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When the intersubband resonance conditions are realized only at the center of the cloud, an anomaly appears in the compressibility when the density in the center is around n eD 2 × 10 6 cm 2 . However if the intersubband resonance is confined to the guard region, the compressibility changes under irradiation only when the mean density in the guard is around n gD 3 × 10 6 cm 2 regardless of the value of n eD . These observations confirm that the incompressible regions (I) and (II) appear predominantly owing to the excitation of the central and guard regions. Surprisingly, they also show that creating resonant conditions in those regions alone is not sufficient to create an incompressible state since the variations of the compressibility on Fig. 1 (typical |δχ|/χ 0 0.1) are much smaller than those in the case where the entire cloud was excited. Therefore, the formation of an incompressible state requires the excitation of the intersubband resonance in most of the electron cloud, confirming the existence of long-range correlations (on the cm scale) in this new state of the electron system.

The experiments performed with detuning in the guard show a large parameter range where δχ/χ 0 is only a function of the density in the center n eD . This property is confirmed in Fig. 2.a which compares the data displayed on Fig. 1 for different N e . The absence of the strong hysteresis effect characteristic of the transition to the incompressible state allow to define two characteristic densities n max and n min (note that we checked that as expected when hysteresis is absent, the photocurrent and compressibility measurements coincide on the entire density and gate voltage range for this measurement) . The density n max corresponds to a maximum in δχ/χ 0 which is rather narrow with a half width quality factor of the maximum peak of around 10. We think that these characteristic densities correspond to the position of a density-dependent resonance in the system, which is probably a precursor to the formation of the incompressible state. Fig. 1.b shows the dependence of n max and n min on the magnetic field, the observed quasi-linear dependence is consistent with the scaling proposed in the main text. Additional Fig. 2: Panel a) shows δχ/χ0 as function of neD at different Ne using the data from Fig. 1, a narrow maximum is observed at a characteristic density neD = nmax 1.6 × 10 6 cm -2 and a broader minimum is observed at neD = nmin 2.1 × 10 6 cm -2 (maximum and minimum values taken for 14.5 × 10 6 cm -2 ). The position of the minima/maxima are almost independent on the boundary conditions which are controlled by the total number Ne of electrons, indeed nmax changes only by around 5% when Ne is changed by a factor of two. The presence of those peaks, specially of the narrow maximum, are indicative of a resonance which appears around particular values of the local electron density. We believe that this resonance, which we tentatively attributed to a resonant interaction between plasmons and ripplons is a precursor to the formation of the incompressible state in the entire system when all the system is excited at intersubband resonance. The curves are offset vertically for clarity, the origin for each curve is shown by the horizontal dashed lines. Figure b) shows the evolution of the densities nmax and nmin for different magnetic fields corresponding to different fractions J = ω/ωc = n + 1/4 (where n is an integer) measured at Ne = 14.5 × 10 6 , an approximately linear dependence is observed which is consistent with the scaling proposed in Eq. ( 5) in the main text.

Temperature dependence

We have attempted to experimentally study the temperature dependence of the incompressible states. The results of these experiments are shown on Fig. 3. One of the problems encountered in temperature dependent experiments was that the intersubband resonance shifts at lower temperatures effectively tuning the system out of resonance and destroying the incompressible states. We think that this frequency shift may be due to segregation of helium 3 impurity atoms onto the surface of helium 4 at low temperatures but further investigations are currently needed. Thus investigations of the temperature dependence require a careful calibration of the position of the intersubband resonance, highlighting the importance of the intersubband resonance to observe the formation of incompressible states. 

  Change of the compressibility δχ = χM -χD under microwave irradiation as a function of equilibrium density in the center and in the guard under different irradiation conditions. In the left panel, the perpendicular field in the guard region is detuned from the intersubband resonance by setting Vg -Vtg = 5.24 V, while the central region is kept in resonance setting V d = 4.24 V as previously. Under these conditions a weak change in the compressibility |δχ|/χ0 ≤ 0.2 appears in the density window bounded by neD ≤ 3 × 10 6 cm -2 and incompressible behavior is observed only when the guard is almost depleted ngD ≤ 2 × 10 6 cm -2 . In the experiment whose results are shown on the right panel, the center of the cell is detuned from the resonance V b = 5.24 V. In this case δχ is non zero along the line ngD 3 × 10 6 cm -2 .

  Density under irradiation as function of temperature combining data obtained for two different Ne under the conditions of Fig.5(main text), the incompressible plateaux disappear at T ≤ 200 mK.

Extension of the photocurrent technique to the metastable incompressible branch

We have shown (see Fig. ??) that the incompressible state can be meta-stable and survive under continuous irradiation for parameters at which the electron-gas phase is stable under irradiation. In particular this occurs in region (I) for increasing V g voltages. Since the compressibility also vanishes when the central region of the cloud is completely depleted, we do not know if the incompressible state extends as a metastable state beyond the depletion point or if it is destroyed close to the depletion voltage (V g 5.5 Volt for Fig. ??).

To settle this issue we have modified the photocurrent technique to track the electronic density along the metastable incompressible branch under irradiation. This modification is described in Fig. 4 and shows that the metastable branch surprisingly extends far into the depletion region where all the electrons are expected to accumulate in the guard region. This shows that electrons can stay trapped in the center under irradiation even in presence of a potential dip in the guard exceeding 1eV. As a final consistency check, we plot in Fig. 5 the density under irradiation obtained using the three different measurements: the photocurrent method (Fig. 5 from the main manuscript and Fig. ?? in supplementary materials), the modified photocurrent method described in Fig. 4 and the integration of the compressibility under irradiation using Eq. (??) and experimental data from Fig. 4 in the main manuscript). The good agreement between the three different procedures demonstrates that we have successfully reconstructed the two possible branches of the n e (V g ) dependence: the branch corresponding to the equilibrium electron gas and the excited state branch displaying incompressible behaviour. n eM [ from i pv as in main text ] n ex [ from i pv as in Fig. 12 ] n ex [ from χ D ] n eD Additional Fig. 5: Density under irradiation obtained by three different techniques: photocurrent measurements, the modified photocurrent measurements described in Fig. 4 and integration of the compressibility under irradiation (in this case, the integration offset is chosen to match the values obtained from the other techniques in the high Vg limit). Data is shown for Ne = 10 × 10 6 and J = 6.25 under the conditions of Fig. 5 in the main manuscript.

Conductivity measurements

Here we show some data on mobility under irradiation for different microwave powers. The dashed lines show the behavior expected from the Drude model, without irradiation the mobilities follow the Drude dependence at low magnetic fields but saturate to a fixed mobility at high magnetic field. This behavior corresponds to the quantum transport regime where k B T ω c which was investigated in [ M. J. Lea, P. Fozooni, A. Kristensen, P. J. Richardson, K. Djerfi, M. I. Dykman, C. Fang-Yen, and A. Blackburn, Magnetoconductivity of two-dimensional electrons on liquid helium:Experiments in the fluid phase , Phys. Rev. B 55, 16280 (1997) ]. Microwave irradiation reduces the value of µ xx for certain values of the parameter ω/ω c but the mobility remains above the Drude line even in this case for most traces. At the highest microwave power shown on Fig. 6, the mobility abruptly drops to a very low value once it becomes close to µ xx 10 -3 m 2 V -1 s -1 , on Fig. 7 the mobility stays above this limit and the formation of ZRS is not observed.

This suggests that two independent mechanisms may combine to explain the formation of ZRS / incompressible phases: a mechanism that restores the conductivity to a value close to the Drude line at certain values of J = ω/ω c and an instability which occurs once µ xx becomes sufficiently low and that leads to the formation of ZRS and incompressible behaviour.