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Fig. 1 A schematic diagram of the experimental
optical path and devices
(a): The main view of the spectrometer slit;

(b): Aphoto of femtosecond laser filamentation-guided discharge
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Fig. 2 (a) Free electric discharge; (b) femtosecond

laser filamentation-guided discharge
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Fig. 3 (a) One-dimensional spatially resolved spectrum of the discharge plasma (spectrometer slit parallel to the plasma channel) ;

(b) spectral curve integrated along the plasma direction; (c) the relative position of discharge plasma and jet
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Fig. 4 Spectral curves at different locations on the discharge plasma channel,

along with an illustration shows the location of the spectrum
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Fig. 5 One-dimensional distribution calibration curves of the
signal intensity ratios of N* and O atom on the dis-
charge plasma channel
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High Accurate Spatially Resolved Measurements of Discharges Plasma
Spectra
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Abstract Discharge plasma spectroscopy and laser-induced breakdown spectroscopy are widely used in the flow field diagnostics
owing their simplicity and strong signal intensity. Due to the random nature of the discharge, the time and space of the discharge
are hard to be controlled, so it is difficult to measure the discharge plasma spectra accurately, and the laser-induced breakdown
spectroscopy is limited to point measurements. In this paper, we introduce a method of one-dimensional spatially resolved dis-
charge plasma spectra measurements, based on femtosecond laser filamentation-guided discharge. Femtosecond lasers beam self-
focusing could create a filamentous weak plasma channel, and this weak plasma channel can be used as a trigger source for the
high voltage discharge when it is close to the pair of high voltage electrodes. This triggering way can trigger and guide the dis-
charge to breakdown the air along the path of the plasma channel at a specified time. Under the experimental conditions, the
fluctuation of the time interval between laser pulse arriving and the start of discharge is less than 0. 01 ps, which indicates that
the laser filamentation-guided discharge is highly repeatable. Therefore, using the femtosecond laser can realize the precise con-
trol of the time and space of the discharge, and one-dimensional spatially resolved spectra of discharge plasma can be accurately
collected. In a jet flow field environment, the mixture fraction in the jet is different from the ambient air. The experimental re-
sults show that the changes in the species concentration at different locations can be seen clearly from one-dimensional spatially
resolved spectra. By correlating the concentrations of N, and O, with the signal intensity of N™ and O atom, one can realize a
one-dimensional measurements of the species concentration. Compared with nanosecond laser-induced breakdown spectroscopy,
this method not only has the same advantages, but also has one-dimensional spatial resolution. Meanwhile, this method has the
potential to achieve high temporally resolved measurement, which is of great significance for studying the spatiotemporal evolu-

tion process of the discharge plasma.
Keywords Spatially resolved spectroscopy; One-dimensional measurement; Discharge plasma; Femtosecond laser
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