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Introduction

* The electron Bernstein wave (EBW) Is an electrostatic mode wave in plasma. It can be a powerful auxiliary heating method because it has no density limit on its
propagation.

« A mode conversion process such as X-B or O-X-B mode conversion is needed in plasmas to generate EBW. During the X-B mode conversion process in the
upper hybrid resonance (UHR), parametric decay instability (PDI) occurs, through which a pump wave generates different frequency waves (fy, = f1 + f>).

« Some attempts of EBW heating have been conducted in LHD. In 23rd experimental campaign, a new ECH antenna of 77 GHz was installed to inject ECH
perpendicularly to the magnetic field. This new antenna can be also used for EBW heating by direct X-B mode conversion.

Experimental setup Dipole anttena

* The LHD is a heliotron type device with a pair of I/m = 2/10 helical coils. The
LHD has 10-fold rotational symmetry.

 New metal mirrors for 77 GHz ECH were installed in the LHD since the 23
experimental campaign and they were used for EBW heating in this experiment.

Figure 2. Schematic
view of the poloidal
Cross section in the
experimental setting.
Red, green, and blue
lines indicate electron
cyclotron resonance
(ECR) layers, upper
hybrid resonance
(UHR) layers, and
right-hand cutoff (RC),
respectively. Yellow
line indicates the path
of microwave beam.

* A dipole antenna and a CTS measurement system were used to measure
waves excited through PDI.

* The dipole antenna and the CTS receiver can measure relatively low RF
emission and ECE, respectively.

* (Rgy,B) =(39m,2.63T), 7, <1x10"m™3, T,~3 — 4 keV.

Figure 1. Schematic view of the LHD.

Phase bottom

Results 3. Power absorption by power modulation experiment
ECH injected from HFS 50 60
i Tal i gl.o— iiiiiiiiiiinn z
1. Comparison of steady power injection | | ) P— IR 222 _ s
° $o054 73 =
by X-mode and O-mode waves §r'$aéyd'ﬁirfe”§§f nTe L i E%0
ECH injected from HFS W - 1 = 45
2101 202 /  X-mode . p r70-0 — 0.0
e | qme=>2°’= | observed because the S (e Wkl Onononnonono
2 —— ECH -1.0 2 i o .. 3 1.0 S 400 A
§o.5- —— NBI (#173988) _0.519 _ 4 Injected pOWer was EOS_I_’f —_
Y 0% §3° latively low (~ 300 kW) < : LTI T SR
m’ | — X-mo e¢;17 8 ' = re - 0.0 -_U; |
£ 0] — omting =2 and ECR layer existed in %4-\.\ 71 o omode 4173991
%Of"f _ _ - . ® X-mode (#173994)
. 1- the off-axis region. 2 01— . . . . .
< 00 : = 1 R=2Em 4.0 4.2 4.4 4.6 4.8 5.0
= %H 0 - , * Plasma current driven by 04— — Time [s]
= WWIHI}MIH " 54 O-mode {  Time=3.967s _ 0. AN Figure 8. Time evolution of (top) W, and (bottom) estimated
mz t  Time=45s the X_ mode wave = ﬁ P,ps. Orange and green lines and points indicates X-mode
= ~o-tm=rer= < 4 Injection was much = 207 and O-mode wave injections, respectively. Gray line shows
201 e = T 3- _ o1 | power modulated ECH pulses and red and blue lines indicate
. .f:; = Iarger than tha_‘t Of_ the O 3 M ime sl >0 the curve fitting of W, with/without ECH, respectively.
S = 2- mode wave Injection. Figure 7. Time evolution of injection power of
N 1{ e | * This difference implies ECH and NBI, ne, Te, Wp. - |
: // 0N that the X-mode wave * The absorbed power (P,;) of X-mode and O-mode wave injections were estimated
e —-0.6 -0.4 —0.2 0. . 4 0. :
= 3 rer [ was converted to the by modulating ECH power at 11 Hz. |
° T3 4.0 4.5 5.0 Figure 4. Radial T, profiles before EBW Wh'Ch can dnve ’ abs was derlved by applylng the flttlng funCtlon ( VVp =Pte+ (Wpo - PTE)e_t/TE) and
Time [s] : . : I I I I I — . —_ .
pO\C/jv?r of ECH and NBI, 7, T, W, of the excited EBW can * P, was the almost same in both wave injections.
an p
be large. : L :
J 4. Comparison of the power deposition location
. . le—4
2. Observation of waves excited through PDI T 4 omodetiizeon - | |
X_molgg&{gggggred by the gfmr)(gg((e;vl%%g) 34' + X-mode(173994) | * The power deposmon locations were estimated by
7.4 K ' 23 o 046 an FFT analysis of ECE and fitting radial profiles of
: l_g_, .- effi 99_ . ]
F712 g 12.51 [— Xmode e PSD and the phase delay (PD) to the following
2770 2 g 100 | Noteh filer £ 11 functions to derive the center E)ositions:
Em.a Ef T 71 .y <8 : . PSD = a? exp (—(reff/agg — b) /cz) +d,
o ; 28 5.0 H
76.c [ L o I ¢ 20 . = PD = q? {1 — exp (—(reff/a99 - b)2 /cz)} +d
i : 2.5 1 (0] i .
R W R e N §5° * The power was absorbed around the UHR layer in
AT > 2T 6 768 770 772 77 3
30020075 0050025% Yoo 00208730080 050 ey G 8 the case of the X-mode wave and the O-mode
PSD/PSDpase [dB] PSD/PSDpase [dB] %

wave was mainly absorbed in the inboard-side

RF emission measured by the dipole antenna 1.50 0 O-mode:res/ags = 0.349
c00 X—mode (#173988) 600w O-Mode (#173989) 195 | : é-_f:;zc;z 30 { X-mode:rep/ags = 0.513 t | ECR Iayer.
o0 o — 100- — Antenna Gain || > _ 0.0 0.2 rff/ac939.4 0.6 N
2400 2400 :j 0.75 1 -10% Figure 9. Radial profilees of the modulation * The power deposmon
3 300 3 300 28 0.50 1 3 frequency component of PSD and PD. locations calculated by
220 20 025 T = e | TRAVIS were almost the same
+00 o 100 %010 0'1§requ§r§§3 [GHZ(;.zs 030" %1-0' —— O-mode 102-; X-mode as the experimental results of
B 2 W Figure 6. PSD of (top) ECE and (bottom) RF ?EO i . 101; both the X-n.]O.de gnd the O-
by s s 3= 6500 o6 sE &7 17 2717 emission. Orange and green lines indicate the X- :'OE K mode wave Injection although
Figure 5. Spgsc?tﬁr)z)nga;;[sS]normalized by sgngZch)Br]e ECH injection gfﬁyen?]gdsg(;\r,nvg ?ﬁelrgﬁ)cgignaﬁ?jﬁﬁérg;i%?ctlvely. %mo_o 100- | | the wave propagation was
(PSD,,s.) Of (top) ECE qnpl (b_ottom) RF emission. White dotted lines < 100 calculated by using the cold
shows the start of ECH injection. % 30 - 05 plasma dispersion and NJ_
* The radiation measured by dipole antenna and CTS receiver during the X-mode s = 00 became too large.
wave Iinjection increased. These radiation increases may be caused by PDI. qé " e 0 30 s * Therefore, the power may be
» The ECE signal had significant power in wide frequency range while the power £ * 0-mode: 73.3% absorbed to some extent
spectrum density (PSD) of the RF signal partly increased due to the frequency 0.00 025 050 0.75 1.00 0.5 ofzﬁ/a o7 o8 during th_e mode conversion
characteristic of the dipole antenna. Figure 10. Radial profiles of the power Figure 11. Radial profiles of N, and  Process in the X-mode

deposition and the cumulative power N, of the X-mode rays calculated by injection case.

* |t was difficult to confirm if the observed signals fulfilled f, = f; + f5. of ECH calculated by TRAVIS. TRAVIS.

Summary

 EBW heating via X-B mode conversion using a new ECH antenna system was demonstrated in the limited condition (setting low density and the magnetic axis
outward).

» Clear differences of the X-mode and O-mode wave Iinjection in plasma current, RF emission and ECE which may originate from PDI were observed.

* Absorbed power estimated from W, was the almost same in both the X-mode and O-mode wave injection.

« The power deposition position of the X-mode wave injection was farther from the magnetic axis than that of the O-mode wave injection because the O-mode wave
was absorbed in the inboard-side ECR layer while the excited EBW was absorbed around UHR layer due to the Doppler effect.
 The power can be absorbed during the X-B mode conversion in the X-mode wave injection case.




