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Seeded QED cascades in ultra-intense 

counter propagating lasers: In this configuration, 
the stimulated pair production is a two-step 
process: nonlinear Compton scattering (emission 
of a hard photon) + Breit-Wheeler (decay of a 
hard photon into a pair). We have investigated the 
pair cascades seeded by electrons in counter-
propagating lasers pulses for ELI parameters. The 
self-consistent modeling of these scenarios is 
challenging since some localized regions of ultra-
intense field will produce a vast number of pairs 
that may cause memory overflow during the 
simulation.  To overcome this issue, we have 
developed a merging algorithm [1] that allows 
merging a large number of particles into fewer 
particles with higher particle weights while 
conserving local particle distributions. This 
algorithm is crucial to investigate the laser 
absorption in self-generated pair plasmas. During 
the interaction, the laser energy is converted into 
pairs and photons and the absorption become 
significant when the plasma density reaches the 
critical density. With the results of 2D and 3D 
PIC-QED simulations (Fig. 1), we will present the 
growth rates [2] of the pair cascades and their 
dependence on the initial intensity of the lasers 

and on the polarization.  A simple analytical 
model for pair cascade will be compared with the 
numeric al results. We will additionally show the 
respective fraction of laser energy transferred into 
pairs and photons for various configurations. 
Finally the efficiency of the laser absorption will 
be discussed [3] 

QED vacuum polarization: Within the 
framework of QED, the second order process of 
photon-photon scattering mediated through the 
exchange of virtual electron-positron pairs leads 
to a set of corrected Maxwell's equations, 
effectively creating a non linear polarization and 
magnetization of the vacuum. To study this 
interaction, we incorporated a robust solver [4] in 
the OSIRIS.  We are thus able to self consistently 
solve the nonlinear Maxwell's equations for a 
broad set of initial conditions. Our simulations 
confirm the theoretical prediction of vacuum 
birefringence of a pulse propagating in the 
presence of an intense background field. Our 
work also shows the generation of high harmonics 
when two counter-propagating pulses interact. A 
perturbative analysis yields an exact form for the 
self-consistent fields in this setup, which closely 
agrees with the simulation results obtained.  
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Figure 1: Development of a 3D cascade. The 
magnitude of the electric field resulting from the 
beating of the two lasers is represented by the color 
bar. The curved lines with arrows represents the 
electric field lines.  


