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Generation and acceleration of linear Breit-Wheeler
positrons in ultra-intense laser plasma interactions
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Creation of electrons and positrons via binary photon collisions, i.e. the linear Breit-Wheeler (BW) process,
is a basic prediction of quantum electrodynamics, but it is yet to be observed in the laboratory. Motivated by
experimental capabilities of newly constructed laser facilities and by recent developments in target fabrication,
we have performed PIC simulations supplemented by a post-processing algorithm that have shown that over
107 linear BW pairs can be produced by a single laser pulse [New J. Phys. 23, 115005 (2021)] and over 10®
linear BW pairs can be produced by two colliding laser pulses [Comm. Phys. 4, 139 (2021)] propagating inside
a structured plasma channel. The simulations use an experimentally achievable laser intensity in the range
of 10*2 W/cm?®. We have also found that the pair yield from the linear BW process dominates over the yield
from the nonlinear BW and Bethe-Heitler processes [Phys. Plasmas, 29, 053105 (2022)].

In order to assesses the dynamics of the linear BW positrons, we have recently developed a first-ever fully ki-
netic code for predictive simulations of the linear BW pair creation in high-intensity laser-matter interactions
and the subsequent positron acceleration. Using this new tool, we found that the linear BW pairs created
in both setups can form collimated positron beams with a narrow divergence angle and energy in the GeV
range. Our results suggest feasible experimental setups for the observation of the linear BW process in the
laboratory and for generation of collimated energetic positron beams. Our findings also indicate that one
should no longer automatically assume that the yield of the linear BW process is inferior to the yield from
the nonlinear BW process, so the linear BW process must be included when considering ultra-intense laser
plasma interactions.
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