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1. Introduction: Lower hybrid waves (LHW) are used for non-inductive current drive in 

many tokamaks. However, additionally to the current drive itself, parasitic particle 

acceleration   in the region just in front of the RF launcher is observed. These particles are 

dangerous for plasma-facing components, which are magnetically connected with the region 

of particle acceleration, especially if high LHW power is used (so called “hot spots” have 

already been observed in tokamaks JET and Tore Supra) [1]. Theory suggests a mechanism 

of the particle acceleration by absorption of higher spatial harmonics in the antenna spectrum 

[2] and enhancement of this acceleration or even acceleration without presence of the high 

LHW harmonics by formation of random toroidal electric fields [3]. Experimental 

assessment of the relative magnitude of these two mechanisms has not been done yet. 

A small tokamak CASTOR (R/a=0.4/0.85m) with low plasma energy density and short 

pulses (20ms) offers a unique possibility to carry out probe measurements in front of the grill 

antenna (three-waveguide multijunction grill, circularly shaped with r=86mm) and in this 

way to provide direct information about the local electric fields in this region. It has been 

already shown in [4] that radially very narrow layer (several mm only), with a dip in floating 

potential Vfl up to –200V (potential “well”), is formed just in this region if LHW  is 

launched in the CASTOR (power up to 30kW).  This dip was interpreted as arising due to 

the presence of   electrons accelerated just in this layer. 

2. Experimental set-up: For measurements of the toroidal electrical field, a small double 

probe with two tips separated  3.5mm in the toroidal direction has been used. The tips 

(diameter 1mm, length 1.5mm) are oriented in the radial direction. The length of the tips 

determines the radial resolution of the measurements, their toroidal separation limits the 

measurable Etor wave numbers to the values ktor<10cm-1. The probe is radially movable (by 

tilting from the top of the tokamak) in front of the central grill waveguide of the grill. Due to 

the good reproducibility of the CASTOR discharges, radial profiles of the floating potential 

have been obtained  on the shot-to-shot  basis.  The  signals  have  been  sampled with 1MHz  



frequency. In the following, correlation  and FFT analysis of the measured Vfl signals is 

given together with an attempt to investigate characteristics of toroidal electric field Etor  (up 

to 500kHz),  derived from Vfl measured by two toroidally separated tips.    

3. Results of the measurements: Fig.1 shows floating potentials Vfl as a function of time 

measured by one of the probes in five different radial positions (the grill mouth is located at 

86mm). The measurements have been performed 40mm above the equatorial tokamak plane. 

The LHW has been applied in the time period 10-13ms. Radial profiles of Vfl evaluated by 

averaging of Vfl (Fig.1) over 500µs in OH (Ohmic Heating) plasma just before (asterisks) 

and immediately after (diamonds) application of LHW pulse are given in Fig.2.  Formation 

of the potential  “well”  deeper  than  minus  100V  during  LHW  is  visible.    Let  us  note  

that  the maximum of Vfl drop (and apparently also the maximum particle acceleration) is 

slightly shifted from the grill mouth into the plasma. This is in accordance with the JET mea- 

surements [1b], exhibiting maximum hot 

spots brightness at the divertor apron for a 

grill slightly retracted behind the limiter. 

.   

Fig.1. Time dependence of Vfl for five              Fig.2. Comparison of Vfl  radial dependence     

    different radial positions of the probe.                    in OH and LHW  discharge phases. 

    In the following, we compare cross-correlation (Fig.3) and frequency (Fig.4) 

characteristics of measured floating potential before and during LHW phase at three 

characteristic radii regarding the “well”:  r=81.5mm (deeper in the plasma), 83.7mm (place 

of the maximum Vfl drop) and 84.1mm (near to the grill mouth). 

         The main results of the measurements given in Figs.3,4 can be summarized as follows: 

 (i) There is a significant difference in character of the cross-correlation between Vfl signals 

of the both tips in OH and LHW discharge phases at all radial probe positions; namely, while 

in OH maximum of the cross-correlation function reaches all the time value nearly one (i.e. 

there is hardly any measurable toroidal electric field), the cross-correlation during LHW is 

going  to  zero  (or  becomes  sometimes  even  negative)  deeper  in   the  plasma,  while  it  

is recovering very well just in the potential “well”. 



 
         Fig.3. Cross-correlation of the Vfl signals of the two toroidally separated probes. 

 
                 Fig.4. Frequency spectra of Vfl signal measured by one of the probes. 

     (ii) Simultaneously with recovering of the cross-correlation in the “well”, a time shift of 

the maximum appears in this region (order of 1µs, indicating a one-directional toroidal 

movement of the fluctuations in this radially narrow layer with a velocity several km/s), 

together with indication of an expressive long-living frequency component about 50kHz. 

   (iii) Existence of such ≈50kHz component has been confirmed also directly by FFT 

analysis (Fig.4). However, while the frequency spectrum of Vfl  exhibits during LHW this 

component slightly  enhanced at all radial positions (in contradiction to the OH discharge 

phase), it acquires an expressive value only inside the “well”.  

 Using Vfl signals of the both probes (toroidal distance 3.5mm), radial dependence of 

the fluctuating toroidal electric field Etor [kV/m] has been calculated. Fig.5 shows 

comparison of this quantity for OH and LHW phases at three radii shown in foregoing 

figures. The increase of Etor amplitude  during LHW is clearly visible at all probe positions. 

This amplitude increase is caused first of all by a massive enhancement of the low frequency 

component of the spectrum, see Fig.6, where radial dependences of Etor frequency spectra 

are compared for OH and LHW discharge phases. 



 
Fig.5. Comparison of radial dependence of Etor for OH and LHW discharge phases. 

 
Fig.6. Comparison of radial dependence of Etor frequency spectra for OH and LHW. 

      A significant difference in OH and RF discharge phase can be deduced from the Fig.6.:  

a) while Etor has character of a broad-band noise during OH (especially deeper in the 

plasma), its spectrum exhibits a “massive” low frequency part in RF; 

b) this distinct difference is not in any case more expressed in the “well”; this fact could 

indicate that the fluctuating toroidal electric field, detected in the experiment, participates in 

the particle acceleration in the very narrow layer in front of the grill mouth and, in this way, 

it is absorbed there. This would be similar to the absorption of the high LH field harmonics 

observed in numerical simulations [5] just in this very narrow layer. 
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