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This supplementary material contains supporting information including;:
e Heat capacity measurements

e Exfoliation of bulk sample to thin-layered samples and Raman spectroscopy
results

e ARPES measured energy contours with 68 eV incident photon energy
e Dispersion maps for 90 eV incident photon energy
e Dispersion map along various angled cuts between I' — Z and ' — M

e Results of measurement at 15 K



SUPPLEMENTARY NOTE 1: SAMPLE CHARACTERIZATION AND HEAT CAPACITY
MEASUREMENTS

High-quality single crystals of GdTes were synthesized using the self-flux technique. Chemical
composition and phase homogeneity of the crystals were determined by means of energy-dispersive
X-ray (EDX) analysis performed using a FEI scanning electron microscope equipped with an EDAX
Genesis XM4 spectrometer. The result of EDX analysis is presented in Supplementary Figure 1a,
which indicates the desired stoichiometry and homogeneous chemical composition with 26.27 % Gd
and 73.73 % Te. Supplementary Figure 1b shows the specific heat (C) of GdTes measured up to
400 K, with inset showing a zoomed in view at high temperatures. Despite severe irregularities in
the C(T) curve caused by addenda contribution (Apiezon N grease), one can recognize an anomaly
near 375 K that arises due to the incommensurate charge density wave formation®.

SUPPLEMENTARY NOTE 2: RAMAN SPECTROSCOPY AND MECHANICAL
EXFOLIATION OF THIN FLAKES

The exfoliation of the thin layer GdTes samples was performed via Au-Assisted exfoliation. The
metal layer deposition was completed in an electron/thermal evaporation system (Thermionics E-
beam & RDM Thermal evaporator). A 2 nm metal adhesion layer of Ti was first evaporated onto
a Si/Si04 substrate via e-beam evaporation. 5 nm of Au was then evaporated onto the Ti adhesion
layer via thermal evaporation. Soon after exposing the Au layer to ambiance, the GdTes crystals
were cleaved from a parent crystal and lightly pressed onto the target substrate using Nitto tape
(SPV-224 PVC) for one minute. Lifting the tape resulted in exfoliated thin layers of GdTes on the
Au/Ti/Si04/Si substrate.

Atomic force microscopy (AFM) was utilized to measure the thickness and identify the layer num-
ber of the exfoliated thin layer GdTez. AFM measurements were taken in non-contact mode using
a SmartSPM1000 scanning probe microscope. A single layer of GdTes is reported to have a height
of 1.2 nm, serving as the baseline for the measurement of the flake’s layer number. The AFM mea-
surements were taken in ambient conditions. Optical image of representative thin flakes used in the
Raman measurements are presented in Supplementary Figure 2a, where the arrow represents the
locatio of where the Raman was measured. The AFM images are presented in Supplementary Fig-
ure 2b, with red line indicating the direction which height profile was taken. The height profile of
corresponding thin flakes are presented in Supplementary Figure 2c.

In order to ensure that the Raman spectra being reported was of pristine conditions, the bulk
GdTes was cleaved before any Raman experimentation was done. The Raman spectra for bulk
as well as for different layered samples up to 4L thin are presented in Supplementary Figure 2d.
In the Raman spectrum, several peaks are observed, which is consistent with those reported in
the literature®?. The peaks at 64 cm™! and 79 cm™! represent overlapping degenerate A, and By
phonon modes, the peak at 59 cm™! is a two-fold symmetric phonon mode, the peaks at 104 cm™!,
117 em™, 129 em™!, 144 cm™! are B, symmetric phonons, and the peak at 91 cm™! is an A,
symmetric phonon®. Of interest is the peak at 46 cm™!, which has been reported to be the CDW
amplitude mode??3. The presence of this strong peak at room temperature Raman data supports
the presence of CDW phase at room temperature. In thin films up to 4L, this peak remains strong,
indicative of the presence of room-temperature CDW in two-dimensional limit. In fact, it has been
documented that the CDW transition shifts to higher temperature with diminishing thickness?.
Thus, GdTes could be an excellent platform for studying how different physical orders such as
long-range magnetic, superconducting, charge-density wave, etc. in both three- and two-dimensions.

SUPPLEMENTARY NOTE 3: ARPES MEASURED CONSTANT ENERGY CONTOURS
WITH PHOTON ENERGY OF 68 eV

In Supplementary Figure 3, we present the Fermi surface and constant energy contours measured
with a photon energy of 68 eV obtained at 8 K. Similar to the observations in the main text
Figure 2 (with 90 eV photon energy), the Fermi surface has some intensity along and around the
X — T — X direction and no intensity along M — I’ — M and Z — T — Z. Spectral intensity appears
at ~ 150 meV binding energy along M —TI' —M and about ~ 320 meV binding energy along Z—T —Z.



SUPPLEMENTARY NOTE 4: OBSERVATION OF CDW BANDS

In Supplementary Figure 4a, we present an integrated energy contour taken with 68 eV incident
photon energy. The integration is done within a 50 meV window centered at the binding energy of
300 meV. Similar to the observation for 90 eV photon energy presented in the main text Figure 2h,
the features that can not be described by the non-CDW calculations appear (shown by magenta
colored arrow in 4a and represented by magneta colored dashed curves in 4b). An energy-momentum
dispersion cut taken along the yellow colored dashed line in 4b at k, = —0.5 A~ is presented in
Supplemental Figure 4c, where the intense main bands and shadow bands coming from both the
band folding and CDW can be observed.

SUPPLEMENTARY NOTE 5: M-T —M AND Z —T — Z DISPERSION MAPS (90 eV)

In Supplementary Figure 5, we present the dispersion maps taken along the M — ' — M and
7 — T — 7 directions taken from measurements using 90 eV photon energy. From the dispersion
maps (5a and 5d) and their second derivative plots (5b and 5e), it is clear that the gap size below
the Fermi level for 90 eV data are around 140 meV and 310 meV along M — T — M and Z — T — Z,
respectively in agreement with the observations in the constant energy contours presented in the
main text Figure 2. In Supplementary Figures 5¢ and 5f, we present the theoretically calculated
surface spectrum along the M — ' — M and Z — T’ — Z directions, respectively. While the spectrum
overall matches the experimental observation, the gap is not seen in the calculations as they are
carried out for the non-CDW case.

SUPPLEMENTARY NOTE 6: DISPERSION MAPS ALONG X-T—-XANDM-X-M

Supplementary Figure 6(a) represents the dispersion map along the I' — X direction obtained from
the measurement using a photon energy of 90 eV. Bands crossing the Fermi level can be clearly
observed, indicative of the absence of gap along this direction. In Supplementary Figure 6(c), we
show the dispersion map along the M — X direction. Around the X point, bands are crossing the
Fermi level, which again indicated the absence of any gap around the X point as observed in the
Fermi surface maps. The experimentally observed band dispersions along I' — X and M — X are
well reproduced in the theoretical surface spectrum calculated without considering CDW ordering
[Figures 6b,d].

SUPPLEMENTARY NOTE 7: DIRECTION DEPENDENCE OF THE CDW GAP

In Supplementary Figure 7, we present the dispersion maps, integrated EDCs and the Fermi fits
of the leading edge for cut directions I’ — A through T’ — D as defined in Main text Figure 4. A clear
signature of gap decreasing as the direction moves from I' — A towards T — D can be observed. The
results of the measurement taken at a temperature of 15 K do not show significant differences (see
Supplementary Figure 8).
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Supplementary Figure 1: a Microprobe analysis of the chemical composition of GdTes single crystal. b
Temperature variation of the specific heat over a wide range of temperature. Inset: the data collected in the

vicinity of the CDW transition.
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Supplementary Figure 2: Mechanical exfoliation of GdTes flakes and Raman spectroscopy results. a
Optical image, b AFM image, and c height profiles of GdTes flakes exfoliated from bulk crystals. d Raman
spectroscopy results on bulk and few layered samples indicated.
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Supplementary Figure 3: Constant energy contours obtained for 68 eV photon energy at binding energies
of a0 meV (FS), b 100 meV , ¢ 150 meV , d 200 meV , e 250 meV , and f 320 meV (experimental Brillouin
zone in green and high-symmetry lines/points in cyan color). Data were collected at the SSRL beamline 5-2

at a temperature of 8 K .
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Supplementary Figure 4: Observation of CDW bands. a Energy contour integrated within a 50 meV
window centered at 300 meV binding energy. b Same energy contour as in (a) with CDW induced features
represented by magenta, colored dashed curves. ¢ Dispersion map taken for a k, = 0 A™" cut represented

by the yellow dashed line in (b).



(a) (b)

0.0 7

~140 meV

0.4

Binding Energy (eV)
Binding energy (eV)

-0.8

(ytun -qre) uorpouny eyoadg

0.0 -

0.4

Binding Energy (eV)
Binding energy (eV)

-0.8

(yun -qre) worjouny reipoedg

NI+

Supplementary Figure 5: Dispersion maps for 90 eV measurements. a Dispersion map and b its second
derivative along M —I' — M. ¢ Calculated surface spectrum along M — I' — M without taking into account

the CDW ordering. d Dispersion map and e its second derivative along 7 —T —7Z. f Calculated surface
spectrum along Z — I' — Z without considering CDW order.
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Supplementary Figure 6: Dispersion maps along X -T —X and M — X — M. a Dispersion map along

X —T = X. b Calculated surface spectrum (X — T' — X) projection on the (010) surface. ¢ Dispersion map
along M — X — M. d Calculated surface spectrum along M — X — M projected on the (010) surface.
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Supplementary Figure 7: Direction dependent gap. Dispersion maps (left panel) and the energy distri-
bution curves integrated within the momentum window indicated by the magenta lines in the dispersion
maps (right panel) alongaT —F, bT —E,cT—D,andd T —C, eI —B, f I — A. These directions represent
the cuts at an angle of respectively: 62°, 55°, 40°, 30°, 20°, and 10°, from the T’ — Z direction. The leading
edges have been fitted by Fermi edge fitting.
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Supplementary Figure 8: Fitted leading edges (normalized) for the angles noted in the plot. Inset: Gap
size below the Fermi level, where the error bars represent the width of the leading edge. Data were taken at
the ALS beamline 10.0.1.2 at a temperature of 15 K.
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