compound exhibits an
almost temperature-independent x (7T) of the order of 10~*
emu/mol, implying its weakly enhanced Pauli paramagnetic
character. In line with this finding, the magnetization isotherm
o (H) taken at 2 K shows a straight-line and fully reversible
behavior up to the highest measured magnetic field of 7 T,
where o reaches a small value [see the inset in Fig. 1(c)]. In
Fig. 1(d), the bulk BZ and its projection on the (001) surface
are shown, and various high-symmetry points are labeled.

x KT3, (D

C. Theoretical band structure

The Fermi surface (FS) of YRu,Si, is presented in Fig. 2.
The obtained FS can be directly compared with that obtained
earlier for other 122 compounds. In practice, the obtained FS
has qualitatively the same shape as that reported for ThRu,Si,
[2,41]. The difference in the observed Fermi pocket sizes
arises from variations in the band structure complexity and

FIG. 2. The Fermi surface (FS) of YRu,Si, with 14/mmm sym-
metry. Top panels present the “full” FS, while bottom panels present
separate pockets.

the position of the Fermi level. In the case of YRu,Si,, the
Fermi level is lower with respect to that reported in ThRu,Si,.
Such a Fermi level shift can also be a consequence of different
lattice constants, stronger correlation within f orbitals, or d- f
hybridization. Nevertheless, the FS of XRu;,Si, compounds
with f electrons strongly depend on the electronic configura-
tion [13], and the similarity to ThRu,Si, may be incidental.
In fact, the FSs of other XRu,Si, compounds with f electrons
present many more differences [13]. Similarly, the Eu-based
122 system shows Dirac electronic states [42,43].

The shape of the FS pockets exhibits a three-dimensional
(3D) character of the electrons. This property is in contra-
diction to other 122 compounds with relatively large c/a
ratios. For example, in the case of KFe,As, with c¢/a =~ 3.6,
the FS takes the form of cylinders [44—47], revealing a two-
dimensional nature of the electrons. This is a consequence of
the weak coupling between FeAs layers. Nonetheless, for the
collapsed tetragonal phase (under pressure), c/a can decrease
to 2.7. In this situation, the coupling between layers increases,
leading to a change in the FS topology [46,47]. As a result,
electrons acquire a 3D character (dispersion along z), while
the FS is very similar to that presented in Fig. 2. Moreover,
such features of the FS is characteristic of the 122 compounds
with relatively small c/a, like YFe,Ge, [48]. The small c/a
ratio, as well as the 3D character of the FS, indicates strong
coupling between Ru-Si layers.

The theoretically obtained electronic band structure and
density of states are presented in Fig. 3. The electronic band
structure possesses a relatively complex structure around the
Fermi level [Fig. 3(a)]. The splitting of the bands introduced
by spin-orbit coupling is weak, indicating a negligible role
of spin-orbit coupling in the compound [see the orange and
blue lines in Fig. 3(a) comparing the band structures obtained
without and with spin-orbit coupling]. In practice, only a small
splitting of the bands along the I'-S path is visible. The elec-
tronic density of states presented in Fig. 3(b) clearly shows
the dominant role of the Ru d orbitals. A small contribution
from the Si p and Y d orbitals around the Fermi level is also
observed. The Si s states are located deep below the Fermi
level, around —9 eV, and do not play any significant role.
Such contributions are further supported by the electronic
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FIG. 3. (a) Theoretically obtained electronic bulk band structure
and (b) the corresponding density of states. The electronic band
structure calculated in the absence and presence of spin-orbit cou-
pling is represented by orange and blue lines, respectively. (c) The
orbital projection of the band structure in close vicinity to the Fermi
level.

band structure projected onto the atomic orbitals [Fig. 3(c)].
In close vicinity to the Fermi level, the Ru d,,/,. orbitals play
a dominant role, with a small contribution from the Si p and
Y d orbitals.

We can expect that the electronic band structure of
YRu,Si; will be similar to that of other XRu,Si, compounds.
For instance, LaRu,Si, is an isostructural compound that also
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lacks f electrons and has similar lattice constants (@ = b =
4.19 A and ¢ = 9.80 A) [49]. What is surprising is that the
band structure of LaRu,Si, possesses significant differences
compared to YRu,Si,. For example, we observe nearly flat
bands along the P-N-I" path (see Fig. 3), while in LaRu,Si,,
several holelike bands with clearly parabolic shapes are ob-
served. The situation becomes more complex in the case of
XRu,Si, compounds with f electrons. In such cases, the band
structures differ significantly among the family members due
to the f states located around the Fermi level [13].

D. The ARPES measurements

Next, we perform ARPES measurements to reveal the
electronic structure of YRu,Si,. Figure 4(a) shows the FS
and constant-energy contours (CECs) at various binding en-
ergies using a photon energy of 68 eV. Experimental FS maps
and CECs are presented in Fig. 4(a), and the DFT-calculated
FS and CECs are presented in Fig. 4(b). Both experimen-
tal and theoretical FSs are provided with BZs marked with
high-symmetry points. Multiple pockets are observed at the
FS, which indicates the complex fermiology of this material.
We observe multiple circular-shaped pockets at the T' point,
an ellipsoidal pocket at the N point, and a pocket at the X
point. The energy contours presented in the right hand side of
Figs. 4(a) and 4(b) delineate how the band dispersions evolve
with binding energies. The energy pockets at the T’ and N
points grow bigger in size with the increase in binding energy,
indicating the holelike nature of the bands, whereas the pocket
at the X point decreases in size, indicating the electronlike
nature. Several bulk pockets appear at higher binding energies,
which can be clearly visualized from the CEC plots at binding
energies of 200, 300, and 400 meV. The experimental FS and
the CECs of the material are quite well reproduced from the
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FIG. 4. FS and constant-energy contours. (a) ARPES-measured FS (first panel) and constant energy contours measured using a photon
energy of 68 eV at various binding energies as indicated above each plot. (b) Respective FS and constant-energy contours obtained from DFT

calculations.
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FIG. 5. Polarization-dependent ARPES spectra of YRu,Si,. (a) Schematic of the experimental geometry used in the ARPES experiments.

Experimental band dispersion along the X-N-X direction using (b) LH polarization and (c) LV polarization. Experimental band dispersion

along the N-I"-N direction using (d) LH polarization and (e) LV polarization. DFT-calculated band structure along (f) the X-N-X direction and

(g) N-T'-N direction.

DFT calculations, as shown in Fig. 4(b). The exception of
some pockets such as the rhombus pocket at the T point can
be explained by the polarization dependence, which can be
seen from the polarization-dependent FS maps presented in
Figs. S3 and S4 in the SM [22].

While there have not been any electronic structure inves-
tigations utilizing DFT or ARPES for YRu,Si,, dHVA mea-
surements have been reported [11,12]. In contrast, LaRu,Si,,
which has a similar crystal structure, as discussed previously,
has undergone extensive examination via both dHvA and
ARPES [10-13]. Therefore, we compare our ARPES findings
with both dHvA for LaRu,Si; and YRu,Si, and ARPES for
LaRu;,Si;, in the following. The FS of YRu,Si,, as observed,
shows significant congruence with the dHvVA measurements
[11,12] and ARPES measurements [13], especially in relation
to the pocket at the N point. A large, distinct closed-hole FS
with an ellipsoidal shape at the Z point, corresponding to the

o R
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FIG. 6. Theoretical results of the spectrum along the X-N-X and

N-I"-N directions coming from only bulk states.

N point in our ARPES data, was observed in both LaRu,Si,
and YRu,Si, from both dHvA and ARPES measurements
[10-13]. Additionally, three hole pockets were observed at the
Z point for LaRu,Si; from both dHVA and ARPES measure-
ments, whereas one hole pocket was observed for YRu,Si;
[10-13]. Upon comparison, we confirm a large ellipsoidal
hole pocket centered at the N point, which aligns well with
the reported dHvA and ARPES measurements. However, dis-
crepancies arise because additional hole pockets at the N
point, resembling a rugby ball shape, were not detected in our
ARPES data. Additionally, our ARPES data reveal multiple
holelike pockets at the T point, particularly emphasized in
LH polarized data compared to LV polarized data (see Fig. 5),
which were not observed in dHvVA measurements and ARPES
measurements [10-13].

To examine the details of the band structure, we present
the ARPES-measured band dispersion along the X-N-X and
N-T-N directions in Fig. 5. We performed polarization-
dependent ARPES measurements to investigate the potential
multiorbital characteristics of YRu,Si,. The experimental ge-
ometry of the polarization-dependent ARPES is presented
in Fig. 5(a). ARPES provides a unique opportunity to di-
rectly examine the orbital texture of K states with different
symmetries by using photon polarization selection rules [50].
The intensity I measured in ARPES experiments is strongly
dependent on the transition matrix elements of the photoe-
mission process and can be expressed as I (\IlflA' - P,
where A is the electromagnetic gauge and p is the electron
momentum. A exhibits the same spatial mirror symmetry as
the electric field E of the incident polarized photon beam,
while |W;) and |Wy) represent the electron wave function in
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FIG. 7. Photon-energy-dependent band dispersion along the X-N-X direction. Experimentally measured band dispersion along the X-N-X
direction using photon energies of (a) 36 eV, (b) 56 eV, and (c) 68 eV. The middle and bottom panels are the momentum distribution curves
(MDCs) and the energy distribution curves (EDCs) for the respective plots in (a)—(c). The black dashed lines overlaid in the MDC and EDC
plots are the hand-drawn curves showing the weak dispersion of the flat bands for clarity, and the blue dashed lines in EDCs represent the

Fermi level.

the solid (initial state) and the wave function of the excited
photoelectron (final state), respectively [51,52]. The incident
beam and the normal to the sample surface together form a
mirror plane. Given that the final state | W) of photoelectrons
can be approximated by a plane wave with its wave vector in

the mirror plane, it is always even in relation to the mirror
plane [51,52].

The measurements were performed for a photon energy
of 62 eV using both LH and LV polarizations. We observe
multiple bands crossing Er. The electronlike pocket at the
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FIG. 8. Photon-energy-dependent band dispersion along the N-I"-N direction. (a)—(d) Experimentally measured band dispersion along the

N-I"-N direction for various photon energies as indicated above the plots using LH polarization.

X point as discussed above interestingly reveals a Dirac-like
band (denoted ¢) which is marked by black arrow in Fig. 5(b).
This Dirac-like state seems to be quite intense in both LH and
LV polarization measurements, as can be seen in Figs. 5(b)
and 5(c) (see also Fig. S5 in the SM [22]). We also observe
a flattened region of the spectra around the N point (denoted
o) which is found to be very sensitive to polarization mea-
surement because this band is intense when measured with
LH polarization and strongly suppressed when measured with
LV polarization [see Figs. 5(b)-5(e)]. Another holelike band
around 800 meV below the Er (denoted $) is found to be very
sensitive to polarization measurements as the intensity of this
band is strong in LH polarization; however, it is almost absent
in LV polarization [see Figs. 5(b) and 5(c)].

In the LH (LV) geometry A - j is odd (even) with respect
to the mirror plane. Hence, taking into account the spatial
symmetry of the Ru 3d orbitals, when the analyzer slit aligns
with the high-symmetry directions as presented in Fig. 5, the
photoemission intensity of specific even (odd) components of
a band can be detected only with LH (or LV) polarized light.
For instance, with respect to the yz mirror plane, LV excites
even orbitals (d,>_,2, d>, and d,;) and suppresses odd orbitals
(dyy, dy;), respectively. Based on these selection rules and the
orbital character of the bands obtained from DFT calculations
[see Fig. 3(c)], the flattened region of the spectra around the N
high-symmetry point (denoted by «) is strongly dominated by
Ru d,, orbitals. Additionally, the band g originates from Ru
d,, orbitals. The DFT-calculated surface and bulk spectrum
is presented in Figs. 5(f) and 5(g) and is in good agreement
with the observed ARPES results where the flattened region
of the spectra around the N point and the Dirac-like band
can be seen clearly. The above qualitative arguments obtained
from polarization-dependent ARPES results, consistent with
our DFT calculations, allow us to delineate the contribution
from different orbitals to the electronic band structure of this
material. We present the DFT-calculated bulk spectrum along
the X-N-X and N-T-N directions, including only the bulk
states, in Fig. 6. By comparing Fig. 6 with Figs. 5(f) and 5(g),
we observe that the y band is not a bulk band but originates
from surface states.

To further examine the dimensionality of these bands,
we perform photon-energy-dependent ARPES measurements
along the X-N-X direction using photon energies of 36, 56,
and 68 eV using LH polarization, as shown in Fig. 7. The flat-
tened region of the spectra around the N point seems to weakly
disperse with the change in photon energy. The momentum
distribution curves (MDCs) and the energy distribution curves
(EDCs) are presented in the middle and bottom panels of
Figs. 7(a)-7(c), corresponding to their respective photon en-
ergies. The black dotted lines in both the MDCs and the
EDCs clearly reveal the weak dispersion of the band around
the N high-symmetry point. In Fig. 8 we present the photon-
energy-dependent bands along the N-T'-N direction using LH
polarization. The band observed at the N point seems to show
no dispersion even with the change in photon energy from
54 to 70 eV. This is in contrast to the weak dispersion along
the X-N-X direction indicating the anisotropic dispersion of
this Ru d-dominated band around the N point. The slight
variation in intensity is possibly due to the photoemission
matrix element effect.

IV. CONCLUSIONS

In summary, we synthesized high-quality single crystals of
YRu,Si; and characterized them using various bulk measure-
ment techniques such as x-ray diffraction, Laue diffraction,
magnetization, and resistivity measurements. YRu,Si, crys-
tallizes in the ThCr,Si, family of materials, belonging to
the space group /4/mmm. Electrical resistivity measurements
indicated its metallic behavior, whereas magnetization mea-
surements exhibited slightly enhanced Pauli paramagnetic
behavior. We reproduced the experimentally obtained ARPES
spectra within the DFT calculations. The excellent agreement
between the experimental results and the theoretically ob-
tained spectra indicates a weak role of the correlation effects,
in contrast to the iron-based 122 compounds [53]. We found
the anisotropic nature of the band around the N point be-
cause it shows weak dispersion along the X-N-X direction
and negligible dispersion along the N-T'-N direction. We also
observed a Dirac-like state at the X point, with a nearly linear
crossing of the nontopological surface states. Additionally,
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polarization-dependent ARPES results suggest the multiband
and multiorbital nature of YRu,Si,. The electronic band struc-
ture around the Fermi level is dominated by Ru d orbitals,
with a small contribution from Y d and Si p orbitals.
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