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1. Background and motivation1. Background and motivation
 Effects of MHD instabilities 

and micro turbulence on Timeand micro-turbulence on 
plasma confinement have 
been investigated

macro-
MHD

Multi-scale 
simulation based 

d

been investigated 
separately.

 But these instabilities usually
We investigate

micro-
instability

ci/1

on two-fluid model
A

/ Length But these instabilities usually 
appear in the plasma at the 
same time.
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 In the experiments
• Micro-turbulence is observed 

in Large Helical Device 
plasmas that usually exhibit 
MHD activities
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MHD activities.
K. Tanaka, et al., Nuclear Fusion (2006)



Background and motivation IIBackground and motivation II
 Our goal is to understand multi-scale-nonlinear 

interactions among micro turbulence macrointeractions among micro-turbulence, macro-
scale-MHD instabilities and zonal flows.

El t t ti t ti lElectrostatic potential
P.H. Diamond et.al., Phys. Fluids 

(1984)
D. Biskamp, Plasma Phys. p, y

Controlled Fusion (1984)
S.-I. Itoh et. al., Phys. Rev. Lett. 

(2003)
M. Yagi, et al., Nuclear Fusion 

Zonal flow

Micro-turbulence Double tearing mode Zonal flow

Micro-turbulence

g , ,
(2005)

C.J. McDevitt et.al., Phys. Plasmas 
(2006)

A. Ishizawa and N. Nakajima, Phys. 

M MHD (t i d )

Zonal flowMicro-turbulence j , y
Plasmas (2007)

333

Macro-MHD (tearing mode)



Background and motivation IIIg
 Macro-scale MHD activities are 

observed in reversed shearobserved in reversed shear 
plasmas with a transport barrier 
related to zonal flows and micro-
t b lturbulence.

 We think that micro-turbulence 
has already existed beforehas already existed before 
macro-MHD instabilities arise, 
because micro-instabilities can 

ith t i tappear without integer q 
surfaces. Thus, we consider a 
situation that macro-MHD mode 
appears in an equilibrium 
including turbulence and zonal 
flow
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flow.
Takeji, et.al., Nuclear Fusion (2002)



Reduced two-fluid equations
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Potential profile is changed by the 
appearance of macro-MHD mode

t=245 t=324t=245 t=324

Before the 
appearance of 
tearing mode

After the 
appearance of tearing mode pp
tearing mode

6Ballooning structure of potential is altered by tearing mode.



Micro-turbulence and magnetic islands

Electrostatic potentialElectrostatic potential

Helical flux of m/n=2

7
Poincare map of magnetic field lines



Our previous research on multi-
scale interaction

Zonal flowMicro-turbulence

Stabilizing effect The excitation of macro-
1. 
Excitation 

M MHD

g
of zonal flow is 
not clear [3].

mode by the turbulence is 
different from macro-MHD 
instability [1].

of large 
scale mode

Macro-MHD 
changes the 
profile of zonal 
flow (reduces

The energy transfer to 
macro-MHD flow is 
similar to the one to 

Macro-MHD 
reduces micro-

flow (reduces 
the flow shear). 
[1]

zonal flow [2].
Turbulent mixing of 
magnetic flux causes 

ti ti [4]

turbulence
2. 
Excitation 
of small 

Macro-MHD (tearing mode)

[1] A. Ishizawa and N. Nakajima, Phys. Plasmas (2007)

magnetic reconnection[4]scale mode
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[2] A. Ishizawa and N. Nakajima, Nuclear Fusion (2007)
[3] A. Ishizawa and N. Nakajima, Phys. Plasmas (2008)
[4] A. Ishizawa and N. Nakajima, AIP Conf. Proc. (2008)



2. Excitation of large scale mode by 
micro t rb lencemicro-turbulence
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Linear analysisLinear analysis
Linear eigen function

Macro-instability: Tearing modey g
Micro-instability: Kinetic ballooning mode
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Appearance of macro-MHD mode in 
micro turbulencemicro-turbulence Kinetic energy

)(log nEk)(log nEM

Magnetic energy

Appearance 
of macro-
MHD

t=65 t=79 t=94 t=108 t=122 t=137Electrostatic 
potential

Helical flux 
function of 
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m/n=2



Excitation of n=1 mode by micro-
turbulence

t=65 t=94 t=108 t=137
Electrostatic 
potential

t=65 t=94 t=108 t=137

El t t ti

Eigen 
function of 
tearing modet=65 t=94 t=108 t=137

Electrostatic 
potential of 
n=1 mode

Nonlinear mode coupling of micro-scale turbulence causes macro-
A part of turbulence macro-MHD mode

Nonlinear mode coupling of micro scale turbulence causes macro
scale mode at t=60, but it is different from the macro-MHD instability 
because the spatial profile of induced macro-scale mode is 
significantly different from the profile of double tearing mode
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significantly different from the profile of double tearing mode.



Reconnected fluxReconnected flux
2
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Linear growth 
of tearing mode

Linear growth 
of tearing modeof tearing mode of tearing mode

The excited n=1 mode causes magnetic reconnection 
that is the initial perturbation of tearing mode
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that is the initial perturbation of tearing mode.



3. Excitation of small-scale mode 
by micro-turbulence
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Turbulent mixing of magnetic flux
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Turbulent flow mixing terms are much larger than normal
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Turbulent flow mixing terms are much larger than normal 
resistivity and causes magnetic reconnection of tearing mode.



Stochastic field lines: Small scale reconnections take 
place on the resonant surfaceplace on the resonant surface

t=65 (a/Vti) t=94 t=122
21//21 )~~(]~,~[ 

Magnetic surface is broken 
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ag e c su ace s b o e
and magnetic field lines are 
stochastic at the resonant 
surface of macro-MHD

t=65 t=94 t=122

Poincare plot of magnetic field line

surface of macro-MHD.
This is similar to anomalous 
growth of tearing modes 
reported in Waddell (1978)reported in Waddell (1978), 
Diamond (1984). 

Electrostatic potential

1616Helical flux function of m/n=2



4. Summaryy
 We have found that macro-scale MHD appears 

in a quasi-equilibrium including micro-turbulencein a quasi equilibrium including micro turbulence 
and zonal flow.

 Effect of turbulence on macro-MHD instability Effect of turbulence on macro MHD instability
• Excitation of large scale modes

• Nonlinear mode coupling of micro-scale turbulence causes 
macro-scale mode, but it is different from the macro-MHD 
instability because the spatial profile of induced macro-scale 
mode is significantly different from the profile of eigen-
f ti f t i dfunction of tearing mode.

• Excitation of small scale modes
• Turbulent flow mixing terms are much larger than normalTurbulent flow mixing terms are much larger than normal 

resistivity term and play an important role in the growth of 
non-ideal macro-MHD mode.

• Both of them affect tearing mode because it is long
171717

• Both of them affect tearing mode because it is long 
wave length and non-ideal MHD instability.


