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Rationale for nomination:

Comparing between W7-X and LHD results tells us which way we should move toward configuration
optimization in stellarator/heliotron devices. Prof. Kenji Tanaka and LHD group has been studying transport
study intensively in collaboration with the W7-X people [1]. His recent study has shown that the energy
confinement in ECH plasmas has a transition at density dependence in LHD, and that the dependence is related
to ITG and resistive interchange mode. In stellarator/heliotron devices, ion scale turbulence may play an
essential role in energy confinement and plasma performance. In LHD, the gyrokinetic linear calculation by
GKV code including kinetic electron and collisionality effects shows that ITG growth rate decrease
monotonically with increase of density, while the growth rate of resistive interchange turbulence in the bad
average curvature calculated from two-fluid-MHD equations rises above the transition density. He has been
trying to clarify the turbulence optimization criteria from the LHD and W7-X results. His talk will provide us
understanding of the role of turbulences on radial transport.

Prof. Tanaka prefers to participate in the ISHW2022 remotely due to the current unstable status in Europe.
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In stellarators and heliotrons, ion scale turbulence plays an
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essential role in limiting energy confinement and fusion
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example, thanks to the so-called stability valley in W7-X [1],
a reduction of ion scale turbulence was achieved by enhancing
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mode (ITG) as well as trapped electron mode (TEM) sofem2% 1., . ... ...
turbulence were simultaneously suppressed, resulting in the 12:8,(@ T
condition of elevated a/L, ~ a/Lt. However in low-density gas g 3:8 3 WHK
fueled ECRH plasmas with 71,~2 X 10®m™3 ion scaled E oy NM:
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turbulence. Figure 1 (a) for LHD shows the density = 0 ]( ]
dependence of energy confinement time (tg) at constant ECRH e Y
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stellarator confinement scaling ISS04 shows a positive density  Fjg | LHD: Density dependence
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043 suggesting transition of confinement

reduces to 1 ~ n
characteristics. Figure 1 (b) show that density fluctuation measurements by 2D-PCI feature a minimum
in 7i/n around this transition density. The gyrokinetic linear calculation by GKV code including
kinetic electron and collisionality effects shows that ITG growth rate (yirg) decrease monotonically
with increase of density as shown in Fig.1 (c). This density dependence does not account for the
increasing turbulence level in the experiment at higher density of transition. The growth rate of RI
turbulence (yri) in the bad average curvature of the R.x=3.6m configuration was evaluated from two-
fluid-MHD equations as the turbulence code GKV does not cover resistive interchange (RI) modes.
Indeed the RI growth rate becomes positive above the transition density. Configurations with different
magnetic curvature (Ra.=3.53, 3.6 and 3.8m) are compared for the further investigations of RI
turbulence. Lessons learned from W7-X and LHD experiments will be used to define turbulence

optimization criteria.
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