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Fig. 2 Two-dimensional spatial distributions of THz wave electric field at different moments. (a)(b) t=35T,; (c)(d) t=55T,
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Simulation of Enhanced Terahertz Wave Generation by Interaction
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Zhang Ji , Ban Xiaona, Tian Baoxian, Lii Chong , Wang Zhao, Liu Qiushi,

Zhang Xiaohua, Zhao Baozhen
Department of Nuclear Physics, China Institute of Atomic Energy, Beijing 102413, China

Abstract

Objective Terahertz wave is in the special frequency band for transition from electronics to photonics, which has
the characteristics of small radiation dose and good transmission. Therefore, the terahertz radiation source has a
very important application in the fields of condensed matter physics, life science research, nonlinear terahertz
optics, and materials science as well as the nuclear technological fields such as nondestructive testing and terahertz
wave radar detection. With the rapid development of laser technologies, the research on the interaction between
laser and plasma develops rapidly. Because of the plasma being ionized, there is no breakdown threshold. Thus, it
does not need to be limited by the damage threshold of materials such as semiconductors and crystals. In recent
years, many researchers at home and abroad have carried out the research on terahertz wave generation based on
laser plasma interaction. Recently, the National Institute of Science of Canada has used a copper nanowire array
target to enhance terahertz wave generation, and the research results show that the energy of terahertz wave
generation is about 13. 8 times higher than that of the planar copper target. In this work, to further enhance
terahertz wave generation by the interaction between a relativistic femtosecond laser and a solid target, the structure
of the nanowire target with a conical opening at the front end is proposed. The results show that the front-end conical
opening nanowire target can significantly enhance terahertz wave generation, and the electric field of the terahertz
wave is increased by three times compared with that of the ordinary nanowire target. The above results may
contribute to the development of terahertz wave generation via laser-plasma interaction.

Methods Our research method combines numerical simulation with theoretical analysis in this work. In order to
verify the influence of two different microstructure targets on THz wave generation, we set up two types of targets:
conical nano-layered target (CNT) and planar nano-layered target (PNT) (Fig. 1). For the simulation, we use the
open particle-in-cell (PIC) source program EPOCH, which is usually used to simulate the problems of the interaction
between laser and plasma. In the (x, y) plane, the simulation area is 80 pm X 60 pm, which is divided into 8000 X
6000 grids and the wavelength of the laser is 1 pm. A p-polarized relativistic femtosecond laser is incident
perpendicularly from the left boundary along the x-axis, and both the field and particle boundaries of the x-axis and
y-axis are set as the absorbing boundary conditions.

Results and Discussions In order to compare the effects of the PNT and CNT targets on THz wave generation,
the two-dimensional spatial distributions of THz wave electric field generated at different moments are given by the
particle-in-cell numerical simulation (Fig. 2). It can be found that the THz wave intensity generated in the CNT is
stronger than that in the PNT. At the same time, we also plot both the time domain waveforms and the frequency
domain spectra of the THz wave with two different kinds of targets (Fig. 3), which can quantitatively prove that the
CNT can enhance THz wave generation. The physical reason why CNT can enhance THz wave is as follows: the hot
electrons generated by the CNT can have a larger number and its corresponding energy is higher (Figs. 4 and 5),
thus enhance THz wave generation at behind of the target. This is because that the absorption and reflection of an
incident laser are mainly influenced by different target structures (Fig. 6), which can be seen that the intensity of
the reflected laser in the PNT is significantly higher than that in the CNT. This indicates that the front-end conical
opening nanowire target can significantly change the state of laser absorption and reflection, which makes the energy
and number of hot electrons behind the target influenced.

Conclusions In this paper, the influences of both the PNT and CNT on the THz wave generation are studied by the
PIC numerical simulation. It is found that both PNT and CNT can generate THz waves with a broad bandwidth at the
behind of the target. It is found that the front-end conical opening nanowire target can significantly enhance terahertz
wave generation, and the terahertz wave electric field is increased by three times compared with that of the ordinary
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nanowire target. The reason why the CNT can enhance THz waves is analyzed in detail. The main reason is that the
front-end conical opening structure of the CNT can significantly reduce the reflection of lasers, and thus improve the
energy coupling efficiency between the laser and plasma. This makes a much higher cut-off energy and a larger
number of hot electrons generated behind the target, which makes it radiate strong THz wave behind the target. The
above results may contribute to the development of terahertz wave generation via laser-plasma interaction.

Key words laser technique; terahertz wave; microstructure target; femtosecond laser; particle-in-cell simulation; laser

plasma

0614002-9



