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1. Introduction

Recently, measurements of low power lower hybrid waves (LHW) launched by quasioptical
grills (f=9.3 GHz) into the CASTOR tokamak plasma were performed [1]. Strong fluctuations
of LHW amplitude and phase, hindering the determination of the wave IV have been observed.
The question arose: are these fluctuations specific for the quasioptical grillsor they accompany
LHW launched by other types of grills, too? And, moreover, do these fluctuations correspond
to the well known LHW spectrum broadening? We attempted to answer these questions by
repeating the experiments, but with aformerly used multijunction grill working at the frequency
f=1.25 GHz and power up to 50 kW, sufficient for a substantial current drive.

2. Experimental arrangement

Ray tracing of LHW propagating at frequency 1.25 GHz along the plasma column in tokamak
CASTOR is shown in Fig. 1a) (= denotes the vertical coordinate, see Fig. 1b) for a parabolic
density distribution with maximum central value n(0) = 7 x 10'® m=3.
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Fig. 1. Ray tracing of LHW with f = 1.25 GHz launched near CASTOR equatorial plane for a parabolic
density distribution with n(0) =7 x 10'® m~—3; a - top view, b - poloidal cross-section.

The launching antenna is placed in the outer horizontal port and it has poloidal width
about 60°, see right side of the Fig. 1b. Traces of three rays coming from different points of
the grill aperture are depicted. For the measurements of the LHW N}, spectrum, an RF coaxial
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double probe detecting squares of the wave amplitudes, P, and P, at two points separated 6 mm
toroidally and placed in a poloidal cross-section 135° toroidally away from the grill antenna
has been used. The probe enters the plasmathrough alower port and it is movable through the
whole poloidal cross-section of the device.

A coaxial RF circuit for determination of the wave phase velocity (i.e. the mutual phase
o of the wave at these two points) has been developed and realized, see Fig. 2. All detectors
Py, P, and P,;, (phase detector) shown in Fig. 2 are absolutely calibrated in the whole range of
power used.
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Fig. 2. RF coaxial circuit for detection of the LHW phase velocity.

As launcher, a 3-waveguide multijunction grill with a relatively broad spectrum Nje <
1;5 > has been used. The power of the RF generator used (several tens of kW) is comparable
with the ohmic heating power and about 60% of the total electric current is driven under these
conditionsin CASTOR.

3. Experimental results

The method of the LHW phase measurements used is described elsewhere [2]. The scheme
shown in Fig. 2 makes us possible to measure, in addition to the squares of electric field
intensities at the two points, P, and P, also the square of interference signal P,;, of the both
fields (depending on their phase difference). Results of the measurement are shownin Fig. 3in
the long time scale (together with loop voltage U, and line averaged density n, see left side
of thefigure) aswell asin the short time scale (sampling rate 0.5.s, seeright side of the figure).
Following conclusions can be drawn from thisfigure:

1. General feature of al measurements is a strong fluctuating modulation of these ampli-
tudesin time (and as well asin space, seee.g. [2]).

2. Phase difference ¢ of the waves detected using the RF double probe (i.e. V) strongly
fluctuates as well (in an interval <10;90°>), however, it is measurable in this case of relatively
long wavelength used (A = 24 cm, instead of 3 cm used in [2]).

3. A considerable broadening of the antenna IV} spectrum into the region of short wave-
lengths (up to V; = 10 can be deduced from the fact given in the foregoing point and from the
distance of two probe tips.
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Fig. 3. Phase evaluation of LHW launched in CASTOR by 3-waveguide multijunction grill (shot # 5581,
probes on the radial position »r = R — R, =-60 mm, z = 0).

Further, it has been found:

1. Amplitudes of the signalsfrom the RF double probe increase from the edge towardsthe
center of the plasmain concordance with the LH cone existence.

2. Thelevel of LHW fluctuating modulation doesn’t depend on the probe position.

4. Remarkson theinterpretation of the measurements

We use the commonly accepted hypothesis about the LHW spectrum broadening to slow phase
velocitiesw/kj ~ (3-4)vr.. For CASTOR tokamak plasma, the corresponding spectral width
is Ak > ki = theminimal & of the launched spectrum. Therefore, in the region of the RF
probe, the LHW field acquires the form of wave packetswith lengths ~ 2 7 /Ak;. These wave
packets arise as an interference of waves coming from different partsof the grill and penetrating
regions with different plasma density fluctuations.

In the case of the former 9.3 GHz quasi-optical grill with the peak of the spectrum at
N = kjc/w ~ 3, the length of the wave packetsis < 1 cm. Comparing it with the RF probe
tips mutual distance 6 mm, we can understand why practically no correlation of the two probe
signals has been found.

For the 1.25 GHz multijunction grill, the above (3-4)vr. limit implies that the maximal
value of N ~ 10 can be expected. The length of the corresponding shortest wave packets
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~ 24cm/10 is four times larger than the RF probe distance, a fact improving considerably the
conditions for the phase measurements mentioned above. This expectations are in accordance
with the experimental results, where

(i) the phase measurements with the 1.25 GHz grill are possible and

(i) the maximum phase difference of the waves detected by the two RF probes is 90°,
corresponding to IV ~ 10.

Dueto the plasmafluctuationsal ong awave path mentioned above, thewave phaseincludes
afluctuating part ¢ ~ 2mm«(t)/ky, where m is the number of the wavelengths 27 /& along
the wave path and « is a part of & which varies due to the on fluctuations. Assuming that
v > 2m, we obtain the following relation for frequencies f,, and f,, of ¢ and of én fluctuations,
respectively:

fo = 47rm/€maq;fn/ku.

Therefore, the interference patterns of the LHW in the RF probe region fluctuate with the
characteristic frequency f,. The values of m and rk,q,/k| may vary in broad limits. As an
example, we take m = 20, knq. /K = 0.05 and obtain f,, ~ 10 f,,, avalue corresponding to the
experimental results.

5. Conclusion

Detailed measurements of the local density fluctuationsin the place of RF probesas well asin
front of thelaunching antenna[1], madeon CASTOR at alow level of RF power at thefrequency
f=9.3 GHz, don’t reveal any correlation with analogical LHW fluctuations observed in that case.
Theoretical estimates show that such complex picture can be explained as an integrated effect of
density fluctuations along the whole waves rays from the antenna to the point of measurements.

As to the two questions formulated above, we conclude that (i) the LHW amplitudes and
phases fluctuations are not specific for the quasioptical grills, (ii) these fluctuations approxi-
mately correspond to spectrum broadening expected; in other words, spectral gap filling to the
phase velocities (3-4)vr. has been confirmed by means of direct wave measurements.
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