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Second-harmonic (SH) radiation spectrum is an important diagnostic in nonlinear laser-plasma interactions.
SH emission pattern provides useful information about the absorption mechanisms in the plasma. To date, exper-
imental and theoretical works related to SH emission in plasmas are limited to plasmas at the surface of solids.
Here, for the first time to our knowledge, we have experimentally characterized SH for plasmas inside the bulk of
dielectrics with inversion symmetry. This is performed using single-shot femtosecond Bessel pulses in fused silica,
glass and sapphire. This configuration creates dense nano-plasmas (diam. ≈ 200 to 500 nm) which relaxation in
the material is capable of creating Warm Dense Matter [1] and lately opening voids [2].

Figure 1: SH spatial radiation spectrum from experiment (left), and from PIC simulation (right) in sapphire. The
axes are normalized in terms of the Bessel beam transverse spatial frequency k0

r .

In our experiments, a single 100 fs Bessel pulse at central wavelength 800 nm was focused in the bulk of
transparent dielectrics at intensities of 1014 Wcm−2, in conditions where voids can be opened [1,2]. Second
harmonic emission was recorded in a single-shot mode in the far-field. Figure 1 shows the spatial spectrum of SH
for the experiments and Particle-In-Cell (PIC) simulations. The simulations have been performed using EPOCH
PIC code [3]. We have observed narrow emission lobes parallel to the laser polarization at kr ∼ 2k0

r . A background
emission is also present in the experiments that originates from the blackbody emission of the plasma at ∼ns
timescales after the pulse. The analysis of SH radiation reveals that the resonance absorption mechanism occurs
on an overcritical nanoscale plasma. An excellent agreement is found between experiments and simulations for
several diagnostics in addition to the second harmonic pattern.

In conclusion, we have observed for the first time second harmonic emission from over-dense plasmas in the
bulk of materials in the single-shot configuration. The intense laser-plasma interaction has been investigated using
PIC simulations. These reveal the microphysics at play and the role of electron plasma waves. We anticipate that
this approach will find new applications in laser-plasma diagnostics and nonlinear optics of very intense fields.
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