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High-order harmonic generation (HHG) in gas phase atoms and molecules has been the 
foundation of attosecond science, which includes imaging molecular orbitals and generation 
of attosecond pulse. Recently, we have observed high-harmonics in bulk crystals subjected 
to strong mid-infrared laser fields [1]. Following that work, solid-state HHG has obtained 
significant attention, and it is pushing the frontier of attosecond science; however 
underlying electron dynamics in condensed phase are markedly different. These differences 
to isolated atoms have been manifested in our experiments, for example through the 
appearance of multiple plateaus in the harmonic spectra from rare gas solids [2]. We find 
that high-harmonics from single crystal MgO are strongly sensitive to the crystal structure 
and interatomic bonding [3]. The measured anisotropic angular distribution is shown in 
Figure 1. It is seen that sharp maxima appear along Mg-O bonding directions (0, 90, 180 and 
270 degrees). When combined with the laser ellipticity and helicity dependence, the solid-
state harmonics show strong sensitivity to the atomic-scale structure, pointing towards the 
possibility of measuring valance charge density, similar to imaging molecular orbitals. We 
also produce visible harmonics from atomically thin monolayer of hexagonal MoS2, where 
the measured anisotropy is six-fold as expected [4]. We find that the per atomic layer 
conversion efficiency is higher in a monolayer compared with that in bulk, suggesting 
strong electron-hole correlation effects in two-dimensional systems. 

 

 
 

Figure 1: Crystal orientation dependence of HHG. a) Experimental setup showing crystal 
structure of MgO b) measured angular distribution of harmonics from 13th to 21st order 
and c) is the integrated intensity (line out) of various harmonic orders. 
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