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With the development of ultraintense laser facilities, laser plasma interaction enters a 
completely new regime, where new phenomena related to nonlinear QED processes are 
expected to occur, such as copious γ-photon generation, electron-positron (e−e+) pair 
production and QED cascade, etc. Several 10PW scale laser facilities currently under 
construction, such as ELI and Apollo in Europe and SULF in China, will provide the 
possibility for experimental test of these predicted phenomena in the near future. Moreover, 
these ultra-high power laser facilities may allow one to study some extreme astrophysical 
phenomena in lab, such as relativistic e−e+ jets formation. They are ubiquitously found in 
black holes (BHs), pulsars and quasars, and are associated with violent emission of 
short-duration (milliseconds up to a few minutes) gamma-ray bursts.  
We investigate the QED cascade and consequent relativistic e−e+ formation from 
counter-propagating laser-irradiated ultrathin foils. We present a scaling law of QED 
cascade growth with laser intensity, which shows that QED cascade saturation occurs at 
laser intensities just exceeding 1024 W/cm2. QED cascade saturation results in highly 
efficient conversion from laser photons to e−e+ pairs with a conversion efficiency of the 
order of 10%. A high-yield (≥ 1013) ultradense (1024 cm-3) e−e+ bunch is produced, causing 
the plasma to become opaque to incident lasers. This finally leads to the emergence of a 
new high-field phenomenon, which is different from early discovered radiative trapping 
and we call it QED pair-plasma squeezing. Consequent relativistic e−e+ jet formation along 
the transverse direction and high-harmonic generation (HHG) along the longitudinal 
direction have been observed as the plasma squeezing effects become significant. The 
laser-driven relativistic jets formation opens up the opportunity to study energetic 
astrophysical phenomena in laboratory, and the HHG discovered here provides a promising 
way to experimentally identify these phenomena. 
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