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     With the increase of laser intensity, the interaction between particles and fields enter the radiation 
dominated regime and then as the interaction becomes highly nonlinear the quantum effects come into play. 
For the fields of even higher intensities the vacuum breakdown becomes 
possible. These effects are a part of a new emerging branch of physics, 
namely the High Intensity Particle Physics (see Fig. 1) [1], which 
occupies a significant region in the Standard Model parameter space and 
is largely unexplored both theoretically and experimentally, since these 
effects, which were previously believed to be of theoretical interest only, 
are now becoming experimentally accessible. One of the open questions 
of the high intensity particle physics is the back reaction of the processes 
of either pair production or photon emission on the intense EM field. 
Usually these processes are considered using the external field 
approximation. However, it was recently pointed out that the creation of 
new particles can lead to the depletion of the EM field energy, which 
means that the approximation of the external field is no longer valid in this case.  
     The problem of the backreaction during the process of electron-positron pair production by a circularly 
polarized electromagnetic wave propagating in a plasma [2] is a model case that can be used to characterize     
the depletion effect. The approach to this problem is based on the relativistic Boltzmann-Vlasov equation 
with a source term representing the Schwinger formula for the pair creation rate. The damping of the wave, 
the nonlinear up-shift of its frequency due to the plasma density increase and the effect of the damping on 
the wave polarization are shown as a function of the wave amplitude. 
     The interaction of electrons, positrons, and photons with 
intense electromagnetic fields gives rise to multi-photon 
Compton and Breit-Wheeler processes. It is shown that 
electrons and/or positrons undergo a cascade-type process 
involving multiple emissions of photons. These photons can 
consequently convert into electron-positron pairs. As a result, 
charged particles quickly lose their energy developing an 
exponentially decaying energy distribution. Moreover, the 
multi-photon nature of Compton and Breit-Wheeler processes 
implies the absorption of a significant number of photons. As 
a result, the interaction of a highly charged electron bunch with 
an intense laser pulse can lead to a significant depletion of the 
laser pulse energy, thus rendering the external field 
approximation invalid (see Fig. 2) [3]. We found this to happen when the laser pulses are sufficiently intense 
(a0 ∼ 103) and a lower bound for the number of electrons in a volume of a laser wave-length cubed is 
exceeded, namely N~6.8 × 1011 γ 0.92 a−1.08. It is expected that this threshold will be overcome in the case of 
EM avalanches. As a consequence, laser depletion will not just be due to the creation of e+e− pairs as 
considered previously, but must also be taken into account in laser photon absorption.  
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Figure	1.	Cube	of	theories	from	[1]. 

Figure	2.	The	number	of	radiating	electrons	
required	to	see	significant	depletion	plotted	as	a	
function	of	γe	and	a0.	The	dashed	white	curves	
represent	𝜔"Δ𝑥 ≫ 1	so	that	photon	emission	is	
incoherent	across	the	relevant	parameter	space.		


