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This work presents the evolution of the electronic properties of kagome superconductor CsV;Sbs under
pressure. The magnetoresistance under high fields of 43 T showed clear Shubnikov—de Haas (SdH) oscillations
with multiple frequencies up to 2000 T. With the application of pressure, we observed a sudden change in SdH
oscillations with the disappearance of the high-frequency signal near the critical pressure P,; ~ 0.7 GPa. We
argue that this change could be due to a reconstruction of the Fermi surface (FS) in CsV;Sbs. To interpret
our experimental data, we computed the electronic band structures and FS of CsV;Sbs using ab initio density
functional theory. Our results indicate that both the electronic bands and FS of CsV;Sbs are highly sensitive to
external pressure. The deformation of FS pockets with increasing pressure qualitatively explains our experimen-
tal observations. The pressure-driven FS instability in CsV3Sbs may induce changes in its electronic states, such
as superconductivity, charge density wave, nontrivial topology, and more. Therefore, these results are invaluable
for gaining insights into these electronic states in CsV3Sbs, as well as in other kagome materials.
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I. INTRODUCTION

The recent discovery of kagome materials has attracted
significant attention as they host several emergent quantum
phenomena, such as superconductivity (SC), charge den-
sity wave (CDW), nontrivial topology, and geometrically
frustrated magnetism [1-4]. A new vanadium-based family,
AV3Sbs (A = K, Rb, and Cs), which forms a corner-sharing
hexagonal kagome lattice of V atoms [Fig. 1(a)], exhibits
SC (T, = 0.3-3 K) and the CDW phase below T* ~ (80—
110 K) [5-7]. Electronic band structure studies using the
density functional theory (DFT) have revealed that AV;Sbs
possesses several Dirac points, Van Hove singularities near
the Fermi level, and exhibits nonzero Z, topological invari-
ants [4,8,9]. The transition to the CDW phase of AV;Sbs leads
to the formation of a 2 x 2 superlattice in the in-plane di-
rection [10]. However, discrepancies exist in the out-of-plane
direction, with reports of either doubling [11,12] or quadru-
pling [13,14] of the unit cell. The doubling or quadrupling of
the lattice in the CDW phase leads to the renormalization of
electronic bands and to Fermi surface (FS) reconstruction in
AV;Sbs. Recently, we reported the FS properties of AV3Sbs
using high-field torque magnetometry and tunnel diode oscil-
lator (TDO) experiments [15-17], along with other research
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groups [14,18-25]. Our findings also confirmed their nontriv-
ial topology.

The effect of pressure (P) in CsV3Sbs is quite intriguing.
While increasing P, the CDW order is gradually suppressed,
and it disappears completely at 2 GPa; however, SC shows
an M-shaped double-dome feature [26,27]. First, T, increases,
reaching a maximum at P,; ~ 0.7 GPa, then decreases up
to 1.25 GPa, and rises again, showing another maximum
T. at P, ~ 2 GPa. The critical field (H,) also exhibits the
double-dome feature with pressure showing maximum values
at P.; and P.,. The emergence of a new stripelike CDW state
is reported between P,; and P, in recent nuclear magnetic
resonance (NMR) experiment [28]. The suppression of the
CDW phase and the double-dome SC feature has also been
observed in doping studies [29-32]. The scanning tunneling
microscopy (STM) experiment [31] exhibits two distinct SC
pairing symmetries that exist in these domes. As both SC and
CDW originate from the FS instability, their change at P,
strongly suggests that the FS has undergone reconstruction
under pressure.

Furthermore, recent x-ray diffraction (XRD) and DFT
studies [33,34] in CsV3Sbs have shown a strongly anisotropic
pressure effect on lattice parameters. As a result, Sb atoms
are pushed closer together, forming strong covalent bonds
between them. This ultimately leads to a concurrent re-
construction of the FS in this compound. While there are
several FS studies of AV3Sbs at ambient pressure [14-25],
reports under high physical pressure remain scarce. There are
mainly three ways to probe the FS of metals: angle-resolved

©2024 American Physical Society
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FIG. 1. (a) Unit cell of CsV3Sbs (top panel) and kagome layer of V atoms (bottom panel). (b) Magnetoresistance (MR) data of CsV;Sbs
at different temperatures measured at P = 0.22 GPa. In the low-field region, MR shows a superconductivity feature at low temperatures.
MR shows quantum oscillations above 10 T. Inset: The resistance vs H plot at the low-field region. The critical field H. decreases at higher
temperatures, as indicated by the dashed arrow. (c) The frequency spectrum for SdH oscillations shown in (b). There are nine distinct peaks
up to 2021 T. Some unknown frequency peaks are indicated by asterisks. Inset: Lifshitz-Kosevich (LK) analyses for frequencies at 19, 83, and

252 T.

photoemission spectroscopy (ARPES), STM, and quantum
oscillation measurements. However, the former two methods
are not suitable for conducting experiments under high pres-
sure. In this study, we conducted in situ magnetotransport
measurements under high magnetic fields and pressure to in-
vestigate the fermiology of CsV3Sbs. Our results indicate that
the high-frequency signal in quantum oscillations disappears
above P,;, strongly suggesting a reconstruction of the FS at
this pressure. Electronic structures calculated using DFT also
support our experimental observation.

II. EXPERIMENTAL AND COMPUTATIONAL DETAILS

Single crystals of CsV3Sbs were synthesized from Cs (lig-
uid, 99.98%), V (powder, 99.9%), and Sb (shot, 99.999%)
using a flux-based growth technique. Vanadium powder pur-
chased from Sigma-Aldrich was further purified using a
mixture of hydrochloric acid and ethanol to remove residual
oxides. All further preparation for the synthesis of CsV3Sbs
was performed in an argon-filled glove box due to the extreme
reactivity of elemental Cs. Elemental reagents of Cs, V, and Sb
with stoichiometry of 20:15:120 were milled in a preseasoned
tungsten carbide vial for about an hour. The milled powder
was loaded into an alumina crucible and then sealed inside
a stainless steel tube. The samples were heated to 1000 °C
at 200 °C/hr and kept there for 10 h. Then the samples were
subsequently cooled to 900 °C at 50 °C/hr and then to 500 °C
at 2°C/hr. Once cooled, the grown platelike single crystals
were manually separated from the flux. The residual resistivity
ratio (RRR), defined as R(300 K)/R(4 K), was approximately
66, indicating high crystal quality, as presented in Fig. S1
in the Supplemental Material (SM) [35]. The temperature-
dependent electrical resistance exhibits a clear charge density
wave (CDW) transition at 94 K and a superconducting critical
temperature (7;) of 2.8 K. The magnetic susceptibility also

shows clear anomalies at 2.8 and 94 K, arising from the
superconducting and CDW transitions, respectively (Fig. S2
in SM [35]). These values for RRR, T, and the CDW tran-
sition temperature are consistent with previously published
results [5,15].

Magnetotransport measurements under pressure were con-
ducted at the National High Magnetic Field Laboratory
(NHMFL) in Tallahassee, Florida, using both hybrid (max-
imum field 43 T) and resistive (maximum field 41.5 T)
magnets, along with a top-loading *He cryostat. The ex-
perimental data presented here are a combination of results
obtained from two independent high-quality samples of
CsV3Sbs, measured in both a hybrid magnet (43 T) and
a resistive magnet (41.5 T) at NHMFL. A shiny piece of
CsV3Sbs was carefully selected, and four gold wires were
attached using silver epoxy for standard four-probe resistance
measurements. We generated hydrostatic pressure conditions
using a piston-cylinder pressure cell. Daphne 7474 oil was
used as the pressure-transmitting medium, and the pressure
inside the cell at low temperatures was calibrated by measur-
ing the fluorescence of a small ruby chip mounted inside the
cell. The current was applied along the ab plane of the crystal.
The sample platform was positioned inside the pressure cell
such that the magnetic field was directed nearly along the ¢
axis of the sample (i.e., H || ¢ axis).

We have performed structure relaxation of CsV3Sbs at
different pressure points using an open-source code, QUAN-
TUM ESPRESSO [36]. We allowed variation of both the atomic
positions and lattice constants (vc-relax) and then utilized
the optimized structures to calculate the electronic properties
of CsV3Sbs. The electronic bands and FS properties were
computed by DFT-based calculations using the full-potential
linearized augmented plane-wave (FP-LAPW) method as im-
plemented in the WIEN2K code [37]. The exchange and corre-
lation energy was considered in the Perdew-Burke-Ernzerhof
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Generalized Gradient Approximation (PBE-GGA) [38]. The
energy convergence criteria was set to 10~* Rydberg for the
self-consistent calculation. The atomic sphere radii Radius
Muffin-Tin were 2.50, 2.41, and 2.50 Bohr for Cs, V, and Sb,
respectively. The self-consistent calculations were performed
by taking a set of 500 k points within the full Brillouin zone.
Similarly, denser k points of 3000 were used for calculating
the FS at different pressure values.

III. EXPERIMENTAL RESULTS

Figure 1(b) shows the MR plots for CsV3Sbs at different
temperatures and under the applied pressure of 0.22 GPa.
In the low-field region, MR exhibits a SC feature with zero
resistance (R = 0). At T = 0.4 K, MR shows a critical
magnetic field (H,) of 2 T. H. decreases with increasing tem-
perature (inset) and reaches the value of 0.6 T at 3 K. SC
disappears completely above 3 K. At the high-field region,
MR displays clear Shubnikov—de Haas (SdH) oscillations.
The oscillations are prominent at low temperatures, diminish
gradually at higher temperatures, and disappear completely
above 35 K. Furthermore, these oscillations are periodic but
appear to have multiple periods, indicating the existence of
multiple frequencies. The frequency of these oscillations can
be determined by taking the fast Fourier transform.

Figure 1(c) displays the frequency spectrum of the quan-
tum oscillations data shown in Fig. 1(b). There are nine
distinct frequency peaks at 6, 19, 83, 198,252, 716, 841, 1500,
and 2021 T. A previous MR measurement by Fu et al. [23]
up to 32 T at ambient pressure reported four frequency peaks
(27, 73, 727, and 786 T). Our frequency data, namely, 19,
83, 252, 716, and 841 T, are comparable to those reported
by Fu et al. [23]. A slight difference in the frequency values
could be attributed to the application of moderate pressure
(0.22 GPa) in our experiment. It is important to note that
we observed additional peaks at 1500 and 2021 T that were
not detected in the previous MR experiment [23]. However,
a recent MR report by Ortiz et al. [14] observed these high-
frequency signals reaching up to 2000 T in CsV3Sbs, and our
frequency data are comparable with their findings. In fact, our
previous torque and TDO experiments [15], along with other
studies [24,25,39], have reported the observation of de Haas—
van Alphen oscillations with frequencies as high as 10 kT in
CsV;Sbs.

As seen in Fig. 1(c), the amplitude of the frequency de-
creases at higher temperatures, which can be explained by
the Lifshitz-Kosevich (LK) formula [40]. It is important to
note that the higher frequencies (above 500 T) diminish faster
with temperature than the lower frequencies (below 500 T).
All high frequencies completely disappear above 8 K, while
lower frequencies persist up to 45 K. There are several peaks,
indicated by asterisks, which are not clearly defined. They
quickly disappear with temperature. Such behavior of high-
frequency peaks with temperature in AV3Sbs has been ob-
served in our previous torque magnetometry studies [15-17].
We have fitted the temperature-dependent frequency data for
19, 83, and 252 T using the LK fit, and the effective masses of
the charge carriers are found to be (0.107 £ 0.006)m,, (0.144
4 0.004)m,, and (0.446 + 0.012)m,, respectively, where m,
represents the rest mass of an electron.
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FIG. 2. Magnetoresistance (MR) curves of CsV;Sbs at various
pressures measured at 0.4 K. Quantum oscillations are observed at
lower pressures and gradually diminish at higher-pressure values.
Upper inset: Zoomed-in MR curves at low magnetic fields. Lower
inset: Plot of the critical field H, vs pressure. H,. at each pressure
point is determined by taking the midpoint of the transition. The
dashed curve is a guide to the eye.

To explore the pressure effect on the FS of CsV;3Sbs, we
measured its MR at five different pressure points (P = 0.22,
0.39, 0.45, 0.91, and 1.49 GPa), as presented in Fig. 2. The
pressure points are chosen such that they lie below and above
P,.; ~ 0.7 GPa. At the low-field region, the SC transition with
zero resistance (R = 0) is clearly observed at all measured
pressure values. The transition to the SC state is sharp at low
pressure, which becomes broader while increasing pressure
(upper inset in Fig. 2). The variation of the critical field H,
with pressure is shown in the lower inset. Initially, H, in-
creases with pressure, reaching its maximum value of 4.5 T at
0.45 GPa. However, it decreases with further pressure increase
and then rises again after surpassing 1 GPa. Such reentrant be-
havior of H, under pressure has also been observed in previous
high-pressure studies [26-28] in CsV3Sbs. In the high-field
region, MR curves show distinct SAH oscillations. As depicted
in the graph, SdH oscillations are pronounced in MR curves
below P.;, whereas they are suppressed upon crossing P,;.
Additionally, both high- and low-frequency signals seem to
be present below P.;, while only a low-frequency signal is
observed above it. This is further evident in the pressure-
dependent frequency plot depicted in Fig. 3.

Figure 3 displays the temperature dependence of frequency
spectra for CsV3Sbs at different pressures. At P = 0.39 GPa,
six visible peaks (13, 83, 194, 257, 745, and 1490 T) are
observed. The spectrum at P = 0.39 GPa is comparable to
that at P = 0.22 GPa [Fig. 1(c)]; however, there is a slight
change in peak position, likely due to the pressure effect. The
four low-frequency peaks are observed at all pressures, while
the peak near 750 T was only observed up to 0.45 GPa, and
the peak near 1500 T only up to 0.39 GPa. These observa-
tions confirm the presence of only low-frequency peaks above
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FIG. 3. The frequency spectrum of CsV;Sbs at (a) 0.39, (b) 0.45, (c) 0.91, and (d) 1.49 GPa. Low-frequency signals (below 500 T) are
present at all measured pressure values, while high frequencies (above 500 T) are present only below P,; ~ 0.7 GPa. The amplitude decreases
as the temperature increases. Insets: The Lifshitz-Kosevich (LK) analyses for estimating the effective mass of charge carriers.

P,,, with high frequencies disappearing entirely beyond this
threshold.

The LK analyses for the temperature-dependent frequency
peaks are shown in the insets of Figs. 3(a)-3(d). The solid
green curves are the best-fit curves to the data. The estimated
effective masses of charge carriers at different pressures are
presented in Table I. These mass values are comparable to
those reported in previous quantum oscillation studies [ 14-25]
on AV;Sbs. The effective mass computed using DFT is also

TABLE I. Effective mass (m*) of charge carriers and Shubnikov—
de Haas (SdH) oscillation frequencies under various applied
pressures. The DFT-computed effective masses of the charge carriers
are also included for comparison. Here, m, represents the electron
rest mass.

P (GPa) F(T) m*/m, m*/m, (DFT)
19 0.107 £ 0.006 0.186
0.22 83 0.144 + 0.004
252 0.446 £ 0.012 0.437
0.39 83 0.165 + 0.006
257 0.452 £ 0.022 0.449
78 0.140 & 0.004
0.45 263 0.568 + 0.025 0.471
770 0.421 £ 0.010
0.91 181 0.195 & 0.012
1.49 275 0.191 + 0.013

included in Table I. As shown, the experimental values and
DFT-calculated masses are in close agreement.

IV. DFT CALCULATIONS

To understand the experimental observations, we computed
the electronic structures of CsV3Sbs under varying pressures
in one of its proposed CDW phases. This compound under-
goes the CDW phase transition below 94 K with the formation
of superstructures. Tan et al. [10] have shown that the CDW
phase in AV3;Sbs originates due to the breathing-phonon
modes of the kagome lattice and is electronically mediated by
the FS instability. This leads to two different superstructures
in the CDW phase: the Star of David (SD) structure and the
inverse Star of David (ISD) [Fig. 4(a)]. Both SD and ISD
structures exhibit an in-plane 2 x 2 superlattice. While both
CDW phases are energetically more favorable than the pristine
phase, the ISD phase is preferred over the SD phase in terms
of energy [10,14]. Therefore, we have considered the ISD
phase for the electronic structure calculations of CsV3Sbs
in the present study. Furthermore, in the pressure-dependent
DFT calculations, we assumed the pressure to be purely hy-
drostatic.

Figure 4(b) presents the electronic band structure of
CsV3Sbs in the ISD phase along high-symmetry points. At
ambient pressure, there are multiple Dirac-like crossings near
the Fermi level, as indicated by the dotted circles. The ap-
plication of pressure resulted in clear changes in the band
structure near the Fermi level, with a notable shift of bands
being observed. The Dirac points also exhibit noticeable shifts
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FIG. 4. (a) Star of David (SD) (top panel) and inverse Star of David (ISD) (bottom panel) CDW phases of CsV3Sbs. (b) Electronic band
structure of CsV3Sbs in the ISD phase calculated at 0, 0.45, and 1.49 GPa. The Dirac points near the Fermi level are indicated by the dotted
circles. Electronic bands and Dirac crossing points shift with pressure. (c) Upper panel: Brillouin zone and high-symmetry points for CsV;Sbs.
Lower panel: Enlarged view of the Dirac points along the L-H direction [highlighted region in (b)]. The Dirac point shifts to the right and

moves closer to the Fermi level as the pressure increases.

with increasing pressure. The lower panel in Fig. 4(c) presents
a close-up view of the electronic bands near the Fermi level
along the L-H direction. The Dirac cone, initially located
around 30 meV above the Fermi level at 0 GPa, shifts grad-
ually to 22 and 14 meV at pressures of 0.45 and 1.49 GPa,
respectively.

In the electronic band structure, each band, whether in the
valence or conduction band, is identified by a number. Not all
bands intersect the Fermi level; only those that do contribute
to the FS. For this material, bands 265, 266, 267, 268, and 269
cross the Fermi level and thus contribute to the Fermi surface.
The band-resolved FS for CsV3Sbs at different pressures is
shown in Fig. 5. The Fermi surface is complex. There are five
pockets that have contributions from bands: 265, 266, 267,
268, and 269. The FS pocket derived from band 265 exhibits a
concave shape and is located at the Brillouin zone boundaries.
Similarly, the pocket from band 267 comprises three pieces:
concavelike structures at the top and bottom of the Brillouin
zone and a nearly spherical pocket at the center. As pressure
increases, the concavelike structures enlarge, while the spher-
ical pocket undergoes significant shrinkage. A similar trend
is observed for the FS of band 268, with the exception that
the central spherical pocket shrinks and eventually disappears
completely at a pressure of 1.49 GPa. The pockets from bands
265 and 266 also exhibit dimensional changes under pressure,
although not as prominently as those from bands 267, 268,
and 269. These observations confirm that the FS of CsV;Sbs
is highly sensitive to the application of external pressure.

To compare with experimental data, we measured the area
of each energy isosurface forming the FS and then computed
the oscillatory frequencies using the Onsager relation [42].
We utilized the SKEAF code [43] to compute all possible
frequencies from each FS pocket. The calculated frequencies
at different pressures, together with experimental data, are
shown in Fig. 6. The high-frequency signals around 1000
and 1600 T correspond to the FS pocket of band 266, while
the low-frequency signals below 500 T originate from FS
pockets of bands 265, 267, 268, and 269. As seen in the graph,

the frequencies calculated from DFT are nearly comparable
with the experimental values. However, DFT results do not
describe the absence of high frequencies (above 500 T) above
P.;. One of the possible reasons could be that the sample
inside the pressure cell is slightly misaligned with respect
to the magnetic fields by a few degrees. To rule out this
possibility, we examined how the frequency value varies when
adjusting the tilt angle by a few degrees in both the polar and
azimuthal directions, but the frequencies show no significant
change (Fig. S3 in the SM [35]). This does not account for
the absence of high-frequency signals above P.;. Another
possibility could be that the DFT calculations are conducted
by considering a 2 x 2 x 1 ISD structure in the CDW phase,
which may not represent the real ground state. Several com-
putational studies [44,45] have adjusted the Fermi energy
to match experimental quantum oscillation data, assuming
ambiguity in the experimental Fermi energy. We observed
that shifting the Fermi level alters the shape and size of the
FS and, consequently, the frequencies, as shown in Fig. S4
in the SM [35]. Upward and downward shifts in the Fermi
level yield different frequency values. Therefore, we did not
conduct detailed calculations for frequency shifts until it is
clearly known in which direction and by how much the Fermi
energy should be adjusted.

Recently, Tan et al. [41] conducted comprehensive com-
putational studies to explain the experimentally observed
quantum oscillation frequencies in CsV3Sbs. Their results in-
dicate that although some of the experimental frequencies can
be explained using 2 x 2 x 1 (SD or ISD) CDW structures,
a better match is achieved with a 2 x 2 x 2 CDW phase with
interlayer structural modulation. Performing DFT calculations
with a2 x 2 x 2 CDW structure is beyond our computational
resources at this moment.

V. DISCUSSION AND CONCLUSION

Here, we have explored the fermiology of CsV3Sbs at
different pressures by measuring Shubnikov—de Haas (SdH)
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FIG. 5. Band-resolved Fermi surface (FS) of CsV;Sbs in the CDW (ISD) state computed at various pressures. The FS consists of
contributions from five pockets, corresponding to bands 265, 266, 267, 268, and 269. The size and shape of the FS pockets evolve as pressure

increases.

oscillations. The magnetoresistance (MR) measured up to
43 T exhibits distinct SdH oscillations with multiple fre-
quencies, reaching up to 2000 T. Notably, the high-frequency
signals (above 500 T) vanish as pressure increases beyond
P.1 ~ 0.7 GPa. According to Onsager’s relation [40,46—48],

2400
P, ~0.7 GPa © oo
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2000 - ¢ :
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FIG. 6. Pressure dependence of SAH frequencies for CsV;Sbs.
The solid red circles are experimental data, whereas the green stars
are possible frequencies calculated using DFT. High frequencies
~1000 and 1600 T arise from the Fermi surface of band 266. The
vertical line is a guide for P.;. The blue stars are data from Tan
etal. [41].

the frequency (F) of quantum oscillations is directly pro-
portional to the cross-sectional area (Ar) of the FS as F' =
h/(2me)AZ, where Fi is the reduced Planck’s constant and e is
the charge of an electron. Therefore, the quantum oscillation
frequency is the direct measure of the FS of the material under
study. The absence of a high-frequency signal above P, in this
study strongly suggests that the FS undergoes a reconstruction
above P.;. One might wonder why the frequencies near 750
and 1500 T do not simultaneously vanish as the pressure
increases from P = 0.39 to 0.45 GPa [Figs. 3(a) and 3(b)].
These frequencies arise from different cross sections of a
single FS pocket or possibly from two distinct FS pockets.
Our experimental data suggest that as the pressure increases,
the FS cross section contributing to the 750 T frequency
remains largely unchanged, whereas the one corresponding
to the 1500 T frequency undergoes significant deformation.
This pressure-induced FS instability might have led to both
the change in SC behavior [26,27] with the sharp change in
T. and the emergence of a new stripelike CDW feature in a
high-pressure NMR experiment [28] at P;.

To interpret the experimental observations, we per-
formed pressure-dependent electronic structure calculations
of CsV3Sbs using density functional theory (DFT). The elec-
tronic bands and Fermi surface (FS) calculated in one of
the proposed charge density wave (CDW) phases, the 2 x
2 x 1 inverse Star of David (ISD) phase, show clear band
shifts and changes in the shape of the Fermi surfaces un-
der moderate pressure, up to 1.5 GPa. However, in contrast
to our experimental results, the DFT-calculated frequencies
persist even beyond P, ~ 0.7 GPa. This suggests that the
CDW phase in CsV3Sbs is likely three dimensional in nature,
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and pressure-dependent DFT calculations incorporating inter-
layer coupling, particularly in the 2 x 2 x 2 and 2 x 2 x 4
phases, may be required to fully explain the experimental
findings.

There might be a question that the change in SdH os-
cillation could be due to the pressure inhomogeneity or
nonhydrostaticity. Here, we have used Daphne 7474 oil as a
pressure-transmitting medium. The hydrostatic limit, where
the liquid solidifies, at room temperature for this fluid is be-
tween 3 and 4 GPa [49], far above the maximum pressure that
we applied (1.49 GPa) in the present research. Furthermore,
the pressure medium becomes solid with cooling, but the
hydrostaticity can be estimated by the full width at half maxi-
mum (FWHM) of a ruby peak inside the medium. It has been
found that Daphne 7474 remains hydrostatic (the peak does
not broaden) down to 77 K [50]. Therefore, it is unlikely that
pressure inhomogeneity or nonhydrostatic conditions could
have caused the change in SdH oscillations above P,;; instead,
it is solely caused by FS reconstruction.

The tuning of the FS can also be done by doping, where the
doping element acts as chemical pressure. There are several
studies [29-32,51] on the tuning of electronic properties in
AV;Sbs through doping. For example, Hou et al. [32] have
studied the evolution of CDW and SC properties with Ti dop-
ing in CsV(3_,)Ti,Sbs. They also observed the double-dome
SC, similar to the high-pressure studies [26—28]. Although
chemical doping is a crucial method for tuning electronic
properties, it often introduces impurities and defects, ulti-

mately reducing the single-crystal quality [51] in AV3Sbs,
making the study of their intrinsic properties challenging.
Instead, high pressure is a clean method to tune electronic
properties without introducing extrinsic artifacts. Therefore,
the detailed high-pressure studies presented under high mag-
netic fields in this work will be crucial to shed light on the
double-dome SC feature and CDW phase in AV3Sbs and other
vanadium-based kagome compounds.
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