
Physical problem description 
 
          
 
 
 
 
 
 
 
 
 
 
 
 
The research was completed on the basis of numerical 
modeling using the PICADOR PIC-code[2]. We pay particular 
attention to the 1D geometry. A low-density pair plasma is used 
to initiate the cascade. 
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Introduction 
 
         In this work we study self-consistent pair plasma 
dynamics in colliding linearly-polarized laser pulses of extreme 
intensity (1025-1026 W/cm^2). At these levels of laser fields, 
qualitatively new processes manifest: emission of photons, 
which can carry a significant part of the parent electron’s (or 
positron’s) energy, and decay of these photons into electron-
positron pairs[1]. We research capabilities of electromagnetic 
cascades in colliding laser pulses of extreme intensity. 
 

The instantaneous 
plasma density 
distribution on this 
stage is strongly 
influenced by the 
type of trapping 
regime, which is 
dominating at the 
current amplitude[3]. 
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Conclusion 
 
        It was found that for field amplitudes above a certain threshold 
electromagnetic cascading can lead to creation of thin (on a wavelength-
scale) current sheets with extremely high plasma density (exceeding 
1027 cm-3). These alternating-sign current sheets separate regions of the 
gigantic quasistationary meander-like magnetic field. For higher 
amplitudes, quasistationary magnetic field magnitude can reach values 
up to the initial falling wave amplitude, and energy conversion into the 
magnetic field can exceed 20%.  
 

Magnetic field and plasma density 
evolution 
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Every half-period of the falling wave 
forms a new current layer in a null 
point of the magnetic field. 
The alternating-sign current 
structure in a 1D geometry creates 
a meander-like magnetic field. 

For field amplitudes 
above a certain threshold 
(a>a0) the characteristic 
time of cascade growth τ 
becomes significantly 
less than the wave 
period (τ<<T). 

E experienced by 
particles ends 
abruptly, leaving a 
residual current 

front edge of the 
wave moves all seed 
particles to x=0 

electric field is pushed 
out of the high plasma 
density volume 

particles oscillate and 
multiply exponentially 
in standing wave 
structure 

plasma slowly 
occupies more 
volume, pushing 
the falling wave out 

Growth rates 

Quasistationary magnetic field vs initial amplitude 

Well approximated 
by linear fit 
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