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Anomalous, even extreme, hydrogen line broadening was found in 
discharge plasmas excited via DC, RF or microwave electric fields. Specific
broader than 2.5 Å were observed [1] in several mixed gas systems like He-H
as well as in plasma containing volatilized Sr [Sr-H2, Sr-Ar-H2, Sr-He-H2]. Ho
line profiles emitted by microwave discharges under similar conditions,
broadening, were also reported [2]. Selective hydrogen line broadening ha
detected when there is no significant broadening of the noble gas lines or hydr
[2,3]. Such experimental observations play now an important a role in an ongo
the fundamentals of quantum physics, which is presently a subject of much con
this experimental work is to address some of these problems.  

An experimental study on the spectral broadening of the Balmer lines of 
been performed in He-H2, Ar-H2, H2 and water microwave plasmas at low pre
0.3 mbar). A classical surface wave sustained discharge has been used as a
microwave power is provided by a 2.45 GHz generator, whose output power w
200 W.  The discharge takes place inside a quartz tube with internal/external ra
light emitted by the plasma is collected perpendicularly to the discharge tube b
fiber and is conducted to the entrance of a Jobin-Yvon Spex 1250 spectro
equipped with a liquid-nitrogen cooled CCD camera. A collimator located in
fiber defines the discharge region (at the discharge axis) from where the 
collected. The spectral profiles of the Hα, Hβ, Hγ, Hδ, Hε, Hζ, Hη lines, c
transitions H[(n=3-9) →(n=2)] in the 350 − 700 nm range, have been measure
profiles have been fitted by a Voigt function (Fig. 1), which results from t
Gaussian profile (Doppler, instrumental and fine structure broadening) with a L
and instrumental broadening). A deconvolution procedure has been applied i
the “pure” Doppler broadening taking into account the fine structure a
broadening. The corresponding temperature has been determined assum
distribution of the atoms. In a series of independent measurements, the H2 rotat
a measure of the background gas temperature) has been determined using 
Fulcher-α band rotational spectrum [d3Πu (v=0) → a3Σg

+ (v=0)], in the 600 –
range. The rotational temperature ranges between 700 and 1400 K under the p
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seen in Fig.2, the temperature of hydrogen atoms increases with the quantum number of the upper 
level, i.e., atoms excited at higher electronic levels are hotter. For example, the kinetic temperature 
of H(n = 8) atoms is about 5 times as high as that of H(n = 4)  atoms. This weird behavior is 
observed in pure hydrogen, He-H2 and water vapor plasma. The effect is however absent in the Ar-
H2 plasma. Also to be noted is the tendency to an increase in temperature with the hydrogen 
percentage in He–H2 mixtures. The explanation for such effects seems to be beyond the standard 
physics framework.  
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Fig. 1 Profile of Hζ line fitted with Voigt profile. 
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Fig. 2 Kinetic temperatures as a function of the upper level quantum number. 
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