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SUPPLEMENTARY DATA

We provide experimental results for different input coin-polarization states. Figures S1-S2-S3 show the probability
distributions obtained for a |H⟩, |V ⟩, and |L⟩ polarization input state (cf. Fig. 3), respectively. Figure S4 shows the
QW ballistic spreading for the same polarization inputs (cf. Fig. 4(d)).

To demonstrate the versatility of our method, we compute the optic-axis patterns of the 3 LCMSs that
would be needed for the simulation of 3, 5, 10, and 20 time steps of an alternative split-step QW protocol:
Uss = Ty(δ = π/2)WTx(δ = π/2)W , where Tx, Ty and W are the lattice and coin operators introduced in the
manuscript. We also simulate the output field intensity for a localized |H⟩-polarized input state and compare it
with the theoretical QW probability distribution. The results are reported in Fig. S5.
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Figure S1. 2D QWs via spin-orbit photonics. (a) Experimental images obtained for a |H⟩-polarized input state,
from which the walker probability distribution Pexp(mx,my) is extracted (b), and compared with the theoretical prediction
Pth(mx,my) (c). For each realization, we report the value of the similarity, computed as the average of four independent
measurements. The rows refer to 3, 5, 10, and 20 time steps (t), respectively.
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Figure S2. 2D QWs via spin-orbit photonics. (a) Experimental images obtained for a |V ⟩-polarized input state,
from which the walker probability distribution Pexp(mx,my) is extracted (b), and compared with the theoretical prediction
Pth(mx,my) (c). For each realization, we report the value of the similarity, computed as the average of four independent
measurements. The rows refer to 3, 5, 10, and 20 time steps (t), respectively.
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Figure S3. 2D QWs via spin-orbit photonics. (a) Experimental images obtained for a |L⟩-polarized input state, from which
the walker probability distribution Pexp(mx,my) is extracted (b), and compared with the theoretical prediction Pth(mx,my)
(c). For each realization, we report the value of the similarity, computed as the average of four independent measurements.
The rows refer to 3, 5, 10, and 20 time steps (t), respectively.
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Figure S4. Variance of 2D QW distributions. Variance of the output distribution along x and y, σ2
x and σ2

y, for different
input states: (a) |H⟩, (b) |V ⟩, (c) |L⟩. The experimental points (dots) correctly reproduce the expected ballistic behavior (solid
lines) extracted numerically.
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Figure S5. Split-step 2D QW with LCMSs. (a) Computed optic-axis modulation of the first metasurface (θ1(x, y)) for
the simulation of a split-step 2D QW at different time steps (t). (b) Simulation of the output field intensity for a |H⟩-polarized
input, compared with the theoretical prediction (c) Pth(mx,my).
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