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Abstract: We demonstrate that quartz and sapphire undergo an ultrafast semi-metallization transition induced by strong few-cycle 

optical pulses, allowing current to flow within a femtosecond time interval. The similarity in response of both materials, despite the 

significant differences in their physical properties, confirms a physical picture of formation of localized Wannier-Stark states. This 

study suggests that optical-field-induced semi-metallization offers a means of ultrafast control of dielectric media and currents in them, 

opening up the doors to further developments. 

 

The first demonstration of semimetal transition of 

fused silica induced by a strong light field was 

reported by Schiffrin et al. [1]. A question pursued in 

this study is: what are responses of other solids to a 

strong light field? 

We made a comparison between two different 

dielectric media, quartz (Eg=9.0 eV) and sapphire 

(Eg=8.8 eV). The static dielectric constant for quartz 

is εr = 4.51, whereas that of sapphire is εr = 8.91. 

Since dielectric polarization of an insulator by an 

applied electric field is characterized by the 

dielectric constant, one can expect that responses to 

this field might be very different for quartz and 

sapphire. 

We performed a series of experiments to compare (i) 

CEP- and (ii) field amplitude-dependence of the 

transferred charge for quartz and sapphire. 

CEP-stable, ~4 fs, few-cycle optical pulses were 

focused onto a gold-dielectric-gold junction. The 

maximum peak field strength at the focus could 

reach as high as more than ~2V/Å . Due to this laser 

field, electrical charges are transferred between 

energy bands in the dielectric and transported in 

space between the electrodes, resulting in current. 

 

Figure 1 : Transferred charge versus CEP 

Figure 1 shows the CEP-dependent transferred 

charge per pulse, QP, with respect to the change of 

propagation length in wedge ∆l, or equivalently CEP 

change ∆φCE, at a given field strength for quartz 

(blue) and sapphire (red). We note that QP oscillates 

periodically with ∆l, at a period that corresponds to a 

CEP change of 2π radians for substances. 

 

Figure 2 : Transferred charge versus internal field strength 

The maximum transferred charge |QP(∆φCE = 0)| 
as a function of field strength E0 for quartz (blue) 

and sapphire (red) is depicted in Figure 2. Since it is 

the field strength inside the medium that is relevant 

in light-matter interactions, we convert the field 

strength in the air into an internal field in the me-

dium using the Maxwell boundary conditions. We fit 

the curves for quartz and sapphire to each other by 

adjusting arbitrary normalization coefficients. An 

almost perfect overlap in Figs. 1 and 2 suggests 

universality of the charge transfer (current genera-

tion) for these crystals. 

This is in agreement with the optical field-induced 

charge transfer stemming from the strong Wannier 

-Stark localization of carriers. This phenomenon 

leads to charge carriers localized as identical wave 

packets at sites of the crystallographic lattice. An 

electron localized within such a length less than the 

lattice constant, obviously, cannot explore the 

long-range structure of the crystal. This explains the 

pronounced similarity of the strong-field phenomena 

for such dissimilar crystals as quartz and sapphire 

established experimentally in this study. 
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