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Local emissivity profiles of the Balmer-α emission obtained by a newly de
emission spectroscopic diagnostic technique, called the optical probe [1], a
profiles obtained by Abel inversion and EEDFs from Langmuir probe measurem
input powers and pressures. Measurements were performed in a hydrogen IC
GEC cell. A double spiral three turn antenna embedded in a quartz cylind
standard GEC antenna. The major advantage of this type of antenna is the s
capacitive coupling and a very symmetric radial current providing good spatial h
The optical probe consists of a ceramic tube inserted into the plasma. A lens and
located at the end of the tube. An optical fiber guides the light to the detec
special adjustment of the optics allows accumulation of light only within a v
angle thus leading to well defined line integrated measurements. Differentiation
the probe position yields spatially resolved emission profiles along the line-of-si
The local emissivity (Fig. 1) measured by the optical probe exhibits a radial 
with two pronounced maxima located symmetrically at positions x = ± 40
reflects quite well the distribution of the induced electric field and is co
predominately local power balance caused by high collisionallity in hydrogen. 
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Fig. 1 Normalized local emissivity profiles of the Balmer-α line at 800 W and 20 

optical probe and by Abel inversion and calculated excitation rates (atomi
channel) as a function of the radial position. The three upper lines are shifte
with a successive offset of 0.3 a.u. for each line. 
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Fig. 2 EEDF at different radial positions in hydrogen at 800 W and 20 Pa. EEDFs are measured in 

steps of 10 mm. 
 

Radial scans of the electron energy distribution functions (EEDF) are measured using a 
Langmuir probe (Fig. 2). Based on a corona equilibrium model emission rate profiles are 
calculated out of the EEDFs [2]. Competing processes like excitation by collisions with other 
species and cascading transitions from higher excited states as well as de-excitation by 
collisional quenching are neglected, so that the direct electron impact excitation from the ground 
state is simply balanced by spontaneous emission. Furthermore, the plasma is assumed to be 
optically thin.  
The excitation rate profiles calculated for both, the atomic and the dissociative direct electron 
impact excitation (Fig. 1) show identical profiles. Since only the profiles and not the absolute 
rates are of interest in this work, it is actually not necessary to distinguish between the relative 
contributions of the two channels to the total emissivity. Both profiles show excellent agreement 
with the data obtained by the optical probe.  
In addition, local emissivity profiles are derived by Abel inversion [3] out of filtered camera 
images of the discharge and compared to profiles obtained by the optical probe. Abel inversion 
is in general difficult to perform in extended plasmas since reflections from the chamber walls 
cannot be avoided. Therefore, certain sections of the original profiles were substituted by 
interpolation curves. To circumvent discontinuities and derivatives in the Abel transformation a 
special Hankel transform method was used [4]. The result is shown in Fig. 1. The position of the 
maximum as well as the general trend of the emissivity agrees well with the optical probe result. 
Deviations are related to the general problem of wall reflections in direct imaging of the plasma 
emission and clearly show the limits of such techniques. 
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