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Observation of Superconducting Collective Modes from
Competing Pairing Instabilities in Single-Layer NbSe,

Wen Wan, Paul Dreher, Daniel Murioz-Segovia, Rishav Harsh, Haojie Guo,
Antonio J. Martinez-Galera, Francisco Guinea, Fernando de Juan, and Miguel M. Ugeda*

In certain unconventional superconductors with sizable electronic correla-
tions, the availability of closely competing pairing channels leads to char-
acteristic soft collective fluctuations of the order parameters, which leave
fingerprints in many observables and allow the phase competition to be
scrutinized. Superconducting layered materials, where electron—electron
interactions are enhanced with decreasing thickness, are promising can-
didates to display these correlation effects. In this work, the existence of

a soft collective mode in single-layer NbSe,, observed as a characteristic
resonance excitation in high-resolution tunneling spectra is reported. This
resonance is observed along with higher harmonics, its frequency Q/2A is
anticorrelated with the local superconducting gap A, and its amplitude
gradually vanishes by increasing the temperature and upon applying a
magnetic field up to the critical values (T¢ and Hc;), which sets an unambig-
uous link to the superconducting state. Aided by a microscopic model that
captures the main experimental observations, this resonance is interpreted
as a collective Leggett mode that represents the fluctuation toward a proxi-
mate f-wave triplet state, due to subleading attraction in the triplet channel.
These findings demonstrate the fundamental role of correlations in super-
conducting 2D transition metal dichalcogenides, opening a path toward
unconventional superconductivity in simple, scalable, and transferable 2D
superconductors.

1. Introduction

In the Migdal-Eliashberg theory? of
superconductivity, electron—phonon cou-
pling is responsible for the attraction
that binds Cooper pairs together in the
standard s-wave channel. In supercon-
ductors with significant electronic corre-
lations, however, the Coulomb repulsion
can be detrimental for pairing and
other mechanisms need to be invoked
to explain the emergence of “unconven-
tional” superconductivity, which often
occurs with different pairing symmetry in
the spin or orbital sectors. Several classes
of correlated electron systems such as
the cuprates®,  iron-pnictides!16],

iron-chalcogenides%, and  several
heavy-fermion compoundsi?®l,  have
been identified as unconventional
superconductors and more recently,

superconductivity with unconventional
features has also been identified in
twisted bilayer graphene (TBLG).?2 The
different experimental complexities to
produce and probe these materials make
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the study of their unconventional superconductivity a formi-
dable problem.

In this arena, transition metal dichalcogenides (TMD) are
promising candidates to provide an alternative route to uncon-
ventional superconductivity. Electronic correlations are intrinsi-
cally present in this family of layered materials, which manifest
in various ways such as in Mott phases,?*l magnetic order,?*20l
charge/spin density waves,”’l quantum spin liquids,?®! and
superconductivity.?2?234 Furthermore, in two dimensions,
electron—electron interactions are markedly enhanced due to
reduced screening, which can enable non-phononic Cooper
pairing mechanisms. Unlike all the unconventional supercon-
ductors known so far, including TBLG, TMDs can be easily
obtained by several methods (molecular beam epitaxy, carbon
vapor deposition, atomic layer deposition, exfoliation, etc.),
to yield scalable 2D superconductors of simple handling and
transfer.

Among 2D TMD superconductors, single-layer NbSe, has
received the most attention and its superconducting properties
have been extensively studied.l>*¥ Monolayer NbSe, has a non-
centrosymmetric crystal structure (point group Ds},) which ena-
bles a form of spin orbit coupling (SOC) where spins lock out of
the plane, leading to Ising superconductivityl!! with enhanced
robustness to in-plane magnetic fields.3¥ The absence of
inversion also enables singlet—triplet mixing,*>%*] so far of
unknown magnitude. More recently, transport experiments
have revealed a twofold anisotropy of the superconducting state
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under in-plane magnetic fields, which has been interpreted in
terms of a competing nematic superconducting instability.l3¢-37]
In parallel, tunneling junction experiments also claimed the
existence of a subleading triplet order parameter to explain
the dependence of the gap to in-plane fields in the thin film
1limit.?¥] These experiments suggest sizable electronic correla-
tions as the origin of the competing pairing instabilities. In this
work, by means of high-resolution scanning tunneling micros-
copy and spectroscopy (STM/STS) measurements at 340 mK,
we have observed a collective mode univocally associated to
superconductivity, which we attribute to a related competing
triplet (f-wave) pairing channel. This finding strongly suggests
that many-body correlations play a dominant role in the emer-
gence of superconductivity among TMD superconductors.

2. Results

We investigate the superconducting properties of single-layer
NbSe, with samples grown by molecular beam epitaxy on
bilayer graphene on SiC(0001) and h-BN/Ir(111) substrates (see
Supporting Information for details). Since the phenomenology
is very similar on both substrates, in the following we will
focus on the experiments on NbSe,/graphene (see Supporting
Information for data on h-BN). Figure 1a illustrates the typical
morphology of our NbSe, monolayers on graphene. At low
temperatures, single-layer NbSe, exhibits charge density wave
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Figure 1. Low-energy electronic structure of single-layer NbSe,. a) Large-scale STM image of single-layer NbSe,/BLG/SiC(0001) in the submonolayer
coverage range (Vs =105 mV, I = 0.01 nA, T =0.34 K). The inset shows an atomically resolved STM image of the NbSe, layer showing the 3 x 3 CDW
order (Vs =30 mV, | =0.46 nA, T=0.34 K). b,c) Low-bias STM d//dV spectra acquired on single-layer NbSe, showing the CDW gap (Acpw) (f= 833 Hz,
V. =200 uV) in (b) and the superconducting gap (A) (f= 833 Hz, V, . =20 nV) in (c). The boxed region in (c) shows one of the characteristic dip—
hump features found in this system.
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(CDW) order and superconductivity with critical temperatures
of Tepw = 33 K and T¢ = 2 K, respectively.”% Both electronic
phases develop a gap feature in the density of states (DOS)
at the Fermi level (Ef) that can be measured via low-bias STS
measurements. The CDW gap in the dI/dV spectra (Figure 1b)
appears as a V-shaped dip at Ex bound by coherence peaks with
average locations around £3-5 mV (see ref. [27]) The CDW only
gaps out a fraction of the Fermi surface, which allows the devel-
opment of superconductivity at lower temperatures.

The fingerprint of the superconducting state in single-layer
NbSe, is shown in Figure 1c, which displays a typical dI/dV
curve acquired at T = 0.34 K. This spectrum reveals an abso-
lute gap that fits the BCS gap of width Apcs = 0.38 meV (light
blue curve). The averaged BCS gap over different locations is
Agcs =0.4 meV. As can be seen, however, the experimental
conductance for energies higher than the coherence peaks
(IV] > 0.6 meV) departs from the BCS conductance and shows
several dip-hump satellite features at both polarities, such as
those shown in the dashed rectangle in Figure 1c. We note that
these STS features are unique to single-layer NbSe,, and are
not present in bulk (see Supporting Information for STS in
bulk NbSe,).

To better describe these spectral features, Figure 2a shows
four dI/dV curves taken in different locations. These curves
reveal the existence of multiple dip-hump features (or peaks,
see Supporting Information) at both polarities, which are seen
usually symmetric with respect to Ep and nearly equidistant. We
performed statistical analysis over 2855 dI/dV curves acquired
at T = 0.34 K in different spatial locations, using several sam-
ples and tips (see Supporting Information). As seen in the his-
togram of Figure 2b, this analysis reveals the existence of three
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clear satellite peaks within |V] = 3 mV (both polarities exhibit
similar statistics). A much weaker and wider fourth peak is also
present in the histogram, but since its energy is already close to
the CDW coherence peaks, we do not believe it to be a replica
and, therefore, we do not consider it further.

The non-flat structure of the histogram along with the
tip calibration procedures on Cu(111) and graphene (Sup-
porting Information) enables to rule out tip effects as the
origin for these peaks. The main energy values of the identi-
fied peaks (2,-1_3), as defined from the nearest coherence peak
(Q, = E, — A with E, the energy of the nth peak from E), appear
to be in all cases multiple of the energy of the first peak, that is,
Q, =nxQ;=nx0.53 meV. Therefore, it appears reasonable to
interpret them as harmonics of the same mode Q;.

To further characterize the satellite features, we first study
their temperature dependence. Figure 3a shows a representa-
tive dataset of the evolution of the Q; and Q, features as the
temperature approaches T¢ = 2 K. As seen, the amplitude of the
peaks rapidly decays in all cases, to finally disappear at 1.4 K.
Figure 3b shows that the temperature evolution of the normal-
ized amplitude of the €, mode (measured from the conduct-
ance floor at 2 meV) for empty states (black dots). The ampli-
tude decays faster than what would be expected from thermal
broadening (black curve) and, therefore, their disappearance
can also be attributed to the weakening of superconductivity
itself, suggesting that the satellite peaks are intrinsic to the
superconducting state. The disappearance of these features
above T¢ allows us to rule out other origins for these peaks
unrelated to superconductivity such as band structure effects,
extrinsic inelastic features, and electronic renormalization due
to electron—phonon interactions.
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Figure 2. Statistical analysis of the STS dip—hump features. a) Four representative d//dV curves acquired in single-layer NbSe, at T = 0.34 K. The
arrows identify the fundamental ©; mode (yellow) and the harmonics Q, (orange) and Q; (red). Parameters: f=833 Hz, V, . =20 uV. b) Histogram of
2855 dl/dV curves acquired on different locations, and using different samples and tips. Three clear peaks can be identified for energies larger than the
superconducting gap (A). A Gaussian fit to the peaks yield the following values: Q; = 0.53 meV, Q, =1.02 meV and Q3 =1.62 meV.
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Figure 3. Temperature and magnetic field dependence of the bosonic modes. a) Evolution of the bosonic modes with temperature from 0.4 K up to
1.4 K (f=833 Hz, V, . =20 uV). b) (black dots) Normalized amplitude of the Q, mode for empty states in a, showing its decay with T below Tc = 1.9 K.
The decay of amplitude of these STS features from thermal broadening (black curve) is shown to be slower with T. In red, the evolution of the meas-
ured A with T (circles, fitted to BCS) along with its T-dependence in the BCS theory (line). c¢) Dependence of the bosonic modes with the perpendicular
magnetic field (By) up to 2 T (f=833 Hz, V, . =30 uV). Marks indicate the maxima of the resonances and dashed lines connect the energy positions
of the fundamental mode €. d) Ratio €2;/2A versus A extracted from the Bj-evolution in (c) (A here is extracted from the BCS fit). Circles (squares)
represent the filled (empty) states Qi (). The dashed line is the linear fit. The inset illustrates the non-linear energy shift of the fundamental mode

Q with the magnetic field.

Next, we examine the behavior of the satellite peaks under
perpendicular magnetic field (B;) at 0.34 K. Figure 3c shows
a representative dataset of the evolution of the Q;, Q,, and Q3
features in clean regions of NbSe, for B, up to 2 T. Similar to
the behavior observed in the T-dependence, these features grad-
ually smear out with the strength of B, as superconductivity
weakens and, ultimately, fade out within the mixed state. This
further confirms the intrinsic relation between these satellite
features and the superconducting state in single-layer NbSe,.
We also observe that the maxima of the satellite peaks shift
toward higher energies as B, is increased. This is particularly
evident for the fundamental mode € at both polarities, which
shifts in a non-linear fashion as shown in the inset of Figure 3d
(see Supporting Information for the evolution of the SC gap).

A different way of quantifying the relation between Q, and
A is to look at local spatial variations of the superconducting
order parameter A(7), and whether they correlate with the
local boson energy Q,(7), as both are accessible through STS
measurements. In Figure 4, we show the correlation for the
fundamental mode Q; (yellow dots) and higher harmonics Q,
and Q; (orange and red dots, respectively) from the set of dI/
dV curves used to obtain the histogram of Figure 2b. As seen,
all Q, modes exhibit an inverse correlation with respect to A

Adv. Mater. 2022, 2206078 2206078 (4 of 9)

with similar slope (black lines are the linear fits). This observa-
tion is consistent with the anticorrelation observed in the study
of the B)-dependence (Figure 3d). A further key insight is the
fact that the majority of the values of the fundamental mode
Q, are smaller than 2A (€,/2A < 1), in contrast to conventional
superconductors where phonon-related features frequently lie
beyond 24, as in Pb with Q;/2A = 1.7 (see Supporting Informa-
tion). The statistical confirmation that the fundamental mode
has an energy below the pair breaking scale 2A implies that
this mode cannot decay into fermionic quasiparticles and is
therefore undamped, further supporting its interpretation as a
superconducting collective mode.

To summarize our experimental evidence, the STS spec-
trum of superconducting monolayer NbSe, displays, in addi-
tion to the standard coherence peak at A, three satellite peaks
at Q, = A + nQy with Q;/2A < 1. These satellites gradually disap-
pear with T and B as the superconducting state weakens, and
their position shows a clear statistical anticorrelation between
Q,/2A and A. These observations are reproduced in two dif-
ferent substrates (graphene and h-BN), which allow us to
rule out the potential role of the substrate in the formation of
these STS features. Our findings are strong evidence for the
presence of a collective mode of energy Q; associated to the

© 2022 The Authors. Advanced Materials published by Wiley-VCH GmbH
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Figure 4. Local variations of the bosonic modes and the superconducting
gap. Scatter plot of Q/2A against the superconducting gap (A) for the
bosonic modes (€, Q,, and Q3), showing anticorrelation in all cases. The
plot is obtained from the identification of the different Q modes in 1974
dl/dV curves taken at T = 0.34 K in several samples, and using different
calibrated STM tips. The black lines are fits for each subset of points. See
SM for details regarding the analysis of the STS data.

superconducting state, which is coupled to fermionic quasipar-
ticles and leaves its imprint in the tunneling spectra (<DOS).
These observations have important implications regarding the
nature of the pairing in this system, which we now discuss.

3. Theoretical Calculations

The existence of a collective mode can impact the spectral func-
tion in two ways, via elastic scattering (the renormalization of the
electron self-energy due to virtual boson emission), which leads
to a peak at A+Q;, as well as inelastic scattering (where quasi-
particles might emit real bosons in the tunneling process) which
leads to an onset-like feature. While the relative weight of these
two contributions is system-dependent, the dip—hump shape of
the satellite peaks observed in single-layer NbSe, closely resem-
bles those features previously observed in strongly correlated
superconductors, dominated by elastic scattering, rather than the
typical shoulder-dip shape features of conventional superconduc-
tors induced by phonons (see the case of Pb(111) in Supporting
Information) where both contributions can be comparable.
Additionally, phonons cannot be responsible for our observed
peak since there are none in the relevant energy range. In the
high temperature phase without CDW, the phonon spectrum of
single-layer NbSe, shows no relevant features below 3 meV (see
refs. [26, 39)) and in the presence of the CDW, the lowest CDW
phonon mode in the monolayer occurs at 70 cm™ (8.6 meV).[
We therefore interpret our peaks as induced by elastic scat-
tering from a collective mode intrinsic to the superconducting
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state, where two types of collective modes are possible. The
first type belongs to excitonic fluctuations (or particle-hole
modes), which become sharper after pairing due to the
removal of decay channels into fermionic states. These modes
might also be the mediators of the interaction that gives rise
to superconductivity, or they may be detrimental for it, that is,
pair breaking. A common example in many unconventional
superconductors is a resonant magnetic excitation of spin-1(1
(an antiferromagnetic spin-wave) which is believed to mediate
superconductivity®?! in cuprates®1%, Fe-pnictides,'""1%! and
heavy-fermion compounds.?®2l Another known example are
nematic fluctuations, as found in the Fe superconductors.!
The second type are superconducting fluctuations (or particle—
particle modes), most commonly due to close competition
between pairing channels, like Leggett modes!*! in two-band
superconductor MgB, or Bardarsis—Shrieffer (BS) modes!*!
in Fe superconductors where s-wave and d-wave pairings
are close competitors.*l Either type of collective mode can
be observed with different experimental techniques*—,
including tunneling experiments, where bosonic modes are
identified via the mentioned characteristic dip-hump fea-
tures.[$1012141517-20] Yhile these STS experiments are mostly
interpreted in terms of particle-hole modes like spin-waves,
there is no reason to preclude particle—particle modes to be
found with this technique. Finally, all superconductors have an
amplitude or Higgs mode, which is normally unobservable on
its ownl®%, but it has been observed in bulk NbSe, due to its
mixing with collective CDW modes.ll Nevertheless, the Higgs
mode can readily be discarded because in monolayer NbSe,
the CDW mode has much higher energy than 2A and their
coupling is highly suppressed.

Which of the previous collective mode scenarios applies to
our experiment? Monolayer NbSe, has been predicted to be
near a ferromagnetic instability!?>2°] which competes with the
CDW and, therefore, spin fluctuations could be sizable and
potentially give rise to a particle-hole collective spin-wave.
Such mode would indeed broaden and disappear as the tem-
perature or magnetic field are increased to their critical values
as observed in cuprates*’] and Fe-based materials.*8! Nev-
ertheless, no magnetic order has been found in NbSe, and
there is no direct evidence of strong spin fluctuations either.
In the particle-particle scenario, however, there is a very nat-
ural mechanism for the emergence of collective modes: the
competition between pairing channels signaled by the emer-
gence of magnetic field-induced nematic superconductivity.
To substantiate the characteristics of these collective modes,
we now present a microscopic model of this competition
which leads to explicit predictions that can be compared with
our experiment.

NDbSe, bands near the Fermi level are derived from the three
tyg Nb d orbitals, and consist of a hole pocket around the T
point with dominant d,. character and hole pockets around
the K points with d,. . *id,, character. This difference leads
to strong Ising SOC for the K pockets but negligible SOC for
the T' pocket, and to different k-independent pairing chan-
nels: while both T and K pockets admit the standard s-wave
state, the K points can also develop spin-triplet, orbital-singlet
pairing of the d,._p, d,, orbitals which has f-wave symmetry.>2
For simplicity, we therefore assume the I" pocket is a spectator

© 2022 The Authors. Advanced Materials published by Wiley-VCH GmbH
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Figure 5. Pairing states and collective modes. a) Schematic Fermi surface near the K points and structure of the different pairing states considered.
b) Schematic free energy for the gaps of the two spin-split Fermi surfaces, illustrating the Leggett mode as their relative phase fluctuation. c) Leggett
mode energy normalized by the zero temperature gap Q;/2A as a function of the ratio gs/gr. The collective mode is gapless when the two couplings
are the same, and approaches 2A for vanishing triplet attraction gr = 0. d) Allowed values of €;/2A when N, takes a range of values keeping gs and
gr constant (blue), and when we additionally assume that gy is correlated with Ny. Anticorrelation is generically observed but is more pronounced in

the latter case.

with s-wave symmetry gap and use a model with just the K
pockets

Hy(k)=¥" [(—k—z—,u)roco +M'ZGZ]\P 0]
2m

where the 7, and o; matrices act on the valley and spin index
respectively, and A is the Ising SOC. The pairing operators can
be written as Ag = W z,ic,'¥ for the s-wave singlet which has A’
symmetry, and A} = ‘PT 0,0, with i = x, y, z for the fwave
triplet, where AT belongs to an A’y irrep while ATY make an E”
irrep (see Figure 5a for a schematic). In the presence of SOC,
the mixing of the A’; singlet and A’; triplet becomes allowed.
This mixing scales with the difference of the DOS of the spin-
split pockets which is however very small. In our model with
the leading k-independent SOC A the DOS difference and the
mixing actually vanish, and the only effect of A is to disfavor
the E” state. Nevertheless, if attraction in the f-wave channel
is sizable, its E” part can naturally be induced with an in-plane
magnetic field, which can explain the previous experiments pro-
posing the competition of nematic®®*! and triplet®® pairing.
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Assuming an s-wave ground state and vanishing singlet-
triplet mixing, the imaginary fluctuations toward the two
nearby f-wave triplets A’} and E” represent two collective modes
of the Bardarsis—Schriefer type. The fluctuation toward the
E” channel is likely unobservable in practice because 4 > A,
which implies T¢ for the E” state will nearly vanish. We there-
fore consider only the fluctuation toward the A’; triplet. In the
presence of singlet-triplet mixing, this second mode still exists
but no longer has a well-defined Bardarsis—Schriefer character,
because the gaps in the spin-split Fermi surfaces take the mixed
form A, = Ag £ A%. This mode can alternatively be interpreted
as the relative phase fluctuation of the A, gaps, that is, a Leggett
model>! (see Figure 5b), which we take as the leading candidate
to explain our experiments.

To model the Leggett mode explicitly, we consider attractive
interactions in the s-wave singlet and f-wave triplet channels as
follows

V = gsAsAs + grATAr (2)

with gg, gr < 0. As discussed in ref. [52], g might be thought
of as induced by electron—phonon coupling, while gy can have

© 2022 The Authors. Advanced Materials published by Wiley-VCH GmbH
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contributions from both electron—phonon and Coulomb inter-
actions, in particular through effective spin fluctuation.!
Depending on whether |gg| or |g7] is largest, we have a ground
state with dominant singlet or triplet character, and we assume
lgs| > |gr|- The energy of the Leggett mode can be computed
with this model (see Supporting Information) and is obtained
from the implicit equation

arcsin(Q,/2A) 1 1
Jea@ -1 Nolgr|  Nolgd

3)

From the measured value of Q;/2A = 0.66 we can estimate
the ratio gr/gs and hence how close the triplet state is. This first
requires an estimate of Nygs. If we assume a weak coupling BCS
limit, a gap of A = 0.4 meV and a Debye frequency cutoff in the
range of bulk estimates wp = 20 meV (see ref. [54]), this corre-
sponds to Nygs = 0.2. However, since the ratio (2A) /(ksT.) = 4.9
in our experiment would denote moderate to strong coupling,
the value of Nygs is likely larger. Figure 5c displays the numer-
ical solution of Q;/2A as a function of gr/gs for Nogs = 0.2-0.6,
showing this produces a range gr/gs = 0.7-0.9. The triplet attrac-
tion must therefore be sizable, but still not enough to overcome
the singlet attraction.

To show that this collective mode can in fact be observed
in STS measurements, we have also computed the tunneling
spectra due to the renormalization of the fermionic self-energy
by this collective mode following ref. [55], showing that it
indeed leads to a peak at E; = Q; + A (see Supporting Infor-
mation). This calculation could be extended to higher orders
to show the existence of harmonics at E, = Q; + nA as well. A
prediction of the absolute amplitude of the peaks is however
beyond the scope of our calculation.

Our theory also allows to predict that the energy of the col-
lective mode has a similar exponential dependence on tempera-
ture as the gap itself (see Supporting Information). Because of
this, the collective mode energy should stay roughly constant
in T for low T as we observe and only show deviations as it
approaches T = T, where estimating the energy is prevented
by our resolution. Similarly, the amplitude of the peak is rap-
idly suppressed near T ~ T, because the weight of this boson,
computed as the residue of its propagator, scales o< A%, In the
presence of a magnetic field, the collective mode energy shows
a significant rise, surpassing 2A even at moderate fields B=1T.
While a quantitative prediction for this would involve modeling
the vortex mixed state, it is clear that this change cannot origi-
nate just from changes in the gap, and we conjecture that the
magnetic field might reduce gr by hardening spin fluctuations.
Complementary probes of this collective mode are needed to
better understand its behavior under magnetic fields.

To address the observed local anticorrelation with the gap,
we assume that local variations of the model parameters lead to
variations in the collective mode energy.’®! Figure 5d shows the
predicted band of allowed energies for two different scenarios.
First, we consider that N, varies spatially, leading to variations of
A, while gg and gr are kept constant. Moderate anticorrelation is
obtained in this case. If we further assume that gr depends on the
DOS, as it would be for example if it relied on spin-fluctuations,
we see that a larger anticorrelation is attained. Analysis of other
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scenarios shows the anticorrelation is quite generic for this
collective mode, while a detailed match with experiments will
require exact knowledge of the origin of the spatial fluctuations.
Overall, we believe our model supports our hypothesis that the
observed mode is the Leggett mode due to proximity of f-wave
triplet and provides a consistent picture for our observations.

4, Discussion

Finally, it is also interesting to compare the case of single-layer
NbSe, with that of other superconductors where particle-hole
magnetic resonances have been observed, where there is an
empirical universal relation between resonance energy and
the gap as Q/2A = 0.64 over two orders of magnitude of A (see
ref. [57]). In this context, single-layer NbSe; lies in the region of
the smallest Qs along with the heavy-fermion compounds/2%-2!
with a very similar value Q, /(2Azcs)=0.53/0.8=0.66. Such
intriguing similarity invokes further comparative investigation
between particle-hole and particle-particle collective modes.

In summary, our results in single-layer NbSe, have une-
quivocally demonstrated the existence of a bosonic, undamped
collective mode associated to the superconducting state, which
we have interpreted as the fluctuations to a competing f-wave
triplet channel. Our findings create exciting new opportuni-
ties for directly exploring unconventional superconductivity in
a 2D material of simple synthesis, handling, and experimental
analysis. We expect that this work will trigger active research
in other simple 2D TMD superconductors, where competing
superconducting channels and eventually triplet superconduc-
tivity could arise as well.
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