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The newly discovered kagome superconductors represent a promising platform
forinvestigating the interplay between band topology, electronic order and lattice
geometry"®. Despite extensive research efforts on this system, the nature of the
superconducting ground state remains elusive'®™". In particular, consensus on the

electron pairing symmetry has not been achieved so far

1820 in part owing to the

lack of amomentum-resolved measurement of the superconducting gap structure.
Here wereport the direct observation of anodeless, nearly isotropic and orbital-
independent superconducting gap in the momentum space of two exemplary CsV,Sb;-
derived kagome superconductors—Cs(V 4;Nbg o,);Sbsand Cs(V, gsTag 14);Sbs—using
ultrahigh-resolution and low-temperature angle-resolved photoemission spectroscopy.
Remarkably, such agap structure is robust to the appearance or absence of charge
order inthe normal state, tuned by isovalent Nb/Ta substitutions of V. Our comprehensive
characterizations of the superconducting gap provide indispensable information
onthe electron pairing symmetry of kagome superconductors, and advance our
understanding of the superconductivity and intertwined electronic ordersin

quantum materials.

Superconductivity often emerges in the vicinity of other ordered elec-
tronic states with abroken symmetry, such as antiferromagnetic order
and charge density wave. Their interdependence has been widely studied
in cuprate and iron-based superconductors®??, but persists as a key
issue for understanding high-temperature superconductivity. In certain
cases, the ordered state and superconductivity can even coexist”, which
may indicate an unconventional pairing and have adramaticimpacton
the superconducting mechanism. Because of the unique lattice geom-
etryand unusual electronic features in akagome lattice**, the recently
discovered kagome superconductors stand out as a new platform for
inspecting the superconductivity emerging fromacomplexlandscape
of electronic orders>’*, Of particular interest is the non-magnetic
family of AV,Sb (A =K, Rb, Cs)**, in which a variety of intriguing phe-
nomena have been uncovered, including a tantalizing time-reversal
symmetry-breaking charge density wave (CDW) order®%, a pair density
wave', electronic nematicity®*”?, double superconducting domes under
pressure?*® and giant anomalous Hall effect®*2, All these phenomena
point out exotic intertwined effects in kagome superconductors AV,Sbs.

Toilluminate the microscopic pairing mechanism and the coopera-
tion/competition between multiple phasesin such kagome supercon-
ductors, afundamentalissueisto determine the superconducting (SC)
gap symmetry. This prominentissue remains elusive owing to the great
challenge in resolving such small energy scales and the existence of
several conflicting experimental results. Taking CsV,Sbsas an example,
certain V-shaped gaps, as well as residual Fermi-level states measured
by scanning tunnelling spectroscopy'®" and a finite residual thermal
conductivity towards zero temperature?, seem to support anodal SC
gap. By contrast, the observations of the Hebel-Slichter coherence peak
inthe spin-lattice relaxation rate from'?/*Sb nuclear quadrupole reso-
nance measurements®and the exponentially temperature-dependent
magnetic penetration depth', are more consistent with a nodeless
superconductivity. On the theoretical side, both unconventional and
conventional superconducting pairing were proposed'® 2. Therefore,
anunambiguous characterization of the SC gap structure and its con-
nectionwiththeintertwined CDW order becomes an urgent necessity.
During the long-term research of superconductors, angle-resolved
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Fig.1|Evolution of CDW and superconductivity in CsV,Sb,on chemical
substitution. a, Phase diagrams for Cs(V,_,Nb,),Sbs;and Cs(V,_,Ta,),Sbs. Inset,
thelattice structure of V-Sblayer, illustrating the Taor Nb substitution of Vatoms
within the kagome lattice. b, Temperature dependence of in-plane resistivity
for the pristine and two substituted samples studied in this work. The arrows
indicate the anomalies associated with CDW transitions. The inset shows the
differential resistivity to highlight the CDW transitions, with the curves vertically
shifted for clarity. Note that thereisno CDW order observed in Cs(V, gsTag 14);Sbs.
¢, Normalized resistivity curvesinthe low-temperature range showing clear
superconducting transitions. AU, arbitrary unit.

photoemission spectroscopy (ARPES) has been proved to be a pow-
erful tool to directly measure the SC gap in the momentum space®.
Nevertheless, the relatively low transition temperature (7;) and cor-
respondingly small gap size render a thorough ARPES measurement
extremely challenging.

In this work, we utilize an ultrahigh-resolution and low-temperature
laser-ARPES, together with a chemical substitution of Vin CsV,Sb,
that raises T, to precisely measure the gap structure in the super-
conducting state. CsV,Sb; crystallizes in a layered structure with
Vatoms forming atwo-dimensional kagome net, asshownin theinset
of Fig.1a. At low temperatures, the material exhibits a CDW transition
at Tepw = 93 K, and eventually becomes superconducting at 7.= 3 K.
To finely tune the competition between superconductivity and
CDW, we take two elements to substitute V in CsV;Sbs. As shown in
Fig.1, both substitutions show a similar trend in the phase diagram,
but with distinctions—Nb substitution enhances 7. more efficiently,
whereas Ta dopant concentration can be increased to fully suppress
the CDW order. Considering the accessibility in terms of temperature
and the possible influence of CDW, we select Cs(V,4;Nby o7);Sbs and
Cs(Vys6Tag14)5Sbs, from two typical regions in the phase diagram, for
the SC gap measurement (denoted hereafter as Nb0.07 and Ta0.14,
respectively). The Nb0.07 sample exhibits a T, of 4.4 K and a T, of
58 K, whereas the Ta0.14 sample exhibits a higher 7. of 5.2 K, but no clear
CDW transition. Strikingly, as we shall present below, the gap struc-
tures of bothsamples areisotropic, regardless of the disappearance of
CDW, hinting at arobust nodeless pairing in CsV,;Sbs-derived kagome
superconductors.

Spectroscopic evidence of the superconducting gap

Mapping out the Fermi surface (FS) is critical to investigate the SC
gap structure, especially for amultiband system. Due to the limited
detectable momentum area of the 5.8 eV laser source, Fig. 2a shows a
joint FS of the Ta0.14 sample by combining three segments, which is
validated by whole-FS mapping withalarger photonenergy (Extended
DataFig.1). Similar to the pristine CsV,Sbssample®***, the Ta0.14 sam-
ple has a circular electron-like pocket (marked as o) and a hexagonal
hole-like pocket (marked as 3) at the Brillouinzone (BZ) centreI point,
and a triangle pocket (marked as §) at the BZ corner K point. The o FS
is formed by Sb 5p orbitals, whereas the 3 and 6 FS are derived from
V 3d orbitals* and are close in momentum. As shown in Figs. 2a and
3b, the 3 and & FS are well distinguished due to the high momentum
resolution of the laser source. Moreover, the intensities of the p and &
FSare enhanced under different polarizations of light (Extended Data
Figs. 2 and 3, and see Methods for details), which further makes the
determination of the Fermi momentum (k;) reliable.

Before investigating the SC gap structure, we first present the spec-
tral evidence of the superconductivity below 7. Using the Ta0.14 sample
asanexample, the temperature-dependent energy distributed curves
(EDCs) at k; of a cutindicated in Fig. 2a are shownin Fig. 2b. At T=2K,
far below the T, the emergence of the particle-hole symmetric qua-
siparticle peaks around the Fermi level (£;) clearly indicate the open-
ing of an SC gap. With temperature gradually increasing, the growing
intensity at £; and the approaching quasiparticle peaks suggest that
the SC gap becomes smaller and eventually closes. Quantitatively, the
SC gap amplitude can be extracted from the fitting procedure based
onaBardeen-Cooper-Schrieffer (BCS) spectral function (Methods).
Theinset of Fig. 2b summarizes the SC gap amplitudes A(T) at different
temperatures, which fit well with the BCS-like temperature function.
Thefitted SC gap amplitude at zero temperature, A,, is approximately
0.77 meV, and the estimated T, of approximately 5.2 Kis consistent with
the bulk 7, determined by resistivity measurements (Fig. 1c). These
results demonstrate the high quality of the samples and the high preci-
sion of our SC gap measurements.

Superconducting gap structure in CDW-suppressed
Cs(Vo.56Ta0.14)3Sbs

We then study the momentum dependence of the SCgap inthe Ta0.14
sample, inwhichthe CDW order is fully suppressed (Fig. 1b). Consider-
ing the six-fold symmetry of the FS, we select various k; points to cover
the complete FS sheets and thus capture the symmetry of the SC gap,
as shownin Fig. 2f. The EDCs at k; of the &, 3 and & Fermi surfaces are
presentedin Fig.2c-e.Foreach k: point, we take spectrabelow and above
T, toensure aprecise insitu comparison. In the vicinity of £, the leading
edge ofthe EDCs at 2 Kall show ashift comparedto thatat7 K. Moreover,
they universally show astrong coherence peak at abinding energy E; of
approximately1meV, indicatingaratherisotropic SC gap structure. Fit-
ting these EDCs to aBCS spectral function, the quantitatively extracted
SC gap amplitudes are summarized in Fig. 2g. These SC gaps of differ-
ent Fermi surfaces have rarely fluctuated amplitudes with an average
A, 0f0.77 £ 0.06 meV, yielding aratio 2A.,/k; T, 0f 3.44 + 0.27 (where k;
is the Boltzmann constant; Extend Data Table 1), which is close to the
BCSvalue of approximately 3.53. These results clearly demonstrate an
isotropic SC gap inthe Ta0.14 sample.

Superconducting gap structure in charge-ordered
Cs(V.93Nby o7);Sbs

Next, we turn to examine the possible influence of the CDW order in
the normal state on the superconducting pairing symmetry'®?**°, We
measure the SC gap structure of the Nb0.07 sample, where T, gets
slightly suppressed, and T.smoothly increases from that of the pristine
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Fig.2|Isotropicsuperconducting gapin Cs(V,g.Ta, 14);Sbs. a, ARPES intensity
integrated over +5 meV around £;. The brokenlines represent the FS contours.
b, Temperature dependence of EDCat k:in acut marked asablacklineina. Inset,
temperature-dependent SCgap amplitude determined by the fitting procedure
based onthe BCS spectral function. The blue broken curve represents BCS-like
temperature dependence.c-e, EDCs at ks measured at T=2 Kand 7 Kalong with
thea(c), B (d) and & (e) FS, respectively. f, Summary of the k; positions of the

CsV,Sb; (Fig. 1a). In this sense, the superconductivity in the Nb0.07
sample is expected to have a similar SC gap structure to CsV,Sbs. As
shown in Fig. 3a, the FS topology of the Nb0.07 sample is also similar

EDCsshowninc-e,shownasblack thick circles. The black lines are the curves
fitted by the BCS spectral function. The dashed lines mark the peak of the EDCs.
g,SCgap amplitude estimated from the fits to EDCs shown in c-e. The shaded
areasrepresent theerror barsdetermined from the standard deviation of .
Thesquare makers are the SCgap results fromanindependentsample and the
corresponding k; are shown as thinsquaresinf.

to that of CsV,Sb;, consisting of the circular « FS, hexagonal 3 FS and
triangular 8 FS, whichis consistent with the helium-lamp-based ARPES
measurements (Extended Data Fig. 1) and the calculations based on
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Fig.3|Isotropic superconducting gapin charge-ordered Cs(V,4;Nb, o,);Sbs.
a, ARPESintensity integrated over +5meV around £;. The broken lines represent
theFScontours.b, ARPESintensity plotalongaredlineshownina. Theintensity
ismeasured using circular polarization to captureboth  and § bands. The
white dotted linerepresentsthe MDCintegrated over +2 meV around £; and the
blacklineis adouble-peak Lorentzian fit. Two peaks distinguished in the MDC
show k; positions of the  and 6§ bands. c-e, EDCs at k. taken along the « (c),
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B (d)and & (e) FS, respectively. f, Summary of the k; positions of the EDCsin c-e.
Theblacklinesare the curves fitted by the BCS spectral function. The dashed
lines mark the estimated peak position of the EDCs. g, SC gap amplitude
estimated from the fits to EDCs shown in c-e. The square makers are the SC gap
results fromanindependent sample and the corresponding k; are shown as
thinsquaresinf. The shaded areasrepresent the error bars determined from
the standard deviation of E;.
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Fig.4 |Robustisotropic SCgap onsuppression of CDW. a,b, Schematic
momentum dependence of the SC gap amplitude of the Nb0.07 (a) and Ta0.14
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plotted asafunction of the lattice expansion due to the chemical substitutions.
Thelattice expansionis represented by éa/a,, where da=a - a,is the change of
thein-plane lattice constant (a) from that of pristine CsV,Sbs (a,). The inset

density function theory®. The EDCs at k; positions indicated in Fig. 3f,
on these three Fermi surfaces, are presented in Fig. 3c-e. Just like the
case for the Ta0.14 sample, coherence peaks arise at a similar energy
position for all EDCs at 2 K, albeit of a slightly broader shape due to a
smaller SCgap and lower T.. By fitting the EDCs to the BCS spectral func-
tion, the SC gap amplitudes along the Fermi surfaces are summarized
inFig. 3g. The data clearly show a nearly isotropic SC gap structure in
the Nb0.07 sample, with the gap amplitude Ay, of 0.54 + 0.06 meV,
givingaratio 2A,,/k;T.0f 2.83 £ 0.32 (Extended Data Table 2), which is
smaller than the BCS value. Our results show that an isotropic SC gap
robustly persists in the Nb0.07 sample with CDW order.

As the kagome metals AV,Sb, have a three-dimensional electronic
structure**, we further study the z-direction momentum (k,) depend-
ence of the SC gap by tuning the photon energy from5.8eVto 7 eV.
We find that the SC gap remains nearly the same at these two k, planes
within our experimental uncertainties (Extended Data Fig. 4). Giving
the direct momentum-resolving capability of ARPES and the promi-
nent features of SC gap opening, our data reveal a nodeless, nearly
isotropic and orbital-independent SC gap in both Nb0.07 and Ta0.14
samples (Fig.4a,b).

Discussions and perspectives

Theseresultsshinealightontheinterplay between superconductivity
and CDW in CsV,Sb;. As shown in Fig. 4c and Extended Data Fig. 5, the
isovalent substitutions of Nb/Tafor Vinour experiments canbe viewed

shows thelattice structures of the CDW (left) and undistorted (right) phases,
representing the states above T_for two distinct regionsin the phase diagram.
Theblacksolidlinesin theinsets mark the corresponding single-unit cells.
Theisotropic SC gap symmetry persists through two such regions, regardless
ofthe existence of CDW order.

asan effective in-plane negative pressure, which suppresses the CDW
order while it enhances the superconductivity. In the absence of the
CDW order, our measurements on the Ta0.14 sample reveal a nearly
isotropicgap structure (Fig.4b). When the CDW order associated with
ananisotropic gap***” comes into play in the Nb0.07 sample, the SC gap
remainsisotropicand nodeless (Fig. 4a), different from the muon spin
relaxation (USR) observation of a nodal-to-nodeless transition in the
sister compounds KV,Sbs and RbV,Sb; under hydrostatic pressure’®.
The difference between the two regimes, represented by the Nb0.07
and Ta0.14 samples, is that the ratio 2A/k; T, is smaller when supercon-
ductivity emergesinside the CDW order. This may be attributed to the
CDW order partially gapping out the Fermi surfaces and generating spin
polarizations before entering the superconducting phase.

We further discuss the pairing symmetry in CsV,Sbs-derived kagome
superconductors. Although the SC gap structure in pristine CsV,;Sbs
with arelatively low T_is not examined, the nodeless gap is probably
retained accordingto the similarities between the pristine and Nb0.07
samplesintermsofelectronicstructure (Extended DataFigs.1,7and 8),
charge ordering and transport properties (Fig. 4c). The robust iso-
tropic SC gaps with small 2A/k;T. in the presence or absence of the
CDW seem to be consistent witha conventional s-wave pairing. Thisis
also supported by the observed band dispersion kinks*>® stemming
from a non-negligible electron-phonon coupling, as well as the posi-
tive correlation between the coupling strength and 7. (Extended Data
Fig. 6). Precisely, these results do not rule out other nodeless pairing
states due to the lack of phase information in ARPES measurements.
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Recent pSR studies®®* report a possible time-reversal symmetry break-
ing associated with the CDW state in CsV,Sbsand the SC state in pres-
surized CsV,Sb. Additionally, our recent uSR measurements on the
CDW-suppressed Ta0.14 sample, which will be published elsewhere,
also provide evidence for the potential presence of time-reversal
symmetry-breaking superconductivity, highlighting the need for fur-
ther examination. Our direct determination of the robust isotropic
SC gap significantly narrows down the pairing symmetry and offers
crucial insights into the pairing mechanism, thus laying a foundation
for deciphering the nature of the superconductivity anditsintertwined
ordersin these kagome quantum materials.
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Methods

Growth of single crystals

High-quality single crystals of Cs(V, gsTa,14);Sbs and Cs(V o3Nby o,);Sbs
were synthesized from Cs bulk (Alfa Aesar, 99.8%), V pieces (Aladdin,
99.97%), Tapowder (Alfa Aesar,99.99%) and Sbshot (Alfa Aesar, 99.9999%)
viaaself-flux method using Cs, ,Sb, ¢ as the flux. The above starting mate-
rials were put into an aluminium crucible and sealed in a quartz tube,
which was then heated to 1,000 °C in 24 h and maintained for 200 h.
After that, the tube was cooled to 200 °C at a rate of 3°C h™, followed
by cooling down to room temperature with the furnace switched off. To
remove the flux, the obtained samples were soaked in deionized water.
Finally, shiny single crystals with hexagonal features were obtained.

Electronic transport measurements

Electronic transport properties of Cs(V, g, Tag14);Sbsand Cs(V;Nbg 67)5
Sb; crystals were measured on a physical property measurement sys-
tem (Quantum Design) at a temperature range from 300 Kto 1.8 K.
Afive-terminal method was used, at which the longitudinal resistivity
and Hall resistivity can be taken simultaneously. The direct current
magnetic susceptibility was measured on a magnetic property meas-
urement system (Quantum Design) with asuperconducting quantum
interference device magnetometer.

High-resolution laser-ARPES measurements
Ultrahigh-resolution ARPES measurements were performed in a
laser-based ARPES setup, which consisted of a continuous wave laser
(hv=5.8eV) provided from OXIDE Corporation and a vacuum ultra-
violet laser* (hu=6.994 eV, called ‘7 eV’ for convenience), a Scienta
HR8000 hemispherical analyser and asample manipulator cooled by
decompression-evaporation of the liquid helium. The samples were
cleaved insituand measured under avacuumbetter than 3 x 10 ™ torr.
The sample temperature was varied from 2 to 7K, and the energy
resolution for the superconducting gap measurements was better
than 0.6 meV for the 5.8 eV laser, and 1.5 meV for the 6.994 eV laser.
We checked the linearity of the detector*, and the Fermi level £; was
calibrated with anin situ connected gold reference.

Summary of Fermi surface and identification of k;

The FS was obtained by integrating the ARPES intensity over +5 meV
around E. Dueto the limited detectable momentum area of the 5.8 eV
laser source, we measured multiple samplesto cover allthe FS contours.
We summarize the FS maps of the measured samples and the corre-
sponding k; pointsin Extended Data Figs.2 and 3 for Cs(V, gsTag 14);Sbs
(denoted as Ta0.14) and Cs(V,4;Nb, o,);Sbs (denoted as Nb0.07), respec-
tively. The k; was determined directly from the peak position of the
integrated momentum distributed curve (MDC) at T> T over E; + 2 meV
(white dotted line in Fig. 3b). The peak position was obtained from a
Lorentzian fit. It is worth noting that although the 3 and & Fermi sur-
faces are close in momentum, the corresponding bands can be well
distinguished. As shown in Extended Data Figs. 2b-d and 3b-d, the
intensity of the f and & bands are enhanced under different polariza-
tions due to different V 3d orbital characters—s polarization for the 3
FSand p polarization for the § FS.

Fitting procedure to obtain the amplitude of the SCgap
The SCgap amplitude was quantitatively determined by the fits based
on the BCS spectral function****, which has the form

1 w |Ar v Pr
Aok, 0)= 1 |ugl [l

;
T (@= [+ AR+ @+ [g;+ AP )+

where |u,? and |v,)? are coherence factors for the occupied and unoc-
cupied quasiparticles, respectively, 'is the line width broadening

factor due to the finite quasiparticle lifetime, E; =, /5% +|A(k) |2 isthe
Bogoliubov quasiparticle band dispersion, ¢ is the band dispersion
near Ezinthe normal state and |A(k)|is the SC gap amplitude. Tofit the
ARPES data, the BCS spectral functionis multiplied by the Fermi-Dirac
function and convoluted with a Gaussian function corresponding to
the experimental energy resolution. Then, the EDCs at ki, obtained by
integrating the ARPES intensity over k; + 0.02 A™, were fitted to extract
theSCgap |A(K)|.

Statistics of the fitted SC gap amplitude measured on different
samples

By applying the fitting procedure to the EDCs at k; on the different
Fermi surfaces, we obtain the momentum dependence of the SC gap
amplitude, which directly reflects the pairing symmetry. As presented
inFigs.2g and 3gin the main text, we observed that the SC gap ampli-
tudes of both the Ta0.14 and Nb0.07 samples are nearly isotropic in
the momentum space. To demonstrate the small fluctuation of the SC
gap amplitudes, we present the statistics of the fitted SC gap amplitudes
for the Ta0.14 samples in Extended Data Table 1, and for the Nb0.07
samplesin Extended Data Table 2. The average deviations areless than
0.04 meV, which means a very small fluctuation around the average
value of the SC gap amplitude (A). Moreover, the difference between
the maximum and minimum values of the SCgap amplitudes, A, = Amins
iscomparable to two times the standard deviation of £; (approximately
0.06 meV), which determines the error bars for the SCgap. These dem-
onstrate that the SC gap amplitude is almost constant in different
momenta, supporting a nearly isotropic pairing gap structure. The
consistent SC gap observed in different samples demonstrates the
high quality of the single crystals and excludes sample-dependent
influences on the SC gap.

Superconducting gap at differencek,

The FSmaps of the Nb0.07 sample measured with 5.8 eVand 7 eVlasers
areplottedin Extended DataFig.4a,d. Here we apply aninner potential
of 7.3 eV (ref. 45) to calculate k, for different k , as shown in the inset of
Extended DataFig.4g. The EDCs at k; onthe B FSare shownin Extended
Data Fig. 4b for the 5.8 eV laser and Extended Data Fig. 4e for the 7 eV
laser. The corresponding symmetrized EDCs are shown in Extended
Data Fig. 4c,f. Because the energy resolution for the measurements
with the 7 eV laser is about twice as large as that with the 5.8 eV laser,
the coherence peak of the EDCs measured with the 7 eV laser is broader
thanthat measured withthe 5.8 eV laser. To effectively compare the SC
gap at these two different k,, the EDCs were fitted with equation (1),
with the energy resolution taken into account. The extracted SC gap
amplitudes at these two k, planes are summarized in Extended Data
Fig.4g, which clearly shows that they are nearly the same within experi-
mental uncertainties, implying a nearly isotropic SC gap along the
k,direction.

Spectral evidence of electron-phonon coupling

Electron-phonon coupling (EPC) is ubiquitous in quantum materials,
which couldinduce kinks in the band dispersion at the frequencies of
the coupled phonons***. As shown in Extended Data Fig. 6a—c, kinks
are observed onthe a and  bands for all the pristine, Nb0.07 and Ta0.14
samples. These kinks are more prominentin the extracted band disper-
sions from the fits of the MDCs, as shown in Extended Data Fig. 6d-f.
For the a band, the kink is at the binding energy E; of approximately
30 meV, whereas for the 3 band two kinks are distinguished at E; of
approximately 10 meV and 30 meV. The EPCis enhanced for the Nb0.07
and Ta0.14 samples, which have a higher T, compared to the pristine
sample. The EPC strength canbe roughly estimated by the ratiobetween
the Fermi velocity and the velocity of the bare band**%, Here the bare
bandis the band dispersion without the effect of EPC, whichis assumed
as aline between a high £; and E;.. As shown in Extended Data Fig. 6g,
with the V partially substituted by the Nb/Ta, the EPC strength on the



Article

B band (derived fromV 3d orbitals) is prominently enhanced, whereas
the EPC strength on the aband (derived from Sb 5p orbitals) remains
nearly constant. Such enhancements of EPC in the samples with higher
T.suggest animportant role of the EPCin promoting the superconduc-
tivity of the CsV,;Sb, family of materials.

Evolution of the van Hove singularities via Nb/Ta substitutions
We performed additional ARPES measurements to study the evolu-
tion of van Hove singularities (VHS) in the pristine CsV,Sbs, Nb0.07
and Ta0.14 samples. To avoid the influence of the CDW gap, the ARPES
spectraweretakeninthe normalstate (above the T¢p,) along the K-M-K
direction. Asshownin Extended DataFig. 7, one canfind that the energy
positions of the VHS show a moderate shift, whereas the corresponding
superconducting gaps are always isotropic and nodeless. Such a shift
of VHS is consistent with our density functional theory calculations
shown in Extended Data Fig. 8. We note that two VHS can be distin-
guished around E; at low temperatures®**, although only one VHS is
observed here at high temperatures. Theoretically, although there
aremultiple VHS near the Fermilevel, and electronicinteractions may
generate pairings with close pairing strengths, the further inclusion
ofelectron-phonon coupling, experimentally evidenced by the band
kinks shown in Extended Data Fig. 6, may lift the quasi-degeneracy
and one pairing may always be dominant. Therefore, the variation
of the energy position of VHS should have little effect on the pairing
symmetry in realistic materials. Despite this, the unique sublattice
feature at van Hove fillings and enhanced non-local electronic inter-
actionsinthe kagome lattice can play animportantrolein generating
unconventional pairing?*.

Data availability

Data are available from the corresponding author upon reasonable
request.
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Extended Data Table 1| Statistics of the SC gap for the Ta0.14 samples with T, = 5.2 K

Samples k: along with k= numbers A (meV) Average deviation (meV) Ao Amin (MeV) 2A/kg T,
Ta0.14 #1 a FS 23 0.78 0.03 0.16 3.48
BFS 10 0.76 0.02 0.08 3.40
Ta0.14 #2
5 FS 16 0.77 0.04 0.16 3.44
Ta0.14 #3 B FS 34 0.78 0.03 0.21 3.48
(around M)
Average Q.77 - - 3.44

The SC gap amplitudes on different FSs of different samples are highly consistent and averaged at 0.77 meV, giving 2A/k; T, of 3.44.
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Extended Data Table 2 | Statistics of the SC gap for the Nb0.07 samples with T, = 4.4 K

Samples k: along with k= numbers A (meV) Average deviation (meV) A~ A, (MeV) 2A/ksT,
Nb0.07 #1 a FS 25 0.55 0.03 0.17 2.87

BFS 18 0.48 0.03 0.16 2.52
Nb0.07 #2

§FS 15 0.51 0.02 0.08 2.67
Nb0.07 #3 pFS 17 0.52 0.02 0.10 2.75

(around M)

B FS 7 0.59 0.02 0.10 3.12
Nb0.07 #4

§FS 7 0.58 0.03 0.1 3.04

Average 0.54 - - 2.83

The SC gap amplitudes on different FSs of different samples are comparable and averaged at 0.54 meV, giving a ratio 2A/k, T, of 2.83.
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