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Internal Kink mode I

Contour maps of[log(
∫ |~E|2dV)]−1 in the complex frequency space

(n = 1，q0 = 0.7，qa = 3).

*+,-

*+,.

Displacement in the radial direction

p.11



Derivation of Kinetic Dielectric Tensor 3

In order to integrate Eq.(1) with respect to~x′, we apply the Fourier se-
ries expansion for~A(~x′(~J,~Θ)) andφ(~x′(~J,~Θ))，expand them into power
series around a guiding center position (αgc, βgc, ϕgc) with respect to the
larmor radiusρ, and integrate Eq.(1) with respect toΘg andΦ. Finally
we have

~jkmn(~x) =
1

2π

∫
d3J∑

~l

~l
~l ·~ω−ω

· ∂ f0
∂~J

(~J)~j∗~l (~x|~J)ej

×
∫

dΘP ei(−lpΘp+kαgc+mβgc+nϕ̃gc)

×
[
−

{
~vgcJ0(k⊥ρ)+ ivlarmor(~̂k⊥×~b)J1(k⊥ρ)

}
~Akmn

+φkmnJ0(k⊥ρ)] .

where J0 and J1 are the Bessel functions,̃ϕgc = ϕgc−Φ, vlarmor =√
2µB0/mj,~vgc = (α̇gc, β̇gc, ϕ̇gc), and~vgc satisfies the following equa-

tions.
p.14
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Dependence on Bootstrap Current and Resistivity Models

L-mode · · · heating of 10 MW
high βp mode · · · Ip = 1 MA, heating of 15 MW
reversed shear (RS) Ramping up Ip from 1 MA to 3 MA during 1 second,
configuration

· · ·
heating of 10 MW
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DIII-D (steady state)

#69627(t = 2.4 s) #81507(t = 3.8 s) #104276(t = 3.5 s)
L-mode, C = 12 H-mode,C = 2.5 H-mode,C = 2.5
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JET (steady state)

#35171(t = 61 s) #35171(t = 65.85 s) #58159(t = 10.4 s)
L-mode, C = 12 H-mode,C = 12 ETB+ITB, C = 6
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TFTR (time evolution)

#43480 #52182 #76535
Ohmic, C = 12 L-mode, C = 12 Supershot,C = 12
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JET & DIII-D (time evolution)

JET DIII-D
#19649 #38285 #104276

L-mode, C = 12 H-mode,C = 12 H-mode,C = 3.5
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Modeling of ETB Formation

• Transport Simulation including Core and SOL Plasmas

• Role of Separatrix
◦ Closed magnetic surface ⇐⇒ Open magnetic field line
◦ Difference of dominant transport process

• Radial Electric Field
◦ Poloidal rotation, Toroidal rotation
◦ Polarization current
◦ Poisson equation

• Atomic Processes
◦ Ionization, Charge exchange, Recycling



Transport Model

• 1D Transport code (TASK/TX) Ref. Fukuyama et al.

• Two fluid equation for electrons and ions
◦ Flux surface average
◦ Coupled with Maxwell equation
◦ Neutral diffusion equation

• Neoclassical transport
◦ Included as a poloidal viscosity term
◦ Diffusion, resistivity, bootstrap current, Ware pinch

• Anomalous transport
◦ Current diffusive ballooning mode
◦ Ambipolar diffusion through poloidal momentum transfer
◦ Perpendicular viscosity



Model Equation (1)

• Fluid equations (electrons and ions)
∂ns

∂t
=− 1

r
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∂r
(rnsusr) + S s

∂

∂t
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r
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Model Equation (2)

• Neutral Transport
∂n0

∂t
= − 1

r
∂
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(
−rD0

∂n0
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)
+ S 0

• Maxwell equations
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Transport Model (1)

• Neoclassical transport
◦ Viscosity force arises when plasma rotates in the poloidal direction.
◦ Banana-Plateau regime

FNC
sθ = − √πq2nsms

vTs

qR
ν∗s

1 + ν∗s
usθ

ν∗s ≡
νsqR
ε3/2vTs

• This poloidal viscosity force induces
◦ Neoclassical radial diffusion
◦ Neoclassical resistivity
◦ Bootstrap current
◦Ware pinch



Transport Model (2)

• Turbulent Diffusion
◦ Poloidal momentum exchange between electron and ion

through the turbulent electric field
◦ Ambipolar flux (electron flux = ion flux)

FW
iθ = − FW

eθ

= − ZeBφniDi

[
− 1

ni

dni

dr
+

Ze
Ti

Er − 〈ωm〉
ZeBφ

Ti
−

(
µi

Di
− 1

2

)
1
Ti

dTi

dr

]

• Perpendicular viscosity
◦ Non-ambipolar flux (electron flux , ion flux): µs = constant × D

• Diffusion coefficient (proportional to |E|2)
◦ Current-diffusive ballooning mode turbulence model



Modeling of Scrape-Off Layer Plasma

• Particle, momentum and heat losses along the field line
◦ Decay time

νL =





0 (0 < r < a)
Cs

2πrR{1 + log[1 + 0.05/(r − a)]} (a < r < b)

◦ Electron source term

S e = n0〈σionv〉ne − νL(ne − ne,div)

• Recycling from divertor
◦ Recycling rate: γ0 = 0.8
◦ Neutral source

S 0 =
γ0

Zi
νL(ne − ne,div) − 1

Zi
n0〈σionv〉ne +

Pb

Eb

• Gas puff from wall
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Typical Profiles
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