
 

Effects of ion trapping on the nonlinear evolution of drift turbulence 
 

Madalina Vlad 

 

National Institute of Laser, Plasma and Radiation Physics, 

P. O. Box MG-36, Magurele, Bucharest, Romania 

 

Test modes on turbulent plasmas were studied by developing a semi-analytical approach that 

takes into account the process of ion trajectory trapping (eddying) in the structure of the 

background potential. The case of drift turbulence in constant magnetic field was considered, 

and the frequency ω and the growth rate γ were determined as functions of the statistical 

properties of the background turbulence. The main characteristics of the evolution of the 

turbulence were deduced from γ and ω. 

A different physical perspective on the nonlinear evolution of drift turbulence is obtained. The 

main role is played by the trapping of the ions in the stochastic potential that moves with the 

diamagnetic velocity.  

Trapping determines the nonlinear evolution of the drift turbulence to a stationary time 

dependent state in which the amplitude and the correlation length oscillate and zonal flow 

modes are transitory appear. The growth and the decay of turbulence in this state are produced 

on different paths (hysteresis process). Large scales (increase of the correlation length λ) are 

generated at the increase of turbulence amplitude β when trapping is weak (the fraction of 

trapped ions is small, ntr<<1). Later in the nonlinear evolution when trapping is stronger and 

produces ion flows, turbulence amplitude continues to increase but accompanied by the 

decrease of the correlation length and by spontaneous generation of zonal flow modes. Then, 

when ntr ≃1/2, both components of the turbulence are attenuated until the weakly nonlinear 

regime is attained (ntr  becomes small and the ion flows are negligible). A closed evolution 

curve in the (β, λ) space is described by the turbulence, which remains in the nonlinear stage 

characterized by trapping and oscillates between weak and strong trapping. The predator-prey 

paradigm is not sustained by these results, although there is time correlation between the 

growth of zonal flow modes and the damping of the drift modes.  

In conclusion, this first principle semi-analytical approach is able to describe the complex 

evolution of drift turbulence and yields results in agreement with numerical simulations. 
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