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Experimental exploration of light—relativistic plasma interactions
at extreme intensities
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By tightly focusing petawatt-class, ultra-intense, ultrashort laser pulses in space and time, matter is instantaneously
ionized, forming plasmas in which electrons oscillate at near-light velocities. These conditions generate relativistic
plasmas, where charged particle dynamics are strongly coupled to extreme electromagnetic fields and light-matter
interactions evolve in highly nonlinear ways.

Within such plasmas, a number of exotic phenomena have been theoretically predicted but not yet experimentally
demonstrated. One key example is relativistic birefringence arising from anisotropic electron temperature distributions.
This project aims to provide the first experimental verification of this effect. Clarifying how electron density and
temperature anisotropy determine relativistic plasma birefringence will enable active control of plasma refractive indices.
Such control would allow simultaneous manipulation of the temporal waveform and polarization state of ultra-intense
laser pulses. In particular, generating a circularly polarized pulse with an extremely sharp, delta-function-like rising edge
would open a new regime for particle acceleration. This capability could enable efficient acceleration and extraction of
superheavy elements and short-lived nuclei to high energies and charge states, which are difficult to achieve using
conventional technologies. Ultimately, this research seeks to establish a novel, compact heavy-ion accelerator, with

transformative impacts on astrophysics, nuclear physics, and related scientific fields.
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