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Collisionless shock waves are common in space and
astrophysical plasmas and are efficient particle
accelerators. Micro-instabilities can be triggered during
the shock formation and they can lead to particle
acceleration. The ion—ion acoustic instability' caused by
the resonance of the ion plasma oscillation of the shock
upstream plasma and that of reflected ions is one of the
electrostatic micro-instabilities. This instability can
generate  oblique ion acoustic-like electrostatic
fluctuations in counter-streaming plasmas, which is
different from the well-known ion acoustic instability. It
has been invoked to explain several space physics
phenomena, including the origin of enhanced ion
acoustic line spectra in the upper ionosphere?, the
broadband electrostatic noise in the Earth’s magnetotail®.

In the context of astrophysics, numerical simulations
have recently proposed that, in supernova remnants, the
rapid growth of the ion—ion acoustic instability leads to
turbulence in the shock upstream and damage of the
shock structure®’. However, such a phenomenon is
difficult to verify through astronomical observations
because of the remote distance and the scarcity of
observable events of the supernova remnants shocks.
Intense laser-plasma interaction can model astrophysical
shock processes in the laboratory at much reduced scales,
and provide reproducible and controllable conditions that
can be used as a means of supporting astronomical
observations.

We present here the experimental identification of an
ion—ion acoustic instability in the expansion of a
laser-heated dense plasma through a rarefied one®. Our
experiments were performed using the XingGuang III
laser facility”® at the Laser Fusion Research Center in
China and the setup is shown in figure 1. The dense
plasma is produced from heating of a solid target by a
short (2ps) intense (107 Wcem™2) laser pulse. The
ambient plasma, where the shocks are excited and
propagate, is created by the laser’s nanosecond scale
low-intensity pedestal. Using a proton radiograph
(shown as figure 2), we monitor the shock structure and
shock front filaments resulting from the electrostatic ion—
ion acoustic instability. The experimental observations
are in good agreement with the analytical theory of the
ion—ion acoustic instability, as well as our particle-in-cell
simulation results.
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Figure 1. Experimental set-up at the XingGuang III laser
facility.
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Figure 2. Proton images showing the electric field
structures of the collisionless electrostatic shock and the
ion-ion acoustic instability. (a), Typical proton imaging
layer corresponds to a probing time of 150 ps. (b) and (c)
are the proton images on different probing times (150 ps
and 162 ps). (d) is the corresponding profiles of the
probe proton density. (e)-(h), Details of the region I and
its corresponding profile of the probe proton density
perturbation, reconstructed electrostatic field and
potential. (i) and (j), Details of the region II and
corresponding profile of the probe proton density at Y =
0.12 mm.
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