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Rapid progress of laser technology will enable to use focused laser field to break the 
vacuum, namely conversion from photon energy to electron-positron energy.  This 
may be one way to produce highly relativistic fireball of pair plasma, which may 
probe exotic physics in high-energy astrophysics.  It is also a real experiment for the 
so-called Gedanken-experiment proposed by N. Bohr in 1930s [1]. 

We have developed a computational code with linear and non-linear quantum 
electrodynamics effects.  We have focused on vacuum breakdown triggered by 
gamma-ray generated by electrons in extremely strong electromagnetic field.  
So-called radiation damping is very important to induce Breit-Wheeler process with 
the gamma-ray and laser photon, namely, γ + γ’ →	 e+ + e-. 

In the numerical scheme, gamma-ray and pair production is calculated with 
Monte-Carlo method and main part of electrons and positrons are modeled as PIC 
code.  Growing number of the pairs in plasma generates additional component of 
electromagnetic current which modifies the solution of Maxwell equations. This 
pump depletion is solved self-consistently in PIC code 

We will discuss the vacuum break down condition in tightly focused laser field.  
With use of the nonlinear Breit-Wheeler pair production cross section [2], we expect 
it reduce the threshold laser intensity for breaking the vacuum, the details of which 
will be presented in our talk. 
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