
Saturation Levels in Turbulence with Large-Scale Stable Modes 
 

P.W. Terry, M.J. Pueschel and K.D. Makwana 
University of Wisconsin-Madison, Madison, Wisconsin  53706 

 
 
Plasma microturbulence is responsible for anomalous transport in tokamaks, RFPs, and 
stellarators.  Despite its importance, the saturation of driving instabilities, which governs 
fluctuation levels and transport rates, is not well understood.  In ion temperature gradient 
(ITG) turbulence, for example, zonal flows are critical for saturation, as is well known, 
but they have a critical role in catalyzing energy transfer to large-scale energy sinks (in 
the unstable wavenumber range) associated with damped modes.  The way in which the 
saturation level of the instability depends on the damped-mode levels and dissipation, in 
conjunction with the zonal flow levels and dissipation, is not understood.  This issue is 
considered here. 
 
We consider the saturation of ITG turbulence in both gyrokinetic and reduced models.  In 
the Cyclone base case, numerical solutions calculated with the GENE gyrokinetic code 
show that thousands of damped modes are excited in the unstable wavenumber range.  
Energy is transferred from the unstable mode to these modes in a parallel fashion 
(through the intermediary of the zonal flow), meaning that each mode receives energy 
directly and simultaneously from the unstable mode, in analogy to resistors in parallel 
with a voltage source.  (The cascade in perpendicular wavenumber is more like a series 
circuit.)  We show that when the damped modes are represented by the eigenmodes of the 
linear operator, and controlled for adequate resolution, there is an equipartition of energy 
dissipation rate for a significant, energy-containing subset of the modes.  We investigate 
whether the number of modes associated with equipartition is governed by a weak 
turbulence condition. 
 
The equipartition of energy dissipation rate sets the ratio of damped mode level to 
unstable mode level, but not the absolute levels.  To investigate absolute levels we 
consider a reduced model for ITG turbulence with a single damped mode and zonal flows.  
Based on earlier numerical studies we focus on the dominant energy transfer channel, 
which couples the unstable mode, the zonal flow, and the damped mode.  A statistical 
closure calculation shows that the zonal flow level drops out of the zonal flow equation, 
giving rise to a direct constraint on turbulence levels, such that larger zonal flow damping 
yields larger turbulence levels, independent of zonal flow shearing.  The cross correlation 
between the unstable mode and the damped mode is strongly driven, and plays an 
important role in setting overall fluctuation levels.  With these analyses as a foundation, 
we will seek simple physics-based saturation rules that account for the large-scale energy 
sinks associated with damped modes. 


