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That burning plasma are complex self-organized 
systems is widely recognized [1,2,3], yet it poses 
extremely challenging questions to actually addressing 
the fundamental physics underlying their behaviors and, 
ultimately, to developing a reliable predictive capability 
of reactor relevant plasma operation and performance. 
In order to properly describe the slowly evolving 
nonlinear equilibria characterizing self-organized 
burning plasmas, one needs to lift transport description 
to the phase space [4,5,6], thereby capturing deviations 
from local thermodynamic equilibrium. The zonal state 
represents a portrait of nonlinearly evolving magnetized 
tokamak plasmas [4,5]. It consists of (i) phase space 
zonal structures (PSZS) [1,3]; which are undamped by 
fast collisionless processes and reflect the meso- and 
macro-scale toroidally symmetric particle distributions, 
(ii) their fast-varying spatiotemporal counterpart, (iii) 
zonal electromagnetic fields (ZFs) [5], and (iv) a finite 
level of toroidal symmetry breaking fluctuations. 
Meanwhile, behavior of burning plasmas inevitably 
reflects the properties of the Alfvénic state [7,8]; i.e., it 
exhibits properties of large shear Alfvén waves [9] that 
can exist for long times without being broken by 
nonlinear processes [10]. This is also intimately 
connected with the natural excitation of short 
wavelength kinetic Alfvén waves (KAW) [11] by mode 
conversion, which renders the behavior of burning 
plasmas intrinsically global [2]. The properties of 
Alfvénic state, of shear Alvén waves and their short 
wavelength counterpart, KAWs, also impact the zonal 
state, in particular the ability of generating ZFs. In this 
work, the self-consistent evolution of the zonal state will 
be analyzed in the presence of KAW excited nonlinearly 
in the self-consistent plasma evolution. We will show 
that these processes are important with or without a 
population of energetic particles (EP) dominating the 
plasma response. In particular, we will report about 
results obtained with GTC [12] and ORB5 [13] 
nonlinear gyrokinetic codes. We will also illustrate the 
predictive capability of the phase space transport code 
ATEP [14], with emphasis on the EP transport by 
toroidal Alfvén eigenmodes (TAE) in the ITER 15 MA 
case. 
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