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Abstract: Condensation of spatially indirect excitons, with the electrons and holes confined in two
separate layers, has recently been observed in two different double layer heterostructures. High transition
temperatures were reported in a double Transition Metal Dichalcogenide (TMD) monolayer system.
We briefly review electron-hole double layer systems that have been proposed as candidates for this
interesting phenomenon. We investigate the double TMD system WSe2 /hBN/MoSe2 , using a mean-field
approach that includes multiband effects due to the spin-orbit coupling and self-consistent screening of
the electron-hole Coulomb interaction. We demonstrate that the transition temperature observed in the
double TMD monolayers, which is remarkably high relative to the other systems, is the result of (i) the
large electron and hole effective masses in TMDs, (ii) the large TMD band gaps, and (iii) the presence
of multiple superfluid condensates in the TMD system. The net effect is that the superfluidity is strong
across a wide range of densities, which leads to high transition temperatures that extend as high as
TBKT = 150 K.
Keywords: superfluidity; exciton; electron-hole; transition-metal-dichalcogenides; multibandsuperconductivity; multicomponent-superfluidity

1. Introduction
Spatially indirect excitons are states of electrons and holes bound by their Coulomb attraction.
The electrons and holes are confined to two separated quantum wells or quasi two-dimensional (2D) layers,
placed very close to each other. There is a great deal of interest in spatially indirect excitons condensing
into a quantum coherent state.
Electron-hole superfluidity was first proposed for a conventional semiconductor heterostructure of
electron and hole doped Double Quantum-Wells (DQW) [1–3]. In GaAs, the quantum wells are separated
by a thin insulating barrier of Alx Ga1− x As which blocks recombination of the electrons and holes [4].
The strength of the electron-hole pairing is primarily controlled by the average effective separation between
the electrons and the holes, determined by the thickness of the insulating barrier and by the widths of
the quantum wells. It is challenging to identify the optimal configurations for the GaAs wells and the
insulating barriers [5]. The wells cannot be too narrow or else interface roughness scattering, arising
from insulating barrier Al atoms diffusing into the well regions, makes mobility impractically low. At
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high densities, when the system approaches the weakly interacting regime, the competition between
intralayer and interlayer correlations becomes strong, and the screening of the electron-hole interaction is
predicted to kill the superfluidity [6]. Since the average effective separation is large, there is superfluidity
only for densities . 1010 cm−2 . The predicted transition temperatures for this system are relatively low,
TBKT ∼ 1 K. To date, there have been no definitive observations of superfluidity in GaAs DQWs [5].
It would be particularly interesting to observe superfluidity in this system, because it is likely to have a
rich phase diagram of exotic superfluid phases [7] due to the large difference in electron and hole effective
masses in GaAs.
The discovery of graphene [8] opened the way to atomically-thin materials which bypass the structural
challenges of the GaAs DQWs. Double Monolayer Graphene (DMG), consisting of two monolayers of
graphene separated by only ∼ 1 nm of hexagonal Boron Nitride (hBN) as the insulating barrier [9], was
proposed [10,11] and investigated [12]. However the linear dispersion of the energy bands which is
almost unique to monolayer graphene, proved to be an enormous obstacle for accessing the strongly
interacting regime where superfluidity would occur. In the weakly interacting regime, screening kills the
superfluidity [13].
Double Bilayer Graphene (DBG), using bilayer graphene in place of monolayer graphene, was
proposed to overcome this problem [14]. Unlike monolayer graphene, the energy dispersion in bilayer
graphene is approximately parabolic, as in conventional semiconductors. A recent experiment confirmed
the prediction in Reference [14]: enhanced tunneling conductance was reported, which is a signature of
electron-hole superfluidity, in a DBG system with a 1.4 nm WSe2 insulating barrier [15]. This signature
was observed only at lower densities and is in quantitative agreement with the theoretical predictions [16]
of an upper limit of the carrier density for the superfluidity. Above this threshold density, screening kills
the superfluidity. The observed transition temperature is low, Tc ∼ 1.5 K. Reference [14] had predicted
a maximum transition temperature of 17 K in a DBG with a 1.4 nm hBN barrier. Reference [16] pointed
out the importance of the strong interband screening from the valence band, a large effect here because of
the very small band gap in bilayer graphene [17]. The effect of this additional screening is to reduce the
threshold density and the maximum transition temperature.
The development of other 2D materials like the Transition Metal Dichalcogenides (TMDs) followed
graphene. The TMD monolayers MoS2 , MoSe2 , WS2 , and WSe2 are semiconductors with direct band
gaps comparable to that in GaAs [18,19]. The large band gap eliminates the detrimental effects of
the interband screening mentioned above for graphene. The electron and hole effective masses in
TMDs are larger than for bilayer graphene, and this further increases the coupling strength of the
electron-hole pairs [20]. Reference [21] proposed the TMD heterostructure MoSe2 -hBN-WSe2 to observe
electron-hole superfluidity and to investigate additional novel multicomponent effects resulting from
the strong spin-orbit coupling. The splitting of the valence bands λv is an order of magnitude larger
than the splitting of the conduction bands λc . The resulting misalignment of the electron and hole bands
fundamentally changes the multicomponent nature of the superfluidity. The authors already predicted
maximum transition temperatures as high as TBKT ∼ 100 K [21], and very recently enhanced tunneling
conductance signatures of Bose-Einstein Condensation (BEC) was reported in this same system with
transition temperature Tc ∼ 100 K [22] consistent with these predictions.
Table 1 collects the relevant properties and results for the double layer systems proposed for
electron-hole superfluidity.
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Table 1. Experimental (E) and theoretical (T) properties and results of the different systems. m∗e and m∗h :
electron and hole effective masses; Eg : energy band gap; d: layer separation; n0 : superfluid threshold
density (1011 cm−2 ); Tc : transition temperature for superfluidity.

DQW
DMG
DBG
TMD

m∗e (me )

m∗h (me )

E g (eV)

d T (nm)

d E (nm)

n0T

n0E

TcT (K)

TcE (K)

0.067
0
0.04
0.3–0.5

0.3
0
0.04
0.4–0.6

1.5
0
≤0.25
1.5–2.0

15 [5]
1.0 [11]
1.4 [14,16]
1.0 [21]

25 [2,3]
1.0 [12]
1.4 [15]
1.0 [22]

<0.7 [5]
−
7.0 [16]
150 [21]

−
−
8.0 [15]
10 [22]

∼1 [5]
−
17 [14]
&100 [21]

−
−
1.5 [15]
100 [22]

2. Results
In this paper we investigate the effects of multicomponent superfluidity in double TMD monolayers,
and show that these effects contribute to the high transition temperatures observed in a TMD system.
We present results for the specific system WSe2 /hBN/MoSe2 , with n-doped WSe2 and p-doped MoSe2 , and
then draw general conclusions for the class of semiconductor TMDs. The splitting of the conduction and
valence bands by spin-orbit coupling into multibands (Figure 1) consists of two spin-polarized subbands.
The subbands are concentric and this makes the superfluidity resemble multiband superconductivity in
certain aspects.

n-doped WSe2
ε(e)
b

p-doped MoSe2
ε(h)
t

ε(e)
t

ε(h)
b

{tt}
λv
λc

{bb}

Figure 1. Low-energy multiband structure resulting from spin-orbit coupling in n–WSe2 /hBN/MoSe2 –p.
The MoSe2 bands are the valence bands after a standard particle-hole transformation to positive energies.
Because of the large band gap in TMDs, we are able to neglect the remote bands. λc ( λv ) is the spin-orbit
splitting of the conduction (valence) bands. The dashed arrows labelled {bb} and {tt} indicate schematically
the pairing channels.

We explain in the Methods section that there are only two active pairing channels in this system.
In Figure 1, we label these {bb} and {tt} for pairing of carriers from the bottom-bottom and top-top bands.
These channels are associated with two condensates with different superfluid gaps ∆bb and ∆tt , given by
Equations (8) and (9), that depend on the number of pairs in the respective bands.
Figure 2a shows the maximum of the superfluid gaps ∆bb and ∆tt as a function of the carrier density
n. Figure 2b shows the corresponding evolution of the chemical potential µ = 12 (µ(e) + µ(h) ). Because of
the interactions, µ is only equal to the Fermi energy in the weakly interacting regime at high densities [23].
To identify the strongly and weakly interacting regions, we use the condensate fraction C. This is
defined as the fraction of electron-hole pairs relative to the total number of electrons or holes (see Equation
(17)). Figure 3 shows the condensate fractions Cbb and Ctt as functions of density. For C > 0.8 the
condensate is said to be in the strong-coupled BEC regime, for 0.2 ≤ C ≤ 0.8 in the crossover regime, and
for C < 0.2 in the weak-coupled regime.
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Figure 2. (a) The maximum of the superfluid gaps ∆bb and ∆tt as a function of the density n. For reference,
the upper horizontal axis shows the density of the top bands nt . Both densities have units of 1012 cm−2 .
(b) Chemical potential as a function of the density n. The zero energy is fixed at the minimum of the bottom
bands ε b (0). The EBb /2 and EBt /2 are the two-body bound state energies.

nt
0

Cββ

0.9

1

2

3
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Ctt

0.8
Cbb

0.7
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5

10
15
n = nb + nt

20
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Figure 3. Condensate fraction Cbb and Ctt as a function of n (1012 cm−2 ). The upper horizontal axis shows
the density of the top bands nt (1012 cm−2 ). The blue shaded area is the BEC regime

At low densities, electrons and holes occupy only the bottom bands so there is only a {bb} condensate.
In the low density limit, the paired electrons and holes occupy the two-body bound state with its binding
energy EBb ∼ 375 meV. The chemical potential for this state is given by the one-band limit, µ ∼ − EBb /2,
(Figure 2b) [24,25]. In this case, the {bb} condensate is in the BEC regime, with condensate fraction
Cbb > 0.8.
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As the density is increased ∆bb also increases, since the number of electrons and holes available for
pairing increases. The pairs start to overlap, and this results in an increasing chemical potential µ and a
decreasing Cbb . When Cbb drops below 0.8, the {bb} condensate enters the crossover regime.
The misalignment between the top electron and top hole bands is δλ = λv − λc (Figure 1). Thus in the
low density limit of the top bands, the paired electrons and holes will occupy a two-body bound state with
(e)

a binding energy that lies EBb − δλ below the top band ε t . Relative to the zero of energy, the two-body
bound state for the top bands is located at
1
1
− EBt = − ( EBb − δλ) + λc .
2
2

(1)

When µ moves above − 21 EBt , the {tt} condensate can start to be populated and ∆tt becomes non-zero.
The superfluidity may be one-component at low density and two-component at higher densities. A similar
behaviour has been observed in multiband superconductivity [26]. We recall that in both systems the
multibands are concentric. In contrast with the {bb} condensate, the {tt} condensate is always in the BEC
regime (Ctt > 0.8 in Figure 3). This results in an interesting new mixture of the {bb} and {tt} condensates
that are in different regimes of pairing.
With increasing density, ∆bb passes through a maximum and then begins to decrease. This is an effect
of screening which becomes increasingly important and weakens the interaction. ∆tt follows a similar
sequence of behaviour. The step function in Equation (9), reduces the pairing strength because of the
misalignment of the top bands. This is the reason that ∆tt is everywhere weaker than ∆bb .
The weakening due to screening is accelerated due to the build up of the free carriers in the bottom
bands. Eventually screening kills the superfluidity, ∆ drops sharply to zero in both bottom and top
channels at the same threshold density n0 [14]. We use the threshold density to determine the maximum
transition temperature for superfluidity TBKT (See Equation (18)). We find TBKT can be as high as 120 K in
this system.
The two-body bound state can only exist if it lies below the minimum of the top bands. Otherwise
there is a decay channel to continuum states. This means that in Equation (1), ( EBb − δλ) must be positive
for a two-body bound state in the top bands to exist. This is a condition for the second condensate to
exist: δλ < EBb . Table 2a shows ( EBb − δλ) for different combinations of TMD monolayers. Table 2b gives
the corresponding two-body binding energy for the {bb} bands, EBb , for different combinations of TMD
monolayers.
Table 2. (a) ( EBb − δλ) in meV for different combinations of TMD monolayers. The EBb are calculated for
double TMD monolayers with separation d = 1 nm. δλ is determined from Table 3. Multicomponent
superfluidity is possible only when ( EBb − δλ) > 0 (marked in bold). (b) Corresponding two-body binding
energy for the {bb} bands: EBb in meV.
(a)
n-MoS2
n-MoSe2
n-WS2
n-WSe2

p-MoS2 p-MoSe2 p-WS2 p-WSe2
249
276
252
260

228
253
232
233

−37
−9
−28
−24

−69
−49
−65
−57

(b)
n-MoS2
n-MoSe2
n-WS2
n-WSe2

p-MoS2 p-MoSe2 p-WS2 p-WSe2
396
405
375
372

405
412
385
375

390
400
375
368

388
390
368
365

3. Discussion
The strikingly high transition temperatures for electron-hole superfluidity in double TMD monolayer
system comes from two properties in which they greatly differ from other double layer systems: (i) high
threshold densities for superfluidity and (ii) multicomponent superfluidity that can be switched on and off.
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(i) In 2D, the superfluid transition temperatures are given by TBKT , the Berezinskii-Kosterlitz-Thouless
(BKT) temperature [27]. TBKT is proportional to the density (see Equation (18)), so to achieve high transition
temperature the density must be maximized. The threshold densities n0 in Figure 2a are much larger than
n0 ∼ 8 × 1011 cm−2 observed in DBG [15,16], n0 ∼ 4 × 1012 cm−2 for phosphorene [28], and n0 ∼ 5 × 1010
cm−2 for GaAs [5]. The reason is the large electron and hole effective masses in the TMDs [20] which lead
to strong binding energies and thus large superfluid gaps ∆.
(ii) While at first sight, the coupling in DBG between the conduction and valence band condensates
should reinforce the superfluid gaps [29], because of the small band gaps in bilayer graphene there are a
large number of free carriers that are easily excited from the valence band, and these greatly enhance the
screening [16]. The enhanced screening weakens the superfluid gaps. Reference [16] found that this effect
dominate over reinforcement of the gaps.
In TMDs, the large band gap means that screening from the remote bands is negligible. Because of
spin selection, the condensates are not directly coupled in the gap equations (Equations (8) and (9)). In this
case there is a great advantage in having a second condensate for the following reason. The pairing in
the {tt} condensate removes free carriers in the top bands that would otherwise strengthen the screening.
Thus two-component superfluidity persists up to higher densities compared to the one-component system.
To identify the double TMD monolayers with the highest transition temperatures we look for the
highest binding energies in combination with multicomponent superfluidity. Of the double monolayers
which are predicted in Table 2a to exhibit multicomponent superfluidity (marked in bold), we see from
Table 2b, it is MoSe2 –MoSe2 which has the highest two-body binding energy. Hence MoSe2 –MoSe2 has the
largest transition temperature: TBKT ∼ 160 K.
4. Materials and Methods
4.1. Materials
We are focusing attention on the Transition Metal Dichalcogenides monolayers MoS2 , MoSe2 , WS2 ,
and WSe2 , semiconductors with large and direct band gaps, with low-lying nearly parabolic bands and
strong spin-orbit coupling. Table 3 gives the parameters for these TMDs monolayers.
Table 3. TMD monolayer effective masses, band gap (Eg ), and spin-orbit coupling splitting of conduction
bands (λc ) and valence bands (λv ) [30–32].

MoS2
MoSe2
WS2
WSe2

m∗e (me )

m∗h (me )

E g (eV)

λc (eV)

λv (eV)

0.40
0.43
0.33
0.36

0.48
0.50
0.30
0.30

1.66
1.47
1.79
1.60

−0.003
−0.021
0.027
0.038

0.15
0.18
0.43
0.46

The electronic dispersion in a single valley is [33]:

ε σ,± (k) = σ

λc + λv
±
2

s
a2 t2 k 2 +

( Eg − σ(λv − λc ))2
,
4

(2)

with the plus (minus) sign labelling the conduction (valence) band and σ = ± as spin index.
We focus on the TMD heterostructure WSe2 /hBN/MoSe2 , with the WSe2 n-doped and the MoSe2
p-doped. The monolayers are separated by an insulating trilayer of hexagonal Boron Nitride (hBN) with
thickness d = 1 nm and dielectric constant e = 2 [34]. The barrier inhibits electron-hole recombination [9],
and avoids hybridization between the bands [35,36]
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4.2. Method
Because of the large band gaps, we need only to consider conduction band processes [16,29]
(see Figure 1). For each of the monolayers, we label the bottom and top conduction subbands β = b
and β = t. Due to the large valley separation in momentum space, inter-valley scattering is negligible, so
the effect of the two valleys appears only in a valley degeneracy factor, gv = 2.
The multiband electron-hole Hamiltonian is,

H=

∑
k,β

n

o
(e)
(h)
ξ β (k) c†β,k c β,k + ξ β (k ) d†β,k d β,k +

∑0

VkDk0 c†β,k+q/2 d†β,−k+q/2 c β0 ,k0 +q/2 d β0 ,−k0 +q/2 .

(3)

k,k ,q
β,β0

For the n-doped monolayer, c†β,k and c β,k are the creation and annihilation operators for electrons in
conduction subband β. For the p-doped monolayer, d†β,k and d β,k are the corresponding operators for holes.
(i )

(i )

(i )

The kinetic energy terms are ξ β (k ) = ε β (k) − µ(i) where ε β (k) is the energy dispersion for the i = e, h
monolayer, as in Equation (2). We consider only equal carrier densities ne = nh = n, so the chemical
potentials µ = 12 (µ(e) + µ(h) ). VkDk0 is the bare attractive Coulomb interaction between electrons and holes
in the opposite monolayers,
0

VkDk0 = −VkSk0 e−d|k−k | ,

VkSk0 =

2πe2
1
,
e |k − k0 |

(4)

where d is the thickness of the barrier. VkSk0 is the bare repulsive Coulomb interaction between carriers in
the same monolayer.
In contrast with conventional BCS pairing, the Coulomb pairing interaction is independent of the
electron and hole spins. There are four possible electron-hole pairings, corresponding to four superfluid
condensates [37,38]. We introduce the temperature dependent normal and anomalous multiband
Matsubara Green functions, with subband indices α and β,
(

G αβ (k, τ )

β†

= − < Tτ cαk (τ )ck (0) >
β

F αβ (k, τ ) = − < Tτ cαk (τ )dk (0) > .

(5)

where Tτ is the time-ordering operator. These result in mean field equations for the gaps and the
densities [37,38]:
∆αβ (k) = −

T
L2

∑
0 0

0 0

Vkehk0 F α β (k0 , iωn )

(6)

α ,β ,
k0 ,iωn

nαβ = gs gv
αβα0 β0

αβα0 β0

Fkk0

T
L2

∑

G αβ (k, iωn ) ,

(7)

k,iωn

where Fkk0
= hα0 k0 | αki h βk | β0 k0 i is the form factor that represents the overlap of the single particle
wave functions [39]. Because of the spin polarization in the bands, there is no spin degeneracy, gs = 1.
We determined that the {bt} and {tb} cross-pairing terms are negligible. Thus we can focus on
intraband pairing, retaining the Green functions and form factors only with α = β(α0 = β0 ). Since the
Coulomb interaction Vkehk0 conserves the spin of the electron-hole pair, there are no spin-flip scattering
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βββ0 β0

processes. This implies that Fkk0
= 0 for β 6= β0 , so there is no Josephson-like pair transfer between the
bands [29].
At zero temperature the gap equations are decoupled,
∆bb (k) = −
∆tt (k) = −
βββ0 β0

where we abbreviate the notation Fkk0

∆ (k0 )

1
L2

∑0 Fkkbb0 Vkehk0 2Ebbb (k0 ) ,

1
L2

∑0 Fkktt 0 Vkehk0 2Et (k0 ) θ [Et− (k0 )] ,

∆tt (k0 )

(9)

k

ββ0

≡ Fkk0 . Eβ (k) =
(e)

(8)

k

q

ξ β (k)2 + ∆2ββ (k) is the quasi-particle excitation

(h)

energy for subband β, with ξ β (k ) = (ξ β + ξ β )/2. θ [ Et− (k)] = 1 − f [ Et− (k), 0] is a step function, with

f [ Et− (k), 0] the zero temperature Fermi-Dirac distribution. Et± (k) = Et (k) ± δλ/2, with δλ = |λv | − |λc |
the energy misalignment of the top bands.
Equation (8) has the same form as for a decoupled one-band system, because the two bottom bands
are aligned [40]. In contrast,
Equation (9) contains the effect of misalignment of the top bands through the
q
term θ [ Et− (k0 )] ≡ θ [ ξ t (k )2 + ∆2tt (k ) − δλ/2]. This term drops below unity only at higher densities where
the pair coupling strength is weak compared with the misalignment.
eh in Equations (8) and (9) is the screened electron-hole interaction. We use the linear-response
Vkk
0
Random Phase Approximation for static screening in the superfluid state [16],
Vkehk0 =

VkDk0 + Π a (q)[(VkSk0 )2 − (VkDk0 )2 ]
1 − 2[VkSk0 Πn (q) + VkDk0 Π a (q)] + [Π2n (q) − Π2a (q)][(VkSk0 )2 − (VkDk0 )2 ]

,

(10)

with q = |k − k0 |. Πn (q) is the normal static polarizability in the superfluid state and Π a (q) is the
anomalous static polarizability [13,14]. The polarizabilties are obtained as loops consisting of two normal
or two anomalous Green functions:
Πn (q) = T

gs gv
ββ
Fkk0 G ββ (k0 , iωn )G ββ (k, iωn ) ,
L2 β,k∑
0 ,iω

(11)

gs gv
ββ
Fkk0 F ββ (k0 , iωn )F ββ (k, iωn ) .
L2 β,k∑
0 ,iω

(12)

n

Π a (q) = T

n

The sum over the Matsubara frequencies, ωn , is performed at zero temperature.
Πn (q) depends on the population of free carriers, while Π a (q), with opposite sign, depends on the
population of electron-hole pairs. Π a (q) is only non-zero in the superfluid state. There is a competition
between of Πn (q) and Π a (q) which is connected to the competition between the populations of the
condensed pairs and the free carriers. Screening is associated with the population of charged free
carriers. A system with a large superfluid condensate fraction of strong-coupled pairs thus has very
weak screening [6].
For a given chemical potential µ, the carrier density n of one monolayer is the sum of the subband
carrier densities nb and nt ,
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∑

n = gs gv

nβ ,

(13)

1
L2

∑ v2b (k) ,

(14)

1
L2

∑

β=b,t

nb =
nt =

k

h

i
v2t (k)θ [ Et+ (k )] + u2t (k)(1 − θ [ Et− (k)]) ,

where
v2β (k )

1
=
2

(15)

k

ξ β (k)
1−
Eβ ( k )

!
;

u2β (k)

1
=
2

ξ β (k)
1+
Eβ ( k )

!
,

(16)

are the Bogoliubov amplitudes.
The ∆ ββ and µ shown in Figure 2 are determined by self consistently solving Equations (8) and (9)
coupled with Equations (14) and (15).
The condensate fractions Cββ used in Figure 3 to identify the weak- and strong-coupled regimes of
the superfluid, are given by [41,42],
∑k u2β (k) v2β (k )
Cββ =
.
(17)
∑k v2β (k)
The Berezinskii-Kosterlitz-Thouless transition temperature TBKT [27] for a 2D system with parabolic
bands, is determined from [43,44],
TBKT =

πh̄2
π
ρs ( TBKT ) ' n
.
2
2gs gv m∗

(18)

ρs ( T ) is the superfluid stiffness.
We note that unlike DBG, there are no chiral symmetry degrees of freedom in TMDs. Reference [39]
has suggested that these additional degrees of freedom in DBG would lead to topological excitations
of quarter vortices. If so, in DBG but not in TMDs, there would be a prefactor of 1/16 in Equation (18).
This would dramatically reduce TBKT .
5. Conclusions
Table 4 collects the relevant properties of double layer systems that have been proposed in the search
for electron-hole superfluidity. Of these systems, double TMD monolayers have been shown in this paper
to be exceptional candidates.
Table 4. Double layer system properties relevant for electron-hole superfluidity.

DQW
DMG
DBG
TMD

Masses Ratio

Effective
Masses

Valence Band
Screening

Multicomponent
Superfluidity

m∗h ∼10 m∗e
m∗h = m∗e
m∗h = m∗e
m∗h ∼1.3 m∗e

0.07 − 0.3
0
0.04
0.4 − 0.5

no
yes
yes
no

no
no superfluidity
no
yes

Unlike in DMG, the parabolic bands in TMDs allow the system to enter the strongly interacting BEC
regime. In contrast to GaAs DQWs, where the mass imbalance weakens the superfluid gap, the effective
masses in TMDs are almost equal. Furthermore, the effective masses in TMDs are relatively large, resulting
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in a much wider range of densities for electron-hole superfluidity. Valence band screening, which has a
substantial negative effect in DBG, is negligible in TMDs because of its large band gap. The presence of the
second condensate in some of the TMD systems reinforces the superfluidity, and thus maximizes density
ranges and transition temperatures.
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