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We report systematic torque magnetometry measurements to investigate the electronic properties of the newly
discovered kagome compound CaTi;Biy. Electrical transport, magnetic susceptibility, and thermal measurements
reveal no evidence of a magnetic ground state in this material. Torque data obtained in magnetic fields up to
41.5 T exhibit clear de Haas—van Alphen (dHvA) oscillations, with nine distinct frequencies ranging from 13 to
6164 T. Angular-dependent dHVA measurements show that, with the exception of the lowest frequency (13 T),
all observed frequencies nearly follow a 1/ cos 6 dependence, where 6 is the angle between the crystallographic
¢ axis and the magnetic field direction. This behavior is characteristic of quasi-two-dimensional Fermi-surface
sheets with nearly circular cross sections. To further elucidate the electronic structure, we performed density
functional theory (DFT) calculations of the band structure and Fermi surface. The calculated bands reveal the
presence of multiple Dirac points (DP), flat bands (FB), and van Hove singularities (VHS) near the Fermi
level. The resulting Fermi surface consists of several quasi-two-dimensional cylindrical sheets, consistent with
the experimentally observed 1/cosf dependence. Notably, the theoretical dHVA frequencies, derived from
extremal Fermi-surface cross-sectional areas, agree well with the experimental values and reproduce their
angular dependence. Remarkably, all experimentally observed frequencies are captured by the DFT predictions.
Pressure-dependent calculations up to 10 GPa show that the electronic features—DP, FB, and VHS—evolve
systematically with pressure. In particular, the VHS shifts closer to the Fermi level, demonstrating that pressure
acts as an effective tuning parameter in this material. These combined experimental and theoretical results
provide a comprehensive understanding of the electronic structure of CaTi;Bis and demonstrate how pressure
can be used to tune its key electronic features, offering valuable guidance for exploring related kagome materials.
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I. INTRODUCTION

Newly discovered kagome materials have attracted consid-
erable research interest as they provide a platform for a variety
of intriguing physical phenomena, including charge density
wave (CDW), superconductivity, frustrated magnetism, and
more [1-3]. These compounds feature a corner-sharing trian-
gular lattice and hexagon structure reminiscent of traditional
Japanese basket weaving [4]. A prominent example is the
vanadium-based AV;Sbs family (A = K, Rb, Cs), also referred
to as the 135 family, which consists of a hexagonal lattice of
V atoms coordinated by Sb atoms [5—7]. This family hosts a
range of exotic quantum states, such as superconductivity with
critical temperatures (7;) between 0.9 and 2.5 K and CDW
order near 7* ~ 90-105 K [8-12]. Density functional theory
(DFT) studies have shown that this family possesses flat bands
as well as multiple Dirac and van Hove singularity points, and
these features are located near the Fermi level. Furthermore,
the nontrivial topology of AV3Sbs has been confirmed through
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Z, invariant calculations using DFT [7,13] and Berry phase
estimations from quantum oscillation measurements [ 14-24].

A newly discovered family of Ti-based kagome com-
pounds, RETi;Biy (RE = rare earth) [25,26], commonly
referred to as the 134 family, crystallizes in an orthorhombic
structure with space group Fmmm (No. 69). The unit cell
hosts four kagome layers formed by the Ti sublattice, as
shown in Fig. 1. These compounds feature slightly distorted
kagome networks together with zigzag RE chains embedded
within RE Bi bilayers. The localized 4f magnetism of the
lanthanide ions makes this family particularly appealing, as
it provides a platform to explore magnetically tuned exotic
phases in kagome systems.

DFT and angle-resolved photoemission spectroscopy stud-
ies [27-33] have revealed van Hove singularities and Dirac
points near the Fermi level in these materials. L. Chen et al.
[34] carried out in situ resistance measurements in NdTizBiy
under high pressure and found that the ferromagnetic or-
dering temperature changes with pressure, demonstrating the
tunability of RETi;Bis under external pressure. Recently,
single-crystal neutron diffraction combined with DFT studies
in CeTi3Biy [35] exhibits an unusual spin-density-wave-
like ground state, driven by the interaction between the Ce

©2026 American Physical Society
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FIG. 1. (a) Crystal structure of CaTi;Biy showing the full unit
cell (left) and the kagome layer of Ti atoms (right). (b) Temper-
ature dependence of electrical resistance, R(T), showing metallic
behavior with a residual resistance ratio (RRR) of 12. Inset: The
x-ray diffraction pattern showing only (OOL) reflections, confirming
¢ axis orientation and high crystallinity. (c) Magnetic susceptibility,
x(T), as a function of temperature, indicating typical paramagnetic
behavior. (d) Heat capacity as a function of temperature. Inset:
Field-dependent magnetic moment measured at 1.8 K. The moment
varies linearly with magnetic field without hysteresis, confirming the
absence of any intrinsic magnetic ordering. Together, the electrical,
magnetic, and thermal measurements confirm a nonmagnetic ground
state. Inset: Debye model fit (red curve) to the heat capacity data.

magnetic sublattice and the Ti kagome electronic structure.
However, studies on the Fermi surface of RETi3;Biy4, particu-
larly via quantum oscillation measurements, remain limited.
We recently conducted torque measurements [36] in one
of the family members, YbTi3Bi4, and observed a forward-
leaning, sawtoothlike waveform in the de Haas—van Alphen
(dHvA) effect. By performing both angle- and temperature-
dependent torque measurements along with DFT calculations,
we mapped the Fermi surface of YbTi;Biy.

Here we report the electronic structure of CaTi;Biy via
dHvA oscillations and first-principles calculations. Notably,
CaTisBiy is the only member of the ATi;Biy (A = alkaline-
earth) family that does not contain a rare-earth element. While
its synthesis, crystal structure, electrical transport, and density
of states have been previously reported [37], the detailed elec-
tronic structure—particularly the band dispersion and Fermi
surface—remains unexplored. In this work, we performed
high-field torque magnetometry measurements together with
DFT calculations. Torque measurements up to 41.5 T reveal
pronounced dHvA oscillations with nine distinct frequency
components. The band structure exhibits flat bands, Dirac
points, and a van Hove singularity near the Fermi level, while
the Fermi surface features multiple quasi-two-dimensional,
cylindrical-like sheets. We show that the calculated extremal
cross sections of the Fermi surface yield frequencies in good
agreement with the experimental observations.

TABLE 1. Average elemental composition of CaTi;Bi4 single
crystals obtained from EDS measurements over multiple spots. The
measured values are close to the nominal composition (Ca:Ti:Bi =
12.5:37.5:50.0) within experimental uncertainty.

Element Atomic (%) Std. dev. (£%)
Ca 11.9 1.1
Ti 38.5 1.0
Bi 49.6 1.2

II. EXPERIMENTAL AND COMPUTATIONAL DETAILS

Single crystals of CaTi3;Bis were synthesized using a Bi
self-flux method. Elemental dendritic Ca (99.9%, Alfa), Ti
powder (99.99%, Alfa), and Bi shot (99.999%) were com-
bined in a 2:3:10 molar ratio and placed into 2-ml Canfield
crucibles equipped with a catch crucible and a porous frit
[38]. The crucibles were sealed under 0.7 atm of argon gas
in fused silica ampoules. The samples were heated to 1000 °C
at a rate of 200°C/h, held at 1000 °C for 18 h to homoge-
nize, and then cooled to 600 °C at a rate of 1-2°C/h. After
dwelling at 600 °C for 4 h, the ampoules were centrifuged to
remove excess Bi. The resulting crystals are large (1-5 mm),
pseudohexagonal plates with a metallic silver luster. They are
soft and can be easily exfoliated along the (OOL) plane using
adhesive tape.

The x-ray diffraction pattern of a CaTi3Biy single crystal
using a powder diffractometer is shown in Fig. 1(b) inset. The
presence of a series of sharp (OOL) reflections confirm that
the crystal surface is oriented along the c axis. The absence
of additional peaks indicates high crystallinity and phase pu-
rity. The composition of the CaTi;Biy single crystals was
examined using energy-dispersive x-ray spectroscopy (EDS).
The averaged results (Table I) confirm a near-stoichiometric
composition (Ca: 11.9%, Ti: 38.5%, Bi: 49.6%), consistent
with the nominal CaTi;Bis ratio within the uncertainty of
the measurement. The crystals are moderately reactive to air
and water, exhibiting visible tarnishing within a few hours in
ambient conditions.

Electrical transport, magnetic susceptibility, and heat
capacity measurements were performed using a PPMS (Quan-
tum Design). The electrical resistance was measured by using
a standard four-probe contact method with the applied current
of 2.5 mA. Torque measurements were carried out using a
miniature piezoresistive cantilever to detect dHvA oscilla-
tions. A selected CaTizBis single crystal was mounted on
the cantilever arm using vacuum grease and then attached to
a rotating platform. The probe was slowly cooled to a base
temperature of 0.5 K. Two resistive elements on the cantilever,
along with two room-temperature resistors, formed a Wheat-
stone bridge, which was balanced at base temperature before
sweeping the magnetic field. The sample was rotated in situ
under applied magnetic fields at various tilt angles (6), where
0 is defined as the angle between the magnetic field and the
crystallographic c axis [see inset of Fig. 2(a)]. Magnetic fields
were swept at each fixed temperature at a rate of 1.5 T/min.

The first-principles calculations were performed using the
QUANTUM ESPRESSO package [39] based on DFT [40,41].
The exchange—correlation effects were treated within the
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FIG. 2. (a) Magnetic torque T measured on a CaTi;Biy single crystal in fieldsup to 41.5 Tat 7 = 0.5 K and tilt angle 6 = 21°. Clear dHVA
oscillations are observed, which weaken with increasing temperature. Lower inset: Definition of the tilt angle 6. Upper inset: Background-
subtracted torque signal at ' = 0.4 K. (b) Fast Fourier transform (FFT) of the dHvA oscillations in (a), revealing eight distinct frequencies
ranging from 144 to 6164 T. The x axis is shown on a logarithmic scale for better visibility of the frequency peaks. (c) Temperature dependence
of the FFT amplitude (symbols) and best fits using the Lifshitz-Kosevich (LK) formula (2) (solid curves). (d) Dingle temperature 7}, analysis

for two frequencies, F, and F..

generalized gradient approximation using the Perdew-Burke-
Ernzerhof functional revised for solids, which provides an
improved description of equilibrium lattice parameters in
crystalline materials [42]. Ultrasoft pseudopotentials from the
standard QUANTUM ESPRESSO pseudopotential library were
employed for Bi, Ca, and Ti atoms. The plane-wave kinetic
energy and charge-density cutoffs were set to 70 and 560
Ry, respectively. The Brillouin zone was sampled using a
I'-centered Monkhorst-Pack k-point mesh of 8 x 8 x 5 for
the self-consistent field calculations, chosen to reflect the
anisotropic lattice parameters and to ensure convergence of
the total energy and charge density. We verified that further
increasing the k-point density does not lead to noticeable
changes in the band dispersion near the Fermi level.

For Fermi-surface mapping, eigenvalues were computed in
a non-self-consistent calculation on a much denser 20 x 20 x
20 k -point grid to achieve sufficient resolution of the Fermi-
surface topology. Spin-orbit coupling (SOC) was included
self-consistently in the electronic structure calculations using
fully relativistic pseudopotentials, with particular importance
for the Bi atoms due to their strong relativistic effects. The-
oretical quantum oscillation frequencies were obtained from
the calculated Fermi surfaces using the SKEAF code [43],
using the self-consistent DFT Fermi level without applying
any rigid Fermi-level shift.

III. RESULTS AND DISCUSSION

Figure 1 presents the electrical transport, magnetic sus-
ceptibility, and heat capacity measurements of CaTizBiy over
a temperature range from 300 K to 2.5 K. The electrical
resistance R(T ), shown in Fig. 1(b), decreases monotonically
with decreasing temperature, confirming the metallic nature
of the material. The residual resistance ratio (RRR), defined
as R(300 K)/R(2.5 K), is found to be 12, which is higher than

the previously reported value of 8 [37], indicating improved
crystal quality in this work. The magnetic susceptibility x (7))
exhibits a typical paramagnetic response across the entire
temperature range [Fig. 1(c)]. The x (T') shows a weak, nearly
temperature-independent behavior, consistent with a nonmag-
netic ground state. The small upturn at low temperature is
attributed to trace paramagnetic impurities. No anomalies in-
dicative of magnetic or structural transitions were observed.
The magnetic moment versus H plot at 2 K (inset) shows a
linear, nonhysteretic behavior, further confirming the absence
of intrinsic magnetism.

The temperature dependence of the total heat capacity
Crot(T) is shown in Fig. 1(d). Heat capacity was measured
between 2 K and 240 K; measurements were not extended
to 300 K because the N-grease used for thermal contact in our
setup is not reliable above ~200 K, and acquiring reliable data
to 300 K would require remounting with a different contact
medium and a separate dataset. According to the Debye model
[44—46], the total heat capacity of a metal can be expressed as
the sum of electronic and phononic contributions,

Crot = Cai + Cpn = yT + BT°. (1)

Here y and B are fitting parameters. The coefficient y,
referred to as the Sommerfeld coefficient, is directly propor-
tional to the electronic density of states at the Fermi level.
The phononic term B is related to the Debye temperature
®p. The inset of Fig. 1(d) shows the fit of the heat-capacity
data using the Debye model [Eq. (1)]. From this fit, the pa-
rameters are obtained as y =25.86mJmol ™' K2 and g =
0.67 mJ mol~! K~*. These values, particularly y, are compa-
rable to those of the sister compound YbTi;Biy [28,34]. From
the B value, the Debye temperature ®p is estimated to be
285 K for CaTizBiy.

Here all these electrical, magnetic, and thermal mea-
surements confirm that CaTizBis is a good metal and
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show no evidence of magnetic ordering, charge-density-wave
formation, or superconducting transitions from 300 K down
to 2.5 K. To investigate the electronic structure of CaTi3Biy,
we performed magnetic torque () measurements in applied
fieldsup to 41.5 T.

Figure 2(a) shows the field dependence of the torque, t(H ),
at selected temperatures. The measurements were conducted
at a tilt angle of 21° between the magnetic field and the
crystallographic c axis, as illustrated in the inset. Clear dHVA
oscillations are observed above moderate magnetic fields of
5 T. The oscillations are pronounced at low temperatures
and gradually diminish at higher temperatures due to thermal
damping. Looking into the oscillations, there appear to be
more than one period, indicating the presence of multiple fre-
quencies in the oscillations. To extract the frequencies, we first
subtracted a smooth polynomial background and performed
a fast Fourier transform (FFT). The background-subtracted
data are shown in the upper inset. As shown in Fig. 2(b), the
frequency spectrum of dHvA oscillations shows rich features
with the presence of eight distinct frequency peaks, located at
F, =13,Fg =144, F, =176, F; = 222, F, = 647, Fy, = 924,
F, =1041, F, = 2363, and F;, = 6164 T. Among these peaks,
F, is the dominant one, with an amplitude nearly three times
higher than the others. This peak shows robust presence at
high temperatures and higher tilt angles. It is important to note
that a low-frequency peak near 0—10 T usually appears in the
frequency spectrum due to improper background subtraction.
However, our DFT calculations also show the presence of a
small frequency in the range of 20-25 T, indicating that F, is
an intrinsic feature.

The decreasing trend of the dHVA oscillation amplitude
with temperature can be explained by the Lifshitz-Kosevich
(LK) theory [47,48]. According to the LK theory, the oscil-
latory component of the torque varies with temperature and
magnetic field as

MT/H)

At(T,H) xe P —— -
sinh[A(T /H)]

(@)

where Ap(H) = %m*% and M(T/H) = %m*% Here
Tp denotes the Dingle temperature, while /i and kg are the re-
duced Planck constant and Boltzmann constant, respectively.
The exponential term, known as the Dingle factor, accounts
for the damping of oscillations with decreasing magnetic field.
The thermal damping factor, represented by the sinh~! term,
describes the suppression of oscillation amplitude at elevated
temperatures. Therefore, by fitting the temperature depen-
dence of the dHVA oscillations, we can estimate the effective
mass of charge carriers.

We performed LK analyses on the major frequency
peaks, including the high-frequency components F;, and F;.
The high-frequency signals are weak and highly sensitive
to temperature, making them difficult to resolve above
5 K. Therefore, in order to perform LK analysis of these
high-frequency signals, we collected sufficient data points
between 0.4-5 K. The inset of Fig. 2(b) presents the amplitude
of the frequency peaks at different temperatures. As expected,
the amplitude decreases at higher temperatures. We have
plotted the amplitude as a function of temperature for
dominant peaks, as shown in Fig. 2(c). The scattered symbols

TABLE II. Comparison between experimental effective masses
(m*) obtained from dHvA oscillations and DFT band effective
masses (mj)).

Orbit X € ¢ y n A

Expt. 0.18 0.14 0.28 0.28 0.17 0.59
DFT 0.22 0.65 0.81 0.60 0.87 1.36

represent the experimental data, while the solid curves show
the best fits to the data using the LK formula [Eq. (2)].
The graph shows that the LK formula fits the data well.
From the best-fit parameters, we extracted the effective
masses to be m; = (0.18 £0.01)m,, m} = (0.14 £ 0.00)m,),
my = (0.28+0.0D)m,,  my =(0.28£0.01)m,,  mj =
(0.17 £ 0.02)m,, and m3 = (0.59 £ 0.05)m,, where m, is the
rest mass of an electron. These values are comparable with
the effective masses of YbTi3Bis [36]. Note that m} is much
higher than for the other frequencies, but high-frequency
signals are reported to have high effective masses also in
other kagome compounds [49-51]. The effective masses
obtained from the DFT calculations using the SKEAF code
were also compared with the experimentally determined
values, as summarized in Table II.

We performed Dingle temperature analyses for the two
frequency components, F, and F;, as shown in Fig. 2(d). The
scattered points represent the experimental data, while the
dotted curves correspond to the best fits using the Lifshitz-
Kosevich formula (2). From these fits, we extracted Dingle
temperatures of 7p = 4.8 = 0.8 K for the x orbit and Tp =
35 £ 5 K for the € orbit. Using these values, we further esti-
mated the associated Fermi velocity, quantum scattering time,
mean free path, and quantum mobility, which are summarized
in Table III. The lower Tp of the x orbit indicates weaker
impurity or defect scattering, resulting in enhanced quasipar-
ticle lifetime, longer mean free path, and higher mobility. In
contrast, the considerably higher 7p of the € orbit signifies
stronger scattering, leading to a shorter lifetime, reduced mean
free path, and lower mobility.

It is noted that the fit for the temperature dependence of
the oscillation amplitude corresponding to F} is not as good
as that for other frequencies such as F;. This deviation from
the ideal LK behavior is likely due to interference effects from
the neighboring frequencies Fg and F3, whose proximity in the
FFT spectrum leads to partial overlap of the oscillation com-
ponents. Such interference can affect the extracted amplitudes
and may also influence the physical parameters derived from
the Dingle analysis for F, in Table IIL

To investigate the origin of the frequency peaks in Fig. 2
and determine the topology of the corresponding Fermi sur-
faces, we carried out torque measurements at different tilt
angles. Figure 3(a) shows the torque data at selected 6 values.
As seen in the graph, the amplitude and period of the dHVA
oscillations change with 6. More interestingly, the oscillations
are suppressed at higher 6 values and completely suppressed
when the magnetic field is aligned along the surface (ab-
plane) of the sample, even under high magnetic fields up to
41.5 T. For quantitative analysis, we extracted frequencies at
each angle and present them in Fig. 3(b). F, is the dominant

045128-4



ELECTRONIC STRUCTURE OF THE KAGOME COMPOUND ...

PHYSICAL REVIEW B 113, 045128 (2026)

TABLE III. Parameters obtained from the dHVA oscillations of CaTi;Bi4: frequency (F'), Fermi wave vector (kr), Fermi surface area
(Sr), effective mass (m*/my), Fermi velocity (vr), Dingle temperature (7p), quantum relaxation time (t,), mean free path (¢,p), and quantum

mobility (w).

Orbit F (T) kr (A7 Sr (A2 m* /myg vr (10* m/s) Tp (K) 7, (10713 5) £rp (nm) u (cm?/Vs)
X 176 0.07 1.68 0.18 46.9 4.82 2.51 117.6 2446

€ 647 0.14 6.17 0.14 115.5 35.0 0.34 39.9 433

frequency and persists only up to 70°. The frequency peaks
systematically shift to the right (higher values) as 6 is in-
creased. As expected, there is no frequency at & = 90°. The
absence of quantum oscillations, and hence frequency signals,
at 8 = 90° strongly suggests that these frequencies originate
from quasi-two-dimensional Fermi surfaces [52,53].

To better interpret the experimental observations, we per-
formed first-principles DFT calculations to compute the
electronic structure. Figure 4(a) shows the electronic bands
of CaTi3Bis along a high-symmetry path (left inset) with and
without including SOC. As seen in the figure, multiple bands
cross the Fermi level, indicating metallic behavior, which is
consistent with the electrical transport data (Fig. 1). Several
notable features appear near the Fermi level, including a flat
band (FB), a Dirac point (DP), and a van Hove singular-
ity (VHS). Such features are expected in kagome materials
[27-29,54,55] and can potentially be tuned closer to the Fermi
energy through doping or external pressure. With the inclusion
of SOC, the electronic bands exhibit the expected shifts due
to the presence of heavy elements such as Bi. The density of
states (DOS), shown in the right inset, reveals a nonzero DOS
at Ep, further confirming the metallic character. Most impor-
tantly, the electronic states near the Fermi level originate pri-
marily from Ti-d and Bi-p orbitals, with minimal contribution
from Ca-s orbitals. Thus, the low-energy electronic properties
are dominated by the kagome layer of Ti atoms. A similar
dominance of kagome-layer contributions has been reported
in other V- and Ti-based kagome compounds [28,51,56-58].

~~
=3
=~
(S

—91°
—84°
—70°
56°
42°
—28°
—14°
—0°
—-14°

Torque (arb. units)

FFT Amplitude (arb. units)

0 10 20 30 40 50 10 100 1000
H(T) F(T)

FIG. 3. (a) Angular dependence of magnetic torque in CaTi;Big,
showing dHVA oscillations at various tilt angles 6. The oscillation
amplitude varies with 8. (b) Corresponding frequency spectra from
(a), where the peaks shift to higher frequencies as 6 increases. The
oscillations vanish above 70°, consistent with the absence of peaks in
the FFT. Data at selected angles are shown for clarity, and the spectra
are vertically offset for better visibility.

To examine the effect of pressure, we performed electronic
band-structure calculations at 5 and 10 GPa. Figure 4(b)
compares the band structures at 0, 5, and 10 GPa. A clear
and systematic shift of the electronic states with increasing
pressure is observed; in particular, the VHS at the Y point
moves closer to the Fermi level, as highlighted by the dashed
arrow. We previously conducted pressure-dependent studies
[55,59] in the 135-kagome family (CsV3Sbs), where we found
a similar pressure-induced evolution of the electronic struc-
ture. We also performed a chemical-pressure study [46,59,60]
by substituting V with Ti. Because Ti is smaller than V and
lies to the left in the periodic table, this substitution effectively
introduces both hole doping and chemical pressure. In that
system, we observed an enhancement of 7, suppression of
the CDW phase, and shifts in key electronic features simi-
lar to those found in CaTi;Bi4. Together, these observations
demonstrate that external or chemical pressure is an effective
means of tuning the electronic structure in kagome materials.

Five electronic bands (104, 105, 106, 107, and 108)
cross the Fermi level and contribute to the Fermi surface
of CaTi;Bis. The contributions from each band are shown
in Fig. 5. The calculated Fermi surface consists of multiple
concentric cylindrical sheets at the Brillouin zone corners,
along with a large central sheet centered at the I point. Two
smaller, concavelike features also appear at the top and bottom
of the zone. The presence of cylindrical Fermi surfaces is
consistent with the nearly 1/ cos 6 behavior of the frequencies
observed in the dHvA oscillations, as discussed in Fig. 6.
The Fermi surface of CaTi3;Bi4 is consistent with that of the
isostructural compound YbTizBis and resembles those found
in other V-based kagome systems, such as AV3Sbs (A = Cs,
K, Rb) and the Ti-based CsTi3Bis [56,57].

To quantitatively compare with experiment, we computed
the theoretical dHvVA frequencies by evaluating the extremal
cross-sectional areas of the Fermi surfaces using the SKEAF
code [43]. According to Onsager’s relation [47,59,61], the
quantum oscillation frequency F is directly proportional to the
extremal cross-sectional area A, F' = %A. Figure 6 compares
the experimental dHVA frequencies with the DFT-derived val-
ues from the Fermi surface of each band. As seen in the graph,
the theoretical and experimental values are in good agreement,
confirming the reliability of our interpretation. Furthermore,
all the dHvA frequencies, except the 13 T branch, nearly
follow the expected F(0) = F(0)/ cos 6 dependence, charac-
teristic of a cylindrical Fermi surface and consistent with the
calculated Fermi surface (Fig. 5).

The effective masses obtained from the DFT calculations
using the SKEAF code were also compared with the experi-
mentally determined values, as summarized in Table II. The
calculated masses are generally higher, in some cases nearly
twice the experimental ones. Such discrepancies are typical in
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Right inset: Partial density of states (DOS) for CaTizBiy. The total DOS near Er is dominated by Ti-d and Bi-p orbitals, with little or no
contribution from the Ca-s orbital. (b) Electronic band structures at three different pressures (0, 5, and 10 GPa). Pressure induces a clear shift
in the bands; in particular, the VHS at the ¥ point moves closer to the Fermi level, as indicated by the dashed arrow. Dashed lines indicate the

Fermi level.

metallic systems where DFT tends to overestimate the band
curvature due to the absence of many-body renormalization
effects. The smaller experimental masses indicate that elec-
tron correlation effects are weak in this compound, consistent
with its simple metallic nature.

IV. SUMMARY

In summary, we investigated the Ti-based kagome com-
pound CaTiszBis through single-crystal growth, bulk char-
acterization, high-field quantum oscillation measurements,
and first-principles calculations. Electrical transport measure-
ments reveal metallic behavior with a RRR of 12, while
magnetic susceptibility, specific heat, and resistivity con-
firm the absence of a magnetic ground state. The torque
signal measured up to 41.5 T exhibits well-defined dHVA

.. Band 106

. . “Band 107"
Tilted View

Top View

FIG. 5. Tilted and top views of the Fermi surface of CaTi;Biy.
Five bands (104, 105, 106, 107, and 108) cross the Fermi level,
forming the Fermi surface. Three cylindrical pockets appear at the
corners of the Brillouin zone, while a large pocket is centered at the
I" point.

oscillations with nine distinct frequencies ranging from ~13
to 6164 T. These frequency components display an angular
dependence close to 1/cosf (6 being the tilt angle of the
magnetic field), consistent with the presence of quasi-two-
dimensional cylindrical Fermi sheets in this material. The
temperature and field dependence of the dHVA oscillations
were analyzed using the Lifshitz-Kosevich theory, and the
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FIG. 6. Comparison of DFT-calculated quantum oscillation fre-
quencies with experimental dHvA data for CaTi;Bi,. Solid circles
represent theoretical frequencies from each band, while open circles
correspond to experimental values, showing good agreement. Most
frequencies follow an approximately 1/cos 6 behavior, indicated by
the dashed curves, suggesting they originate from cylindrical Fermi
surfaces.
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resulting physical parameters characterizing the Fermi surface
are summarized in Table III.

To support these experimental observations, we performed
first-principles calculations based on DFT. The calculations
reveal several features, including Dirac-like dispersions, van
Hove singularities, and flat bands. With the inclusion of
SOC, the electronic bands shift and exhibit splittings near
the Fermi level, however, the overall electronic structure
and Fermi-surface topology remain qualitatively similar. To
explore the tunability of the electronic structure, we per-
formed pressure-dependent DFT calculations at 0, 5, and
10 GPa. All characteristic features—the Dirac point, flat bands,
and van Hove singularities—exhibit noticeable shifts under
applied pressure. Notably, the van Hove singularity at the
Y point moves closer to the Fermi level, suggesting that
hydrostatic pressure may drive CaTizBis toward a regime
where collective or correlated behavior could emerge. While
lattice-dynamics calculations would offer additional insight
into possible structural or dynamical instabilities, they require
large supercells and are computationally not feasible at the
moment. A detailed phonon study, particularly under pressure,
is therefore left for future work. The computed Fermi surface,
consisting of a central cylindrical sheet and half-cylinder—
like pockets at the Brillouin zone corners, yields extremal
cross sections in good agreement with the experimental fre-
quencies, both in magnitude and angular dependence. This
correspondence indicates that DFT accurately captures the
Fermi surface topology with negligible many-body renormal-
ization in CaTi;Biy.

It is worth noting that, unlike the vanadium-based kagome
family AV3Sbs, which exhibits multiple collective quantum
phenomena such as charge-density-wave order and supercon-
ductivity, the Fermi surface topology in those systems could
not be uniquely resolved from quantum oscillation measure-
ments due to the presence of several overlapping frequency
components. In contrast, the kagome compound CaTi;Bliy,
while not showing such emergent quantum states, exhibits

well-resolved de Haas—van Alphen oscillations whose fre-
quencies match precisely with those predicted by DFT
calculations. This clear correspondence provides a rare ex-
ample within the kagome family where the experimentally
observed and theoretically predicted Fermi surfaces can be
directly compared. Therefore, CaTi3Bis serves as a model
system for understanding the intrinsic electronic structure of
kagome metals without the complications arising from com-
peting quantum orders.
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