CONDITIONS FOR GENERATION OF RUNAWAY ELECTRONS IN A GAS DIODE WITH A STRONGLY NONUNIFORM ELECTRIC FIELD 
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A sufficient condition for generation of runaway electrons in a uniform field is that its strength is above the threshold value (Er) determined by the parameters of the gas [1]. The feature of laboratory studies of generation of runaway electrons is often a sharp inhomogeneity of the electric field in the interelectrode gap (cathodes in the form of a needle or a blade are used for the local enhancement of the field). In this case, the field exceeds the threshold value only in a small vicinity of the working surface of the cathode, and to answer the question on the possibility of runaway electrons, it is necessary to examine their motion at the periphery in the region of low fields (see Fig. 1).
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Fig.1. (a) Sketch of the experimental setup, and (b) zoom of the cathode-anode gap.
In the present work, the conditions for generation of runaway electrons in a gas diode with a sharply nonuniform electric field are investigated for a “conical cathode–planar anode” discharge gap [2]. The new condition for runaway has the form:
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where D is the interelectrode distance, U* is the parameter weakly depending on the interelectrode distance.
According to developed theory confirmed by experiments, just this condition, rather than the classical one, will determine the transition of electrons to the runaway regime for the strongly sharpened edge of the cathode [3]. The threshold value of the rounding radius of the cathode edge for the use of different criteria of runaway is 
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 (this estimate corresponds to nitrogen at atmospheric pressure).
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