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Motivation PIC-Method
At laser intensities beyond 1025% QED processes will become essential to understand laser propagation The kinetic approach leads to Boltzmann-type equations for charged particle and hard photon distribution
and laser plasma interaction. We extend a PIC code to study this question. ) functions ER
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Strong Field processes depend on the field scalars S = (E2 -B%/E2, P = E - B/ Eg and on the dyan- Je(X.p, 1) |dk d3k (k. p) + fd k d3p (k. p)fy(x. k. 1)
mical quanum parameters of the seed particle, an electron or positron with velocity v, or a y-photon with
momentum k" EB E.B
eh \/ eh 2k O dW™ %
= —./[-(Fpp¥)? and k=— \/—(F k)2 (1) cRo _ |43 rad _ 3 pair
X =3\~ Fp 3N O+ g ok = [€p — 2SR Ak p 0 + S p0] - k) [Ep—=p) @
Probability rates of induced QED processes in a general external field can be expressed as W(y, S, P). For
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In a constant crossed field the probability ra- /\ one obtains a PIC code for a plasma of elec-
te of an electron at energy e radiation a y- !_2 xz_l |J |J+1 ;2 ;3 trons, positrons and photons interacting by
photon with energy w is N | radiadion process and pair creation. )
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and of a y-photon with energy w converting

to a pair of electron and positron 1s
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Spontaneous pair creation

Spontaneous creation of an electron positron pair from vacuum by an electromagnetic field with invari-

ants S and % 1s governed by the invariant electric field parameter a = \/ \/ S2 + P2 — S and the invariant

magnetic field parameter b = \/ VS2+ P2+ 8
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Particles are produced in the rest frame of the electromagnetic field, therefore can acquire a high boost

factor with respect to the lab frame. This is the case if asymmetric pulses are used ([LR11], [KRLR12]).
agw” <1
aws —

S
0

In this case r =
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The rapidity yg of the moving rest frame (left

scale) and expected number of pairs (right
scale) for r = 1, 0.1, 0.01 at fixed a(s)a)s/m =
1.
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Starting from a single electron i1n the

1000

focus, a QED cascade will develop

# pa

Total particle number in simulation, starting

from one electron, rotating electric field at in-

tensity Iy = 1.0 x 10225

For a homogenous rotating electric field E = (Eqcos wt, Eg sin wt, 0), an analytic estimate ([FNMK10])
gives that the number of electron produced by a QED cascade scales as N(7) = N()ert with T o« E1/4 Vow.
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Laser collision at [, = 5 x 10%°-%
“’ ding. Setup at start of
Evolution of particle Density of particles, Density of photons,
and photon numbers projection in y — z plane projection in y — z plane
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