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A brief review of a new advanced laser-based method for gas and gas flow nonintrusive diagnostics will be presented. The presentation will be based on recent results of experimental and theoretical studies of the coherent microwave radiation from a laser generated, collisional, weakly ionized plasma. For these studies we are working with plasma dimensions that are relatively small compared with the microwave wavelength. In this case the microwave scattering signal strength can be modeled as scattering from an oscillating plasma dipole, similar to the scattering of an atom in light [1]. 
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Fig.1. (a) Sketch of microwave scattering from laser spark; (b) Practical Radar-REMPI configuration

The incident microwave modulates the charge separation in that plasma, creating an oscillating induced dipole (Fig.1). The wavelength of the incident microwave radiation is much larger than the size of that plasma. If the skin-layer at microwave frequency ωm is greater than the characteristic size of the plasma, all the electrons in the plasma oscillate in the same phase. So, in the far field, the scattering of the microwaves falls into the Rayleigh scattering approximation. The scattered microwave radiation intensity and electric field amplitude are [1]: 
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 is the total electron number in the plasma. Therefore, the rate of increase and decay of the microwave scattered signal reflect the time evolution of the laser induced plasma – from breakdown to post-breakdown plasma decay. Then, we suggested a new method of remote detection called Radar-REMPI in which the microwave was scattered from the plasma that was selectively produced by the Resonance Enhanced Multiphoton Ionization. Also, if gas is moving, the Doppler shift of the Radar-REMPI or Radar-Laser Spark signal can give information about the local bulk gas velocity.
First, our approach was applied to study microwave scattering from a regular avalanche laser breakdown in a room air [2]. Later this technique was applied for: nonintrusive remote spectroscopy and for detection of trace species. Experiments showed the detection limit for NO in an NO:N2 mixture was around 0.04 ppm [3,4]. Recently, we demonstrated capabilities of our approach for the high accurate direct measurement of the electron loss rate in air and in arbitrary gas mixtures [5]. 
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