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The present review summarizes research results on runaway electron preionized diffuse 

discharges (REP diffuse discharges or shortly REP DDs) in both single and repetitive pulsed mode 
[1]. The REP DDs are initiated due to the generation of runaway electrons and x-ray in an 
inhomogeneous electric field. It is shown that this type of discharge is formed both at negative and 

positive polarity of electrodes of small curvature radius. Either a cathode or an anode, or both can 
have a small curvature radius. The review also reports data on the effect of different parameters on 

REP DDs (voltage pulse amplitude and duration, voltage rise time, gas kind and pressure, pulse 
repetition frequency, interelectrode gap width). During the formation of a REP DD, runaway 
electron beams and X-rays are detected. It is shown that the runaway electron beams are generated 

in the first breakdown phase when the gap is bridged by an ionization wave. The role of 
characteristic radiation in the formation of a REP DD is discussed. 

At the REP DD, the anode is influenced by the plasma of a dense nanosecond discharge 
with the specific input power up to hundreds of megawatt per a cubic centimeter, by the SAEB, 
shock wave and optical radiation from discharge plasma of various spectral ranges, including UV 

and VUV. This allows forecasting the REP DD application for modification and cleaning of metal 
surfaces in different technological processes as well as for the dielectric surface modification and 

cleaning at a definite anode design [2].  
The investigations show the promising prospects of REP DD employment for exciting 

series of gas lasers and light sources. Generation was obtained on molecules N2, HF, and DF with 

the efficiency close to the limiting value. It was established that the REP DD is most efficient for 
pumping lasers with the mixtures comprising electro-negative gas SF6.  

The work is performed in the framework of the Russian Science Foundation (the project 
#14-29-00052).  
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