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Introduction

The existing second harmonic ECRH breakdown models for stellarators [1, 2] share a common
hypothesis: at the beginning of the discharge, where no plasma still exists, an average uniform
electric field is created inside the vacuum vessel of the device, due to the multiple wall reflec-
tions of the ECRH injected power. The energy source term, issued from non-linear wave-particle
interaction theory (essential to understand ECRH breakdown at second harmonic), is calculated
with this randomized field, for which all the information about polarization is lost. However,
the experiments performed in Heliotron J [3] show a clear dependence of plasma breakdown
on polarization and the model developed in [2, 4], which only takes into account the energy
provided by non-linear wave-particle interactions, demonstrates that those are indeed necessary
but not sufficient to explain the complete gas ionization. Therefore, the hypothesis about the
initial energy source is probably failing before full ionization around the torus is completed.
Nevertheless, if the plasma is being produced si-

multaneously around the torus, it is still reason-

C7 (15 channel array)

able to think that the initial behaviour of the dis-
charge (the firsts miliseconds after ECRH switch-

on) should not depend on the polarization even 4

though the final breakdown time does. The exper-Tgit

iment presented here intends to determine whether

or not this hypothesis can still be used for modelling o
Ab1op g

the initial phase of the plasma breakdown.

Experimental set-up
TJ-Il plasmas are routinely created with twBigure 1:H, monitors ¢) and CCD cam-

53.2 GHz gyrotrons delivering a total power adra location. X-mode is coupled when the
500 kW. In order to clarify the interpretatiorlinear polarization angle in respect to the

of the results, our breakdown experiment hasrtical direction isf =~ 40°.
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been carried out with one single gyrotron. All 4o
the shots were performed with constant power
(Pecru~ 260 kW) and similar initial neutral hydro-
gen pressurgg ~ 0.01 mTorr . The ECRH beam’g
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linear polarization was varied from X-mode to O-

mode and plasma breakdown behaviour was inves- 1o| ] NNV / Wil
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tigated by means of seven,Hnonitors distributed 5 ‘\&\: -/4%//
\\  E L 4

around the perimeter of the device (Fig. 1), one Yso 785 780 165 170 175 180 185 190
15-channel array of K detectors located at sector )

C7 covering 6 centimeters of plasma (Figs. 1 afigure 2:Viewing chords of the |fs ar-
2), and a fast CCD camera looking through the & channels. Channel 1 is looking to the

port along the direction represented in Figure Rlasma center

Other usual plasma diagnostics as ECE, Thom-
son scattering and microwaves interferometry were
also available. For each shot, the local break-
down time (nq), defined as the time elapsed be%
tween the ECRH switch-on and the time posi§
tion of each of the I emission peaks, is mea-

sured (see Fig. 3). Moreover, the initial growth

rate of the dischargey( also local) can be de- )
time (ms)

termined by fitting the first part of the H

] _ _ Figure 3:Measured parameterstyq, T,

signals to an exponential functioh = Igel"V).

iy . .. andy.
In addition, 7, the time delay between the ioniza-
H H Power in X-mode (%)
tion peak and the heating peak (detected by those 25 75 00 75 25 o .
of the H, monitors whose viewing chord points to
20+ i 12
the vacuum vessel wall) can also be determined (see . i ! —
“Z 15" 11587
. =) * o
also Fig. 3). = | T =
e 101 . 41 s/_
Experimental results e ' los
bd
Six polarizer positions were used, corresponding ol ¥ o o
B(deg)

to four levels of power coupled in the X-mode
(see Figure 4). The viewing chord of the,Hie- Figure 4: Breakdown time and initial
tectors differs between machine sectors. In part@owth rate obtained from ffror.

ular, HQlTOP is mainly receiving volume integrated radiation. Figure 4 shows the break-

down time measured at this sector and the initial growth rate as deduced fronﬁ{ﬁ’é H



32nd EPS 2005; A.Cappa et al. : Experimental dependence of plasma breakdown on wave polarization in the TJ-1l... 3 of 4

N

signal, for each position of the polarizer (the equiv-
alent power level in the X-mode is also shown).

Both parameters depend clearly on the polarizati@ﬁ. )

n

The smaller breakdown time (higher growth ratéj‘ 2f
is obtained for 100 % of the power in X-mode.
The determination of (by fitting In(H5T°P) with

[
] e =i

f(t) =In(l) = yt+In(lp)) is illustrated in Figure 5
for two different levels of power coupled to theigure 5:Linear fit of the H:T°" signal
X-mode. The emission detected by thg'#larray |ogarithm (y = 1.75x 10° s~ for 100%
when all the power is coupled to the O-mode is reg=mode andy = 1.31 x 10° s for 75%
resented in Figure 6. A shift of the breakdown time-mode). Fit is started when the signal to
(breakdown propagation) is observed. In particulagise ratio is significant.

the time delay of channelin respect to channel

1 (Athg(i)), is shown in Figure 7 for maximum

u)

and minimum X-mode coupled power. For 100

odeﬁa

08F

X-mode, the saturation of the Hsignals hindersoﬁ

the determination of the peak position. This is r&- 04l
S 0.

flected in the large error bars of the central Ch%ﬁa— 02-

nels. In spite of this, it can be seen that no delay o, —5% ~“75 5552
occurs between these channels (C1, C2, C3 and C4;

t (ms)

covering around 1.5 cm of plasma). This is consisidUre 6:Hq signals obtained with the

tent with the beam size at the resonance crossimjchannel array fod00%0-mode.

point. The rest of channels show an increasing delay

3

as we move towards the edge. The maximum de; .| ot

lay occurs for the last channel in the O-mode case 2¢

(Atpg(15) ~ 1.5 ms). Finally, Figure 8 showsyg ?? xx
E e

for each sector and three levels of power in the X-o.5;
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mode. Gyrotron power is launched through the B3 Tt
. . ) 03¢ & 8 10 12 14 16
port and breakdown is detected in the toroidal di- T Sl R AN o

rection almost simultaneously, within the time re&igure 7:Time delay in respect to the cen-

Y

olution, in all the measuring ports. Figure 9 repré&al channel.
sents the heating peak position dependence on polarization. As expected, heating is delayed
for O-mode injection and thus the linear polarizer behaves as expected. The lack of sim-

metry observed in Figs. 4 and 9 is probably due the not so constant pressure conditions.
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Discussion o5 100 % X [4 shots]
75 % X [2 shots]
25 X [2shots]

The main result of the experiment is that the wave polarzo!
ization has a strong influence on the breakdown perfécnsf

. . P
mance; not so strong, however, as in Heliotron J, wheree;, « o o &

no breakdown was reached for O-mode injection [3]. Thes}|

A3 Abpp AS C3 €4 D4

different behaviour is probably due to the different mag- H,, channel (TJ-I sector)

netic configurations of both devices. Nevertheless, the ¢igyure 8: Breakdown time around
charge growth rate obtained from signal fitting is not ethe torus.

actly the initial one since, due to theg,Hietectors sensitivity, no measure of the emitted photons

Is available at the very beginning (see Fig. 5) and a possible effect of the polarization during this
phase can not be seen. Anyway, even if the hypothesis of an energy source produced by an av-
erage electric field could still be sustained during the first miliseconds, there is a clear evidence
demonstrating that the energy source described in the models has to be modified to consider

non-linear wave particle interaction with polarization ef-

Power in X-mode (%)

fects and linear heating processes at the beam-resonané:Oe 25 75 10 75 25 0

crossing point, at least if a complete simulation of the . = |
breakdown process is desired. Valuable information abauto|
breakdown propagation in the direction perpendicular§o‘5”
the field, which can be useful to include a spatial dimen- | £ =

57 = ==

sion in the models, has also been obtained from thsH

20 10 40 70 100 130
array and the CCD camera observations (which are not B(deg)

presented here due to the lack of space). Careful an&igrure 9:Time position of the &

sis to convert integrated line radiation into local radiatéeating peak.

photons is needed to pursue the studies in this direction. In relation to the parallel propagation
of breakdown, and from the result presented in Figure 8, any toroidal delay that could help us
to determine if breakdown is being produced simultaneously along the torus or if it is produced

first in the gyrotron sector and then propagates along the torus, is masked by the fact that the

detectors are viewing the plasma along different chords.
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