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Classical transport theory is well established for strongly collisional, unmagnetised/magnetized
plasmas since the 1960s. However, diffuse intergalactic plasmas are often weakly collisional:
the Coulomb mean free path can be comparable to the characteristic gradient scales of
temperature and fluid velocity. In this talk, I will argue that classical transport theory often
breaks down in the weakly collisional plasmas, threaded by dynamically important, albeit
energetically weak, magnetic fields. In such a regime, microscale instabilities (on the order of a
species’ Larmor radius) rapidly generate electromagnetic fluctuations and interact strongly with
particles. These interactions regulate the effective conductivity/viscosity/resistivity of the
medium and alter the macroscopic energy and momentum fluxes. These anomalous effects
must be incorporated into any viable fluid-closure framework for astrophysical applications.
We have recently established a new framework to model anomalous transport that enables
micro-macro crosstalk effectively and uncovered new physical insights on transport processes.
These have profound consequences in galaxy formation and the interpretation of astronomical
observations. Beyond diffuse intergalactic plasmas, these have interdisciplinary applications -
in the hot plasmas near black holes, laboratory plasmas, and inertial confinement fusion.
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