
Compatibility of core plasma performance and radiating edge plasma with 

3D edge magnetic field structure change induced by RMP application in 

LHD 
M. Kobayashi1,2, R. Seki1, Y. Hayashi1, S. Morita1, K. Mukai1,2, T. Oishi1,2, Y. Takemura1, M.Z. 

Tokar1,3, S. Masuzaki1,2, Y. Narushima1, K. Tanaka1,2, T. Tokuzawa1,2, B.J. Peterson1,2, T. 

Morisaki1,2, and the LHD Experiment Group 
1 National Institute for Fusion Science, Toki-city, Japan 

2 Department of Fusion Science, SOKENDAI, Toki, Japan 
3 Forschungszentrum Juelich GmbH, 52425 Juelich, Germany 

 

In Large Helical Device (LHD) the effects of resonant magnetic perturbation (RMP) field 

on divertor detachment and core plasma performance have been studied. The edge magnetic 

field structure is modified with application of m/n=1/1 RMP, which creates remnant magnetic 

islands in the stochastic layer. Measurements with bolometer array and spectroscopy detected 

the dynamics of impurity radiation, where enhanced radiation initiates around X-point of the 

magnetic island and triggers detachment transition, followed by the movement toward O-point 

side after the transition. Time-dependent numerical simulations of edge plasma transport show 

formation of global transport structure of energy, particle and impurity along the separatrix of 

the island, which facilitates thermal condensation instability around X-point and subsequent 

movement of the radiation structure toward O-point. All the processes develop within the time 

scale of several tens milliseconds in qualitative agreement with the observation. The divertor 

heat load pattern is modulated in toroidal direction mainly with n = 1 mode structure, but the 

substantial phase shift is observed in detached phase. Additionally, the pattern changes between 

hydrogen and deuterium plasmas, where the deuterium plasma is favoured in terms of heat load 

mitigation. The core plasma transport is found to change significantly during the detached 

phase with RMP application. Especially in deuterium plasmas, the edge transport barrier (ETB) 

appears at the inner edge of island during detached phase, where steep pressure gradient is 

formed with concomitant MHD burst detected in magnetic probe and divertor heat load. Core 

plasma transport analysis shows reduction of heat conductivity during the detached phase, 

particularly at the barrier by factor of 1.6 to 2. The energy confinement time increases by 20 to 

30% during the ETB phase while the detachment is maintained. The high charge state impurity 

emission (CVI) is found to decrease during the ETB phase, which may be attributed to the 

MHD activity and indicate core impurity decontamination. 
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