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Fig. 1. Experimental scheme for the measurement of outgo-
ing electron beams: (a) A film target driven by a single ps

laser; (b) a film target jointly driven by long ps and short

ns pulse lasers.
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Fig. 2. Electron energy spectrum image of the laser incid-
ent direction measured by EMS1: (a) A film target driven
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by a single ps laser; (b) a film target driven by ns and ps

lasers.
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Fig. 3. Electronic spectrum distribution curves recorded by
EMS1 and EMS2.
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Fig. 4. Numerical simulation results of a solid target with a steeply distributed pre-plasma: (a) Laser field distribution; (b) electron

density distribution.
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Fig. 5. Numerical simulation results for low-density uniform plasma: (a) Laser field distribution; (b) electron density distribution.
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Fig. 6. Simulation results of the forward electron spectrum
corresponding to the two cases.
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Fig. 7. Experimental schemes for generating gamma rays:
(a) Dual targets driven by ns and ps lasers; (b) dual tar-

gets driven by a ps laser; (c) a target driven by a ps laser.
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Fig. 9. Spectrum distribution of gamma rays corresponding
to the three conditions. a-1, b-1, and ¢-1 correspond to the
data from -1, and a-2, b-2, and ¢-2 correspond to the data
from 7-2.
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Fig. 10. Experimental schemes for measuring spatial distri-
bution of gamma-ray.
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Fig. 11. Spatial distributions of gamma-ray energy spectra:
(a) Dual targets driven by ns and ps lasers; (b) a target
driven by a ps laser.
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Abstract

In order to verify that the large-scale low-density plasma has a significant gain effect on the quality of the
ultra-hot electron beam in ultra-strong ultra-short pulse laser interactions with matter, on the Shenguang-II
upgraded laser facility, we carry out an experimental study on the optimization of relativistic electron beams
that combine long and short pulse lasers to generate large-scale low-density pre-plasma. A nanosecond laser is
used to ablate the thin hydrocarbon film. After a period of time, a large-scale low-density plasma is formed. The
second picosecond short pulse laser then interacts with the formed low-density plasma, and accelerates the
electrons to the relativity magnitude. Through the comparative analysis between different experimental
conditions in the experiment, it is found that the existence of large-scale low-density plasma significantly
increases the intensity of the relativistic electron beam along the laser propagation direction. In the comparative
test of three shooting methods (long and short pulse combined driving double-layer target, short pulse driving
double-layer target, short pulse driving single-layer target), we find that the energy bands above 1 MeV can be
produced by the long pulse and the short pulse jointly driving double-layer target. The gamma-ray intensity is
nearly twice that of the other two schemes. In addition, we also find in the experiment that when the time
interval between nanosecond-picosecond pulses changes, the pre-plasma electron density and density scale
length of the CH film irradiated by the nanosecond laser will be different. When the time interval is 0 ns, the
expansion of the plasma is still insufficient, and the density distribution of the pre-plasma is steep. Part of the
picosecond laser energy will be reflected at the critical density surface. Insufficient absorption of picosecond
laser energy reduces the generation of relativistic electrons.When the time interval is 1 ns, the plasma state is
more appropriate. The picosecond laser will form a self-focusing plasma channel in the plasma, thereby
efficiently depositing energy, breaking through the energy limit of ponderomotive force acceleration, and
obtaining more higher energy relativistic electrons. When the time interval is longer, such as 1.5 ns or more, the
plasma can be fully expanded, the electron density becoming too low. Most of the picosecond laser will pass

through the pre-plasma, affecting energy deposition and failing to generate more relativistic electrons.
Keywords: gamma rays, laser-driven ion acceleration, relativistic electron, low density plasma
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