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Light is an electromagnetic wave. Yet, when it interacts with matter, it often shows its corpuscular 
nature. Absorption of a photon, for instance, leads to a quantized excitation of an electron from one 
eigenstate to another. The advent of atomically strong laser pulses featuring a constant electric-field 
shape has opened the door to a new strong-field limit, where the lightwave acts like a classical 
acceleration force, field-ionizing an atom and accelerating the electron until it recollides with its 
mother ion. This is the process underlying high-harmonic and attosecond pulse generation [1]. 
Recently high-harmonic generation has also been found in crystalline solids. The lightwave-driven 
dynamics, however, are different from the atomic case since the electron moves in a lattice-periodic 
potential that gives rise to an electronic band structure. 
 

 
 
We employ atomically strong phase-locked light pulses in the terahertz range (1 THz = 1012 Hz) to 
generate high-harmonic radiation covering more than 13 optical octaves in bulk semiconductors. THz 
transients are ideally suited to act as classical driving fields since their photon energies are orders of 
magnitude below fundamental bandgaps of typical semiconductors [2]. We trace the electron dyna-
mics on time scales substantially shorter than a single oscillation cycle of the driving waveform and 
reveal a coherent interplay of dynamical Bloch oscillations and a novel strong-field quantum inter-
ference between various energy bands [3]. Strong THz fields can also accelerate and collide electrons 
and holes that form excitons in the dichalcogenide WSe2. This novel concept of a quasiparticle collider 
provides key insights into the structure and dynamics of quasiparticles in a similar way to how 
conventional accelerators expose the nature of elementary particles [4]. Finally, we combine the idea 
of lightwave electronics with the sub-angstrom spatial resolution of a low-temperature scanning 
tunneling microscope, to control the quantum motion of individual electrons in a single orbital of one 
molecule. Utilizing this process, we take the first-ever femtosecond snapshot images and movies of a 
single vibrating molecule directly in the time domain and do so with sub-angstrom precision [5]. Our 
results offer a radically new way of accessing the microcosm at optical clock rates. 
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Fig. 1 | a, Time structure (blue
curve) of THz-driven high-
harmonic pulses from bulk 
GaSe in direct comparison with
the driving THz waveform
(black curve). b, Femtosecond
snapshot of a single orbital of an
individual pentacence mole-
cule. Inset: Out-of-plane vibra-
tions of this single molecule are
directly resolved in space and 
time. 


