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Energetic hydrogen atoms have been detected via excessive broadening of 
Hydrogen Balmer lines. This anomalously Doppler broadened line profiles have 
been detected in various types of discharges during the last two decades (see 
Ref. /1/ and references therein). This phenomenon is also found in plasma fusion 
experiments. Namely, broadened profiles have shown the presence of hydrogen 
atoms with high kinetic energies, up to several hundreds of electronvolts. 
According to the collision (CM) or field acceleration model (FAM) /2, 3/ 
hydrogen ions (H+, H2

+, H3
+) are accelerated by electric field in the sheath 

regions of the discharge where they undergo charge exchange reactions thereby 
generating energetic H atoms. Also, ions are backscattered from the cathode as 
fast hydrogen atoms after undergoing neutralization and fragmentation. 
Recently, alternative explanations have emerged.  

This lecture is an overview of our recent experiments and investigations. In 
order to investigate the population of fast H atoms and verify the CM we have 
performed a series of experiments with different types of glow discharges. 
Balmer alpha emission spectroscopy was used to examine DC and pulse driven 
discharges. The discharge image was projected by a lens to the entrance slit of 
an Echelle-type spectrometer coupled with a two-dimensional intensified charge 
coupled device (ICCD) (PIMAX2, Princeton Instruments) with 1024X1024 
pixels. The instrumental profile half-width was measured to be 

Fig. 1: Influence of pressure (left) and voltage (right) on Blamer alpha 
line profile form abnormal glow discharge /4/. 
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FWHM=0.02 nm. The spectra from the Grimm discharge were recorded both 
with direction of observation along the cathode surface normal (end-on) and 
with direction of observation perpendicular to the cathode surface normal (side-
on).  

The influence of pressure and voltage variation was investigated separately 
in the abnormal glow discharge and hollow cathode discharge /4/. It was found 
that increase of voltage changes the fast atoms energy distribution while 
pressure reduce increases the number of exited fast atoms /4/. Example of 
recorded Hα line profile from abnormal glow discharge is given in Fig.1. 

Influence of cathode with low atom reflection was investigated /5/ by using 
material with low atom reflection (C) and material with high atom reflection 
(Cu). It was found that low atom reflectivity of graphite is registered in the line 
profile through reduction of blue wing intensity only at low pressure and high 
voltage i.e. high ion energy (Fig. 2.). This can be explained by the energy 

Fig. 2: From Ref. /5/ - Balmer alpha line recorded end-on with graphite 
and copper cathode at two  sets of conditions
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dependence of reflection coefficients. 
Temporal evolution of exited fast atoms population was investigated in a 

pulse glow discharge /6/. Balmer alpha emission was measured at different time 
instances of discharge development so that the time resolved line profiles are 
obtained. Three characteristic line profiles obtained at the raise of the current, 
maximum current and after the current extinguishes are given in Fig. 3. It is 
interesting to note that line profile is excessively broadened even in the 
afterglow - after the current termination. 

In all cases End-on profiles were used to obtain the energy distributions of 

exited energetic atoms. Mean energy of exited fast H atoms and energetic 
fraction in the overall Balmer alpha radiation, were used to determine the 
correlation between the energetic atoms’ population and the reduced electric 
field in the discharge /5/. Using previously adopted method for side-on line 
profile decomposition according to the excitation mechanism /3/, axial evolution 
of profile components was analyzed. The electronic excitation was found 
predominant in the negative glow while heavy particle excitation reaches 
maximum close to the cathode. 

 Preliminary non-self-consistent Monte Carlo simulation was developed for 
fast protons in the cathode fall and coupled with previously developed code for 
fast hydrogen atoms /6/, and its results are compared with the experiment. 

The experimentally obtained data may be taken as evidence of production 
of fast atoms in the cathode fall and in reflection process at the cathode surface, 
as suggested by FAM. These data may be used for comparison with modeling 
results /1/. 
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Fig. 3: Balmer alpha profiles at different times of glow 
discharge pulse at 2mbar. 

31



References 
 

1. A.V. Phelps, Plasma Sources Sci. Technol. 20 043001 (2011) 
2.  Z. Lj. Petrović, B. M. Jelenković and A. V. Phelps, Phys. Rev. Letters 68  

325 (1992) 
3. N. Cvetanović, M.M. Kuraica, N. Konjević, J. Appl. Phys. 97 033302 

(2005) 
4. N. Cvetanović, B.M. Obradović and M. M. Kuraica, J. Appl. Phys. J. 

Appl. Phys. 110 073306 (2011)  
5. N. Cvetanović, B.M. Obradović and M. M. Kuraica, J. Appl. Phys. 109  

013311 (2011) 
6. N. Cvetanović, B.M. Obradović and M. M. Kuraica, proceedings of the 

XXI ESCAMPIG, Europhysics Conference Abstracts, 36A (2012) 
 

32


