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Figure: Tuneable electronic spectral function (left) of the Ta-dz2 orbital (right) in monolayer 1T-TaS2. 
[N. Notter, M. Aichhorn, A. Galler, Nano Letters 26 (15) 4973-4978, 2026]
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Figure 3: Tuning the screened Coulomb interaction and Mott gap via CDW amplitude

modulation. (a) Bare and screened on-site Coulomb interaction as a function of CDW amplitude
a. The shaded region highlights the parameter range for which the electronic spectral functions A(!)
are shown in (b). Increasing the CDW amplitude from -1% to +2% shifts the lower (LHB) and upper
Hubbard bands (UHB) and reduces the Mott gap. At a = 3%, the system undergoes a transition to
a correlated metallic state. In (b) the chemical potential was set to the center of the gap.

where H
(Ri�Rj)
a represents the single-particle

Hamiltonian in the Wannier basis, and Ua de-
notes the screened on-site interaction in the
correlated Ta d3z2�r2 orbital. The operators
ĉ
†
i� and ĉi� create and annihilate an electron
with spin � at lattice site Ri, respectively, and
n̂i� = ĉ

†
i� ĉi�. The resulting model is solved

within DMFT using the continuous-time quan-
tum Monte Carlo (CT-HYB) impurity solver
implemented in w2dynamics.47 All computa-
tions are performed at an inverse tempera-
ture � = 1200 eV�1, corresponding to ap-
proximately 10K. Analytical continuation to
real frequencies is carried out using the max-
imum entropy method as implemented in the
ana cont package.48 Further technical details of
the DFT+DMFT calculations are provided in
the Supplementary Information.
In equilibrium (a = 0%), the electronic spec-

tral function A(!) of monolayer 1T-TaS2 is split
into lower (LHB) and upper Hubbard bands
(UHB), as shown in Fig. 3b. These bands
are separated by a Mott gap of approximately
0.4 eV. Upon excitation of the CDW ampli-
tude mode, i.e., when a is varied, the Hubbard
bands exhibit a pronounced oscillatory behav-
ior: for negative a (enhanced distortion), the
bands move further apart, while for positive
a (reduced distortion), the Mott gap narrows.

The evolution of the Mott gap closely follows
the variation of the screened interaction Ua ob-
tained from cRPA.
At a = +3%, a transition to a correlated

metallic state occurs, as evidenced by the emer-
gence of a pronounced quasiparticle peak at the
Fermi level, coexisting with reminiscent LHB
and UHB features. These results demonstrate
that the screened Coulomb interaction, Mott
physics, and metal-to–insulator transition in
monolayer 1T-TaS2 can be e↵ectively tuned by
the CDW amplitude. Furthermore, since the
Hubbard band positions oscillate in phase with
the CDW amplitude mode, this mechanism
opens a route to dynamically control electronic
correlations through lightwave-driven lattice vi-
brations.
Finally, Fig. 4 presents the k-resolved elec-

tronic spectral function (in red), obtained from
DMFT and overlaid with the DFT band struc-
ture. The alignment between the correlated
Ta d3z2�r2 band and the remaining states was
set using a fully localized limit double-counting
correction,49 EDC = Ua/2. The panels (a-d)
show spectra for CDW amplitudes from a =
�1% to a = +2%. As in the k-integrated spec-
tra of Fig. 3b, the Ta d3z2�r2 orbital splits into
LHB and UHB, and the Mott gap narrows as
the CDW amplitude increases. The predicted

5

Figure 2: DFT band structure and Wannier projection for varying CDW distortion.

(a–d) Electronic band structure of monolayer 1T-TaS2 for CDW amplitudes a = �1% to a = +2%
around equilibrium, computed with PBE38 in VASP.39 The half-filled band at the Fermi level (red)
is projected onto a maximally localized Wannier function.40 (e–h) Wannier isosurfaces centered on
the central Ta atom with smaller weight on surrounding atoms. Red/blue denote positive/negative
values. The orbital becomes increasingly delocalized with larger CDW amplitude.

and electronic correlations in TMDs, provid-
ing a route toward optical control of correlated
phases and guiding the interpretation of ul-
trafast spectroscopic experiments in 2D CDW
materials.

1 Results

We start by describing the idealized pump–probe
setup underlying our simulations, illustrated in
Fig. 1. The configuration resembles a THz-
lightwave–driven STM experiment,32 where a
near-infrared (NIR) laser pulse excites coherent
phonon dynamics in a monolayer of 1T-TaS2
through photoinduced charge redistribution. In
particular, the pulse drives the 2.4THz CDW
amplitude mode,37 schematically depicted in
Fig. 1b. This breathing phonon mode corre-
sponds to oscillations of the outer Ta atoms
(sites B and C) around their equilibrium posi-
tions within the SoD CDW structure. Through-
out this work, we express the oscillation ampli-
tude a as a percentage of the distance d between

the central (site A) and outer (site C) Ta atoms
in the SoD cluster, i.e. a = (d�deq)/deq, where
deq is the distance in the equilibrium CDW
distortion. A positive a thus indicates an ex-
panded star, corresponding to a configuration
closer to the undistorted phase (which corre-
sponds to a = 6.5%), while a negative a denotes
a contracted star with enhanced CDW distor-
tion. The resulting lattice vibration modulates
the electronic states—a key e↵ect we aim to
quantify in this study. The time-dependent
electronic spectral function can be probed by
a THz pulse, which induces electron tunneling
between the STM tip and the sample, as de-
picted in Fig. 1a. By varying the time delay
between the NIR and THz pulses, one can track
the evolution of the electronic structure over an
entire CDW amplitude-mode oscillation.
In our simulations, we model the coherent

amplitude-mode oscillation of the SoD CDW
in 1T-TaS2 using a frozen-phonon approach
that decouples electronic and ionic degrees of
freedom. The amplitude a is modulated, and
the corresponding electronic structure is eval-
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