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Recent simulation studies of magnetic fusion plasma revealed the existence of cross-scale

interactions between electron and ion-scale turbulence [1, 2]. In anticipation with understand-

ing of generic features of cross-scale interactions and developing a reduced model, we have

developed a methodology for extracting and modeling cross-scale interactions between large

and small-scale fluctuations by means of the Mori-Zwanzig projection operator method [3] as

a practical tool for statistical analysis of simulation data. By applying it to the one-dimensional

Kuramoto-Sivashinsky turbulence, physical interpretations obtained from the projection and the

relevance to modeling are discussed in the latest publication [4].

In this talk, we have applied our methodology to the two-dimensional resistive drift wave tur-

bulence described by Hasegawa-Wakatani equation. The projection operator method describes

the governing equation of the variables of interests in a form of the generalized Langevin equa-

tion. In this study, we have applied it to the nonlinear interaction term of drift wave turbulence

on zonal flows (i.e., Reynolds stress), and thus split the term into the Markov and memory

terms having correlation with zonal flows, and the residual uncorrelated term. From the coeffi-

cient evaluated from simulation data, the correlated terms have damping effects on zonal flows,

while the uncorrelated term is to be modeled as a stochastic forcing. This suggests physical

meanings of nonlinear interactions of turbulence on zonal flows as follows. The terms correlated

with zonal flows represent zonal flow-turbulence interactions, by which zonal flows typically

tend to be disturbed in the presence of turbulent flows. On the other hand, the term uncorrelated

with zonal flows represents turbulence-turbulence interactions. It statistically drives (or damps)

zonal flows when the phase of turbulent eddies matches. Relation between our new perspective

of the generalized Langevin interpretation of turbulence interactions and conventional theories

(e.g., modulational or Kelvin-Helmholtz instability) should be discussed in future.
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