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ABSTRACT

Here we provide supplementary material on proton detectors and hydrodynamic numerical simulations.

Comparison of TPS and TOF detectors

Ion acceleration data were taken using the same set of ion beam diagnostics already presented in1, including a TPS and a TOF
SiC detector. The TPS and the TOF detector were used simultaneously so that a cross-comparison of the signals obtained from
the two devices was possible2, 3. In the plot of Fig.1 TPS and TOF signals are compared (see inset) for the same shot shown in
Fig.2 of the manuscript for irradiation of the 25 µm thick Ti target with the pre-plasma.

Figure 1. Experimental spectra obtained from TOF (solid line) compared with the signal of the TP (dotted line).

According to this plot, the spectra obtained from the two detectors are in a good agreement and show the same cut-off
energy of 10 MeV.

Hydrodynamic simulations

For the modelling of the pre-pulse generated pre-plasma, we used the 2D Eulerian hydrocode POLLUX4. Details of the core
are reported in the Methods section of the paper. Here we give details on the results concerning density profile on axis and the
scale-length along the density profile.
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Figure 2. Electron density profile and density scale-length versus distance from the original target surface as obtained from
2D hydrodynamic simulations. A scale-length ranging from 7 to 4.5 µm is predicted between the classical (blue dashed line)
and the relativistic (yellow dashed line) critical density.

A plot of both the electron density and the density scale-length at the time of arrival of the main pulse, namely after 10.4 ns,
is shown in Fig.2. Here we assumed 18+ ionization of the Ti ions due to field ionization of the expanded Ti ions. Simulations
predict a density scale-length of approximately 7 µm at the classical critical density and 4.5 µm at the relativistic critical
density corresponding to the incident laser intensity of the main pulse with a0 = 10.6.
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