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The kagome metal CsV3Sbs is an ideal platform to study the interplay between topology and
electron correlation. To understand the fermiology of CsV3Sbs, intensive quantum oscillation (QO)
studies at ambient pressure have been conducted. However, due to the Fermi surface reconstruction
by the complicated charge density wave (CDW) order, the QO spectrum is exceedingly complex,
hindering a complete understanding of the fermiology. Here, we directly map the Fermi surface of the
pristine CsV3Sbs by measuring Shubnikov-de Haas QOs up to 29 T under pressure, where the CDW
order is completely suppressed. The QO spectrum of the pristine CsV3Sbs is significantly simpler
than the one in the CDW phase, and the detected oscillation frequencies agree well with our density
functional theory calculations. In particular, a frequency as large as 8,200 T is detected. Pressure-
dependent QO studies further reveal a weak but noticeable enhancement of the quasiparticle effective
masses on approaching the critical pressure where the CDW order disappears, hinting at the presence
of quantum fluctuations. Our high-pressure QO results reveal the large, unreconstructed Fermi
surface of CsV3Sbs, paving the way to understanding the parent state of this intriguing metal in

which the electrons can be organized into different ordered states.

Kagome metals AV3Sbs (A=K, Rb, Cs), whose elec-
tronic band structure naturally hosts van Hove singular-
ities, Dirac points and flat bands, serve as an ideal plat-
form to investigate the interplay between topologically
nontrivial states and the electronic correlation. Due to
the correlation effects, an abundance of instabilities, in-
cluding charge density wave (CDW), nematicity and su-
perconductivity (SC), have been realized in AV3Sbs [I-
2I]. Hence, AV3Sbs metals exhibit various quantum
states that are actively explored in modern condensed
matter research.

Among the three members of AV3Sbs, CsV3Sbs pos-
sesses the highest superconducting transition tempera-
ture (T, ~ 2.7 K) with a CDW transition at Tcpw ~
90 K [1 2, 5, [16]. The precise nature of the CDW
order in CsV3Sbs is currently under intense scrutiny,
and contradictory results have been reported. For in-
stance, whether time-reversal symmetry is preserved in
the CDW phase is an important question. While muon
spin relaxation, chiral transport measurements, an ear-
lier magneto-optical polar Kerr effect measurement, and
the detection of the anomalous Hall effect [9] 22H26] sup-
port the absence of the time-reversal symmetry, the most
recent magneto-optical Kerr result indicates the preser-
vation of the time-reversal symmetry [27], 28]. Next, the
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nature of the superlattice modulation is also under de-
bate [2, Bl 2943T]. It has been revealed that the in-plane
distortion can adopt a 2 x 2 superlattice with Star of
David (SoD) or trihexagonal (TrH) patterns. However,
the out-of-plane distortion mode which involves various
possible stacking of SoD and TrH patterns remains elu-
sive, and both 2 x 2 x 2 and 2 x 2 x 4 modulation modes

have been reported [2], [3, 29H32].

The emergence of the new periodicity associated with
the CDW order introduces a smaller Brillouin zone
(BZ). Thus, the pristine Fermi surface is reconstructed
because of the band folding, and an additional en-
ergy gap develops which can affect the band structure.
Due to the BZ folding and Fermi surface reconstruc-
tion, many small Fermi pockets can be expected. The
CDW-induced energy gap has been detected by scanning
tunneling microscopy and angle-resolved photoemission
spectroscopy [30H32]. Hence, knowing the superlattice
distortion pattern in the CDW phase is essential for cal-
culating the electronic band structure. Intensive quan-
tum oscillation (QO) studies have revealed an abundance
of frequencies in CsV3Sbs at ambient pressure [3], 26, 33
[41]. However, due to the limited knowledge of the CDW
superlattice distortion pattern, a good consistency of the
fermiology between experiments and density functional
theory (DFT) calculations has not been achieved.

To make progress towards understanding the fermiol-
ogy of CsV3Sbs, a natural strategy is to first remove
the complicated CDW order, and then probe the pris-
tine metallic phase by QOs. This can be accomplished
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by turning to the well-known temperature-pressure (7-p)
phase diagram, which shows that Tcpw decreases mono-
tonically with increasing pressure and extrapolates to 0 K
at p. ~ 20 kbar [33, 42]. Furthermore, the T-p phase dia-
gram indicates an interesting interplay between the CDW
order and SC — the SC displays a double-dome pressure-
dependence with a maximum 7, at p.. While the origin
of the first dome near 7 kbar is not yet settled, the second
dome around p. resembles the phenomenon of supercon-
ductivity mediated by quantum criticality [19,[43], where
quantum fluctuations associated with the CDW instabil-
ity can enhance superconductivity analogous to various
correlated electron systems, including heavy fermion sys-
tems, cuprates and iron-based superconductors [44H46].
Therefore, the pressure evolution of fermiology around p,
can shed light on the presence of quantum fluctuations.

In this study, we measure Shubnikov-de Haas QOs
of CsV3Sbs under pressure up to 29 T. We investigate
the Fermi surface of the pristine phase, and explore the
pressure dependence of the fermiology. In the pristine
CsV3Sbs with the magnetic field (B) along the c-axis,
a QO frequency as high as ~8,250 T is resolved in
our study. Indeed, the entire fast Fourier transform
(FFT) spectrum of the pristine phase is significantly
simpler, and it shows a much-improved agreement with
DFT calculations. Finally, we uncover a weak but
discernible enhancement of the quasiparticle effective
masses upon approaching p. on the pristine side. Thus,
a near-complete determination of the Fermi surface
sets the scene for understanding the parent metallic
state which is susceptible to various instabilities, and
the pressure-dependent fermiology parameters shed
light on the effect of fluctuations associated with these
instabilities on conduction electrons.

Results

Large Fermi surface in the pristine phase

Figure a) shows the T-p phase diagram of CsV3Sbs.
For the bulk sample, the CDW order can be totally sup-
pressed at 20 kbar and for the thin flakes, the CDW
order disappears at a slightly higher pressure of 24
kbar [33 42], 47]. As reported by some of us in Ref. [47],
above 24 kbar, both the anomaly feature in dp/dT and
the characteristic “S-shape” line in the low field region
of py.(B) disappear, indicating the total suppression of
the CDW order. In this work, we measure the QO in
a thin flake of CsV3Sbs with a thickness of 210 nm
(TH1). As displayed in Fig. [Ifa), the Tcpw of TH1
at ambient pressure and 9.6 kbar agrees well with the
trend of Tcpw (p) for the thin flakes (brown dashed line).
Hence, we choose 24.5 kbar as the first pressure point to
study the pristine phase. As shown in Fig. S1, p,.(B)
at 24.5 kbar changes slowly without the characteristic
“S-shape” line at the low-field region, again, indicating
the removal of the CDW order. We then conduct the
magnetotransport measurement and Fig. [Ifb) shows the
longitudinal resistivity (pg.) up to 29 T. The signal qual-
ity is superior, with the superconducting to normal-state
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Fig 1. (a) Temperature-pressure phase diagram of CsV3Sbs.
The open symbols for bulk and thin flake are adapted from
Ref. [33] and Ref. [47], respectively. The brown dashed line
is the linear fit of the Tcpw for thin flake of Ref. [47], which
gives 24 kbar for the CDW suppression point. The black ar-
rows point to 24.5, 27.0 and 33.8 kbar, indicating the pressure
values chosen for the QO studies in the pristine phase of this
work. (b) pzz(B) at 0.4 K. (¢) FFT spectra of the thin flake
THI1 for the oscillatory data between 20 T and 29 T at dif-
ferent temperatures. The inset shows the oscillatory signals
after the removal of the background at 0.4 K. (d) FFT spec-
trum of TH1 for the data between 25 T and 29 T at different
temperatures.

transition clearly observed. A low extrapolated normal-
state pg.(0 T,0.4 K) of 0.43 puf2cm, representative of the
residual resistivity, indicates a high-quality sample. Us-
ing the extrapolated p,,(0 T,0.4 K), the magnetoresis-
tance is calculated to reach 510% and it is non-saturating
at 29 T. It is interesting to note that the normal-state
Pae 1S quasilinear in B, consistent with a previous re-
port [26]. To search for QOs in p,,, we perform a slow
field sweep between 20 T and 29 T. After the removal of
the background, excellent QO signals show up as dis-
played in the inset of Fig. (c) The FFT spectrum
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damping factor Rr of Lifshitz-Kosevich theory.

for the data between 20 T and 29 T gives five peaks,
namely « (154(62) T), 8 (343(63) T), v (1,244(56) T), ¢
(2,298(57) T) and 20 (4,589(57) T). The 4,589 T peak is
assigned as 26 not only because the frequency is double
that of § at all pressures, but its quasiparticle effective
mass (m*) is also nearly twice that of § (see the effec-
tive mass analysis below and Table S1). If the error bars
are considered, it is also possible that § is a harmonic
of a (see Table S2 for more details). Besides, a careful
analysis of the high-field data above 25 T reveals the ex-
istence of another peak with a frequency of 8,235(165) T
(¢), as shown in Fig.[[(d). The detection of such a large
frequency is significant, as this frequency translates to
an orbit larger than the area of the first BZ in the k-
ky plane when a 2x2 in-plane superlattice modulation is
considered (~4,000 T, using a=5.4651 A at 30 kbar [43)]).
Thus, the detection of  is consistent with the absence of
a CDW order. For the pristine CsV3Sbs, the area of the
first BZ corresponds to a frequency of ~16,000 T (cal-

culated by taking a=5.4651 A at 30 kbar [48]). Hence,
the resolved ¢ peak occupies ~51% of the first BZ area.
Overall, we successfully resolved six QO frequencies in
the pristine phase of CsV3Sbs.

The FFT spectrum at 24.5 kbar is much simpler com-
pared with the spectrum at ambient pressure [36]. Fig-
ure [2fa) shows the FFT spectrum of CsV3Sbs (S65) at
ambient pressure and the corresponding oscillatory sig-
nals after the removal of the background is shown in
Fig. b). The most obvious difference between the ambi-
ent pressure and the pristine data is that the abundance
of peaks with fine structure between 400 T and 1,000 T
at ambient pressure (emphasized by the green rectangle)
disappear in the pristine case. In fact, these frequen-
cies at ambient pressure have been revealed by differ-
ent techniques, such as tunnel diode oscillator frequency
measurements up to 41.5 T [40]. The overall FFT spec-
trum for S65 is also consistent with our ambient pressure
study before [36]. It might be tempting to attribute the



disappearance of the peaks between 400 T and 1,000 T
in the pristine phase to a possible enhancement of m* for
these frequencies. However, we are able to detect much
larger frequencies with heavier m* (e.g. ¢ with an effec-
tive mass as high as ~2 m,, as shown in Figs. J[f) and
h).), indicating the superior signal-to-noise ratio of our
experiment. Thus, the disappearance of these frequen-
cies in the pristine phase is most likely attributable to
the absence of Fermi surface reconstruction, introduced
because of the additional periodicity associated with the
onset of the CDW transition. The BZ folding and Fermi
surface reconstruction could induce many small Fermi
pockets (hence small QO frequencies). When the CDW
order is suppressed, such reconstruction does not occur,
resulting in a simpler QO spectrum.

Next, we move further away from the CDW phase by
increasing the applied pressure. The FFT spectra at
27.0 kbar and 33.8 kbar are displayed in Figs. [2[ (i)-(j)
and Figs. [2| (m)-(n), respectively. These spectra closely
resemble the FFT spectrum at 24.5 kbar. With the same
experimental parameters, all peaks can be consistently
followed from 24.5 kbar to 33.8 kbar, except for (. How-
ever, when the field sweeping rate is slower and the ex-
citation current is higher, ¢ does show up at 33.8 kbar
but with a significantly reduced amplitude (see Fig. S2).
Finally, the group of peaks between 400 T and 1,000 T
is absent, in agreement with the fact that all these pres-
sure points are located beyond the CDW phase. There-
fore, we conclude that the disappearance of the group
of peaks and the emergence of ¢ are fingerprints of the
pristine metallic state of CsV3Sbs.

Oscillation peaks with frequencies larger than the
in-plane area of the reconstructed BZ have been re-
ported in Ref. [4I] and they are attributed to magnetic
breakdown. The situation is dissimilar to our case
because, in Ref. [41I], the high-frequency peaks are
observed in the CDW phase while ¢ in our study is seen
in the pristine phase. Furthermore, the high-frequency
peaks in Ref. [41] are equally spaced with an interval of
~2000 T, clearly different from our FFT spectra with
a single, well-defined (. Next, the magnetic field used
in Ref. [41] is 86 T, while our maximum field is 29 T.
Finally, as will be discussed in the later section, our
data show a good agreement with the calculated Fermi
surface in the pristine phase. Therefore, we adopt the
most natural explanation instead of invoking the notion
of a magnetic breakdown.

Pressure dependent quasiparticle effective masses
The temperature dependencies of the QO amplitudes at
24.5 kbar are shown in Figs. Pfg)-(h) and analyzed us-
ing the thermal damping factor (Ryr) of Lifshitz-Kosevich
theory. The analyses give m*/m. of 0.61(3) («), 1.08(8)
(8), 0.89(4) (), 0.80(4) (d), 1.36(10) (26) and 2.01(13)
(¢). First, within the uncertainties, we note that m* of
20 is nearly twice the value for § (see the effective mass
analysis below and Table S1). Second, the m* values at
24.5 kbar are noticeably larger than the values at ambient

12000 ' : :
(a)200r % |(b),of
10000} ¢ 1 ¢
8000} 00X - 1.5F
£ 6000 — . : :
=~ | . 1
X
% 2000f {E19 /B&‘k'
Ll_ a )
1000f i os} R
X
Bo———“’.
O_GIdL 0.0 1 1 1
0 10 20 30 40 0 10 20 30 40
p (kbar) p (kbar)

Fig 3. Pressure-evolution of (a) quantum oscillation frequen-
cies and (b) quasiparticle effective masses. The black crosses
in (a) represent the calculated QO frequencies at 30 kbar.
The coloured region denotes the CDW phase. The frequency
of ¢ at 33.8 kbar is extracted from Fig. S2, in which a different
field range is used for the FFT.

pressure, which are all less than ~0.3 m, (see Figs. [[c)-
(d)). In particular, m* of ¢ is as high as 2.01(13) m,.
Similarly, the QO amplitudes at 27.0 kbar and 33.8 kbar
follow the Lifshitz-Kosevich theory well (Figs. 2k)-(1)
and Figs. [J[0)-(p)), enabling the calculation of m*. The
m* values at 27.0 kbar and 33.8 kbar are also markedly
larger than the overall values at ambient pressure, and
the ratio of m*(29) to m*(9) is found to be 2 as well, as
tabulated in Table S1.

The observation of QO frequencies over a wide pressure
range offers an ideal backdrop to discuss the evolution of
m*. Figure (a) plots the QO frequencies as a function
of pressure, where the solid symbols are values for the
pristine phase extracted from the spectra displayed in
Fig. S2 (for ¢ at 33.8 kbar) and Fig. [2| (for all other dat-
apoints). Selected QO frequencies from the CDW phase
that show an obvious connection to the frequencies in
the pristine phase are also included as open symbols in
Fig. a). The FFT spectra for TH1 at 12.1 kbar are
shown in Fig. S3. Thus, v and § can be seen from ambi-
ent pressure to 33.8 kbar, and they vary roughly linearly
over the full pressure range. Figure b) shows the pres-
sure dependence of m* from 12.1 kbar to 33.8 kbar. At
12.1 kbar, we can determine the m* of 8, v and § be-
cause of the less complicated FFT spectrum (Fig. S3).
However, it is challenging to do the same for the ambi-
ent pressure data because oscillation peaks have a fine
structure and the weak signal-to-noise ratio for v and ¢
prohibit an accurate mass analysis.

The effective masses presented in Fig. b) all come
from the same sample (TH1) measured at the same high-
field facility. Therefore, their pressure evolution is partic-
ularly meaningful. Near the pressure where Tcpw van-
ishes, m* of {, 8 and v show a noticeable maximum,
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Fig 4. Calculated Fermi surface of the pristine CsV3Sbs at 30 kbar for (a) Band 67 and (b) Band 68. The extracted extremal
orbits for Band 67 and Band 68 are shown in (c) and (d), respectively. For clarity, some duplicated copies of the extremal

orbits are not shown. See text for details.

while m* of ¢ is roughly constant when the error bars
are considered. Calculations performed at 30 kbar and
49 kbar, namely on the pristine side, show that the cal-
culated band structures near Er are nearly identical, ex-
cept for the band near T' (see Fig. S5), which becomes
flatter at 49 kbar. This means the band masses (m},;)
are almost constant in this pressure range, except for the
band mass associated with the band near I'; which would
be larger at 49 kbar than at 30 kbar. Thus, the ratio of
the experimental effective mass to the calculated band
mass (m*/m,;) of 8, v, and ¢ increase when approach-
ing the CDW phase boundary on the pristine side. A
similar analysis cannot be extended into the CDW phase
because a full knowledge of the superlattice distortion
pattern is needed to calculate the band masses.

In heavy fermion CeRhlns and iron-based supercon-
ductor BaFey(As,P)s, quantum oscillation data showed
the enhancement of m* when they are tuned towards
the magnetic quantum critical point [44, [45]. In ad-
dition, m* is also observed to increase significantly in
YBayCu3Og4s tuned towards the critical hole concen-
tration of p = 0.18, where the role of a possible CDW
fluctuations have been put forward [46]. The possibility
of a quantum critical point in CsV3Sbs when Tecpw — 0
has been pointed out by theoretical studies and high-
pressure nuclear quadrupole resonance data [19] 43| 49].
Furthermore, the initial slope of the upper critical field,
(=dH./dT)r,, exhibits a maximum at the pressure
where Tecpw — 0 [42]. Our QO studies do not give
strongly diverging effective masses in CsV3Sbs. However,

fluctuations related to the suppression of the CDW may
still play a role in the pressure phase diagram, which can
partially explain the enhanced, but non-diverging, quasi-
particle effective masses near 24 kbar.

Near-complete determination of the Fermi sur-
face
To understand the fermiology of CsV3Sbs in the pristine
phase, we perform DFT calculations. Both lattice pa-
rameters and atomic positions are fixed to experimental
values at 30 kbar provided by Ref. [48]. Our DFT calcu-
lations show that only two bands cross the Fermi level in
the pristine phase at 30 kbar, and the calculated Fermi
surfaces are displayed in Figs. a) and (b). Meanwhile,
as shown in Table [} the two bands give 9 QO frequen-
cies when the magnetic field is along the c-axis. We find
that the calculated Fermi surface does not host a series
of QO frequencies with a fine structure between 400 and
1,000 T. Instead, the calculation only predicts a single,
well-defined frequency at 812 T, which is consistent with
our experimental results in the pristine phase (Fig. [2)).
To further compare the calculated Fermi surface with
our QO data, we add the calculated frequencies on the
frequency-pressure diagram (Fig. [3{a)). The calculated
frequencies agree with our experimental results well. The
« and (8 frequencies correspond to the calculated low
frequencies below 400 T, and J, ¢ can be associated to
the two frequencies at 2,199 T and 8,266 T, respectively.
We note that there are also calculated frequencies above
10,000 T, which are not captured in our QO study. Con-



TABLE I. Comparison of the calculated quantum oscillation results (30.0 kbar) and the detected SAH quantum oscillation data
(27.0 kbar and 33.8 kbar) with B // c¢. The frequency of ¢ at 33.8 kbar is extracted from Fig. S2, in which a different field range

is used for the FFT.

27.0 kbar (Experimental data) 30.0 kbar (DFT) 33.8 kbar (Experimental data)
F (T) m*/me k. 2n/c)  Fear (T) miy/me F(T) m*/me

— — Band 67 +0.41 82 0.3 - -

— — 0.50 96 0.3 — —

- — 0 103 0.3 — —
1,217 () 0.94(3) 0 812 05 | 1,061 (y)  0.60(3)
2,313 (8)  0.78(5) 0.50 2,199 04 |2363(5)  0.73(2)
8,243 (¢) 1.63(17) 0.50 8,266 11 | 8125 (¢) -

— - 0 11,404 3.5 - -

— — +0.08 11,577 5.1 — -
168 (@) 0.52(1) - - - - 195 (@) 0.61(1)
354 (8)  0.96(7) - - - - 101 (3)  0.00(3)

— - Band 68 0.50 112 0.1 — —

sidering the relatively large calculated band masses (Ta-
ble 7 further study with a stronger magnetic field or
purer crystals is needed to detect these high-frequency
oscillations. There is one calculated frequency (812 T)
left, which can be tied to v because 7 is the remaining
unassigned frequency closest to 812 T, and the observed
decreasing trend under pressure is consistent with calcu-
lations (see further discussion below) [48],[50]. Hence, our
QO measurements in the pristine phase successfully cap-
ture nearly all frequencies from the DFT calculations at
30 kbar. This is a very different scenario from ambient-
pressure studies, where achieving a satisfactory agree-
ment between the experimental results and calculated
frequencies has been challenging, likely due to the com-
plex CDW order where the nature of the superlattice
distortion is still under debate [3] 26], 33H41]. Therefore,
the QO dataset in the pristine phase represents a key
step towards a complete experimental determination of
the fermiology of CsV3Sbs.

The closed extremal orbits on the Fermi surface,
which contribute to the QO signals, can be visualized.
When the magnetic field is along the c-axis, the warped
cylindrical Fermi sheet of Band 67 around A-T'-A con-
tributes two extremal orbits: a neck orbit () at the zone
centre k, = 0, and a belly orbit (§) around the A point
located at the zone boundary k, = 0.5 (see orange and
yellow orbits in Fig. C)), respectively. Meanwhile, the
large hexagon-like orbit around the A point corresponds
to ¢ (red). The largest set of three nearly circular orbits
at k, = 0 and k, = £0.08, experimentally undetected,
corresponds to ~11,500 T (green and blue). Finally, for
Band 67, there are six small elliptical orbits at k, = 0
with a calculated frequency of 103 T (purple), a set of
three crescents at k, = 0.5 around the H point (light
blue), and similar sets of three crescents at k, = £0.41
(pink). The calculated frequencies for these crescents at
k, = 0.5 and k, = +0.41 are 96 T and 82 T (Table .
With regard to Band 68, small oval orbits at k, = 0.5
with 112 T (violet) are revealed in the calculation
(Fig. d)) For clarity, only the orbits with positive

k. are shown, and for the crescents, only one set each
at k, = 0.5 and k, = +0.41 is displayed in Fig. c).
Experimentally, o and (§ are the smallest frequencies
detected. To assign o and [ definitively to the small
frequencies from the calculations is challenging, and the
possibility that 8 could be a harmonic of « introduces
further complications (see Table S2). Nevertheless,
the resolved o and 3 can be good representations of
these small extremal orbits, but a larger field range is
needed to fully distinguish these small, closely-spaced
frequencies in the future.

Discussion

After establishing the correspondence between the de-
tected QO frequencies and the calculated results, we
further compare the effective masses. The experimen-
tally determined quasiparticle effective masses at both
27.0 kbar and 33.8 kbar are all larger than the calcu-
lated band masses at 30 kbar, as tabulated in Table [I
Since both 27.0 kbar and 33.8 kbar are still close to the
border of the CDW phase, the larger effective masses ob-
tained by our QO measurements could be attributed to
enhanced quantum fluctuations, as discussed earlier. We
note that the value of (m*/m? ;) for all observed frequen-
cies near 30 kbar is less than 2 (Table . Such a mod-
est ratio could originate from electron-phonon coupling,
which may play a role in mediating superconductivity in
CsV3Sbs. Indeed, electron-phonon coupling as the su-
perconducting pairing mechanism in CsV3Sbs has been
explored by other groups [B1l 52]. To further explore if
CDW fluctuations are the dominant factor, quantum os-
cillations at higher pressures as well as definitive DFT re-
sults in the CDW phase will be useful, so that (m*/m},;)
can be tracked over a large pressure range covering both
the pristine and the CDW phases.

Despite the modest (m*/m?,;), the ratio appears to ap-
preciate on approaching p. ~ 20 kbar, where Tcpw — 0,
indicating that the phenomenon can be tied to the desta-
bilization of the CDW phase and thus the fluctuations as-



sociated with the ordered phase. The fact that T, is also
maximized near p,, i.e. the presence of the second dome
around p., suggests that superconducting pairings can
take advantage of enhanced fluctuations. This scenario
is in stark contrast to cases in which 7, does not show
a dome-like pressure dependence when the CDW phase
is suppressed, see for instance the T-p phase diagram of
1T-TaSs [53].

The warped cylinder of Band 67 is known to be
robust against the formation of the CDW order [4§].
Indeed, § and ~, the belly and the neck of the warped
cylinder, are detected over the entire pressure range
studied. ©The smooth variation of both frequencies
enables us to discuss the pressure-evolution of the
shape of this cylinder. With increasing pressure, §
increases while 7 decreases, indicating that this Fermi
surface sheet becomes more 3D-like under pressure.
The increased three-dimensionality under pressure
implies that the hopping integral perpendicular to the
kagome layers increases, and the pressure evolution
of this particular cylinder is consistent with recent
theoretical studies [48H50], which predict that ~ will
continue to shrink and eventually disappears at a higher
pressure. The pressure evolution of the warped cylinder
is important for understanding both the CDW and
the superconducting properties. For instance, DFT
calculations have linked the disappearance of 7 to the
complete suppression of superconductivity at around
120 kbar [48]. Thus, our data provide the experimental
foundation for existing DFT results that explore the
pressure-dependent electronic structure of CsV3Sbs.

Materials and Methods

Crystal growths High-quality single crystals of
CsV3Sbs were synthesized from Cs (ingot, 99.95 %),
V (powder, 99.9 %) and Sb (shot, 99.9999 %) using
self-flux method [Il 2]. The raw materials were sealed
inside a pure-Ar-filled stainless steel jacket with the
molar ratio of Cs:V:Sb = 7:3:14. The as-grown single
crystals were millimeter-sized shiny plates.

High-pressure quantum oscillation measure-
ments Magnetotransport properties were measured by
a standard four-terminal configuration in a Physical
Property Measurement System by Quantum Design.
The high field transport properties were measured at
LNCMI Grenoble using a 3He cryostat up to 29 T. The
high-pressure environment was achieved by diamond
anvil cell (DAC) with patterned electrodes on top of the
anvil. A thin flake exfoliated from the bulk CsV3Sbs
was transferred onto the patterned electrodes. A layer of
h-BN was added above the thin flake for encapsulation
and the thickness of the thin flakes was determined by a
dual-beam focused ion beam system (Scios 2 DualBeam
by Thermo Scientific) [54, 55]. The pressure achieved
was determined with ruby fluorescence method at room
temperature (Fig. S4). A Stanford Research 830 lock-in
amplifier was used for QO measurements.

Band structure calculations The WIEN2k pack-
age [b0], which employing DFT with full-electron
full-potential linearized augmented plane waves, was
used in the Fermi surface calculation. The experimental
lattice constants for pressurised CsVsSbs [48] were
adopted and no structural optimization was performed.
The generalized gradient approximation of Perdew,
Burke and Ernzerhof [57] for the exchange-correlation
potential, R K, .. = 7.5, k-point mesh of 20,000 in
the first Brillouin zone were utilized in the calculation.
The muffin-tin radius was set to 2.5 a.u. for Cs and Sb
atoms, and 2.47 a.u. for V atoms. Quantum oscillation
frequencies were extracted from as-calculated band
structures without any energy shift using the Supercell
K-space Extremal Area Finder (SKEAF) [58], where
the averaging threshold for the fractional difference in
frequencies and the orbital distances was set to 0.01 and
0.05 respectively.
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