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研究背景 1
• トカマクプラズマにおける磁気島は高β(高
圧)状態を壊し、さらにはディスラプション
(プラズマの瞬間的崩壊)を引き起こす。

• ディスラプションは、磁気島のポロイダル回
転が抵抗性壁により減衰し誤差磁場(error-
field)によりLock(停止)されて引き起こされる
ことが観測されている。

Lockingの数値シミュレーションに対する解析的モデリング

[O. Sauter etal.,
 PoP(1997).]
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研究背景 3
• LHDにおける磁気島周りの流れ場(径電場)の観測

磁気島内部

[K.Ida et al., Nucl. Fusion 44 (2004) 209]
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Typical nonlinear evolution
of magnetic island

Contour of magnetic filed 
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Reduced two-fluid Equations

Vorticity 
 Evolution：

Generalized 
 Ohm’s law：

Continuity 
 Equation：
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Simulation Condition
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Default 
Parameters: 

θ, z  ← Pseudo Spectrum Method 

Boundary
Condition: 

Initial Profile:
(Equilibrium)

Numerical 
Method： 

r ← Finite difference

t ← Predictor-Corrector Scheme

Expansion： 
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・ Misalignment of toroidal coils induces radial magnetic field
(so-called ‘error field’), which affects the island rotation.

Typical value: 
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[ITER Physics Basis Editors et al., 
 Nucl. Fusion 39, 2137 (1999). ]
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Contour of vector potential
Without error field With error field
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Locking of island rotation
with error field
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14Ion viscosity

Maxwell stress
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Low dimensional model
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Comparison with low dimensional
 model and nonlinear simulation
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Summary
● Locking of rotation of drift-tearing mode by error field is

investigated.
● Analytical decomposition model for rotation frequency of

magnetic island is introduced, and importance of contribution
of E×B flow is found.

● Detailed analysis shows that coupling of contributions from
Maxwell stress and ion viscosity plays an essential role.

● A low dimensional mode is derived to understand the physical
mechanism of locking event.

● It is concluded that the locking is caused by rotation trapping
by error field and damping by ion viscosity.

Future work:
　○ Collisionless case
　○ Forced reconnection (initially stable tearing mode).
　○ Influence on turbulent transport (RMP).
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Collisionless limit
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Locking Threshold

[Yu et al., Proc. EPS (2008)]

lock

unlock

★Threshold value depends on magnetic 
    island ‘width’ and ‘rotation frequency’. 

Appendix
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・ Analytic formula of rotation frequency of islands

Electron
diamagnetic
flow

E×B
flow

Radial Average 
inside island：

Self-generated
perturbed field

! 

"
*

= k# 2,1
v

*
+ ˜ v 

*( )

! 

˜ " 
E#B

= k$ 2,1

˜ v 
E#B

! 

v
*

= "# $ n 
0

+ 1+%
T( ) $ T 

0[ ]

! 

˜ v 
*

= "# $ ˜ n 
0

+ 1+%
T( ) $ ˜ T 

0[ ]

・ Ion E×B flow generation
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[S.Nishimura etal., Phys.Plasmas 15 093506 (2008)]


