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Fig. 1. (color online) The configuration of the experi-

ment.
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Fig. 2. (color online) Electron spectrum and average
effective temperature of 1# shot: (a) Electron spec-
trum; (b) average effective temperature by exponen-
tial fitting,.
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Fig. 3. (color online) Electron spectrum and average
effective temperature of 2# shot: (a) Electron spec-
trum; (b) average effective temperature by exponen-
tial fitting,.
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Fig. 4. (color online) The dependence of temperature

on laser power density.
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Fig. 6. (color online) The self-generated electromagnetic field at 1407": (a) Self-generated magnetic field; (b)

self-generated electric field.
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Fig. 7. (color online) The electron spectrum for different laser polarization.
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Abstract

In this paper, we report our results from interactions between sub-picosecond laser and relativistic near-critical
density plasma layer. To create the near-critical density plasma layer, low density foam targets are utilized in our
experiments. The foam is comprised of tri-cellulose acetate. Their average densities vary from 1 mg/ cm® to 5 mg/ cm?,
corresponding to full ionization densities ranging from 0.6n. to 3n.. When laser pulse is incident on the near-critical
density plasma, some energetic bunches with a large quantity of charges are measured in most of the shots. The
maximum charge quantity reaches to 6.1 nC/sr. Furthermore, the observed electron energy spectrum is Boltzmann-like
with a wide plateau at the tail of the energy spectrum, rather than a Maxwell-like. The concept of average temperature
is not available any more, and we define average effective temperature instead, namely the slope temperature. Fitting
the Boltzmann-like spectrum exponentially, we find that the average effective temperature even exceeds 8 MeV at
7.5 x 10" W/cm?, far beyond the ponderomotive limit. Aiming at analyzing the implication of physics, several two-
dimensional particle-in-cell (PIC) simulations are performed. The PIC simulations indicate that the hole-boring effect
and relativistic self-transparency play an important role in the electrons heating process. At the earlier stage of heating
process, a short plasma channel is created by the hole-boring effect and relativistic self-transparency. The length and
the width of the plasma channel are about tens of micrometers and several micrometers respectively. Around the plasma
channel, there is an intensive azimuthal magnetic field. The magnitude of the azimuthal magnetic field is 100 MGs.
However, the radical electrostatic field is not seen. The possible reason is that the plasma channel would be cavitated by
the hole-boring effect. As a result, the electrons will experience Betatron resonance in the magnetized plasma channel.
The traverse momentum of the electron would be converted into forward momentum. Assisted by the Betatron resonance,
the electrons gain energies from the laser directly and efficiently. Thus, the average effective temperatures of the electron
bunches are much higher than predicted by the ponderomotive scaling law. Besides, we also conducte another simulation
to instigate the differences by adopting different laser polarizations. Within our expectation, the electron spectrum of
the P-polarization accords well with the experimental result, while the electron spectrum of the S-polarization obviously
deviates from the experimental result. It also demonstrates that the Betatron resonance heating dominates the electron
acceleration process. This research paves the way to generating the highly energetic bunches with a large quantity of

charges, and wound also be helpful for producing the high-bright laser bremsstrahlung sources in future.
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