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I. EXPERIMENTAL METHODS

The samples used in this study consist of commercially available crystals purchased from HQ Graphene.
Two independent sets of photoemission measurements were performed under different experimental conditions. Lab-
oratory XPS measurements were acquired using a PHI 1257 spectrometer equipped with a monochromatized Al Kα

source. The samples were cleaved in a load-lock chamber (base pressure ∼ 1 × 10−7 mbar) and subsequently trans-
ferred to the analysis chamber, which operated at a base pressure of 1×10−9 mbar. Spectra were collected with a pass
energy of 11.75 eV, corresponding to an overall experimental resolution of 0.25 eV, at room temperature. Under these
conditions, a small surface-oxidation contribution could be detected in the Ta core-level spectra and was included in
the fitting procedure discussed in the Supplementary Information.
LEED and photon-energy-dependent core-level photoemission spectroscopy measurements were instead performed at
the VUV-Photoemission beamline (Elettra, Trieste). In this case, the samples were cleaved in situ and measured at
T = 20 K under ultrahigh-vacuum conditions with a base pressure of 1 × 10−10 mbar. Owing to the cleaner surface
preparation and improved vacuum conditions, no detectable oxidation-related spectral components were observed in
these measurements.

II. THEORETICAL SIMULATIONS

Density functional theory calculations were performed using the Vienna ab-initio Simulation Package (VASP) [1, 2],
using the generalized gradient approximation (GGA) in the Perdew-Burke-Ernzerhof (PBE) parametrization for the
exchange-correlation functional [3], including SOC, thus capturing hidden-spin polarazion of TMDs as predicted and
measured in Refs. [4–9] (see Fig. S1 for a visualization of the hidden spin polarization in 2H-TaS2). Interactions
between electrons and nuclei were described using the projector-augmented wave method. Energy thresholds for
the self-consistent calculation was set to 10−6 eV and force threshold for geometry optimization 10−4 eV Å−1. The
Brillouin zone was sampled using an 8 × 8 × 4 Gamma-centered Monkhorst-Pack grid. To account for the on-site
electron-electron correlation on localized Fe-d orbitals we used the GGA+U approach with an effective Hubbard term
U = 1.5 eV. The 2H-TaS2 lattice parameter are set to the experimental ones: a = 3.31 Å and c = 12.07 Å [10], while
for the Fe1/3TaS2 a = 5.737 Å and c = 12.28 Å [11, 12] and Co1/3TaS2 a = 5.725 Å and c = 11.878 Å [13]. Due to
the localization of Fe-d orbitals, different metastable phases can be stabilized for Fe1/3TaS2. To stabilize large orbital
moment phase we used a mixing parameter αmix = 0.22 and the occupation matrix control as implemented in VASP
[14]. We notice that this phase is indeed the ground state of the system by comparing the total energy. The bare
plasma frequencies are calculated by sampling the BZ using an 12 × 12 × 5 Gamma-centered Monkhorst-Pack grid.

FIG. S1. Hidden spin-polarization in 2H-TaS2. In panel (a) we report the spin-projected band structure on the layer A of the
unit cell (see panel (c) for a visualization of the unit cell) while in (b) the projection on layer B. The colormap stems for ⟨Sz⟩.
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A. ELF Computational details (GPAW)

To calculate the energy loss function (ELF), DFT calculations were performed using the projector augmented-
wave (PAW) method as implemented by GPAW [15–17]. The exchange-correlation effects were treated using the PBE
functional within the GGA approximation. Core-valence interactions were described using the PAW datasets supplied
with GPAW. The experimentally reported crystal structures of TaS2 and its Fe- and Co-intercalated derivatives were
used without structural relaxation. For the self-consistent calculation of TaS2, a plane-wave cutoff energy of 500
eV and a Monkhorst–Pack k-point mesh of 10 × 10 × 5 were employed together with a Fermi–Dirac smearing of
0.05 eV. For the Fe- and Co-intercalated systems, a cutoff energy of 600 eV and a 6 × 6 × 3 k-point mesh were
used, together with a 0.2 eV Fermi-Dirac smearing. The convergence criteria and number of bands were kept at
the default values implemented in GPAW. Spin-polarized calculations were performed for the intercalated systems.
An initial magnetic moment of 2 µB was assigned to the Fe and Co atoms, finally converging to 3 µB for Fe and
1.3 µB for Co. For the Fe-intercalated system a ferromagnetic ordering was imposed while for Co-intercalated system
an A-type antiferromagnetic configuration was imposed as the initial magnetic ordering. The final magnetic states
were obtained self-consistently within the SCF procedure and used for subsequent calculations. For the intercalated
systems, electronic convergence was also facilitated using the density mixing scheme MixerSum, with parameters
β = 0.1, nmaxold = 5 and weight = 50.0). For the Fe-intercalated system, on-site Coulomb interactions were included
within the DFT+U formalism with U = 1.5 eV applied to the Fe d states.
For the purposes of the present first-principles modelling, we have adopted an A-type antiferromagnetic configuration
for Co1/3TaS2, which can be stabilized within the unit cell and provides a realistic and computationally tractable
approximation. Importantly, this choice yields a magnetic moment on the Co site of approximately ≃ 1.3 µB, in very
good agreement with experimental values reported from neutron scattering measurements (approximately ≃ 1.28 µB,
Ref. [18]). Importantly, the main electronic structure features in this material are not determined by the magnetic
configuration [19]. The electron-doped 2H-TaS2 case is calculated by adding one electron in the unit-cell of 2H-
TaS2. Non-self-consistent calculations were next carried out using the converged ground-state density to increase
the Brillouin zone sampling. The k-point meshes were refined to 30 × 30 × 15 for TasS2 and 20 × 20 × 10 for
the intercalated systems. The dielectric function and energy loss function were calculated within the linear response
formalism using the random phase approximation (RPA) as implemented in GPAW. A local field effect cutoff of 100
eV was included in the response function calculation, together with a broadening parameter of η = 25 · 10−3 eV. In
the case of the calculation of the response with CDW the local field effects were not included. The frequencies ranged
from 0.01 to 5 eV. The macroscopic dielectric function was computed along the x-direction using the same parameters.
The momentum-resolved ELF was evaluated along the Γ–M direction for momentum transfers ranging from 0.06, Å−1

to 1.07, Å−1.

III. PLASMA FREQUENCIES AND DIELECTRIC FUNCTION

In this section we report the calculated bare plasma frequencies for the different compounds in Table S1 and the real
Re(ϵ) and imaginary Im(ϵ) part of the dielectric function. We note the in-plane bare plasma frequency ωp,∥ decreases
upon intercalation while the out-of-plane bare plasma frequency ωp,⊥ increases. This is pointing to an out-of-plane
hybridization induced by intercalation as confirmed in ARPES [20]. The decreasing of in-plane plasma frequency
directly influence the zero of the real part of the dielectric function Re(ϵ(ω)) which determine the plasmon resonance
condition as reported in Fig.3 of the main text. As discussed in the main manuscript, the suppression of the plasmon
is due to the combined effect of a reduction of the bare plasma frequency and the introduction of additional low-energy
states upon intercalation resulting in incresed Im(ϵ(ω)) at low energy.

TABLE S1. In-plane (∥) and out-of-plane (⊥) bare plasma frequencies (ωp) in eV for TaS2, Fe1/3TaS2, and Co1/3TaS2.
ωp,∥ ωp,⊥

TaS2 3.24 0.28
Fe1/3TaS2 2.56 1.11
Co1/3TaS2 1.88 0.97
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FIG. S2. a) ELF calculation in 3 × 3 supercell without CDW distortion and b) ELF calculation in 3 × 3 supercell with CDW
distortion.

IV. ELF WITH CDW

In this section we report calculation of the ELF with and without CDW distortion. The CDW distortion is the same
used in Ref. [21], that allowed us to compare the band structure with the ARPES measurement in 2H-TaS2. In Fig.
S2 we report the ELF in the 3 × 3 supercell in the absence (Fig. S2a) and presence (Fig. S2b) of the CDW distortion.
The CDW has no qualitative effect on the plasmon dispersion, which remains negative. The only significant change
is a small reduction of the peak intensity, which can be attributed to enhanced interband transitions associated to
folded bands that acquire spectral weight [21]. This indicates that the plasmon is not suppressed neither its dispersion
is modified, consistent with the metallic character of the system in the CDW phase (i.e., in the absence of a CDW
induced full gap [21]).
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V. FERMI LEVEL ALIGNMENT

In Fig. S3 we report the Fermi-edge fits obtained using a logistic function, while Fig. S4 shows the valence band,
Ta-4f , and S-2p spectra for all investigated compounds, aligned to the corresponding fitted Fermi level. As discussed
in the main text, Fig. S4a shows a doping of the valence band which is absent in the Ta-4f core level Fig. S4c, signaling
efficient metallic screening.

FIG. S3. Fitted Fermi level edge for 2H-TaS2 (a), Fe1/3TaS2 (b) and Co1/3TaS2 (c).

FIG. S4. Valence band (a), Ta-4f (b) and S-2p (c) core-level spectra acquired at room temperature using Al-Kα source (hν =
1486.7 eV) for 2H-TaS2, Fe1/3TaS2 and Co1/3TaS2. All spectra are referenced to the respective Fermi energies.
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VI. XPS DATA ANALYSIS

In this section, we introduce a phenomenological lineshape that accounts for both JDoS effects and extrinsic losses
in the core levels of 2H-TaS2 and its intercalated counterparts. In Fig. S5, we demonstrate that a simple Voigt doublet
is insufficient to capture the loss features and the asymmetry arising from the electronic JDoS. To address this, we
adopt a skew normal distribution (SKND), which provides an improved description of the lineshape in these systems.
The effectiveness of this approach is illustrated in Figs. S6 and S7, where the experimental spectra are accurately
reproduced. Additionally, in Fig. S6 we identify an extra component with a main peak centered at 26 eV, which
we attribute to the formation of Ta2O5 (Ta5+) [22]. Finally, Fig. S8 shows the S-2p core-level spectra of Co1/3TaS2
as a function of the emission angle. The ratio between bulk and surface components, reported in Table S2, further
supports the surface origin of the additional spectral feature.
The analytic expression of the SKND is:

N(E; µ, σ, α) = 2A
σ

ϕ

(
E − µ

σ

)
Φ

(
α · E − µ

σ

)
(1)

with:

• ϕ(E; µ, σ) = 1√
2πσ2

e− (E−µ)2

2σ2 is the standard normal distribution,

• Φ(E; µ, σ) = 1
2

[
1 + erf

(
E−µ√

2σ

)]
is the associated partition function,

• α ∈ R is the asymmetry parameter.

• A is the amplitude.

FIG. S5. Ta-4f core-level spectra of 2H-TaS2 acquired at room temperature using an Al-Kα source (hν = 1486.7 eV). Top
panels a) and b) show the experimental data and corresponding fits, while the bottom panels display the residuals χ between
the data and the fitting functions. The vertical scale is kept identical for all χ plots to allow a direct comparison between the
different measurements. The maximum and minimum ranges are determined by the largest χ signal, observed in panel a). a)
The fit consists of three Voigt doublets: the main emission, an additional feature accounting for the extrinsic plasmon, and a
Ta5+ doublet due to surface oxidation. b) The fit utilizes Voigt functions for the main and oxidation doublets, and a Skew
Normal Distribution (SKND) to describe the both the extrinsic plasmon and asymmetry of the peak due to electronic JDoS
effects. In both panels, the black dashed line represents the Shirley background and all the doublets share the same ratio and
peaks distance.
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FIG. S6. Ta-4f core-level spectra of 2H-TaS2 (a), Fe1/3TaS2 and Co1/3TaS2 acquired at room temperature using an Al-Kα

source (hν = 1486.7 eV). Top panels show the experimental data and corresponding fits, which uses SKND for the extrinsic
plasmon. Bottom panels display the residuals χ between the data and the fitting functions. All plots share the same energy
scale. The maximum and minimum ranges are determined by the largest χ signal, observed in panel a). The black dashed line
represent the Shirley background. All the doublets share the same ratio and peaks distance.
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FIG. S7. S-2p core-level spectra acquired at room temperature using an Al-Kα source (hν = 1486.7 eV). The bottom panels
display the residuals χ between the data and the fitting functions The vertical scale is kept identical for all χ plots to allow a
direct comparison between the different measurements. The maximum and minimum ranges are determined by the largest χ
signal, observed in panel a). a) 2H-TaS2 spectrum, the fit employs a Voigt doublet for the main emission and a SKND doublet
for the extrinsic plasmon. b) 2H-Fe1/3TaS2 spectrum, the fit consists in 2 Voigt doublets for main emission and surface S,
and a SKND doublet. c) Same quantities for 2H-Co1/3TaS2. All the doublets share the same ratio and peaks distance. The
black dashed line represent the Shirley background. Bottom panels display the difference χ between the data and the fitting
functions. All plots share the same energy scale.

FIG. S8. S-2p core-level spectra of 2H-Co1/3TaS2 acquired at room temperature using an Al-Kα source (hν = 1486.7 eV),
varying the angle between the incident radiation and the sample. In each panel the fit consists in 2 Voigt doublets for main
emission, surface S and a SKND doublet. The lineshape parameters are fixed to the values derived from the fit in Fig. S7 c),
leaving only the peak intensities as free parameters. The black dashed line represent the Shirley background. All plots share
the same energy scale.

TABLE S2. Ratio between the area of the main emission peak and the peak of surface S
15◦ 35◦ 45◦ 55◦

Asurface/Amain 0.239 0.273 0.307 0.424

A. Discussion on possible contamination

In Ref. [23], the Ta-4f core-level spectrum was modeled using multiple components, two of which were attributed
to contamination effects, with the absence of plasmon-related losses ascribed to the low crystallinity of the samples.
Our measurements are performed on high-quality single crystals cleaved in situ under ultra-high vacuum conditions,
ensuring pristine and well-ordered surfaces. The resulting spectra, particularly those acquired at the synchrotron,
exhibit sharp and well-defined Ta-4f and S-2p core-level features, indicative of a uniform chemical environment across
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the sample. Moreover, contamination-related contributions are expected to be surface-sensitive and therefore enhanced
at lower photon energies, where the probing depth is reduced. This behavior is not observed in our data. On the
contrary, the ∼1 eV feature in the Ta-4f spectra increases in intensity with increasing photon energy, consistent with
a bulk-sensitive origin. This trend follows the increase of the inelastic mean free path, which enhances the probability
of photoelectrons undergoing inelastic scattering processes before escaping the sample, supporting its assignment to
an extrinsic loss feature that are enanched with photon energy as is shown in Ref. [24] where Hard-X-rays XPS were
used to study extrinsic plasmon excitation in aluminum. Further evidence against contamination effects is provided by
the S-2p spectra of pristine 2H-TaS2, which display a single, well-defined main component with no additional features
across all measured photon energies. Indeed, possible sulfur oxidation states will appear at lower binding energy (in
the range (-166,-170) eV) as reported in Ref. [25]. Additionally, no signatures of Ta oxides formation are observed in
the Ta-4f lineshape in our synchrotron measurements, in contrast to laboratory XPS data where surface oxidation
can be detected. Finally, the additional shoulder in S-2p core-level fitted with asymmetric lineshape in Fig. S7, that
is more evident in 2H-TaS2 spectra, further confirm the presence of losses in core-level spectra. Taken together, these
observations demonstrate that the additional spectral weight observed in the core levels originates from electronic
excitations of the material, manifesting as extrinsic plasmon-loss processes during photoemission, rather than from
contamination or sample inhomogeneity.
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