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A robust measurement of line integrated electron density (free of fringe jumps) needed for many applications, in particular for real time control. This is of particularly importance during tokamak long pulse operation. Recently a new method for robust measurements of line integrated electron density – time of-flight refractometry (TFR) has been developed and tested experimentally in the T-11M tokamak [1, 2]. The method provides unambiguous density measurements directly from the measurements of time delay of shot microwave pulses (with a duration of several nanoseconds) propagating through the plasma. When the probing carrier frequency f is much higher than the plasma frequency fp, the measured delay in the propagation time is proportional to the line-averaged electron density regardless of the density profile (O-mode probing):
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For X-mode probing, one has the similar formula:
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where l = 4(a is the path length of the wave for double pass probing in equatorial plane, a is the minor radius of plasma, K1, K2 – numerical factors, fc – electron cyclotron frequency at the center of plasma column, fp  << fc, f. Thus, time delay measurements provide the same information, as an interferometer, but interference effect is not used in these measurements. When the conditions fp  << fc , f are not completely satisfied, the expression for time delay will depend on the density profile. So, in this case, for acquiring the density measurements independent of density profile it is necessary to conduct measurements of time delay using multifrequency probing [3]. 

Method of time-of-flight refractometry (TFR) has been proposed recently for application in ITER [3] in order to get robust line integral electron density information. At ITER conditions (BT ~ 5T), X-mode probing in the equatorial plane seems to be attractive for application due to transparency of ITER plasma for electromagnetic emission between lower and upper cut-offs at approximately 50-100 GHz frequency band. This simplifies the diagnostics significantly and removes the so called “first mirror” problem.

The first results of testing of prototype of TFR developed for ITER on the FTU machine are described.  Geometry and the scheme of measurements, which are quite similar to that of for ITER, are described. A good agreement between the density measured by two-color scanning IR-interferometer system of FTU [4] and by refractometer is found. A discussion and analysis of results obtained and of future plans are presented.
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