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Initiation of electric discharges in gases
by resonant laser pulses*

T. Stacewicz, G. Topulos

Institute of Experimental Physics, Warsaw University, ul. Hoza 69, 00-681 Warszawa, Poland.

We describe the method of initiation of an electric discharge in gases by a resonant laser light. It
consists in the admixing of the gas of atomic vapour with characteristic absorption lines. The
resonance transition is saturated by the laser pulse, and then — due to superelastic collisions
between electrons and excited atoms — the heating of plasma and fast increase of its density
occurs. This induces the avalanche break-down of the gas in the electric field between cathode and
anode.

1. Introduction

The phenomenon of electric discharge in gases has been widely used in con-
temporary electronics. For example, in spark-gaps the gas break-down is applied for
fast switching of high voltage and high current transitions. The electric discharge is
initiated by primary electrons and ions produced with the use of additional ignition
electrode or by means of pulses of ionizing radiation. In laser techniques either the
electric break-down of gas by high power laser pulses or the creation of plasma by a
light beam focused on the surface of the electrode or the multiphoton ionization are
used as processes initiating the spark-gap switching [1]. Both methods require a high
pulse energy and are not sensitive to the laser wavelength. In this paper we present a
new method of initiation of discharge in gases by laser pulses. Its main feature is that
the effect occurs only when the laser wavelength is tuned to one of the resonance
lines of the gaseous medium.

2. lonization method

A very efficient ionization of dense alkali vapour by intense resonant laser pulses was
experimentally discovered by Lucatorto and Mmcirath [2], [3]. This process, well
known as LIBORS (Light lonization Based On Resonance Saturation) was
theoretically predicted by m easures [4], [5] and investigated later by several groups
[6]—8]. It consists in efficient transfer of the laser pulse energy stored in excited
atoms to the plasma due to superelastic collisions between these atoms and electrons.
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This effect leads to the fast heating of plasma and to the increase of its density. The
process develops in avalanche way. With long (L pm) and powerful (1 MW) laser
pulses at high atom density (102 m-3) nearly 100% ionization was achieved [2],
[3], [6], [7]. LIBORS could be observed also for lower atom concentrations (even
1019 m-3) and less energetic laser pulses (30 kW, 6 ns FWHM time) but with lesser
efficiency [8]. We used this effect to initiate electric discharges in gases.

3. Experiment

The experimental setup is presented in Figure 1 Our investigations were carried out
with the help of a pyrex cell with molybdenum anode and cathode 4 cm apart. The
cell was evacuated to the residual pressure 10”5Pa and then filled with a few drops
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Fig. 1 Experimental setup. O — oven, C — pyrex cell, L — lens

of sodium and 300 Pa of helium. In order to protect the pyrex glass against the
aggressive influence of the sodium vapour the Na2B40 7 wall coating was used [9].
The cell was placed in the oven. A nitrogen-laser-pumped rhodamine 6G dye laser
was used as a light source. The FWHM time of the laser pulse was 6 ns; the line
width was less than 0.1 nm. The laser beam was focused between the anode and
cathode by a lens of 30 cm focal length. Current pulses passing across the cell were
observed by means of oscilloscope.

4. Results

In order to achieve the triggering of electric discharges by resonant laser pulses the
voltage applied to the cell should be about 20-70 V lower than that inducing an
autobreak-down of gas. The voltage 280 V was used. The minimum sodium vapour
density should be greater than 8 x 1018 m-3 in order to achieve sufficient LIBORS
efficiency.
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In the conditions described above, laser shots induce strong current pulses which
are the result of the avalanche ionization of the gas in the electric field between anode
and cathode initiated by LIBORS. The pulse duration is determined by the time of
discharge of the capacitor. For 300 Pa of helium the pulses were 20 ms long and were
delayed by 20 pm with respect to the laser shots. Both time-duration's decrease with
the buffer gas pressure increment. This is related to the time needed for the
development of the discharge avalanche and to the final plasma density. For
example, at 200 Pa of the buffer gas the delay time was equal to 0.2 ps and the pulse
duration was 40 ps. Higher buffer gas pressures could not be used because the
LIBORS process would be strongly reduced [10].

The process occurs for quite low energies of the light pulses. The electric
discharge in our case could not be induced by surface processes, i.e., when the laser
beam is focused on the electrode or on the cell wall even for the pulse power as high
as 50 kW but with the wavelength detuned from the resonance. On the other hand,
with the laser wavelength tuned to the Dt or D2 line, we observe the triggering effect
for the laser power as low as 300 W (1.8 xI10O-6 J). For such a low power the
LIBORS signal could not be observed directly using Langmuir probe method [8].
The low threshold of the process leads to the conclusion that the laser-induced
multiphoton ionization probably does not play any role in our experiment.

300 Pa He

Fig. 2. Current pulses amplitude (a.u.) as a function of the laser
wavelength for sodium vapour density 1019 m-3 and the laser pulse
peak power 400 W
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Figure 2 shows the spectrum of this process recorded with the use of boxcar
integrator. Current pulses disappear when the laser line does not overlap with one of
the sodium D lines. The spectral resolution is comparable with the laser line width.
For higher buffer gas pressures the selectivity decreases. For 200 Torr of buffer gas
the components of sodium doublet cannot be resolved.
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The effect described in this paper can be applied to the calibration of a tunable
laser wavelength. Cesium and rubidium vapours or their mixture seem to be a good
candidate for it because of a large number of resonance lines in the visible spectral
range and high vapour pressure at relatively low temperature of the cells.
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Bo36y)KJeHMe ra3oBbiX PaspsgoB Pe30HAHCHbIMU Na3epHbIMU UMMY/bCaMM

OnucaHo MeTof rasoBblX pPa3psifoB Nas3epHbIM CBETOM C Pe30HAHCHOM 4acToToi. OH 3ak/toyvaeTcs
B /IErVpOBaHnNM rasa aTtoMHbIMW MapaMy C XapaKTepucTUYeCKMMU abCopPOLMOHHBIMWU MHUSAMKU. Pe3o-
HaHCHbI Mepexof HacbIlWeH NasepHbIM UMMYAbCOM U TOrfa BCAEACTBUE CYMNepanacTUUeCKUX CTONKHO-
BEHUI MeXAY 3N1eKTpoHamMun 1 BO36Y>XXJEHHbIMWU aToMaMy NPOUCXOAUT Harpes nnasMbl U 6bICTPOA pocT
ee MJIOTHOCTU. 3 TO0'BbI3bIBaeT NaBMHHbIM MPO6OI B rase B 3/1eKTPUYECKOM MOS1Ie MEXAY KaToAgom
N aHOLOM.



