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Supporting figure S1. The schematic diagram of the terahertz emission measurement and the
time-domain spectroscopy (THz-TDS). The laser beam is divided into the pump and probe
lines to excite an emitter and a detector (here, 1-mm thick ZnTe), respectively. For the emission
measurement, the 50-nm thick Td-WTe: thin film is located at the emitter position in the THz
emission site, and the THz-TDS site is empty. The Cartesian axes are defined such that the
laser propagates along the z-axis and the x-axis is horizontally aligned. On the other hand,
during the THz-TDS measurement for the conductivity analysis, a 1-mm thick ZnTe is used to
emit THz radiation and the Td-WTe: film is inserted at the sample position in the THz-TDS
site. A typical electro-optic (EO) sampling is used for THz detection in the time domain using
a mechanical delay line. The optical pump polarity is controlled by a quarter-wave (A/4) plate.

A wire grid polarizer is used to filter out the THz polarization along the x-axis.
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Supporting figure S2. In-plane conductivity analysis extracted by a THz-TDS. (a) The THz
waveforms transmitted through the bare substrate and the Td-WTe: film. (b) The transmitted
THz peak amplitude as a function of the sample azimuth angle. (c) The derived angle-
dependent conductivity, which is added as Figure 1¢ in the main text. The conductivity exhibits
two-fold symmetry and is minimized (maximized) along 0° (90°), indicating the

crystallographic b(a)-axis.

It has been known that the conductivity of the Td-WTe: film is higher along the a-axis
than the b-axis.!> We thus use an in-plane conductivity to define the in-plane crystallographic
axis in Td-WTe2. We utilize an in-situ all-optical tool to evaluate the conductivity as shown in
figure S2. Due to the fact that a THz photon sensitively interacts with intrinsic charge carriers
inside medium, THz transmission measurements have been extensively used to quantify the dc

conductivity.>*
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Supporting figure S3. Optical helicity dependent TR-MOKE signal in the bulk Td-WTe:z (50
nm) with (a) a long scan up to 500 ps and (b) a fine scan up to 15 ps. (c) The subtraction signal
(RCP-LCP). The solid red line is an exponential fit with a time constant t representing a spin

lifetime.

It has been noted that thicker WTe2 exhibits a larger density of states,*’ i.e., a larger
phase space for both interband and intraband transition, which induces a higher scattering
probability during spin relaxation. This, in turn, gives rise to a faster relaxation with a shorter
lifetime. Indeed, in this report, the polarity changes with the optical pump helicity such as right
and left circular polarization states (RCP and LCP, respectively), which indicates its spin origin.
We rule out the charge-carrier contribution by subtracting two signals (RCP-LCP). The rise
and decay trends of the RCP-LCP signal within a picosecond represent the sub-picosecond
thermalization and energy relaxation processes, respectively, revealing a spin lifetime of 0.2 +
0.01 ps as shown in figure S3. Moreover, a nanosecond spin-dynamics is not observable in the
measured time window up to 500 ps. Hence, the obtained sub-picosecond spin dynamics
dominates in generating a picosecond spin-photocurrent in the bulk Td-WTe: under ultrashort

optical excitation, giving rise to THz radiation.
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