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In Supplementary Figure 1, we compare iLDAD for bulk
and monolayer 1T-TiTe,, calculated using the layer-resolved
one-step model of photoemission described in the methods.
The obtained iLDAD for the bulk and monolayer cases are al-
most identical. Indeed, the features at both I and M/M’ points
do not change when going from the monolayer case to the bulk
limit. This striking observation gives us confidence that we
can construct the TB model for a free-standing monolayer of
1T-TiTe, to get an intuitive picture about the orbital physics
governing the emergence of the iLDAD.
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Supplementary Figure 1. Layer-resolved iLDAD calculated within
the KKR framework. iLDAD for (a) bulk and (b) free-standing
monolayer of 1T-TiTe, using 18.7 eV photon energy, and the same
parameters as described in the methods.

To probe the bulk {LDAD spectrum, we performed corre-
sponding calculations in the soft-x-ray regime. In Supple-
mentary Figure 2 we show photon-energy dependence of the
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Supplementary Figure 2. Soft-x-ray iLDAD calculated within the
KKR framework for different photon energy. :iLDAD for bulk 1T-
TiTe, has been calculated in the soft-x-ray regime at different photon
energies (a) 300 eV, (b) 400 eV and (c) 600 eV.

iLDAD for bulk 1T-TiTe,, for 300 eV, 400 eV and 600 eV
photon energies. The photon-energy-dependent trends from
the XUV regime (see the main manuscript) are also recovered
in the soft-x-ray regime. In particular, the dichroic features
around the I' point reverse sign when increasing the photon
energy. However, the observed iLDAD at M and M’ points,
which is stable again variation of photon energy, further sup-
port the link between the in-plane orbital texture and iLDAD.
Furthermore, we point out that by increasing the photon energy
to the soft-x-ray regime, TRLEED final states approach free-
electron-like character, and the corresponding approximation
in the TB model is justified for [LDAD features around M and
M’ points.

Next, we show the procedure to extract the antisymmetric
components of the dichroism (referred to as intrinsic Linear
Dichroism in Photoelectron Angular Distributions - iLDAD)
from photoemission data obtained from two crystal orienta-
tions rotated by 60° with respect to each other, for two differ-
ent photon energies (18.7 eV and 21.7 eV). These data have
been simulated using the one-step model (KKR) described in
the manuscript.
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Supplementary Figure 3. Extraction of the intrisic Linear Dichro-
ism in Photoelectron Angular Distributions (LDAD) for different
photon energies, calculated using the KKR framework: (a)-(b)
and (e)-(f) I and I, the CECs at the Fermi energy, calculated for
two crystal orientations rotated by 60° with respect to each others, for
18.7 eV and 21.7 eV photon energies, respectively. (¢) and (g) Al /1,
the raw normalized difference, i.e. (Lyo - Igpo)/(Lgo + Igyo) between
CECs shown in (a)-(b), and (e)-(f), for 18.7 eV and 21.7 eV photon
energies, respectively. (d) and (f) iILDAD represents the component
of A(gio; (see manuscript for more details) which is antisymmetric
upon 60° azimuthal rotation of the crystal, for 18.7 eV and 21.7 eV
photon energies, respectively.

As explained in the main text and in the methods section,
we have constructed a tight-binding (TB) Hamiltonian based
on projective Wannier functions. This procedure yields the
Hamiltonian H; ; (k), where j, j " run over the set of Te-p and
Ti-d orbitals (11 orbitals in total). Diagonalizing H; ; (k)
yields the eigenvalues ¢,(k) and the associated eigenvectors
[C,(K)] = C;,(k) (which enter Eq. (4), Eq. (6) and Eq. (9) in
the main text).

The TB Hamiltonian is particularly useful for projecting
onto specific orbitals. We define the orbital weight w;, (k) =

|C;, (K| 2. Fig. (5) in the main text shows the orbital weight for

Jj€{dy,d,;. d,}. TheTe-porbitals play only a minor role at
the M/M’ pockets at the Fermi energy, which is confirmed by
Supplementary Figure 4(b). Contrasting the two paths in the
Brillouin zone sketched in Fig/ 4)(a), we not that the weight of
the p, orbitals is constant, while the p, orbital has no contri-
bution at M/M’ for the path parallel to k,. The weight of the
py orbital changes only slightly when considering the rotated
path.

Refs. [1, 2] attempted to explain the observed anisotropies
in ARPES from the related compounds 1T-TaSe, and 1T-TaS,
to a crystal-field splitting effect. We used the experimental
geometry of the bulk system for all calculations, defined by
the lattice constant a = 3.75 A and the vertical distance be-
tween the Te layers of dp, = 3.367 A. In this geometry the
crystal axes defined by the Ti-Te bonds, are non-orthogonal.
Hence, the angular momentum is quenched, and the Ti-d or-
bitals in the lab frame would be expressed by orbitals with dif-
ferent total angular momentum in the crystal-field basis. How-
ever, for a qualitative picture from the crystal-field point of
view, we define the crystal-field axes in a modified geometry
where bond directions are orthogonal (see Supplementary Fig-
ure 4(c)). This is achieved by reducing the Te layer distance
to d%e = 3.054 A. The resulting ligand configuration is iden-
tical to the octahedral complex; the d orbitals split into the e,
orbitals (d 2, d2_2) and 1,, orbitals (dy,, d,,d,,) in the new
coordinate system (x', y/, z").

Inspecting the orbital weight in the crystal-field basis of Ti-
d orbitals (Supplementary Figure 4(d)) we find a qualitative
difference between e, and t,, orbitals. The weight of the 7,, at
the M/M’ pockets is almost unchanged when rotating the path
in momentum space by 60°, while the e, orbitals are strongly
affected. For the path parallel to the k, direction (upper pan-
els in Supplementary Figure 4(d)), the d,2_» orbital domi-
nates, while for the rotated path the d,>_ > transfers most of
its weight to d,». This analogous to the exchange of orbital
weight between d,; and d,; orbitals in the lab frame discussed
in the main text. The analysis in the crystal-field basis pro-
vides a complementary but ultimately not simpler picture, as
the Bloch wavefunction contains notable contributions from
both the e, and 7,, orbitals.
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Supplementary Figure 4. Orbital-projected band structure of monolayer 1T-TiTe,. (a) Sketch of the first Brillouin zone the paths in
momentum space along which the band structures have been calculated. (b) Analogous to Fig. (5) in the main text, the top (bottom) panels
show the fat-band representation of the band structure along the path indicated in the top (bottom) in (a). The thickness represents the summed
weight from both Te atoms in the unit cell. The scale of the thickness is identical to Fig. (5) in the main text. (c¢) Sketch of the modified
geometry for defining the crystal-field coordinate system (x’, )/, z’). (d) Fat-band representation of the band structure (analogous to (b)) in the
crystal-field basis.



