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Controlling and understanding electron correla-13

tions in quantum matter is one of the most chal-14

lenging tasks in materials engineering. In the past15

years a plethora of new puzzling correlated states16

have been found by carefully stacking and twist-17

ing two-dimensional van der Waals materials of18

different kind. Unique to these stacked struc-19

tures is the emergence of correlated phases not20

foreseeable from the single layers alone. In Ta-21

dichalcogenide heterostructures made of a good22

metallic “1H”- and a Mott-insulating “1T”-layer,23

recent reports have evidenced a cross-breed itin-24

erant and localized nature of the electronic exci-25

tations, similar to what is typically found in heavy26

fermion systems. Here, we put forward a new in-27

terpretation based on first-principles calculations28

which indicates a sizeable charge transfer of elec-29

trons (0.4-0.6 e) from 1T to 1H layers at an ele-30

vated interlayer distance. We accurately quantify31

the strength of the interlayer hybridization which32

allows us to unambiguously determine that the33

system is much closer to a doped Mott insula-34

tor than to a heavy fermion scenario. Ta-based35

heterolayers provide therefore a new ground for36

quantum-materials engineering in the regime of37

heavily doped Mott insulators hybridized with38

metallic states at a van der Waals distance.39

TaCh2 (Ch = S, Se) layered materials are rather dis-40

tinctive in the family of transition metal dichalcogenides.41

While in the trigonal prismatic setting (hexagonal, H)42

TaCh2 is a metal similar to its exceptionally well studied43

sister NbCh2, in the octahedral setting (tetragonal, T)44

(Fig. 1 a) TaCh2 develops a highly unusual
√
13 ×

√
1345

superstructure, which effectively partitions the structure46

into so-called “Star of David” (SoD) clusters, each hold-47

ing just one electron, mostly localized on the central Ta48

ion [1–4], as shown in Fig. 1 b. The intralayer hopping49

amplitude between these localized electrons in 1T-TaCh250

is extremely small, of the order of 10 meV. Actually, in51

the bulk material the intercluster hopping mainly pro-52

ceeds via interlayer hopping, generating a band width of53

the order of 100 meV. Even this band width is smaller54

than the effective Hubbard interaction on a cluster (U∼55

100-300 meV), which induces a Mott transition in the56

half-filled valence band [5–7]. In the monolayer 1T-57

TaCh2 this path does not exist, so that the band width is58

anomalously small and localization strong [8] even com-59

pared to materials containing 4f electrons. This suggests60

nontrivial, and qualitatively stronger correlation effects61

in a single layer as compared to the bulk, and tempts an62

analogy with Kondo physics — usually manifested in 4f63

systems — if the monolayer is put in contact with delo-64

calized carriers.65

The above consideration was recently brought into66

limelight by several experimental studies on hetero-67

bilayers of 1T-TaCh2, a strongly Mott insulating system,68

and 1H-TaCh2, a good two-dimensional metal, where69

strong changes were observed, compared to an isolated70

1T-TaCh2 layer, with a well-defined Mott gap being sup-71

planted or augmented by a narrow zero-bias peak [9–72

12]. A natural interpretation, invoked in these works,73

is in terms of conduction electrons in 1H-TaCh2 screen-74

ing the localized electrons in 1T-TaCh2. However, this75

interpretation basically assumes that the screening ca-76

pacity of these spatially detached carriers is comparable77

to that in classical Kondo systems, where the localized78

and itinerant electrons occupy the same space. On the79

other hand, a recent first principles study of the sim-80

ilar three-dimensional heterostructure, known as 4Hb-81

TaS2, consisting of alternating layers of 1T- and 1H-82

TaS2 [13], found a strong charge transfer from the 1T to83

the 1H layer, rendering the valence states in the former84

completely depleted. Needless to say, this picture with85

an empty 1T-band does not leave room to any strong-86

correlation effects.87

Here we present a way out of this conundrum by com-88

bining ab initio density functional theory (DFT) calcula-89

tions for 1T/1H-TaS2 bilayers with many-body dynam-90

ical mean field theory (DMFT) calculations of the re-91

sulting low-energy models. We investigate the electronic92

structure of 1T/1H-TaS2 bilayers (Fig. 1 a-b) at various93

interlayer distances, dint, since different experiments are94
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FIG. 1: Illustrations of the 1T/1H-TaS2 bilayer structure. (a) Local atomic structures for the 1T and 1H
phases. Large spheres in blue and gray represent Ta atoms in 1T and 1H, respectively. Small yellow spheres denote
S atoms. (b) 1T-TaS2 develops a Star-of-David charge density wave pattern (blue) forming a triangular lattice. One
electron is localized at the center to the Star-of-David in a free-standing 1T layer. The 1H layer (gray) is metallic but
hosts electrons transferred from the 1T layer via interlayer interaction. Only Ta atoms are shown here while S atoms
are omitted for clarity.

liable to have different 1T/1H TaS2 bilayer spacing dint.95

Indeed, mechanical stacking of single layers is extremely96

sensitive to the manufacturing details and dint is nearly97

always larger that the optimum spacing for an ideal epi-98

taxy. In fact, Ref. [11] mentions STM steps of ≈ 6.2Å,99

which can be taken as an estimate of dint, while the100

color height map shown in Ref. [10] suggests dint ∼ 8.5Å.101

This is to be compared to cleaved 4Hb-TaS2 bulk samples102

where dint ≤ 5.9 Å [13–15].103

Our DFT results show that while some charge trans-104

fer between 1T- and 1H-TaS2 layers is very robust and105

unavoidable, the actual amount is highly sensitive to the106

separation between the layers and local environments.107

These findings have important consequences; an ideal bi-108

layer system would share the same interlayer separation109

in the overall region as the bulk crystal 4Hb-TaS2 and110

therefore have complete charge transfer between layers.111

However, in actual fabrications, as listed above, the inter-112

layer separation is likely to be larger than in bulk 4Hb-113

TaS2. Larger separation may accompany a decrease in114

charge transfer and a decrease in hybridization compared115

with the optimum system. Whether the electronic bands116

of the 1T electrons are completely or partially empty and117

how correlation effects develop will be dictated by the in-118

terlayer distance between 1T- and 1H-TaS2 layers.119

To resolve the origin of the measured tunneling spec-120

tra [9–12] we investigate then in the framework of DMFT121

the electronic properties of the 1T/1H-TaS2 bilayers by122

considering the low-energy models extracted from the123

DFT calculations at interlayer distances dint = 6.3 Å, 6.5124

Å and 7.0 Å, which, we believe, realistically reflect the125

range of bilayer spacings in Refs.[10, 11]. In this entire126

range, DFT yields an occupation of the 1T band of 0.4 -127

0.6e. The main conclusions are: (1) screening by the 1H-128

TaS2 layer, contrary to suggestions in previous works, is129

a rather minor effect; (2) the charge transfer between 1T-130

TaS2 and 1H-TaS2 drives the Mott insulating state in 1T-131

TaS2 far away from the half-filling regime (one electron132

per correlated orbital) of the 1T single layer, introducing133

itinerant charge carriers inside the 1T-TaS2 layer. These134

provide the metallic screening and lead to a zero-bias135

peak. The resulting state can be viewed as a strongly136

doped Mott insulator. The role of 1H-TaS2 is not pri-137

marily screening, as originally assumed, but providing138

a charge reservoir, taking away some electrons from the139

1T-TaS2.140

According to our interpretation, these TaCh2 het-141

erostructures can hence be viewed as a new platform from142

where to explore heavily doped Mott physics. This is143

particularly attractive for strongly correlated materials,144

as these are more standardly synthesized with integer or145

close-to-integer filling due to growth’s complications, in-146

stabilities towards phase separation and general hostility147

towards large concentrations of chemical dopants. Ex-148

ceptions to this scenario have often been accompanied149

by exotic collective phenomena, as in the cases of high-150

Tc cuprates and iron-bansed superconductors. The case151

of Ta-bilayers is special for the intrinsic robustness in152

which the doping mechanism is realized and for the ram-153

ifications that the interplay between charge transfer and154

inter-layer hybridization can have for materials engineer-155

ing.156

The optimized interlayer distance between 1T and 1H157

layers is dint = 5.81 Å(see Methods section for details),158

which is close to the experimental value (∼ 5.90 Å) of159

the bulk 4Hb-TaS2 [14, 16]. The band structure of this160

bilayer exhibits two empty, degenerate flat bands at 0.1161

eV above the Fermi energy, as shown in Fig. 2 a, which162

originate from a half-filled flat band of monolayer 1T-163

TaS2. This is consistent with previously measured dI/dV164

spectra of the 1T-TaS2 layer in the cleaved 4Hb-TaS2165

sample [13–15] where one electron (1e) is transferred from166
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FIG. 2: Interlayer distance-dependent band structures, density of states (DOS) and charge transfer in
the 1T/1H-TaS2 bilayer. (a), (b) Orbital-projected electronic band structure at the interlayer distance dint =
5.8 Å (in optimum) and dint = 6.3 Å (stretched), respectively. Gray and blue colors indicate the contribution from
1H and 1T layers, respectively. The blue peak in the DOS at 0.1 eV in (a) corresponds to empty flat bands of the
1T layer. This peak splits with the lower peak being partially filled when the interlayer distance increases to 6.3 Å as
shown in (b). The dashed and solid lines represent opposite spin channels in DOS and band structures. (c) Amount
of electrons transferred from 1T to 1H (per

√
13×

√
13 supercell) for a range of dint. The DOS of the 1T-TaS2 layer

for each corresponding dint is shown in arbitrary units; the spectra are vertically offset for clarity. Majority and
minority spins are drawn in solid and dashed lines, respectively. The system at the ideal optimum interlayer distance
dint = 5.8 Å, which was obtained by considering van der Waals corrections, is indicated by black arrows.

the 1T to the 1H layer. After increasing the interlayer167

distance to dint = 6.3 Å, the charge transfer is reduced168

to 0.6 e and the spin-polarized band structure shows a169

partially filled spin-majority lower band, with the spin-170

minority upper band being empty, as shown in Fig. 2171

b. Additionally, we stress the significance of the van172

der Waals interaction in calculations on the bilayer. For173

example, one can obtain an artificially enlarged optimum174

interlayer distance dint = 6.8 Å without including a van175

der Waals correction.176

Fig. 2 c indicates the systematic distance-sensitive evo-177

lution of the charge transfer and the 1T flat band occu-178

pation. By increasing the interlayer distance, the den-179

sity of states (DOS) of the 1T layer shows a continuous180

change. The flat band peak moves toward the Fermi en-181

ergy and splits as soon as the spin-majority band starts182

to host a portion of the electron at distances larger than183

6.0 Å. The peak splitting increases as electron occupa-184

tion grows. For the layer separation from dint = 5.50185

Å to 7.00 Å, the charge transfer, CT, decreases from 1186

to 0.4 e and the flat band filling factor increases accord-187

ingly from 0 to 0.6. The hybridization between the 1T188

electrons and the 1H electrons decreases as well with the189

increase of dint. Increasing further dint will lead to no190

charge transfer with a flat band filling factor of 1 (CT=0)191

corresponding to uncoupled monolayers.192

This behavior can be understood from the fact that193

there are two factors contributing to CT: First, there is194

a chemical potential mismatch that favors some charge195

flow from the 1T to 1H layer; this factor is rather weakly196

dint-dependent. At dint ≳ 6.5 Å it is essentially the only197

factor. However, at small distances, there is substantial198

hybridization between the flat band of the 1T-layer and199

the conduction band of the 1H-layer (whose center of200

gravity, as seen from Fig. 2 a,b, is below the flat band),201

which pushes the flat band up (Fig. 2 c). This effect is,202

on the contrary, strongly dint-dependent and kicks in for203

dint ≲ 6.5 Å.204

Clearly, Mott-Hubbard or Kondo type correlation ef-205

fects are inexistent for an empty 1T band, i.e., zero206

filling. Thus, correlation effects are only expected to207

play any role at all for interlayer separations exceed-208

ing dint = 6 Å when the 1T band has non-zero filling.209

In the following, we perform DMFT calculations to as-210

sess which kind of electron correlation effects can emerge211

at sufficiently large interlayer separations in the 1T/1H-212

TaS2 bilayer. To this end, we derive a single-particle213

Hamiltonian from our DFT calculations (see Methods214

section), which describes electrons localized at each SoD215

(
√
13×

√
13-supercell) forming a triangular lattice in the216

1T layer hybridizing with a wide d-derived band from the217

1H layer (Fig. 1 b). Considering only the former as inter-218

acting degrees of freedom, we define a Periodic Anderson219

Model (PAM) [17, 18] consisting of (1) a weakly dis-220

persive orbital with a bandwidth of the order of 4 meV221

and a local Coulomb interaction U of about 100 meV222

(1T layer), (2) a conduction band with roughly 40-times223

larger dispersion (1H layer) and, (3) a hybridization V1,224

which we assume to be local, between the localized or-225

bital in the 1T layer and the conduction band in the 1H226
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FIG. 3: Local spin susceptibility χloc
spin(ω = 0) for the 1T-electrons as a function of temperature T at

various charge transfers of (a) CT=1/2 and (b) CT=0 and various hybridization strengths V1. CT=1/2 and V1 =
60 meV correspond to the estimated parameters for 1T/1H TaS2 bilayers. The solid lines in the main panels represent
a fit of the data to the Curie-Weiss expression µ2

eff/3(T + 2T⊙) where µeff and T⊙ are estimates for the static effective
moments and screening temperature, respectively. At larger V1, we observe a stronger propensity to deviate from the
∼ 1/T -behavior, characteristic of unscreened local moments. In the insets we show the imaginary time τ dependence
of the local spin susceptibility at 7.25 K. While for (a) CT=1/2 already at V1=60 meV the long-τ moment is fully
screened below a Curie-to-Pauli crossover temperature of about 50K, for (b) CT=0 the screening of the instantaneous
(τ=0) moment is sizeable only for the unrealistically large value of the hybridization V1=100 meV.

layer, which is varying depending on the interlayer dis-227

tance. The value obtained for an interlayer distance dint228

= 6.5Å is V1= 60 meV (see Methods). This, together229

with the corresponding charge transfer (CT) of 0.5 (see230

Fig. 2 c), i.e. an average filling of the correlated orbital231

of 0.5 e, will be our reference parameters for the 1T/1H-232

TaS2 bilayer.233

Electron-electron interaction promotes local moments234

on the 1T layer and here we are interested in quantifying235

and determining the origin of their screening. DMFT can236

answer this question as it maps the problem onto a self-237

consistently determined impurity model in which local238

many-body effects of the 1T-electrons are described via239

a frequency-dependent (real and imaginary) self-energy.240

Keeping the 1H-bands explicitly in the low-energy model241

allows us to disentangle the two independent sources of242

screening for the 1T-local moments: (i) the direct 1T-243

1H hybridization (V1), and (ii) hopping to neighboring244

SoD on the 1T plane. In particular, being able to self-245

consistently describe with DMFT the relative charge bal-246

ance between 1T and 1H puts us in the position of evalu-247

ating whether the screening of the local moments in the248

1T/1H-TaCh2 heterostructures comes primarily from the249

interlayer hybridization – mechanism (i) – or from doping250

the SoD Mott insulator – mechanism (ii).251

In Fig. 3 we show the local static spin susceptibil-252

ity χloc
spin(ω = 0) =

∫ β

0
dτχloc

zz (τ), where χloc
zz (τ) =253

g2⟨Sz(τ)Sz(0)⟩ is the static component of the spin-spin254

response function, with Sz being the z-component of255

the spin-operator at the 1T-correlated site. The case256

of charge transfers CT = 1/2 and 0 are compared in257

Fig. 3 for various local hybridization values V1, as a func-258

tion of temperature. When the screening is poor, the259

local static spin susceptibility is expected to display a260

Curie-like behavior (∼ 1/T ). However, whenever one261

of the two mechanisms above starts to have apprecia-262

ble effects, χloc
spin(ω = 0) will deviate from ∼ 1/T and263

gradually crossover to a flat Pauli-like response. This264

is more distinctly seen by fitting the data to the Curie-265

Weiss expression µ2
eff/3(T + 2T⊙) (solid lines in the main266

panels of Fig. 3) where µeff and T⊙ are estimates for the267

static effective moments and for the screening tempera-268

ture scale, respectively [19–23]. At CT=0 (half-filling),269

T⊙ can be identified with the Kondo temperature TK [19].270

This form is however useful also away from half-filling,271

where despite charge fluctuations spoiling the conven-272

tional Kondo picture, a well-formed local moment µeff273

and the screening thereof below T⊙ are clearly suggested274

by our data.275

At CT=1/2 (Fig. 3 a) we obtain µeff ∼ 1.23 µB for all276

three values of V1 considered, what implies that quan-277

tum fluctuations provide a reduction of roughly 30% of278

the local moment of an ideally isolated spin-1/2 atom279

(
√
3µB). At small V1, our estimate of T⊙ is of the order280

of 10K and hence falls in a relevant temperature range281

for the physics of 1T/1H TaCh2 bilayers [9, 10]. Its value282

gets proportionally larger if we consider larger V1 and283

continues to grow even at values of V1 surpassing those284

suggested by our DFT analysis. This is expected, as the285
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FIG. 4: Local spectral function of the 1T-electrons for various values of hybridization strengths of (a)
V1=30 meV, (b) 60 meV, and (c) 100 meV and different temperatures. The data in the main panel are for CT=1/2 (0.5
e), with the corresponding CT=0 (1 e) spectral functions in the insets. Upon increasing V1, at CT=1/2 the spectrum
evolves from a “peak+shoulder” structure to a pronounced “bonding/antibonding” feature. Correspondingly, at
CT=0 a coherent peak develops close to the Fermi energy for higher V1. While the T/H hybridization is at the origin
of such resonances in the spectrum for high values of V1, that is not the case for lower values, where the zero-frequency
peak can be attributed to a doped Mott insulator scenario.

screening becomes more effective upon increasing the hy-286

bridization and one needs to reach higher temperatures287

to uncover the Curie-behavior of χspin.288

The effectiveness of the screening of the local moment289

at CT=1/2 is evident also from the behavior of the local290

susceptibility with (imaginary) time, shown in the inset291

to Fig. 3 a for a fixed temperature T=7.25K. Because292

of the doping of the 1T-orbital, charge fluctuations are293

sizeable. Their effect is that, even for the smallest values294

of V1, the long-τ moment (i.e. for τ=1/2T) is efficiently295

screened at this low temperature. If we compare this to296

the inset to Fig. 3 b, i.e. to the hypothetical case of297

CT=0 (no charge transfer, half-filled 1T-band, large in-298

terlayer distance limit), we can immediately assess the299

relative importance of the 1T/1H hybridization V1 ver-300

sus the 1T doping. At CT=0, the 1T/1H hybridization is301

absolutely crucial to obtain a visible screening of the lo-302

cal moment. A sizeable reduction at large τ with respect303

to the instantaneous value is now visible only at exag-304

geratedly large V1. For the realistically extracted V1, the305

estimates of T⊙ are below 1K and µeff is only marginally306

reduced from the atomic value. The corresponding strong307

Curie-like behavior of the static susceptibilities can be308

seen in the main panel of Fig. 3 b. These results dis-309

played in Fig. 3 a-b demonstrate that the (hole)-doping310

of the 1T layer is therefore the main driver of the screen-311

ing processes in 1T/1H TaCh2 bilayers.312

In Fig. 4 we show the temperature evolution of the313

spectral function at CT=1/2 for the three different val-314

ues of the hybridization that we have calculated. We315

find that at V1=60 meV (Fig. 4 b) , the low-frequency316

spectral features can be traced back to the coherent peak317

visible already at CT=0 (see inset of Fig. 4). This value318

of the 1T/1H hybridization represents therefore an inter-319

mediate situation between the case with almost absent320

metallic peak of V1=30 meV (Fig. 4 a) and the unrealis-321

tically large value of V1=100 meV (Fig. 4 c) supporting322

a highly effective screening.323

The evolution of a narrow coherence peak observed in324

spectra cannot alone distinguish between the doped Mott325

and the heavy fermion scenario. However, all hybridiza-326

tions considered here have unavoidably charge transfer,327

as our DFT simulations demonstrate. The charge trans-328

fer boosts quasi-particle formation at low energy at all329

hybridizations. This is why the combined DMFT and330

DFT results presented here, support a “doped-Mott”331

scenario for understanding the scanning tunneling mi-332

croscopy/spectroscopy experiments [9–12] in TaCh2 bi-333

layers in these ranges of temperature.334

We note that experimental spectra reported for335

1T/1H TaCh2 bilayers consistently feature temperature-336

dependent “coherence” peaks at the Fermi level [9–12],337

which is in line with our analysis. However, details like338

asymmetries and emergence of (pseudo)gaps vary be-339

tween different experiments. This is not surprising since340

the interlayer distance, where the two layers are mechan-341

ically placed upon each other, is extremely sensitive to342

the quality of the interface and practically never can343

be as small an in an ideal epitaxial stacking. Actually,344

some of the theoretical spectra reported in Fig. 4 reveal345

temperature dependent fine structures as well. The fact346

that these fine structures are rather parameter dependent347

might explain the variation of spectra between different348

experiments [9–12].349

Concluding, our results show that the 1T/1H TaCh2350
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bilayer allows access to a rather little studied regime of351

a Mott insulator on the triangular lattice with low oc-352

cupancy of less than 1/2 electron per site. In its sim-353

plest form, a doped Mott state on a triangular lattice is354

a prime candidate for chiral superconductivity and cor-355

related topological states of matter. Furthermore, we356

have charge-density wave physics and Ising supercon-357

ductivity in the H-phase layer which is (albeit weakly)358

hybridization-coupled to the doped Mott state uncov-359

ered for the 1T/1H hybrid system. Thus, the paradigm360

of doped Mott physics is enriched here by the proximity361

coupling to further correlated quantum states and novel362

quantum states by means of controlling the low-energy363

physics might emerge.364

METHODS365

Density Functional Theory – We carried out den-366

sity functional theory calculations as implemented in the367

Vienna ab initio Simulation Package (VASP) within the368

projector augmented wave method [24]. The general-369

ized gradient approximation exchange-correlation energy370

functional as parameterized by Perdew-Burke-Ernzerhof371

[25] and the DFT-D3 method [26] were employed to de-372

scribe van der Waals interactions for simulating realistic373

lattice parameters. Spin polarization was considered in374

all calculations. The kinetic energy cut-off was set to375

600 eV and electronic energy convergence was achieved376

when the total energy difference between steps reached377

less than 10−7 eV. Ionic relaxation was performed until378

the Hellmann-Feynman forces acting on each ion became379

smaller than 0.01 eV Å−1.380

The bilayer 1T/1H-TaS2 was simulated in a
√
13×

√
13381

supercell accompanied by CDW structural modulations.382

About 10 Å of vacuum slab out of the two-dimensional383

system was adopted to eliminate spurious interactions in384

the periodic cell scheme. In the calculation with increas-385

ing interlayer distances, all Ta atoms in each layer are386

placed on parallel planes to maintain artificial interlayer387

spacings, but S atoms are fully relaxed.388

Tight-binding model – The tight-binding model389

(TB), H0 = HT + HH + HV, underlying the correlated390

electron analysis consists of three blocks, where HT de-391

scribes the well-localized orbital centered at each SoD392

(
√
13×

√
13-supercell) in the 1T layer, HH describes the393

wide band from the 1H layer and HV the hybridization394

of the two.395

A free standing 1H monolayer has a single band396

near the Fermi level which carriers mostly dz2-character397

around Γ but {dx2−y2 , dxy}-character towards the Bril-398

louin zone boundaries. A 3 × 3 CDW emerging in the399

1H layer suppresses the {dx2−y2 , dxy} spectral weight400

near the Fermi level. Moreover, out-of-plane dz2 -orbitals401

provide much stronger interlayer hybridization than402

{dx2−y2 , dxy}. Besides, the screening properties of the403

itinerant electrons in the 1H layer are very weakly sen-404

sitive to their orbital composition, as long as the Fermi-405

ology is correct. Thus, we focus on the dz2 -orbitals of406

the 1H-layer in HH and HV. With the Fermi energy at407

EF = 0, we find that the dz2 part of the 1H layer can be408

captured by a simple tight-binding model on the trian-409

gular lattice410

HH = ϵH
∑
iα

c†iαciα + tH
∑

<iα,jβ>

c†iαcjβ , (1)

with on-site energy ϵH = −370 meV and nearest neigh-411

bor hopping tH = 150 meV. Here, i is a combined unit412

cell and spin index. The H and the T-phase have roughly413

the same lattice constant. We thus assume 13 Ta atoms414

per SoD in the H-layer. α ∈ 0...12 enumerates the 13 Ta415

atoms in the H layer per
√
13×

√
13-supercell. < iα, jβ >416

denotes pairs of nearest neighbor orbitals with equal spin.417

c†i (ci) denote corresponding creation (annihilation) op-418

erators.419

To describe the 1T-derived flat band and its interlayer
distance dint-dependent coupling to the 1H electrons, we
analyze DFT band structures at dint = 7.0 Å, 6.5 Å and
6.3 Å (see Fig. 5). At the largest separation, dint = 7.0 Å,
we fit the 1T layer flat band with a third nearest-neighbor
tight-binding model

HT =ϵT
∑
i

d†idi + tT1

∑
<i,j>

d†idj

+ tT2

∑
<<i,j>>

d†idj + tT3

∑
<<<i,j>>>

d†idj (2)

yielding hoppings tT1 = 2.1 meV, tT2 = −0.8 meV and420

tT3 = −3.75 meV (compare to tH = 150 meV). While421

our fit also yields on-site energies given in Fig. 5, these422

will not enter our DMFT simulations, since we treat ϵT423

as adjustable parameter to fix the occupation of the band424

derived from the T-layer. Note that in the 1T-layer we425

have one orbital per
√
13×

√
13-supercell in our model.426

We assume that hybridization between states in the H-427

layer and the flat band in the T-layer takes place via the428

H-layer Ta atom (α = 0), which is directly underneath429

the SoD center in the T-layer:430

HV = V1

∑
i

d†i ci,0 + h.c. (3)

By fitting to our DFT calculations we obtain V1 ≈431

30 meV at interlayer spacing of dint = 7.0Å, V1 ≈432

60 meV at dint = 6.5Å, and V1 ≈ 70 meV at433

dint = 6.3Å.434

The underlying DFT data are spin-polarized, while the435

TB matrix elements as fitted here are the same for ma-436

jority and minority spin. In a first step, the on-site ener-437

gies come out spin-dependently in the fits. However, we438

are disregarding this initial spin-dependence in DMFT,439

where we put a spin-averaged on-site energy (plus double440

counting correction) for the 1T-layer electrons.441



7

Γ M K ΓΓ M K Γ
ϵ k

 [e
V

]

ϵ k
 [e

V
]

Γ M K Γ Γ M K Γ

ϵ k
 [e

V
]

ϵ k
 [e

V
]

Γ M K Γ Γ M K Γ

ϵ k
 [e

V
]

ϵ k
 [e

V
]

7.0 Å, V1 = 30 meV

6.5 Å, V1 = 60 meV

6.3 Å, V1 = 70 meV

FIG. 5: Tight-binding fit of the DFT bands at interlayer separations dint = 7.0Å (upper), 6.5Å (middle), and 6.3Å
(lower panels). The fit is shown for the majority spin components (left column) and minority spin components (right
columns). Tight-binding bands are shown as solid lines. The DFT bands are shown as dots, where the dot size
visualizes the dz2 orbital weight from the T-layer. The fitted hybridizations between T- and H-layer, V1, are indicated
in the respective rows. The on-site energies for majority (minority) spin found in the TB fits are ϵT = −15 meV
(ϵT = 80 meV) at d = 7.0Å, ϵT = −15 meV (ϵT = 60 meV) at d = 6.5Å, and ϵT = 10 meV (ϵT = 20 meV) at
d = 6.3Å.

Dynamical Mean-Field Theory – We account for442

correlation effects between electrons in the flat 1T-443

derived band by supplementing the previously detailed444

tight-binding model with the standard interaction term445

Hint = U
∑
i

n̂i↑n̂i↓ (4)

where n̂iσ = d†iσdiσ and U is the Hubbard local two-446

body repulsion potential, set in our case to 100 meV. Via447

DMFT, we can nonperturbatively describe all the local448

quantum fluctuations of the correlated system by map-449

ping the low-energy subspace to an Anderson impurity450

model featuring a self-consistently determined bath. We451

run the DMFT simulations with the CTQMC-CTHYB452

software suite w2dynamics[27]. The picture painted by453

the tight-binding model is that of a system consisting of454

a correlated orbital and 13 uncorrelated spectator ones.455

We run our simulations in the paramagnetic phase. Since456

the tight-binding model includes both correlated and un-457

correlated orbitals, a double-counting correction has to458

be added to the single-particle Hamitonian in the form459

of a shift of the chemical potential for the correlated sub-460

space. We adjust such shift self-consistently at each step461

of the DMFT loop, to ensure the occupation of the cor-462

related subspace is as requested (quarter-filled for charge463

transfer 1/2, half-filled for charge transfer 0). The Quan-464

tum Monte Carlo DMFT solver gives direct access to all465

local dynamical self-energies and response functions on466

the imaginary time/Matsubara frequency axis, hence the467

spin susceptibility can be directly determined from468

χloc
zz = g2⟨Sz(τ)Sz(0)⟩ (5)

where Sz(τ) = (n↑(τ) − n↓(τ))/2. The local static spin469

susceptibility fit via the Curie-Weiss formula µ2
eff/3(T +470

2T⊙) gives the following results471

CT=1/2 CT=0

V1 [ meV] µeff [µB ] T⊙ [K] µeff [µB ] T⊙ [K]

30 1.23 10.53 1.68 0.01
60 1.23 19.62 1.61 0.67
100 1.23 52.21 1.45 4.33
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