@ IAEAFEC21,Chengdu, Oct.16-21,2006
Measurement and Analysis of the

Fluctuations and Poloidal Flow
on JFT-2M Tokamak

K.Hoshino'), T.Ido?, Y.Nagashima?3), K.Shinohara'), H.Ogawa?),
K.Kamiya'), H.Kawashima?), K.Tsuzuki'), Y.Kusama'), K.Ohasa),
K.Uehara'), S.Kasai'), Y.Hamada?), A.Ejiri%, Y.Takase?,
JFT-2M Group
1) Japan Atomic Energy Agency, Naka, Japan
2) National Institute for Fusion Science, Toki, Japan
3) Kyushu University, Fukuoka, Japan
4) The Univ. Tokyo, Tokyo, Japan
Contents
. Introduction (Fluctuation and zonal flow)

. Fluctuation in OH plasma (GAM,LFMs)
. Fluctuation during the L-mode (GAM,LFMs)
. Fluctuation during the H-mode and E xB poloidal flow

Summary

_(J1-l>()0l\)d



@ Introduction JETZM

@ Fluctuations and Zonal Flow
------- Candidate of the transport barrier mechanisms

Z 1. Stationary ZF,
Zonal Flow (ZF) potential m/n=0/0, f=0

Nonlinkar Intbraction 2. Oscillating ZF,

(bicoherence analysis) GAM (Geodesic Acoustic Mode)
Generation potential m/n=0/0,
Suppression wgan~CS/R, c: sound velocity

Turbulent potential fluctuations (Drift waves)

@ExB poloidal flow By the radial electric field E,
in the edge transport barrier (ETB)
during the H-mode



@ Fluctuations in JFT-2M

- It is important to measure electrostatic fluctuations ¢,

Plasma fluctuations measurements
OH GAM Reciprocate
LFM, Background turbulence | Langmuir Probe
(RLP) 1m/s
O significant bicoherence | Micowave
Reflectometer
(MRM)28GHz,38GHz
L-mode GAM
LFM, Background turbulence Heavy lon Beam
Probe (HIBP) Tlg,*
O significant bicoherence | MRM
H-mode LFM
ELM-free Multi Mode (drift ballooning like),
Weak Background turbulence HIBP
X bicoherence MRM
enhanced D QCM, HFO
(H’, EDA,HRS) Background turbulence HIBP
X bicoherence MRM




JFT-2M
@ Statistical measure of three wave interaction

 The strength of the interaction is measured by bicoherence.
If the waves f,, f,, f;=f,+f, are independent waves, b(f,,f,)=0.

Summed Squared Bicoherence

N 2
T T TV
; & O(f,.f,) P> B(f) 1P ks,w3>
Bispectrum Function K.,

B(f.f,)=< ®(f)O(f,)®*(f, = fix f,)>

®(f) : Fourier transform of ¢(t)
Biphase

L ImB(f.f,)

> (Ref.) Kim et al., IEEE Trans. on Plasma Sci.
ReB(f,./,) PS-7,120 (1979) 4

6 = rtan



@2. Fluctuation in OH plasma (GAM,LFMs)
= JFT-2M

» Potential fluctuation measured by RLP
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@ Bicoherence and biphase of the ¢ JFT-2M
, of OH plasma(r~0.9a) obtained (RLP)

- Three wave nonlinear interaction was confirmed ( for LFM as GAM)
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@3. Fluctuation during NB-heated L-mode plasma

- Potential / density fluctuation qz, n of the plasma interior is
measured directly by HIBP

500keV ion source

HIBP System

Tl 1+ beam

4. 5mm¢? I

Resolution ~6mm

~2US
Energy analyser X X

/ [
X [\l |JHT-2M
X Pash

R/a=1.31m/0.35m
k<1.8



@

Significant bicoherence obtained during
the L-mode by the HIBP (r~0.9a) (NBH)

JFT-2M

* Nonlinear coupling between GAM(~15kHz) and turbulence,

LFM and turbulence, observ

(909)*

(@3
(b)3 b
DO 5 0] . T T SR ST |
(C) 9 A | 0 tequeir?gy (kHz1) o e
~ N
n,s £
= >
() , e 80
et 5 E T 2
il , 52 ©
1 2 Y 8 ', § o d ¥ 'YE & wey g 4 Q LL
I I L 4 =
©s mlmmm
¢ = 02p il s, >
umu AL
1 —
0 Ao% 2
Z 10 2 E 3
X
~ | £ p—xu‘ § -7(% .
N a - -1,A II‘ :/ -100

720 730 740 750

time (ms)

Ido et al. NF 46,512(2006)

710

0 20

40

60

80

100

o
o)}
Frequency (kHz)

© 9o
> o

© o 9
- N ow

0.0

o
O

]

also during the L-mode (as in the OH plasma)
Auto-bicoherence

Cross-bicoherence
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(ODuring the Hm (kHé)e the GAM disappears , presumably due to
the decrease of the turbulence power by 1~2 order.



@ 4. Fluctuations and E xB Poloidal Flow during H-mode

- Edge potential fluctuation ¢(t) and E, measured by HIBP

O ECH H-mode --- Er,qz,ﬁ

Edge ECH position




@ Potential fluctuation (HIBP) at L/H transition by NBH+ECH

JFT-2M

NBH(L) + ECH - ECH produced LFM and GAM (10kHz).
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OGAM coexists with L/H-transition.
OLFMT{ ~1kHz < f < 5 kHz) exists during the H-mode, and between ELIs




@

Comparison between the ExB flow velocity by GAM and by Er

at the ETB

H-mode
ECH only
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@ Potential profile by HIBP (ECH H-mode, 0.85a-1.15a)
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@ L-mode --- Oscillating ExB poloidal
flow by GAM (HIBP) "

| &

IE, 1 =5-10 V/em ,10-15 kHz AC
VEXB,GAM - 0.5 - 1 kWS

@ DC flow velocity ~ (10~20) X V gxg cam
(H-mode) (L-mode)

,=0.23MA, B,,=1.23T k=1.37, 5=0.32,
Gos=2-32, 1,/a=0.86, Pzc=0.39MW

E, =-130 V/em--Onegative as NB H-mode,
Wy Ve, g=-12 km/s (ETB)--- (el.diamag)
L +4 km/s (SOL)---(ion diamag)
O Large flow velo. shear at separatrix
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@2 Summary

Fluctuation and poloidal flow was investigated.

JEFT-2M

1) Nonlinear coupling between the background turbulence and GAM,
and between background turbulence and LFM were clarified

in L-mode plasma as well as OH plasma. Therefore LFM seems to be
generated by the turbulence as the zonal flow does.Significant
bicoherence and nearly constant biphase were obtained.

2) Usually the GAM disappears during the H-mode. But Edge ECH of
NBH L-mode enhances a low frequency (~ 1 kHz) potential fluctuation
and the GAM is generated. The GAM survives at the beginning of

the H-mode by ECH.

3) During the ECH H-mode (as by NBH), negative electric field
and resultant DC poloidal flow velocity (el. diamag direction) develops.
The flow velocity is typically 10~20 times larger compared with the

typical AC poloidal flow by the GAM E, in the L-mode.
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