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Turbulence dominated
by large scale structure
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Dimension of ETG driven turbulent plasma

* Lowering of dimensionality in plasma dominated by zonal flows
[Matsumoto et al, Toki-conf., 03]

dimensionality

[—y
]

oo

=)

=

[\P]

»
»

»
»
»
.
»
22
”
e
rY

v>
I

»
.
~
-
»
»
3
-

1%102 1 —
5*101_.— -------------------------- ----1-
5
L 9
it
(3]
[}]
T
BT 11 DL eyt ey yRyuyugs Ry Sy Ry oy T
Y'Y T R R S
1%10%, 500 1000 1500 2000

Time (Ln/Vte)

M S S S
500 1000 1500
Time (Ln/Vte)



Charney-Hasegawa-Mima equation
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Modulational feedback loop and instability

3 5 Chen, et al, PoP 7, 3129, ’00, Li and Kishimoto, PoP. 9, 02
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Conditional flow generation in high pressure region
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normal magnetic shear
(linearly more stable)

weak magnetic shear
(linearly unstable)
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High performance plasma (internal transport barrier

achieved by having a structure
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Control of secondary instability via maternal turbulence

Li and Kishimoto, PoP 12, 062308 (2005) k <<k
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Turbulent spectrum in the presence of zonal flows

Scattering of turbulence Transfer of turbulent energy to stable dissipation region
by zonal flows
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Effect of ETG-driven ZF on ITG turbulence

Effective dissipation due to ETG driven ZF
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Coupling between 1/1 kind and high m/n ballooning mode
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Physics ingredients in mixed MHD and turbulence model

Magnetic island
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ing between vortex flow and microinstability
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Magnetic island-induced ITG (MITG) mode

Wang et al. PoP 16, 060703 (2009)
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Non-local response of plasmas from edge to core

Cold pulse propagation from edge to center, which is changed to heat
pulse leading to the increase of central Te
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Propagation of perturbed Te due to
TESPEL in LHD

N. Tamura, et.al.,
Phys. Plasmas 12, 110705 (2005)
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How multi-scale interaction couples in space

Coupling between Fourier space and real space

* Spatial dynamics of
fluctuation and transport

v Diffusive/non-diffusive transport

v" Trigger/onset of fluctuation and
intermittency/burst

v' Transition/ bifurcation dynamics,
explosive/sudden event

* Turbulence-profile interaction



I'TG turbulence and profile formation

@ Diffusive (Gaussian) transport

(@ Fast avalanche ( ballistic) transport (~ v, ) coupled with stationary ExB staircase

3 Global intermittent transport (meso to macro scale) due to the formation of
radially extended toroidal structures
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Turbulent spreading and diffusion

Some evidence from numerical simulation

Garbet, et al., NF, 94, Sydora, et al., PPCFE, "96, Parker et al., PoP, "96,
Lin, et al., IAEA, '02, also PRL, 02
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Spatial convection of instability

q(r) y
surface :
. . . rdius
* Increase of linear instability source |

for reversed shear plasma 2em 0 +2em

 Turbulent energy 1s “nonlinearly”
converted to flow component through
“spatial dimension”.

Origin of “structure” is
anomalous transport!!

[Idomura, et al., PoP, ’00] e,

Transport suppression  Strong turbulence



Non-local transport of turbulent energy

0

Non-local energy transfer through GAM

Intermittent transport associated

with the geodesic acoustic mode near critical gradient regime
Miki, Kishimoto et. al., PRL 99, 145003, (2007)
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Interaction among different scale fluctuation
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1. Linear free energy source

|

2. Non-linear free energy source
* Generation of secondary fluctuations
with different spatio-temporal

» Mixed state with turbulence, zonal modes
and large scale fluctuations (back-reaction)

doo

3. Interaction/interference among
different scale fluctuations

 Direct and in-direct interaction with
different scale fluctuations

* Physical mechanism of the interaction
and energy transfer channel




Complex nonlinear loop system of structural plasma

[Kishimoto, Simulation, 02]

Open system Plasma profile

External control ... Non-equilibrium
* Heating/Current Non-uniform
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w DT Self-generation

Nonlinear loop

« EM ﬂuctuatioq )

* Neoclassical

| |
B

Self-generation dynamics
" of current burning @:tric field
profile
Magnetic structhe J Flow structure
| : .
. | * Fluctuation and
| o Eeneration I Self-organization self-orgamzatlon
Rela;cation/cascade dynamlcs
Macro-scale in real and Micro-scale
MHD wave number space | ES and EM
fluctuation fluctuation
|  Global linkage

Surface/wall [New plasma profile ] as nonlinear IOOp

Identification of the degree of freedom of hierarchical complex
system and exploring the “control methodology”



