(©) 2024 World Scientific Publishing Company
https://doi.org/10.1142/9T89811 2795600013

Chapter 13

Interference Effects in High-Order
Harmonic Generation in Solids

Guang-Rui Jia', Tian-Jiao Shao®, Tao-Yuan Du™*, Ling-Jie Lii®,
Xin-Qiang Wang® and Xue-Bin Bian®
! School of Physics, Henan Normal University, Xinriang 453007, China
2 School of Information Science and Engineering,
Ningbo Tech University, Ningbo $15100, China
3 School of Mathematics and Physics, China University of Geosciences,
Wuhan £30074, China
i Key Laboratory of Computational Physical Sciences (MOE).
Fudan University, Shanghai 2004332, China
SState Key Laboratory of Magnetic Resonance and Atomic
and Molecular Physics, Wuhan Institute of Physics and Mathematics,
Innovation Academy for Precision Measurement Science and Technology,
Chinese Aecademy of Seiences, Wuhan 480071, China

® College of Physics and Optoelectronic Engineering, Shenzhen University,
ShenZhen 518060, China

13.1 Introduction

Interference effect is one of the most important phenomena in physical
sciences. For high-order harmonic generation (HHG) in gases, there are
various types of interference in HHG processes, such as interference
between different atomic centers within molecular targets [1,2], interference
between different orbits in molecules [3-5], and interference between long
and short trajectories [6]. From 2011, HHG in solids has become a hot
research direction [7]. Rich interference effects in erystal HHG have been
revealed by theoretical and experimental studies recently. From the energy
band theory [8], high-order harmonics mainly come from the mterband
polarization and intraband oscillation in erystals. In this chapter, we will
review the multi-electron interference in intraband currents, the interference
between long and short trajectories in interband currents, the interference
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The simulation in Fig. 13.11 is also performed in the single-active
electron approximation. It should be applicable to the real solid system
since Zener tunneling occurs molstly around the I' point. This interference
model is also applicable in both the intraband and interband transitions.
The modulation of harmonic yield as a function of laser intensity can be
found in the experimental results in Refs. [25,26]. Our model predicts that
this kind of modulation will also be present in the driving laser wavelength
scaling [24].

13.7 Discussion

The appearance of interference in HHG spectra sensitively depends on the
laser conditions and band structures. When the driving laser wavelength is
long, the intraband harmonies usually dominate the spectra, then one may
observe the multi-electron interference in intraband transitions. At the same
time, laser vector potential Ay may be bigger than = /a. i.e.. electrons and
holes may travel beyond the edge of the first BZ, and then multichannel
interference may occur. If the interband and intraband transitions are
comparable, the interference between them may be measured. When the
driving laser wavelength is short and the interband transtion dominates, the
interference between long and short trajectories will be present. Subcyele
interference requires a bigger dephasing time, and may exist in both the
intraband and interband harmonies. These interference effects may be used
to understand the origin of rich spectral structures in HHG, reconstruct
band structure, and probe ultrafast electron-hole dynamics in solids.
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