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Over the last decades relativistic electron beams from
conventional accelerators have been applied to generate
strong THz radiation through transition radiation ™, etc.
Relativistic electron beams can also be generated in the
interactions of intense laser pulses with low-density gas
or high-density solid targets. With the energetic electron
beam accelerated by wakefields in gas target, Leemans et
al. have observed a ~0.3 xJ THz pulse through transition
radiation .Compared with the gas targets, electron
beams from solid targets have much higher charge, up to
nC-uC. For a foil target, fast electrons transport forward
through the target and will induce transition radiation
when crossing the rear surface-vacuum boundary.
Usually the bunch length of the fast electrons driven by a
laser pulse in tens of femtosecond duration is of the order
of ~10 um, which is smaller than the wavelength of THz
radiation. This will lead to the coherent transition
radiation (CTR) . One can expect that the THz
radiation energy will be high due to the high charge and
short bunch duration of the fast electron beam as well as
the steep foil-vacuum boundary.

To verify this idea, we have carried out laser-foil
experiments using a multi-TW femtosecond laser system
at Shanghai Jiao-Tong University and the Vulcan PW
laser system at the Rutherford Appleton Laboratory. For
fs experiment, a p-polarized laser pulse in 30 fsand 2 J
was incident onto solid targets at an incidence angle of
54°with a peak intensity of ~1.5x10"° W/cm?. The laser
prepulse contrast in the ns range is ~107°. Different types
of targets were used in the experiment, including
mass-limited metal targets with different sizes,
polyethylene (PE)-metal double-layered targets and
single PE targets.

In our fs experiment we demonstrated intense THz
transition radiation of the laser-accelerated relativistic
electron beams crossing the solid rear surface. The total
THz energy from the rear of metal foils is estimated to be
~400 wd/pulse, comparable to the energy level of the
conventional accelerator based THz sources . The
corresponding energy conversion efficiency from the

laser pulse energy on targets to THz radiation is ~2x10™.
It can be well explained by the model of CTR
considering the effects of diffraction radiation and
formation zones®.

In the experiments with the Vulcan ps laser system, we
have much enhanced the THz pulse energy. According to
the experimental measurements and calculated spatial
distribution of THz radiation, the total energy of THz
pulses emitted from the target rear, at a pump laser
energy of ~60 J, is determined to be ~55 mJ within 3
THz. This corresponds to a peak power of ~36 GW and a
laser-THz energy conversion efficiency of ~0.1%. To our
knowledge, this is the highest THz pulse energy and
peak power reported so far.

The laser-plasma-based THz transition radiation
presented could be a promising compact strong-field
THz source. Moreover, it may provide us a new tool to
diagnose forward fast electrons in laser-plasma
interactions.
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