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Abstract 
 

Recently, attosecond soft-xray pulses permit time resolved spectroscopy of electron dynamics in atomic systems. 

Recently, the extension of attosecond techniques to solid-state systems provides us with a time-domain understanding 

of light-matter interactions also in the condensed phase. As example, I will discuss the excitation of electrons across 

the band gap of semiconductors, the resulting band structure modifications and the nonlinear polarization response of 

dielectric materials. 

To explore the most basic step in manipulating the electronic structure of a semiconductor, attosecond solid-state 

spectroscopy (Fig. 1) is applied to time resolve how electrons are excited across the band gap of silicon in a time-

resolved variant of X-ray absorption spectroscopy1.  

The measurement reveals a sub-femtosecond response time of the optical excitation and a bi-exponential evolution of 

the pump-light induced changes of the signal with time constants of 5 fs and 60 fs. That indicates that the electronic 

response is completed before the subsequent band gap modifications due to the lattice motion occur. 

In contrast, attosecond polarization sampling reveals that fused silica (SiO2) subjected to similar excitation conditions 

exhibits a transient polarizability that follows the turn-on and turn-off behavior of the driving laser electric field in a 

similar sub-cycle fashion but without lasting transfer of electronic population2. The experiment tracks the energy 

exchange dynamics between light-field and solid and reports on the response time as well as the instantaneous intensity 

scaling of the underlying optical nonlinearities. The instantaneous recovery of the samples electronic properties after 

passage of the laser field implies that the increase in optical polarizability can be turned on and also largely turned off 

at the time scale of the optical period. 

 

Figure 1. Attosecond spectroscopy of solid state electron dynamics: A few-cycle visible laser pulse excites electrons 

across the band-gap (schematically shown for silicon). The photo-doping alters the samples XUV absorbance due to 

electronic interactions and coupling to the lattice degrees of freedom and is probed by a time delayed attosecond 

pulse. 

References 
 

1. Schultze, M. et al. Attosecond band-gap dynamics in silicon. Science 346, 1348–1352 (2014). 

2. Sommer, A. et al. Attosecond nonlinear polarization and light–matter energy transfer in solids. Nature 534, 

86–90 (2016). 

 


