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In this work, we have used two different laser spectroscopic techniques in order to 
determine the local electric field strength (E-field), in the cathode fall region of a hollow cathode 
discharge, operating with atomic hydrogen or deuterium. The E-field is an important parameter to 
be known in low pressure plasmas such as glow discharges, RF and microwave discharges, 
plasma boundaries in tokamaks etc. Many techniques have been developed for E-field 
determination, among these techniques non intrusive methods, like laser spectroscopy, are 
preferred [1-5]. One of the advantages of using laser spectroscopy is to perform measurements of 
high temporal and spatial resolution. On the other hand, atomic hydrogen participates in many 
plasmas of industrial interest. 
 

The principle of determining E-field is based on the well kwon Stark effect that produces 
shifting and mixing of spectral components and variations in their intensities. Comparisons of the 
experimentally measured spectra with theoretical values or with calibrated ones provide the E-
field. We used in this work, for both spectroscopic techniques, Doppler free two-photon excitation 
for the 1S-2S transition provided by two counter propagating laser beams at 243 nm, in 
accordance with the selection rule for the angular momentum ΔL = 0. And we determine the E-
field via the Doppler-free spectra of the Stark splitting of the 2S level [6]. 
 

The first technique is two-photon polarization spectroscopy, which is based on the detection 
of the small polarization change of a linear polarized probe beam, due to two-photon excitation 
while interacting with a circularly polarized beam of high irradiance. The advantage of two-
photon polarization spectroscopy is evident because it is not affected by background radiation and 
quenching, it can be applied therefore without limitation at elevated pressure and it is possible to 
measure directly “all at once”: not only local electric field strength, but also absolute local atomic 
ground state densities, and under certain conditions electron density and kinetic temperature [5-7]. 
 

In a second case we use optogalvanic spectroscopy as a more easy technique detection to 
measure the Doppler-free Stark spectra. However, the optogalvanic signal created in our case is 
somehow different compared to optogalvanic signals measured in saturation spectroscopy. The 

irradiance of about 1 GW/cm
2 
present in the excitation region of the laser beams causes not only 

two-photon excitation but results although in subsequent photo ionization due to the absorption 



of a third laser photon. Hence, the charged particles created in the overlap volume of the laser 
beams are accelerated by the present electric field, and the corresponding variation of the 
discharge impedance can be measured from the voltage drop variation between cathode and 
anode via capacitive coupling. 
 

The full potential provided by these spectroscopy techniques is accessible, if a pulsed UV 
laser radiation of sufficient peak power and SLM spectral quality is available. In briefly, the 
scheme for the generation of 243 nm radiation, as required for the two photon excitation of the 1S-
2S transition, consists of a 10 Hz injection-seeded Q-switched Nd:YAG laser and a substantially 
modified OPO-OPA system. This concept provides up to 10 mJ pulse energy in 2.5 ns and 
300 MHz bandwidth. 

 
With these two techniques, available in our laboratory, we have already measured the E-

field in the cathode fall region at different discharge conditions like pressure, current density, 
cathode diameter and even we have measured in atomic hydrogen and deuterium. At the 
Conference we will show the obtained dependencies of the E-field strength, i.e. the cathode fall 
behaviour for various discharge conditions. 
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