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Fig. 1. (color online) Band structures of crystal used.
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Fig. 2. (color online) HHG spectra in bulk crystals:
(a) HHG spectra obtained from 5-band model and 51-
band model; (b) HHG spectra obtained from 3-band
model and 51-band model.
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strength: (a) The first plateau; (b) the second plateau.
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Fig. 4. (color online) The electric field of the 3-cycle
laser pulse with different CEP and the corresponding
HHG spectra of crystal: (a) Laser pulses in different
CEP; (b) HHG in different CEP.
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Fig. 5. (color online) The electric field of the 2-cycle laser pulse with different CEP and the corresponding
HHG spectra of crystal: (a) Laser pulses in different CEP; (b) HHG in different CEP; (¢) HHG induced
by intraband current and interband current with CEP=0.257; (d) HHG induced by intraband current and

interband current with CEP=0.50Tt.
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Study of high-order harmonic generation in crystals
exposed to laser fields*
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Abstract

Crystal structures are very different from the atomic structure in the gaseous state, so the high-order harmonic
generation (HHG) from the crystal irradiated by an in intense laser is also different from that of an atom exposed to a
strong laser field. By simulating the dynamics of a single active electron in periodic potentials based on the expansion
method of the basis functions, we study the HHG in crystals and find, in certain wave lengths and intensity of the laser,
that solid harmonic generation exhibits the characteristics of double plateaus. After analyzing the induced electric current
of laser field, which is the source of HHG in the crystal, we find that the first plateau of HHG arises chiefly from the electric
current between the lowest conduction band and the valence band (electron-hole recollision), and the second plateau is
predominantly due to electric current between higher conduction bands and the valence band (electron-hole recollision).
The cutoff energies of the two plateaus vary approximately linearly with the laser field strength. Furthermore, by
considering the crystal driven by the few-cycle laser pulse, the cutoff energy of the second plateau changes monotonously
with carrier-envelope phases. Based on this phenomenon, it can be a way to measure the carrier-envelope phases of the
few-cycle laser pulse. Finally, we study further the HHG from crystals driven by the chirped laser and find that it has
a great influence on the HHG, and the second plateau of HHG is sensitive to the chirp parameter. According to this
phenomenon, we propose a novel way that is capable of greatly improving the emission efficiency of the second plateau

by changing the chirp parameter of the driving laser.

Keywords: high-order harmonic generation, crystal, carrier-envelope phase, chirped laser

PACS: 32.80.Rm, 42.65.Ky, 42.65.Re, 42.50.Hz DOI: 10.7498/aps.65.063201

* Project supported by the National Natural Science Foundation of China (Grant Nos. 11264036, 1364038, 11465016).

Corresponding author. E-mail: zhouxx@nwnu.edu.cn
1%

063201-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1103/PhysRevA.90.033403
http://dx.doi.org/10.1103/PhysRev.87.807
http://dx.doi.org/10.7498/aps.62.083202
http://dx.doi.org/10.7498/aps.62.083202
http://dx.doi.org/10.1103/PhysRevA.78.063404
http://dx.doi.org/10.1103/PhysRevA.78.063404
http://dx.doi.org/10.7498/aps.65.063201

	1引 言
	2理论与方法
	3结果与分析
	Fig 1
	Fig 2
	Fig 3
	Fig 4
	Fig 5
	Fig 6
	Fig 7


	4结 论
	References
	Abstract

