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FIG. 1. Example of calibration of the experimental parameters D4 and 7 for one set of experiments. (a) Mean-
squared-displacement in logaritmic and linear scale for different light intensities (see colorbar). Continuous lines correspond to
fits to Eq. (11) of the main text. (b) Obtained calibrated fit parameters of the persistence time 7 and active diffusion coefficient
D 4 depending on shined light intensity.
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FIG. 2. Order parameter as a function of the adimensional global temperature. For all data points of Fig. 3a of
the main text, we plot the orientational bond-order-parameter Wg as a function of adimensional global temperature T (see
main text’s Eq. (1)). Hexagonal symbols correspond to the crystalline phase, and triangles to melting systems, according to
the Lindemann criterion. Each point is colored according to the active diffusion coefficient D 4.
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FIG. 3. Simulations of large and small active systems during melting at large persistence times 7=10. (a) Correlation function
of the hexatic order parameter gg(r) at various values of the reduced temperature 7™ (colored curves, see legend), for a small system
size (N & 2000), and long 7 = 10. The dashed line is a fit of the maxima of the orange curve with a power-law to highlight its
characteristic decay. The three phases are distinguished by the decay of gs: solid (blue) not decaying, hexatic (orange) power-law
decay, liquid (green) exponential. The same two-step scenario is also shown in (b) for a significantly larger system (N ~ 16000) at
long 7 = 10.
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FIG. 4. Simulations of large and small active systems during melting at different persistence times 7. (a) Correlation function
of the hexatic order parameter g¢(r) at various values of the reduced temperatue T* (colored curves, see legend), for a small system
size (N ~ 2000), for 7 = 1. The dashed line is a fit of the maxima of the orange curve with a power-law to highlight its characteristic
decay in hexatic phase. Comparing the solid and dashed green curves we see that when 7 = 1 the system is in the liquid state at
T* = 0.116 while, when 7 is very long (7 = 10), the system is in the solid phase at the same T™. This signals that system melts at
higher T at longer T-values. The same situation is also found for a significantly larger system (N & 16000) as shown in (b).
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FIG. 5. Particle kurtosis in the crystal caused by bacterial activity. (a) Probability distribution of the displacement from the
equilibrium (mean) particle position Az, normalised with each particle’s fluctuation amplitude o; and fit with a Gaussian function.
For the passive case, Uns = 1077 pJ Da = 0, o; = 1.02um. For the active case, Uyr = 107° pJ Da = 0.3um?/s, o; = 0.97um.
(b) Kurtosis of P(Ax) as a function of D4 for all Uxs in the crystalline phase and averaged curve.
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FIG. 6. Particle displacements in absence of external forces. Probability distribution of colloids the displacements at different
times (see legend) and activity levels (see figures title). Measurements correspond to free particles (no magnetic field, H = 0). The
continuous lines are fits with Gaussian functions. (a) At low light intensity. (b) At high light intensity.
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