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 Phase space zonal structures are long-lived formations 
in the particle phase space; that is, phase space zonal 
structures are undamped by (fast) collisionless 
dissipation mechanisms due to wave-particle interactions 
[1]. They play important roles in transport processes, 
since they describe the deviation from local 
thermodynamic equilibrium and affect the nonlinear 
dynamic evolution of the system [1,2]. 
 In this work, we adopt gyrokinetic theory to extract the 
phase space zonal structure from the flux surface 
averaged particle response; and show that phase space 
zonal structures are a proper definition for the nonlinear 
distortion of the plasma reference state [3,4] and, thus, of 
the generally non-Maxwellian neighboring nonlinear 
equilibria consistent with toroidal symmetry breaking 
fluctuations [5]. Evolution equations for phase space 
zonal structures are derived and discussed, along with 
corresponding density and energy transport equations, 
including sources, sinks and collisions. It is shown that 
this approach is consistent with the usual evolution of 
macroscopic plasma profiles under the action of 

fluctuation induced fluxes, when the deviation of the 
reference state from local Maxwellian response is small 
and the equilibrium profiles evolution is considered on 
the macro-scales. In the general case, it allows 
computing the actual deviation of the system from the 
reference state in the presence of a finite level of 
fluctuations. In this way fluctuation-induced and 
collisional transport are addressed on the same footing. 
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