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Fig. 1. (a) System schematic of grating; (b) schematic
of the light path.
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and 5th order harmonics, respectively. Black lines rep-

resent ideal grating while red lines stand for A = \/16.
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Abstract

Extreme ultra-violet (XUV) light and soft X-ray are widely used to detect the microscopic structure and observe the
ultra-fast physical process. It is found that high order harmonic with the frequency as high as that of the waterwindow
waves and the pulse duration as short as attosecond can be obtained in the laser-plasma interaction. Due to these
features, high order harmonic (HH) is a promising alternative to generating ultra-short XUV light and X-ray. Recently,
HHs have been observed in the experiments. However, the frequency spectrum is not complete compared with the results
predicted theoretically and numerically. It might relate to the damage of the grating target surface by a long laser repulse.
In this article, the effect of target surface roughness on the high order generation (HHG) in the interaction between ultra-
intense laser pulse and grating targets is investigated by surface current model and particle-in-cell simulations. We find
that both the spatial and spectral domains of harmonics are modulated by the periodical structure of the grating due to
the optical interference. The roughness on the surface significantly distorts the modulation effect and leads to different
radiation angle and spectral distributions. For the ideal grating, only harmonics satisfying matching condition in a
certain direction can be enhanced and the radiation power is restricted in the direction nearly parallel to the target
surface. When the surface roughness of the grating target is considered, the matching condition is not valid and the
harmonics are scattered into the direction away from the target surface. Comparing with the ideal grating target, most
of the harmonic energy is concentrated in the low order harmonics and the intensities of the harmonics decrease rapidly
with increasing HH order when surface roughness is considered. The results show good consistence with the phenomena
observed in previous experiments and provide the technical reference for exploring the future applications of HHs and
HHG.

Keywords: high-order harmonics, ultra-intense laser pulse, plasma grating target, surface current model

PACS: 42.65.Ky, 42.79.Dj, 28.52.Av, 28.52.—s DOI: 10.7498/aps.66.244209

* Project supported by the National Basic Research Program of China (Grant No. 2013CBA01504), the National Natural
Science Foundation of China (Grants Nos. 11375265, 11475259, 11675264), and the Science Challenge Project, China
(Grant No. JCKY2016212A505).

1 Corresponding author. E-mail: debinzou@126.com

1 Corresponding author. E-mail: hongbin.zhuo@gmail.com

244209-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1103/PhysRevE.57.R2531
http://dx.doi.org/10.1103/PhysRevE.57.R2531
http://aip.scitation.org/doi/10.1063/1.3485119
http://aip.scitation.org/doi/10.1063/1.3485119
http://dx.doi.org/10.1103/PhysRevLett.110.065003
http://dx.doi.org/10.1103/PhysRevLett.110.065003
http://dx.doi.org/10.7498/aps.66.244209

	1引    言
	2物理模型
	Fig 1
	Fig 2
	Fig 3


	3粒子模拟结果与讨论
	Fig 4

	4结    论
	References
	Abstract

