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High intensity, femtosecond laser pulses (>1018 W cm-2) can create unusually hot and dense plasmas, enabling laboratory simulation of astrophysical phenomena, relativistic optics, particle acceleration on a table top, real time x-ray diffraction of condensed matter, biological imaging and medical therapies for cancer1. Infrared laser light (~eV photon energy) can create relativistic (> MeV) electrons in a target via collective plasma processes. It is crucial to understand the generation and transport of these electrons but a big challenge is the capture of the experimental signature of a particular phenomenon, given the highly noisy, turbulent and rapidly changing environment in the plasma.  Of particular importance is the spatio-temporal monitoring of the plasma.  
We will examine some aspects of the ultrafast evolution of relativistic electron beam transport in a solid2, its energy dissipation3, megagauss magnetic fields4 that these electrons generate, extremely strong shocks5-7 caused by the laser pulse etc.- all using pump-probe methods.  We will present two-dimensional spatio-temporal evolution of relativistic intensity excited solid plasmas. Our results have interesting implications for laboratory astrophysics8. With the highest intensities breaking the 1023 W/cm2  barrier (CoReLS advance, Optica 2021; also see www.icuil.org) and possibilities opening up for QED experiments, monitoring the dynamics may become even more important.  
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