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Fig. 1. Schematic of the experimental layout.
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Fig. 2. Relationship between THz energy, laser energy and laser back scattered light: (a) Dependence of THz energy (red square)

and THz-laser efficiency (blue square) on the laser energy; (b) laser back scattered light spectra at different laser energy.
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Fig. 3. Relationship between THz energy, laser intensity, laser back scattered light, and laser defocus: (a) THz energy (red dot) and
laser intensity (black square) as a function of the laser defocus distance D; (b) laser back scattered light spectra at different laser

defocus distance.
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Fig. 4. Characterization of THz spectrum, polarization and profile: (a) THz spectrum measured by band-pass filters (brown square)
and fitted with the CTR theory (black line); (b) THz polarization distribution measured by a THz polarizer; (c¢) THz spot profile

measured by a THz camera.
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Abstract

Powerful terahertz (THz) radiation sources are crucial to the development of THz science. High-energy
strong-field THz pulses have many significant applications such as in the ultrafast control of matter and the
THz-driven electron acceleration. In recent years, ultraintense laser-plasma interactions have been proposed as a
novel approach to strong-field THz generation. In this paper, the experimental results are presented about the
generation of THz radiation from a solid foil irradiated by a 10-TW femtosecond laser pulse. The THz energy as
a function of laser energy and defocusing amount is studied. It is found that both the THz energy and the laser-
to-THz conversion efficiency increase nonlinearly with the laser energy increasing. At maximum laser energy
~270 mJ, the measured THz pulse energy is 458 pJ, corresponding to a laser-to-THz energy conversion
efficiency of 0.17%. No indication of saturation is observed in the experiment, implying that a stronger THz
radiation could be achieved with higher laser energy. By simultaneously monitoring the backward scattered
laser light spectrum, it is qualitatively understood that the observed THz radiation as a function of laser energy
and laser defocusing distance is closely related to the electron heating mechanisms at different laser intensities.
The THz spectrum and polarization are characterized by using different band-pass filers and a wire-grid
polarizer, respectively. The THz radiation covers an ultrabroad band ranging from 0.2 THz to 30 THz, and
shows a radially polarized distribution. By fitting the measured THz spectrum with the theory of coherent
transition radiation, the THz pulse duration is inferred to be about 30 fs. At the THz focal spot of ~1 mm in
size, the THz field strength is evaluated to be 3.68 GV /m. Such a strong-field THz source will enable the study

of extreme THz-matter interactions.

Keywords: ultraintense laser-plasma interaction, strong terahertz radiation, coherent transition radiation
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* Project supported by the Science Challenge Project, China (Grant No. TZ2016005), the National Natural Science
Foundation of China (Grant Nos. 92050106, 11827807), and the Strategic Priority Research Program of the Chinese
Academy of Sciences (Grant Nos. XDB16010200, XDA25010000).

1 Corresponding author. E-mail: gqliao@iphy.ac.cn

1 Corresponding author. E-mail: ytli@iphy.ac.cn

085205-6


http://doi.org/10.7498/aps.70.20210518
http://doi.org/10.7498/aps.70.20210518
mailto:gqliao@iphy.ac.cn
mailto:gqliao@iphy.ac.cn
mailto:ytli@iphy.ac.cn
mailto:ytli@iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

