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BREAKDOWN AND DISCHARGE IN LOW PRESSURE Gas  CREATED BY
A Microwave Radiation Undergoing Stochastic Phase Jumps 

V.I. Karas`, A.F. Alisov, A.M. Artamoshkin, R. Bingham*, I.V. Gavrilenko, I.A. Zagrebel`ny, V.I. Mirny, I.F. Potapenko**, V.S. Us

NSC “Kharkov Institute of Physics &Technology” of NAS of Ukraine, Kharkov, Ukraine,
   e-mail: karas@kipt.kharkov.ua
*Rutherford Appleton Laboratory, Chilton, Didcot, Oxfordshire, UK,
   e-mail: R.Bingham@rl.ac.uk
**Keldysh Institute of Applied Mathematics of RAS, Moscow, Russia,
   e-mail: irina@keldysh.ru
Earlier we shown with help of the theoretical and experimental investigations and numerical simulation that a microwave with stochastic jumping phase (MWSJP) is reflected to a lesser extent due mainly to the penetration of the wave pulses associated with stochastic jumps in the wave pha-se; especially at large angles of incidence the longitudinal electric fields in the plasma are close in strength to the transverse fields. The longitudinal energy of the electrons and their temperature increase severalfold [1]. In 1992, specialists from the Fusion System Corporation (Maryland) designed a highly efficient light source operating in the quasi-solar spectral region and based on an electrodeless microwave gas discharge in a sulfur-containing tube. 

For microwave discharges in regular electromagnetic fields, the threshold breakdown field is minimum when the collision frequency is equal to the electromagnetic field frequency. 
In the present paper, we propose to initiate microwave discharges in different gases by MWSJP. The advantages of this method are as follows: (i) such microwaves are capable of initiating discharges at lower gas pressures because the jumping phase slows electron diffusion; (ii) the jumps in the phase ensure that the collisionless electron heating is not accompanied by energy losses in elastic and inelastic collisions; (iii) a uniform microwave discharge is easy to initiate because microwaves with a stochastically jumping phase can deeper penetrate into an overcritical  plasma.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

Let us now consider the conditions for breakdown in argon, helium, air and gas mixing by microwave radiation from new types of beam–plasma devices generating intense stochastic microwave radiation in the interaction of electron beams with hybrid plasma waveguides that were developed and put into operation at the NSC Kharkov Institute of Physics and Technology (see in [1]).  The working frequency of this generator is 450 MHz, the mean rate of the phase jumps being 
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, the cross section for nonelastic collisions of electrons with argon atoms varies greatly (by a factor of about 30), being at its maximum several times larger than the ionization cross section corresponding to electron energies of 15–20 eV. This makes it possible to initiate discharges in argon by microwaves with a stochastically jumping phase at pressures as low as 4 Pa. In this case, the mean rate of phase jumps is equal to the maximum nonelastic collision frequency, which corresponds to electron energies close to the ionization energy. Operation under such conditions is advantageous in that, first, no energy is lost in elastic collisions, and, second, due to the jumps in the phase, the electron diffusion remains insignificant and the electromagnetic energy is efficiently transferred to electrons. 

Our numerical simulations and preliminary experiments show that, in order to initiate a microwave discharge in argon at a pressure of 4 Pa, the microwave electric field strength should be about 25 V/cm. The working microwave frequency of this system, 450±50 MHz, is consistent with standards adopted for industrial, scientific, and medical applications. 
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