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In theoretical fusion research, much attention has been paid to the plasma turbulence which is
considered to cause the anomalously high heat and particle transport. The first principle gyrokinetic
simulations have played a significant role in plasma turbulence study, and the results of these simulations
are compared with heat and particle transport level in some experiments. For example, ion heat transport
level with the presence of a steep ion temperature gradient (ITG) can be predicted by ITG driven turbulence
simulations. Still difficult to explain is the electron heat transport, which would be quite important
in future fusion reactors. This thesis tackles with the electron heat transport to achieve two important
consequences

First, we carried out gyrokinetic simulations for the electron heat transport and found that the
electron temperature gradient (ETG) turbulence can be regulated by zonal flow driven by trapped electron
modes (TEMs). Through the comparison of the simulation results employing adiabatic and kinetic ion models,
we investigated effects of the TEMs on ETG turbulence. The adiabatic ion model can treat the ETG modes,
while the kinetic ion model can deal with TEMs in addition to ETG modes. In the kinetic ion case, we found
the ETG turbulence can be regulated by the TEM—driven zonal flow. By contrast, the zonal flow is not strongly
generated in the adiabatic ion case, since the TEMs are stable in the adiabatic ion case. Correspondingly,
the electron heat transport level is reduced only in the kinetic ion case

Second, the mechanism of the regulation of the ETG turbulence by zonal flows is investigated by
nonlinear entropy transfer analysis. To begin with, in order to identify the source of zonal flows, we
analyzed the entropy transfer process from turbulence to zonal modes. The entropy transfer process from
the TEMs to the zonal modes is found in the kinetic ion case, but not found in the adiabatic ion case
Thus, it is concluded that the strong zonal flow found in the kinetic ion case is driven by TEMs. Then
the role of the zonal flows in the steady state was also investigated. In the kinetic ion case, it turned
out that the zonal flows meditate the entropy transfer of the ETG modes from low to high radial wavenumber
regions. This is the direct consequence of the regulation of the ETG turbulence by TEM-driven zonal flows.




