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High-energy (~10-100 MeV) ion sources driven by ultra-intense laser pulses are
interesting for many applications such as ultrafast radiography, creation of warm dense matter,
isotope production, intense neutron sources, etc. So far, laser-driven ion acceleration has been
mainly investigated in solid targets in the so-called target normal sheath acceleration (TNSA)
regime [1]. Fewer studies have addressed the case or near-critical plasmas (n, ~ n.) due to the
technical difficulty of achieving such gas densities. Previous experiments have targeted solid
foils [2] or CO2 lasers with gas jet targets [3]. Near-critical plasmas are predicted to give rise
to new ion acceleration regimes combining TNSA and collisionless shock acceleration (CSA)
[4], as well as enhanced hot-electron production, beyond the standard ponderomotive scaling.
A particle-in-cell (PIC) simulation study carried out in our group have thus revealed that
efficient volumetric electron heating can take place due to phase mixing between bulk electrons
and electrons trapped in laser-induced plasma waves. Electron pressure can then trigger an
electrostatic shock, enhancing ion acceleration [5].

In this talk, I will first report on the results of an experiment conducted in late 2018 at
the 200 TW, 20 fs VEGA 11 laser system (CLPU, Salamanca). Its objective was to assess the
potential for ion acceleration of the state-of-the-art SourcelLab gas jet [6]. Data obtained by
three diagnostics including CR-39 particle tracking, radiochromic film analysis and time-of -
flight signals, will be compared to large-scale 1D PIC simulations. In a second part, 1 will
present the design of our forthcoming experimental campaign at the 1 PW VEGA Il laser
system, together with the extensive parametric PIC study conducted to explore the physics of
the expected laser-plasma interaction.
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