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FIG. S1: Proton phase spaces for a0 = 10 at time t = 0.8 ps for representative cases TNSA x = 4

(a) and CSA x = 0.67 (b) and for a0 = 47 for RPA x = 13 at t = 0.07 ps (c) and CSA x = 0.5 at

t = 0.12 ps.

In the pure TNSA-regime n0/γncr > 2, the associated electric field is not strong enough

to accelerate the ions inside the target and acceleration occurs mainly at the target rear

surface (see Fig. S1a).

In the case of near-critical densities 0.5 ≤ n0/γncr ≤ 2 a strong peak of the electric field

picks up the ions and accelerates them due to collisionless shock acceleration (Fig. S1b, d).

The bunch of accelerated particles can be clearly identified in the ion phase space where

collisionless shock acceleration at the target front dominates over TNSA at the target rear

surface.
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In the case of radiation pressure acceleration n0/γncr � 1 the target is destroyed and

almost all the ions are accelerated (Fig. S1c).
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FIG. S2: Number of protons per ∆θ = 5◦ in case of TNSA (blue) with ion energies above 3 MeV

for n0/γncr = 1 and CSA (red) above 12 MeV for n0/γncr = 0.67 at t = 0.8 ps for a cubic target.

Fig. S2 shows the advantage of collisionless shock acceleration (CSA) towards target-

normal-sheath acceleration (TNSA). The TNSA case shows an almost uniform distribution

of the protons while the CSA case shows a narrow distribution at low angles.
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