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Thilo Bauch®, Floriana Lombardi ® '0< & Goetz Seibold ® 2

Enhancing superconductivity through material design is a central goal in quantum materials research.
Moiré engineering, where twisting stacked layers creates long-wavelength modulations and flat
bands, amplifies electronic correlations and raises the superconducting critical temperature T, but is
largely confined to van der Waals materials with limited tunability. Here we explore an alternative:
imposing artificial superpotentials on homogeneous systems to engineer flat minibands. We show that
a periodic superpotential in atwo-dimensional system enhances superconductivity by reconstructing
electronic bands and creating regions of large density of states, substantially increasing T.. Unlike
conventional flat-band systems, where superfluid stiffness arises solely from quantum geometry, a
modulated system also inherits kinetic energy from filled minibands below the Fermi level, coexisting
with a positive quantum geometric contribution to yield finite, robust stiffness. The resulting state
remains resilient against weak to moderate disorder. These findings establish superlattice engineering
as a tunable route to enhanced superconductivity beyond twist-based moiré systems, and a

promising platform for next-generation superconductors.

When the magic-angle condition in twisted graphene was predicted’, it
opened an unexpected path in condensed matter physics. A subtle geo-
metric twist between two layers produced electronic flat bands and,
remarkably, superconductivity’™ in a system where electrons were thought
to be almost immobile. This discovery triggered an intense theoretical effort
to understand how superconductivity could arise when the effective mass is
infinite and the conventional contribution to the superfluid weight—linked
to carrier motion—vanishes. The key to this puzzle emerged from the
quantum geometry concept. It was realized that in flat bands the superfluid
stiffness can receive a finite contribution from the quantum metric'*"*, a
geometric property of the Bloch wavefunctions, rather than from the band
dispersion itself. This insight transformed our understanding of super-
conductivity, revealing that the wavefunction’s geometry, not just its energy,
determines the ability of the condensate to support supercurrents.

Today, the concept of quantum geometry extends far beyond moiré
materials and plays a fundamental role in a variety of condensed-matter
phenomena'””. For example it has emerged as a key ingredient in sys-
tems with non-trivial topology'®*"*, in multiband superconductors™*,
and in oxide interfaces such as LaAlO3/SrTiO5> where a finite quantum
metric is associated with spin-momentum locking which provides a
tangible example of how real materials can harness geometric effects.
Moreover, the quantum geometry of the electronic states can also

influence the strength of the interactions like the electron-phonon
coupling: bands with a larger quantum metric exhibit enhanced coupling
to lattice vibrations® which may in turn boost superconductivity. Indeed,
flat bands themselves offer a tantalizing prospect: theory predicts that the
superconducting transition temperature T, can scale linearly with the
pairing strength U, rather than being exponentially suppressed as in the
BCS limit”. This opens a route to dramatically enhanced super-
conductivity, potentially even at ambient conditions, if the right quan-
tum geometry is engineered. But must one always rely on twisting
between 2D layers to achieve flat bands? While twisting is confined to van
der Waals materials, the underlying idea of a moiré-like superpotential
could, in principle, be engineered in a much broader class of
superconductors.

When a conventional single band superconductor is subject to a per-
iodic superpotential, the folded reduced Brillouin zone hosts minibands that
can flatten at sufficiently high potential strength’~**. In this regime, a key
question arises: can the essential ingredients of a moiré-based super-
conductivity—enhanced density of states, elevated T, and finite superfluid
stiffness—also emerge without geometric twisting?

Traditionally, a superpotential has been viewed as a weak perturbation,
incapable of dramatically reshaping the electronic structure or inducing
strong-coupling effects. Even when flat bands form at large superpotential
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Fig. 1 | Realization and electronic properties of a (a) (b) charge density (a.u.)
device with periodic gating. a Schematic of a two- 11
dimensional superconducting electron gas modu-
lated by a periodic gate potential. A representative 0.8
platform for realizing such a system is the LaAlO5/ £
SrTiOj; interface. b Color surface plot of the 1, 0.6
modulated charge density for a checkerboard lattice 1 j
of 4 x 4 plaquettes. ¢ Band structure for a diagonal 0>~\_ )
- ~ 0.4
cut across the reduced Brillouin zone. d Color sur- g ¥ e 32
face plot of the modulated order parameter. The 1 é - /é 4
model is a square lattice with hopping —¢ between 24\» /1 6 0.2
nearest-neighbors and a local attractive interaction X 32 /'/8 y
U/t = —1.5 between electrons. The strength of the ’
imposed superpotential is V/t = 2 and we consider a
charge concentration p = 0.5. (C) 4 (d) order parameter (a.u.
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Fig. 2 | Critical temperature T, in the presence of a superpotential V. Comparison
of T, between homogeneous system (Vy/t = 0, blue) and in the presence of a
superpotential with strength V/t = 2 (green) and V/t = 4 (red) where —t is the
hopping between nearest-neighbors of the underlying square lattice. Results are
shown as a function of the local attractive interaction U/t between electrons. Inset:
Ratio between T, with a finite superpotential and T, for the homogeneous system.
The solid red line in (e) is a fit to T,/ T"" = a|U|ef*/IU! with the fitting parameters
a = 0.0436 and 8 = 6.663 as described in the text. We consider a charge con-
centration p = 0.5.

amplitudes at the Fermi energy Ep, they are typically not isolated, but the
remaining folded (and eventually dispersive) bands below Epstill contribute
to the response of the system. As a result, it has remained unclear whether
band folding alone can produce flat-band physics and superconductivity
enhancement.

The superfluid stiffness in flat-band twisted moiré systems has been
studied both theoretically'*'**** and experimentally”’. Here, we consider
the more generic case where band folding is induced by an applied super-
potential and also investigate the effect of fluctuations and disorder on the
stiffness. In this sense our model is more flexible with regard to variation of
system parameters, i.e. it allows to tune separately the potential strength and
superlattice periodicity while keeping the stability of superconductivity. We
demonstrate that a sufficiently strong superpotential can indeed generate a
flat-band system with a markedly enhanced superconducting transition
temperature, T,. Probing the superfluid stiffness reveals that, while quantum
geometry crucially contributes, its dominant component arises from the
residual band dispersion of the occupied states below the Fermi level. Thus,
even when the band at the Fermi energy becomes flat, the total kinetic
energy remains finite, inherited from lower minibands and invalidates the
application of an effective low-energy theory. This mechanism establishes a
promising route to robust superconductivity in superpotential-driven flat-
band materials and can readily be tested in two-dimensional super-
conductors as illustrated in Fig. la.

Results

Electronic multiband structure, critical temperature, and super-
fluid stiffness

Our calculations are based on the following tight-binding hamiltonian

H=—t}] CzT,on,u + Z(Vi - H)”ia
(iho io W

which contains a local attraction — |U| between charge fluctuations and we
restrict to hopping between nearest neighbor sites R;, R; indicated by (ij).
For the local potential V; we consider a checkerboard geometry with
alternating 4 x 4 plaquettes within which V; varies between the values V; =0
and V; = —V;. Equation (1) is solved via a standard BCS mean-field
decoupling, see Supplementary Note 1 for details. Charge density and order
parameter are enhanced on the plaquettes with V;= — V; (Fig. 1b, d) and the
resulting minibands display a flat character for sizeable Vj, Fig. lc. The
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Fig. 3 | Current flow through the periodically modulated superconductor.
Mlustration of the gauge invariant superconducting current distribution (white
arrows) for a vector potential applied along the x-direction. The local super-
conducting gaps are shown as colored background. The model is a square lattice with
hopping —t between nearest-neighbors and a local attractive interaction U/t = —2.0
between electrons. The strength of the imposed superpotential is Vo/t = 4 and we
consider a charge concentration p = 0.5.
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Fig. 4| Impact of superpotential and gauge invariance on the superfluid stiffness.
Superfluid stiffness D, for superpotential values Vy/t = 0 (blue) and V,/t = 4 (red,
squares) as a function of the local attractive interaction U/t between electrons where
— t is the hopping between nearest-neighbors of the underlying square lattice. The
stiffness is split into the diamagnetic (mostly intraband) (Dfi“) and paramagnetic
(mostly interband) (D*™*) contribution. Also shown is the geometric contribution
for r # m (black) which positively contributes to the stiffness. Lines in the foreground
(full symbols) and in the background (open symbols) refer to the random phase
approximation (RPA) and mean-field (BCS) result, respectively. For a vanishing
attractive interaction U/t = 0 between electrons the charge stiffness D, is shown by
full circles while the superfluid stiffness D; vanishes in this limit. Charge con-
centration: p = 0.5.

corresponding increased density of states induces a substantial enhance-
ment of T,, in particular at weak coupling, Fig. 2. In fact, for flat bands
T. ~ |U] ¥ while for dispersive bands the standard BCS relation
T, ~ exp( — 1/(N(0)|U])) applies, where N(0) denotes the density of states at
the Fermi level.

The superfluid stiffness D; along a given direction « is calculated from
ao4d3

the current correlation function y i

D, = _<T¢x> - ReXE“ (2)

defined in the momentum limit g =0, 4, — 0, w =0 corresponding to the
Meissner effect. It is composed of a diamagnetic part, in the present

model equivalent to the negative kinetic energy —(T,) (that for parabolic
dispersions equals the conventional ny/m), and a paramagnetic term,
which arises in inhomogeneous systems. Within our model this term
contributes due to the presence of the superpotential scattering. Here we
need to point out that contrary to conventional flat band systems we start
from a model which has a finite kinetic energy. This is due to the fact that
the multiband structure arises from the folding of the original band and
therefore, all occupied minibands contribute to the kinetic energy.
Application of the superpotential induces a splitting and partial flat-
tening of some of the minibands which leads to a reduction of the kinetic
energy. Thus, for sizeable but finite values of the superpotential a finite
kinetic energy is generated from the dispersive minibands below the
chemical potential, even if the miniband which crosses Er becomes
completely flat.

Wealso explore a parameter regime, where the interaction | U] becomes
larger than the hopping ¢. In this regime one cannot neglect the contribution
of phase and charge fluctuations to the superfluid stiffness. These fluctua-
tions take into account the phase relaxation of the SC order parameter in
response to the applied vector potential and renormalize the stiffness for the
inhomogeneous system""’.

Formally, this implies that the BCS current correlations have to be
dressed by collective charge and order parameter fluctuations, cf. Supple-
mentary Note 4. The total stiffness D, = D5 4 DR is composed ofa BCS
and a fluctuation contribution which we compute in the random phase
approximation (RPA)*. This also ensures gauge invariance so that the SC
currents are conserved at each node of the lattice, as shown in Fig. 3. One
observes, that currents are dominant on the plaquettes with large SC order
parameter and connect these plaquettes diagonally via currents along the
y-direction. As shown in Fig. S2, within the BCS approximation instead one
finds violation of charge conservation.

Figure 4 shows the interaction dependence of D for Vy/t = 4 in
comparison with the homogeneous case (Vy/t = 0) (blue line) within the
BCS (light red line) and BCS+RPA approach (red full line), respectively. In
the limit |U|/t — 0, D; approaches the Drude weight D,, defined similarly to
Eq. (2) but in the limit =0, w — 0. At U/t = 0 the stiffness D, = 0 both for
homogeneous and non-homogeneous systems, while the Drude D,
approaches a non-zero value when the system remains metallic.

For the homogeneous system one observes a slight reduction of the
stiffness with increasing attractive interaction. Since in this case D is only
due to the diamagnetic part, the behavior of the stiffness is solely determined
by the increase of the kinetic energy (i.e. becoming less negative) with
increasing order parameter which is the usual behavior for a BCS
superconductor *°. Upon increasing the superpotential Vj the overall stiff-
ness gets suppressed with respect to the homogeneous case due to the
increasing paramagnetic contribution. In particular, we find that for Vy/t =4
and |U|/t < 0.5 the stiffness almost vanishes (D, = 0) which also holds for the
charge stiffness (D, = 0). For smaller values of V,/t one still finds a finite
stiffness in the limit |U}/t — 0, see Fig. S3, while the enhancement of T, is
much less pronounced, see Fig. 2 (green curve). In case V,/t = 4 itis therefore
remarkable that upon increasing the interaction the stiffness partially
recovers and for |U|/t = 3 approaches a value of D/t = 0.1 (red full line)
which is almost 17% of the value for the homogeneous system (blue line) so
that 7D is of the order of kT, cf. Fig. 2. Note also that the inclusion of phase
relaxation via the BCS+RPA approach induces a significant reduction of the
paramagnetic contribution to the stiffness from its BCS value (light red
curve) for |U]/t 2 1. While the interaction dependence of D; for Vy/t = 4
mimics the behavior one would expect from the geometric contribution in a
flat band SC'"", here the recovery of D; is based on a different mechanism
that, however, also includes a positive geometrical contribution. First, let us
note that the kinetic term —(T,) (green line) stays finite due to the con-
tribution of all occupied minibands as explained before. Second, the negative
paramagnetic contribution (dashed-dotted line), which for Vy/t = 4 com-
pensates the diamagnetic one at small |U]/t, becomes less negative upon
increasing the attractive interaction. This can be understood based on the
transfer of low energy spectral weight of the optical conductivity to its w =0
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Fig. 5 | Intra- and interband contributions to the superfluid stiffness. Color
surface plot of the contribution D, ,, to the stiffness from transitions between bands r
and m, see Eq. (5), divided into intraband r = m (a) and interband r # m (b)
contributions. The model is a square lattice with hopping — ¢ between nearest-
neighbors and a local attractive interaction U/t = — 2.0 between electrons. The
strength of the imposed superpotential is Vy/t = 4 and we consider a charge con-
centration p = 0.5.

pole with increasing SC gap as it is found in diffusive systems, see Supple-
mentary Note 7. Nevertheless, we will show in the following that a certain
geometric contribution is involved in this transfer of spectral weight.

This analysis is based on separation of the stiffness in a conventional
(intraband) and a geometric (interband) contribution. The latter depends
on the (real part of the) quantum metric tensor

o= <n|aka|m><m|akﬁ|n>” which is associated with the interband

matrix elements of the current operator. The geometric contribution
therefore manifests as a superconductivity induced spectral weight transfer
in the optical conductivity of a multiband system, cf. Supplementary Note 6,
and constitutes the dominating contribution to the stiffness in the con-
ventional flat band limit.

We therefore rewrite the stiffness in the diagonal basis, cf.'? which for
the BCS contribution reads

1 /
D=2 {rkpoip. 08,0,
k,r.t,n,m
PP, (3)
CY (k Co* (k
+2 r,t( 7p<7p>) m,n( 7p<7p> )
QP> +QP<

where the indices 1, t, n, m label the (normal state) miniband, and p_(. refer
to the quantum states in the SC state with energies Q, . 7" is the dia-
magnetic contribution to the stiffness, expressed within t(hese basis states,
and C” refer to the matrix elements of the current operator explicitely given
in Supplementary Note 3. The RPA-contribution can be cast into a similar

form

pea = !

s _ﬁ Z /C(rx,t(k7p<>p> )
k7 r?

t,n,m @
posps PP

X ARPAK,p ., py PPl CESD kP )

and the RPA kernel A™ is given in Supplementary Note 4. The conven-
tional (intraband) contribution D" is obtained from Egs. (3) and (4)) by
restricting the summation to r = t and n = m whereas the geometric con-
tribution D™ contains all the interband processes with r # t and n = m.

We further separate the stiffness into intra-, inter- and mixed band
contributions:

D, = ; D,, = Z D, tnm (5)

r.t,n,m

D+ 3 DR LSS (6)

r,r,nm
n#m t£r

Dr,m = Dlrr,lrtrfnm + Z

t£r,nEm

The latter correspond to processes where one of the two current matrix
elements C7, in Eqgs. (3) and (4)) describes intra- and the other one inter-
band scattering. It turns out that for present parameters the mixed con-
tributions are smaller by a factor ~10~2 than D%/’ and therefore will be
neglected in the following discussion.

Figure 5 a shows D"  where the diagonal elements r = m are
dominated by the (negative) kinetic energy contribution of band r. For the
considered doping p = 0.5 the lowest (occupied) 8 bands contribute to the
kinetic energy in the normal state. Due to particle-hole mixing there is also a
contribution from bands above the chemical potential in the presence of SC.
The sum over all contributions in Fig. 5a is very close to the diamagnetic
term, i.e. the total kinetic energy. On the other hand, the sum over the
interband (i.e. geometric) contributions D§" = tmDi’;‘f"n . in Fig. 5b is
always negative and is close to the (negative) paramagnetic term. It can be
seen that this is dominated by diagonal elements D¢’ which means that in
Eq. (6) the two current matrix elements describe scattering processes which
involve a common band r = m. Interestingly, we also find a positive inter-
band term Df,,," (cf. black curve in Fig. 4) which in conventional flat band
systems would constitute the dominating contribution to the stiffness. It
scales with the interaction and represents a significant fraction of 20-30% of
the total stiffness in weak coupling while its contribution becomes sup-
pressed due to phase relaxation for |U|/t > 1.

Consideration of disorder
Within our ‘mean-field’ BCS approach the critical temperature kT, can be
associated with the pairing energy scale whereas 7D; sets the scale for phase
coherence. In the weak-coupling BCS limit one therefore always finds 7D/
kT, > 1 since phase coherence is already established when Cooper pairs
start to form. In the low-disorder regime where the mean free path is much
longer than the inverse Fermi wave vector, kgl > 1, the stiffness slightly
decreases due to the paramagnetic contribution while Anderson’s theorem*
for the pairing of time-reversed exact eigenstates leaves T, unchanged. The
situation changes when kgl = 1 and Cooper pairs can start to form above the
temperature where phase coherence sets in, cf. e.g. ref. 50. In this regime the
stiffness becomes comparable with kT, eventually leading to a
superconductor-insulator transition (D, = kT, = 0) when disorder exceeds a
critical value as e.g. observed in TiN, InO, and NbN films™ .

Charge carriers in flat band systems are very susceptible toward loca-
lization so that the stiffness, which depends inversely on the mass, also
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Fig. 6 | Ratio between the superfluid stiffness D, and critical temperature T,. The
ratio is shown as a function of the local attractive interaction U/t between electrons
where — tis the hopping between nearest-neighbors of the underlying square lattice
(up to 24 x 24 sites). Blue and violet curves are for the system without superpotential
and impurity potentials Io/t = 0.0 and Io/t = 0.5, respectively. In the presence of a
superpotential (Vo/t =4, patch size 4 x 4) the results are shown for impurity strength
Iy/t =0 (black), I/t =0.5 (red), I/t =1 (green). Lines in the foreground (full symbols)
and background (open symbols) refer to the random phase approximation (RPA)
and mean-field (BCS) result, respectively. In case of V,, = I, = 0 RPA and BCS result
are identical, whereas for V, = 0, I, = 0.5¢ the difference is within the size of the
symbols. Charge density p = 0.5.

sensitively depends on the amount of disorder when the strength of the
superpotential becomes sizeable.

In order to investigate the influence of disorder we add to the hamil-
tonian Eq. (1) an impurity potential V = 3_,,,I,,n,,, where the I,, are drawn
from a flat distribution with —Iy<I,<I,. In this way disorder is treated
exactly, cf. Supplementary Note 2, and we evaluate the resulting stiffness by
averaging the current correlations over 10-20 disorder configurations.

We consider two values for the impurity potential Io/t = 0.5 and Ip/t =1
which, upon solving the temperature dependent gap equation, have only
minor influence on T.. The relaxation time is obtained by fitting o(w) to the
Drude formula, see Supplementary Note 5 and k. is determined from the
average of the Fermi momentum over the Fermi surface of the homo-
geneous system. For Io/t = 0.5 this yields a value of kI = 40 and a mean free
path of [ = 23 in units of the lattice spacing which is larger than the
superlattice periodicity. In case of I/t = 1 one finds kgl = 10 and [ = 6 which is
of the order of the superlattice periodicity (we recall that for the 4 x 4 pla-
quette structure the translation vectors are 4, = (8,0) and 4, = (4,4) in
units of the lattice constant).

Figure 6 compares nD//(kT,) for systems with and without super-
potential and impurities. In the clean and homogeneous case (Vo/t =Io/t =0,
blue) the typical BCS behavior is recovered where in the weak coupling limit
the stiffness exceeds the pairing scale kT, by several orders of magnitude and
the ratio 7D,/(kT,) decreases towards stronger coupling. In fact, since in the
homogeneous system the stiffness only weakly depends on |U], the behavior
can be understood from the weak-coupling BCS result T, ~ ¢~'/(UINo)
where N, denotes the density of states. This yields In(Dy/T;) ~ 1/|U| which is
exactly the behavior shown in Fig. 6 for the homogeneous system. For a
moderate impurity strength (Vy/t = 0; Io/t = 0.5, violet) the stiffness of the
homogeneous system is reduced in particular at weak coupling while for
larger interaction it approaches the value of the clean case. One should note
that inclusion of the Hartree contribution in Eq. (1) would further support
the reduction of D for fixed Iy/t. However, since the relevant quantity is the
dimensionless parameter kg, this just means that a slightly smaller value of
Iy/t is required for a given kgl.

In the presence of a superpotential but without impurities (Vo/t = 4; I/
t = 0, black) the ratio nDy/kT, is substantially smaller than for the

homogeneous system, in particular at weak coupling. On the one hand, this
is due to the smaller stiffness in this regime (cf. Fig. 4) but more relevant is
the exponentially larger T,, cf. inset to Fig. 2. While for the clean super-
potential 7D/kT, =~ 10, one finds a further reduction of this value at weak
coupling |U|/t = 0.5 due to the addition of impurities. We also observe that
nDy/k T, goes through a maximum upon decreasing the interaction and for
impurity strength Iy/t = 1 (green) it approaches nDy/kT, = 1 for |U/t = 0.5.
Thus, this limit is obtained when the mean free path becomes of the order of
the superpotential periodicity.

Discussion

The periodic superpotential can substantially enhance the critical tem-
perature while preserving a sizeable stiffness that scales with the interaction
strength. Unlike conventional flat-band systems, where filled bands do not
contribute to the kinetic energy and a finite stiffness arises solely from the
positive quantum geometric term, our periodically modulated system
retains contributions from all minibands below the chemical potential,
similar to the case of twisted moiré systems™. As a result, even when the top
band is flat, a finite diamagnetic response persists. The interband term is
overall negative but includes a positive quantum geometric component.
Thus, superlattice engineering offers a promising route to enhance Tc, as the
system effectively inherits the stiffness of the homogeneous case. It is
interesting that recent theoretical work succeeded to predict the topological
properties of materials subject to a superlattice potential™. In particular, the
periodic patterning of a 2D electron gas™ reveals a non-zero local Berry
phase for antisymmetric triangular superpotentials. This geometry therefore
could further sustain the superfluid stiffness because of topology. Con-
sideration of such structures will be considered in future studies within the
Usadel equations which allow for the treatment of superpotentials which are
incommensurate with the host lattice.

It should be noted that the model here differs from previous work
which studied the competition between charge-density wave and SC order
parameters’®”. Here instead, we are not considering competing instabilities
since the superpotential is imposed on the system via external periodic
gating™ or nanostructuring™ so that the Fermi level can in principle be tuned
into one of the flat bands. This leads to an enhancement of T with respect to
the homogeneous system which at weak coupling can reach one or two
orders of magnitude, cf. inset to Fig. 2. It is to be expected that the influence
of phase fluctuations will affect this amplification if the mean free path in the
disordered system is of the same order of magnitude as the periodicity of the
superlattice which corresponds to the limit 7D/kT, ~ 1. For strongly dis-
ordered NbN films™ it has been shown that the transition temperature
toward a coherent SC state is reduced by a factor ~3 when this ratio
decreases from nD/kT, = 5 to nDJ/kT, = 1 so that our results are still
compatible with a significant enhancement of T..

Yet, there are still a few hurdles to overcome in order to realize such a
system with increased transition temperature and robust stiffness. First,
secondary instabilities such as magnetism may occur when the Fermi level is
located in one of the flat bands.

The concomitant opening of additional gaps will then compete with
the T, enhancement although the system may remain in a state with sizeable
stiffness. Second, as we have seen the system should be sufficiently clean so
that the stiffness still dominates the energy scale of the transition tem-
perature. In principle, this requirement should be achievable with LaAlO5/
SrTiO; interfaces where tunable superconductivity has been observed below
0.3 K*. Here one can reach mobilities as high as 10.000 cm®/Vs, corre-
sponding to a mean free path of about 100 nm®'. This is well beyond the
40 nm pitch limit of standard e-beam lithography which defines the possible
lower bound periodicity of the metal gate superpotential”. It has been
further pointed out that for sizeable gating the “2D electron gas” at the
LaAlOs/SrTiO; interface can be tuned towards the BCS regime®’, where d,../
d,. bands become occupied. These extend deeper in SrTiO; where they
recover bulk properties so that in this regime T, and the superfluid stiffness
follow the expectations from BCS theory which is a prerequisite for the
validity of our approach. To conclude, this work demonstrates that applying
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a superpotential can provide a solid foundation for enhancing super-
conductivity, even in single-band systems. It thereby paves the way for
engineering diverse superpotential architectures as a powerful strategy to
design and control superconductivity.

Data availability
The data that support the findings of this study are available from the
corresponding author upon request.

Code availability

The FORTRAN code used in this study to evaluate the superconducting
stiffness is available from the corresponding author upon reasonable
request.
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