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The field of laser-matter interaction traditionally deals with the response of atoms, molecules, and 
plasmas to an external light wave. However, the recent sustained technological progress is opening up 
the possibility of employing intense laser radiation to trigger or substantially influence physical 
processes beyond atomic-physics energy scales. Available optical laser intensities exceeding 
1022 W/cm2 can push the fundamental light-electron interaction to the extreme limit where radiation-
reaction effects dominate the electron dynamics, can shed light on the structure of the quantum 
vacuum, and can trigger the creation of particles such as electrons, muons, and pions and their 
corresponding antiparticles. Also, novel sources of intense coherent high-energy photons and laser-
based particle colliders can pave the way to nuclear quantum optics and may even allow for the 
potential discovery of new particles beyond the standard model.  
 
Following the introduction into the physics with strong laser pulses [1, 2], we focus on electron-
positron pair production in strong laser pulses [1-
5]. Then, we discuss how pairs could be enforced 
to recollide, yielding a collider just arising from 
vacuum and light [6]. Special emphasis will then 
be placed on the onset and development of 
cascade processes [1, 7-10], see also Fig. 1, and 
here especially in the head-on collision of two 
realistic tightly focused ultraintense optical laser 
pulses in a tenuous gas [9]. As a consequence of 
the large ponderomotive forces expelling all 
electrons of the gas from the focal volume, we 
demonstrate that the onset of QED cascades may 
be prevented even at intensities around  
1026 W/cm2 by focusing the laser energy almost 
down to the diffraction limit. Alternatively, a well-
controlled development of a QED cascade may be 
facilitated at laser intensities below 1024 W/cm2 
per beam by enlarged focal areas and a rapid rise 
of the pulse or at total powers near 20 PW by 
employing suitable high-Z gases [9].  
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Figure 1: The presence of even a single electron 
at the focus of two colliding ultrastrong laser 
beams can prime an avalanche or cascade 
process in which abundant amounts of electron-
positron pairs and photons are produced.  

 


