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Due to the advent of 10 PW petawatt (PW) [1,2], and
even the possibility of 100 PW laser systems [3] there
has been a strong interest in studying nonlinear quantum
electrodynamics using them [4]. We have shown that by
upshifting laser light with mirrors moving at relativistic
velocities photon-photon scattering induced by the
vacuum could be measured with these types of lasers [5].
Theoretically [6], numerically [7], and experimentally
[8-11] relativistic flying mirrors based on the breaking
plasma wave properties have been shown to be able to
up-shift laser light via the double Doppler effect. We
have shown that even laser pulses having near relativistic
intensities can be reflected and up-shifted by relativistic
flying mirrors formed by breaking wake waves in
underdense plasma [12]. Here we continue this

investigation looking at the focusing of the reflected light.

We do this with 2D particle-in-cell simulations using the
EPOCH code [13].

In the simulations we start with a focusing laser pulse
(driver) to generate the relativistic mirror and a
de-focusing laser pulse (source) to be reflected. Two
laser pulses one focusing and one defocusing having
wavelengths of A=1 pum, initial intensities of 1.25x10~
W/cnr and pulse durations of 4 pm (FWHM) collide in a
plasma. We choose a density of n=1.75x10" cm". The
simulation domain is chosen to be 40 um x 60 pum in the
x and y directions, respectively. The resolutions are
A=M2048 and A=A/128 in the x and y directions,
respectively. The results show that at even at these
intensities there is an up-shift of the de-focusing pulse
and focusing of the reflected pulse.

We will present details of this along with the prospects
for measuring photon-photon scattering with a
combination of such up-shifted laser pulses.
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