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Relativistic kinetic turbulence
Four motivations:
• Ubiquitous in high-energy astrophysics (AGN, GRB, PWN, XRB, etc.)
• Essentially unexplored regime of turbulence
• Ideal setting for studies of nonthermal particle energization
• Viable with first-principles particle-in-cell (PIC) simulations

Questions fall into two categories:
1. What are the statistical properties of the turbulence?
2. What are the kinetic properties of the particles?
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Key questions about turbulent particle energization

• Is turbulent particle acceleration a viable and efficient source of nonthermal 
electrons or ions?

• Can collisionless dissipation of turbulence naturally establish a two-
temperature plasma? What is the electron-ion heating ratio?

• How do results depend on plasma parameters? (e.g., magnetization, plasma 
beta, system size, temperature)

• What are mechanisms of heating and/or acceleration? (Fermi mechanism, 
gyroresonance, magnetic reconnection, shocks, etc.)

• How does radiative cooling influence the results?
• What are the observable radiative signatures from such a setting?

One motivation: hot accretion flows onto black holes (nonthermal radiative 
signatures, two-temperature plasma models)
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Radiative turbulence
• In many high-energy astrophysical systems, electrons/positrons are 

radiatively cooled (synchrotron, inverse Compton, etc.)

• In principle, rigorous statistical steady state may be obtained by 
balancing energy injection (from driving) with radiative cooling

• However, for collisionless electron-ion plasma, steady state requires an 
efficient thermal coupling mechanism between electrons and ions…

Key questions:
1. Do electrons and/or ions attain a steady state temperature? 
2. Does radiative cooling influence nonthermal particle distributions?

3. What are observable radiative signatures? (spectra, beams)
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