
different directions of the circular lattice shaking, which leads to
Chern numbers of opposite sign. While the chirality of the vortex
contour is the same in both cases, the chirality of the enclosed
vortex changes with the driving direction, directly indicating the
opposite sign of the Chern number.

Measurement of the micromotion. In order to get a better
resolution of the vortex dynamics, we measure the dynamics in
steps of a quarter of the driving period T = 2π/ω= 156 μs. We
thus sample the micromotion of the Floquet system22–24,42.

Because the micromotion of the vortex positions is small com-
pared to the contours of their trajectories in our case (see
Methods), it has no influence on the measurement of the Chern
number.

In Fig. 10 we evaluate the micromotion of the static Dirac
points in the experimental data. We find an approximately
circular motion with the driving frequency or multiples of it as
predicted by the derivation presented in the Methods. As
expected from the scaling of the micromotion with JAB=ð!hωÞ
which is on the order of ~0.1, the amplitude of the micromotion
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Fig. 8 Mapping out the topological phase diagram using the linking number. a Original data of the observed vortices summed over all time steps (red dot:
positive chirality, blue dot: negative chirality; the hue indicates the time step where the vortex was present). The hexagon marks the first Brillouin zone. The
dynamical vortex contours are highlighted by a guide-to-the-eye (gray line). b The Chern number is obtained from the linking number of these dynamical vortex
contours (or the absence of a contour) and plotted for various shaking detunings (cut through the phase diagram corresponding to the gray line in Fig. 3). The
region with non-trivial Chern number agrees well with the prediction from a full numerical calculation (solid line). c Calculated Floquet bands for various
detunings illustrating the closing of the Dirac points at the topological phase transitions
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Fig. 9 Sign of the linking number. a Vortex data in the non-trivial regime (shaking phase of π/2 and shaking detuning of δ/2π=−372 Hz). The first
subfigure shows the time-integrated data, while the other sub figures show successive stroboscopic time steps t1= 13⋅T/4, t2= 17⋅T/4, t3= 21⋅T/4
after the quench, where T is the driving period. The arrows mark the direction of motion of the respective vortices. The vortex contour has a positive
chirality, while the enclosed static vortex has a negative chirality, revealing the Chern number +1 (see text). b, Reverse shaking (gray point in Fig. 3) for
δ/2π=−359 Hz and for time steps t1= 14⋅T/4, t2 = 18⋅T/4, t3= 22⋅T/4 after the quench. The chirality of the enclosed vortex is now inverted and the
Chern number is −1
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