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The interaction of coherent light with matter can modify the electronic structure of a solid through 

dressing of the band structure with photons, which can be exploited to engineer new material properties, 

modify carrier-excitation dynamics, and influence transport processes [1]. Attosecond measurements of 

semiconductors can resolve such light-matter interactions temporally, and were previously able to 

identify the signatures of light-induced tunneling [2], third-order polarizations [3] and dynamical Franz-

Keldysh effects [4].  

Here, attosecond extreme ultraviolet (XUV) transient 

reflectivity is developed and used to monitor the real-time 

photoexcitation dynamics of single-crystalline germanium 

following the promotion of carriers by sub-5 fs optical pulses 

from the valence (VB) into the conduction band (CB).  

The buildup of holes and electrons in the VB and CB is 

monitored on attosecond time scales by the change in XUV 

reflectivity at the germanium M4,5 edge (30 eV) 

corresponding to promotion of 3d electrons into unoccupied 

valence states. The overall reflectivity changes (Fig. 1) can 

mainly be attributed to the newly created electrons and holes.  

The pump-probe overlap region shows strong 

periodic modulations of the XUV reflectivity signal 

around the band gap (30 eV in Fig. 2a) and also at 

energies up to 10 eV higher than the band gap. A 

Fourier analysis (Fig. 2b) reveals a multitude of 

frequencies involved in the photoexcitation 

response. The periodicity in photon energy 

(vertical axis Fig. 2b) is given by the pump pulse 

frequency, which is indicative of the creation and 

coherent population of laser-dressed Floquet-Bloch 

bands. The frequencies (horizontal axis Fig. 2b) at 

a given photon energy result from a field-driven population transfer at twice the frequency (3.6 eV) of 

the pump pulses, and from the coherent excitation of electron hole pairs (2.4 and 4.5 eV) at those regions 

in the band structure with the highest joint density of states between the VB and CB. These coherent 

excitations have a life time of about 10 fs, which is longer than the duration of the pump pulses. 

The results provide direct measurements of the creation of electronic coherences in a bulk 

semiconductor, as well as the prospect of field-control over resonantly excited semiconductors. The 

photoresponse observed in germanium is expected to be representative of most semiconductors, giving 

a fundamental timescale of charged particle interactions in solids.  
 

[1] N. H. Lindner, G. Refael, V. Galitski, Nature Physics 7, 490 (2011). 

[2] M. Schultze et al., Science 12, 346 (2014). 

[3] H. Mashiko et al., Nature Physics 12, 741 (2016). 

[4] M. Lucchini et al., Science 26, 353 (2016). 

Figure 1: Band-gap dynamics of germanium after 

photoexcitation with broadband 800 nm pulses. 

Figure 2: (a) Attosecond dynamics of germanium during 

photoexcitation. (b) The Fourier transform of (a) reveals 

multifrequency oscillations with few-fs and sub-fs periodicities. 


