Observation of lon Tail and Magnetic Fluctuations
iIn ECH/ECCD plasmas
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Background (1)

In sometorusdevices, suchasTCV, FT and W7-A
* high energy ions have been observed in ECH/ECCD plasmash-C.

* The phenomena could not be explained by the classical theory of
two-body Coulomb collisions.

| on energy spectrum obtained in
the TCV tokamak

In TCV tokamak case,
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lon tail appearswhen ECH isturn-on.

Sensitive to the ECH toroidal
injection angle and deposition position.

Thhigh 1284 eV o |Tinish 1611 eV|
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Fig.3: CX-spectrum for EC ON and OFF phases
A) Co-ECCD shot: Pecn:2.25 MW, 0, +12°, CD efficiency: 110 KA/IMW, pgep :0.04, Apge,:0.04.
B) Cntr-ECCD shot: Pgcy:2.25 MW, 0y,-12°, CD efficiency:-120 KA/IMW, pgep:0.05, Apge,.:0.05.
C) Cntr-ECCD shot: Pggy:2.25 MW, |, 04,:-5.7°, CD efficiency:-38 KA/MW, pgep :0.1, Apgep:0.04.




Background (2)
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Figure 15. Low- {#) and high-frequency (&) decay spectra measured at W7-A [86] with
X-mode HFS launch (28 GHz, By, = 1T). The ion energy distribution from CX-diagnostics
ts also displayed for low- (TEQ2-mode) and high-power density (HE11-mode) of the incident
purnp wave. The tail formation at high power density is clearly seen.

In the case of W7-A,

By using, a polarization twisting mirror
at theinner toruswall,
-> Reflection in X-mode from HFS.

M easur ement of the low frequency
decay wave.
-> LH wave

Observation of high energy ion tail in
high ECH power density case

V.Erckmann and U.Gasparino, Plasma
Phys. Control. Fusion 36, (1994) 1896




Contents

- Inthe CHS and Heliotron J devices, ECH/ECCD experiments (2nd har monic)
have been carried out.

- Under some conditions, a formation of tail component of high energy ions has
been observed.

- In CHS, some magnetic fluctuations has been observed when theion tail
appeard.

In CHS,
* Property of theion tail and magnetic fluctuations.

In Heliotron J,
* Property of theion tail in 70 GHz ECH plasmas.




CHS Device

ECH/ECCD experimentsusing
53GHz ECH system in CHS*
Schematic view of CHS

Electric Field

* Energyrange0.1 50 KeV

* Number of channels 16
* Changeablethetoroidal and poloidal angle
* Energy resolution

First Ch. 3.67%

|njection angleis controllablein toroidal
and poloidal direction using three steerable
mirrors. . _ ¥i
Polarization is also controllable with R )
Il

polarizer E YT AU E A \
K. Ida, et al., Nucl. Fusion 39 No 11Y (1999) p1649
T.Minami, et al., Nucl. Fusion 44 (2004) 342-349 M. Isobe, et al., Nucl. Fusion 41 No 9 (2001) p1273




lon Energy Spectrum of ECH/ECCD Plasmasin CHS

A high energy ion tail was observed in the case of low density

Bt = 0.88T(CW), Rax = 92.1 cm, PECH = 135 kW
Btor = -9(deg) = Ip~4KA, ne~0.3x10¥% m-3
| on energy spectrum
with high energy tail (CHS) |on energy spectrum with no tail
(Higher density case)

.0, =+9°
tor

n, = 0.5~0.6x10%°m™,
| ~-1.5kA

TappB“'k =230 eV

#106090~106095
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A folded spectrum was found No clear ion tails.
The bulk and tail temperaturewere
to be 250eV and 580eV, respectively.
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Observation of lon Tail in ECH/ECCD Plasmasin CHS
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Power Spectrum Density of Magnetic Fluctuationsin CHS (1)

CHS #106103 magnetic fluctuation
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CHS #106074 magnetic fluctuation
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* The magnetic fluctuation in the frequency range of 50 ~ 250 kHz was observed, when

theion tail appeared.
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Power Spectrum Density of Magnetic Fluctuationsin CHS (2)

Time evolution of the toroidal and poloidal mode numbers having ion tail
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¢ Several modes of n=1 and a mode of m/n=5/2 wer e obser ved.

(depending on current drive direction).

* The modes propagate in the ion diamagnetic drift direction and in the counter

direction of the magnetic field.



lon Tail iIslnsensitiveto ECCD direction

Three cases of ECH injection angle (Co., Ctr., Perp.)
Bt =0.88 T, Rax = 94 cm, ne ~ 0.25x101° m-3

Time evolution of the plasma current and ener ectra

in ECH/ECCD plasmasof CHS
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Observation of theion tail isnot depend on the CD direction.




| ota Pr ofile Calculation with Toroidal Current

e Calculation of changein iota by atoroidal current (VMEC fixed boundary, zero beta)
Assumption of peaked current profile, asj(p) =j(1- )8

| ota profile with toroidal current

(CHS, Rax =92.1cm Bt = 0.88T) _ _
Current profile for calculation

' AKA Ctr.

0 02040608 1

1
gl/2

* The peaked current profile has a capability to change the coreiota by more than 0.05.

* The change in the mode number s of the magnetic fluctuation dueto the ECCD
directions (Co, Ctr) isconsistent with theiota profile change.




M easur ement of High Energy Electronswith SX-CCD*

I S I D D D e
Schematic view of the soft X-ray

CCD camera system* Energy spectra of the soft X-ray intensity
obtained in ECCD plasmasin CHS
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| : Case A (with ion tail)
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CC D arrays: TE K 1024x1024DBack
CC D illuminated L I B
Spatial resolution:  1024x512 (Fram e transfer) 2 4
1024x1024 (Ful | frame)
Energy resolution: 16eV/AD C count Energy (keV)
(Photon counting mode)

Energy region: 1-10keV I I
Tim e resolution: ~5.0s(100kH z A/D) ° A n exi Stence Of h I gh ener gy el eCt ronswas

(readout time)  ~1.25(430kHz A/D) confirmed in the low density ECH plasmas.

*Y. Liang, K. Ida, S. Kado, et al, Rev. Sci. * Slope of the electron tail becomes flat when

Instru. 72, p717 (2001), : :
http://rd-w3server.nifs.ac.jp/chs/chs_device/ lon tails areformed.

diagnostics/sxccd/chssxccd.pdf Effect of hlgh ener gy electr ons?




Heliotron J deviceand 70 GHz ECH Experiment

HeiotronJ -aR=02m/1.2m,Bt=15T | | on energy distribution ob_tained
- ECH(70 GHZ) ~0.4 MW |£13Hellotron J (Lower density case)
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Strong Dependence on electron density (Heliotron J)

Dependence of the apparent ion temperature
on the electron density

Appearance of the tail component in the
case of n,< 1x10¥¥m-3, (PECH ~ 300kW)

Increasein thetail temperature with
decreasing n.

| nsensitive of the bulk ion temperature

Dependence of the ion energy distribution
on the EC injection power
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Thetail temperaturein high power
caseishigher than that in the low power
condition, whilethe bulk ion
temperatureisamost unchanged.




Energy Spectrain Two Cases of ECH Launch (Heliotron J)

Top view and cross sections of Heliotron J
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* No clear (weak) ion tail in the

case of the straight section launch
-> difference

Confirmation is needed whether
- Gentle VB - Tokamak like B-contour the LH waves are excited or not.
- Non-focused beam - Focused beam

- Long-path absorption - Localized absor ption



Discussion & Summary

* What type of magnetic fluctuations excite?
=> Trial of configuration acrossing a rational surface with shear in Heliotron J

* Why doestheion tail generate?
- The density range wheretheion tail appearsissimilar tothat of N-ITB (CHYS)
- Effect of Er?
- Effect of electron tail ?
- Confirmation whether the LH waves are excited or not.

* In CHS, we observed the following phenomena.
- The high energy ions appeared only in the cases of low density ECH plasma
- Formation of theion tail was not sensitiveto the current direction by ECCD.
- The electron tail temperature was increased when theion tails were observed.
- Several modes of n=1 and a mode of n=2 were observed in the case of for mation of
theion tail. and the apparent mode number s depended on the ECCD direction.

* Inthe70 GHz ECH plasmasin Heliotron J...
- Theion tail temperature dependence on the electron density.
- No significant modes wer e observed (low shear configuration avoiding rational surfaces)
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Power Spectrum Density of Magnetic Fluctuationsin CHS (3)

Time evolution of the toroidal and poloidal Comparison of the
mode numbersin case of noion tail power spectrum density
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¢ No coherent mode was observed
when theion tail did not appear.



