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Abstract. A comparative study of the radial intensity distribution of the excessively Doppler broadened
hydrogen Hα line in a hollow cathode (HC) glow discharge operated in hydrogen and argon-hydrogen gas
mixtures with stainless steel (SS) and titanium (Ti) cathode is reported. The main interest of this work is
focused on the dependence of radial distribution upon cathode material and cathode surface composition.
The analysis of experimental radial distributions and results obtained from H+ → metal surface interaction
simulation combined with available data for H → metal target interaction explains the difference between
SS and Ti cathodes. These results explain also the important role of metal hydrides at the cathode surface
for discharge-HC interaction. The influence of the hollow cathode temperature on the radial distribution
of the excessively broadened Hα line and on the emission of Ar I and Ar II lines from discharge in argon-
hydrogen gas mixture are also investigated. The increase of the excessive Doppler broadened part of the
Hα line profile with HC temperature is always detected. The intensity of Ar I and Ar II lines is also used
to examine the influence of small admixtures of hydrogen in argon.

PACS. 32.30.Jc Visible and ultraviolet spectra – 32.70-n Intensities and shapes of atomic spectral lines –
52.80.Hc Glow; corona – 52.70.Kz Optical (ultraviolet, visible, infrared) measurements – 52.20.Hv Atomic,
molecular, ion, and heavy-particle collisions – 52.40.Hf Plasma-material interactions; boundary layer effects

1 Introduction

It has been demonstrated recently that the excessive
Doppler broadening (EDB) of hydrogen Balmer lines may
be used for discharge-cathode surface interaction moni-
toring [1]. The shape of these lines emitted from some
low-pressure gas discharges operated with hydrogen iso-
topes or hydrogen gas mixtures with inert gases exhibits
unusual multi component behavior, see e.g. Figures 1a and
1b. The same EDB shapes of Hα and Hβ lines are detected
in a plane cathode glow discharge operated with N2–H2

gas mixture [2]. The origin of the narrowest part of the
profile in Figure 1a is related to the Doppler broaden-
ing of the thermalized excited hydrogen atoms H∗ in the
negative glow region of the discharge. The broader middle
part of the line profile is related to excited hydrogen atoms
generated in electron collisions with H2. The pedestal of
the line profile is very broad indicating that energetic ex-
cited hydrogen atoms having energies larger than hun-
dreds of electron volts are generated in the discharge. The
presence of large energy excited hydrogen atoms implies
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that fast hydrogen atoms Hf of higher energy exist in the
discharge [3]. As pointed out already, the origin of the
narrow- and medium-width part of the line profile may be
explained on the basis of well-established processes.

The primary explanation of the broadest part-pedestal
of the line profile comes from the sheath-collision model.
In this model ions H+ and H+

3 are accelerated in a
high-voltage discharge sheath and produce fast H atoms
in charge transfer/dissociation collisions with the matrix
gas–molecular hydrogen. The fast H atoms are then ex-
cited and scattered in another collision. The same exci-
tation process is occurring with H atoms backscattered
from the cathode [4–6]. In the Ar–H2 discharge, see the
Hα profile in Figure 1b, the contribution of H+ ion is neg-
ligible in comparison with that of H+

3 ion, see e.g. [4,7].
The latter ions fragment in collisions with matrix gas or
at the cathode surface generating Hf atoms of lower en-
ergy, and consequently lower energy excited atoms H∗ are
produced.

Another model of EDB has been proposed by Mills
et al., see e.g. [8,9]. According to this model, in the res-
onance transfer (RT) process H atoms react with certain
ions, for instance He+, Ar+ or other “resonance catalysts”
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Fig. 1. Typical Hα profiles recorded at different radial posi-
tions in: (a) stainless steel hollow cathode; upper right corner
depicts the Hα line shape at radial position r = 2.8 mm fitted
with three Gaussians; and (b) titanium hollow cathode. Dis-
charge conditions: (a) pure H2 at p = 4 mbar; I = 90 mA;
U = 427 V and Twall = 74 ◦C; (b) Ar–H2 mixture at
p = 4 mbar; I = 90 mA; U = 338 V and Twall = 75 ◦C.

produced by the electric discharge, to generate excess en-
ergy. The RT process is followed by excessive Doppler
broadening of the hydrogen Balmer lines, which according
to references [8,9] reveals the presence of high energy ex-
cited hydrogen atoms-carriers of excess energy produced
in the RT process. Recently, Phelps [10,11] reported a
thorough comparative analysis of Mills and co-workers
RT experiments and most of the other EDB Balmer line
studies. On the bases of this analysis and the fact that
Mills and co-workers [8,9] do not provide a set of elemen-
tary processes with cross-sections for converting the en-
ergy of RT products into the fast excited hydrogen atoms,
one may conclude that RT model cannot be used to ex-
plain EDB of hydrogen Balmer lines. On the other hand,
a number of experiments disagree with RT model predic-
tions, see e.g. [10,11] and references therein. Therefore,

the sheath-collision model will be used throughout this
study for the interpretation of EDB results.

The experiment in reference [1] was carried out using
hollow cathode (HC) discharges observed end-on without
attempting to achieve any spatial resolution of the EDB of
the Balmer lines. The work presented here is an extension
of these earlier studies [1,12] with an emphasis on the
radial distribution of the EDB behavior of the Hα line in
HC discharge in H2 and Ar–H2 mixtures. The influence of
HC temperature and small admixtures of hydrogen in Ar
on the Ar I and Ar II line emission is also studied.

2 Experimental

The hollow cathode glow discharge (HCGD) source with
two symmetrically positioned kovar anodes and titanium
(Ti) or stainless steel 10/80 (SS) cathode is used as a
discharge source. The HC tubes were 100 mm long with
6 mm internal diameter and 1 mm wall thickness. When
operated with pure hydrogen, the discharge filled approx-
imately one half of the SS or Ti HC length, starting from
the side of the anode used. In the case where Ar–H2 gas
mixture is used, the discharge filled the whole volume
of the HC. The construction details of the HC discharge
source are described elsewhere [12]. The only difference is
the cathode–anode distance, which was on one side 20 mm,
and 15 mm on the other. In this way the discharge voltage
can be changed using one or the other anode.

All HCGD experiments were carried out with hydro-
gen (purity of 99.999%) and Ar–H2 (Ar + 0.8%H2) pro-
vided by Messer-Tehnogas, Serbia. The continuous flow
of H2 and gas mixture was 60 cm3/min and 16 cm3/min
(at room temperature and atmospheric pressure), respec-
tively. The working gas was sustained at pressures in the
range 3–5 mbar by means of a needle valve and two-
stage mechanical vacuum pump. To prevent oil vapor back
streaming from the vacuum pump, a zeolite trap is placed
between the discharge chamber and the pump. The gas
pressure measurements are performed on both sides of
the discharge tube with standard U-shaped oil manome-
ters. The difference of gas pressure between the gas inlet
and outlet from the discharge tube was about 30% dur-
ing discharge operation. Within the experimental scatter,
spectroscopic recordings do not show difference between
measurements performed from the gas inlet or outlet side.
The results of reported gas pressure measurements repre-
sent an average value between gas inlet and outlet values.

To operate the discharge in a DC mode, a current
stabilized power supply (Kepco BHK2000-0.1M, 0–2 kV,
0–100 mA) is used. An air-cooled variable 10 kΩ ballast
resistor is placed in series with the discharge and power
supply. For all measurements, the cathode was grounded.

During the discharge operation, the cathode was either
air cooled with a fan (110 mm dia; AC 220V/13W), placed
150 mm from the discharge tube, or gradually heated by
changing the cooling rate of the fan. The temperature of
the outer wall of the HC tube is measured by a K-type
thermocouple.
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Table 1. Experimental conditions, relative contributions Gi/Gtotal (i = 1, 2, 3) and energies Ei (i = 1, 2, 3) of excited hydrogen
atoms obtained by applying three Gaussian fit to the Hα profiles for stainless steel hollow cathode glow discharge in pure H2 at
p = 4 mbar; I = 90 mA; r denotes radial position.

hydrogen atom energy

Temperature (◦C) Voltage (V) r (mm) G1/Gtotal (%) G2/Gtotal (%) G3/Gtotal (%) E1 (eV) E2 (eV) E3 (eV)

0 61.3 25.6 13.1 5

0.8 60.2 26.0 13.8

74 427 1.2 56.2 25.7 18.1 0.3 4 59

2.0 42.5 28.6 28.9

2.8 16.8 31.7 51.5 3

0 57.7 28.5 13.8 5

0.8 55.7 29.1 15.2
100 438 0.3 4 59

1.2 48.0 30.8 21.2

2.0 30.8 36.4 32.8 3

0 56.3 28.3 15.4 5

0.8 54.5 29.6 15.9
135 443 0.3 4 59

1.2 49.4 29.8 20.8

2.0 29.6 37.3 33.1 3

Table 2. Same as for Table 1, but for glow discharge in argon-hydrogen mixture at p = 4 mbar; I = 90 mA.

hydrogen atom energy

Temperature (◦C) Voltage (V) r (mm) G1/Gtotal (%) G2/Gtotal (%) G3/Gtotal (%) E1 (eV) E2 (eV) E3 (eV)

0 10.6 17.2 72.2

55 300 0.75 7.5 12.0 80.5
0.3 1 36

1.50 3.8 4.6 91.6

2.25 1.3 2.0 96.7

0 8.4 16.1 75.5

100 308 0.75 6.6 10.5 82.9
0.3 1 36

1.50 3.6 3.7 92.7

2.25 1.2 2.0 96.8

0 5.0 10.3 84.7

135 315 0.75 4.1 6.6 89.3
0.3 1 36

1.50 2.3 2.3 95.4

2.25 0.5 2.3 97.2

The radial distribution spectra recordings were per-
formed with unity magnification in equidistant steps per-
pendicular to the discharge axis, with an estimated spa-
tial resolution of 0.25 mm or 0.40 mm. For radial intensity
measurements the discharge was run between HC and rear
anode, located at 20 mm from the cathode. The results
of test measurements using front or rear anode did not
show a difference within experimental uncertainty. The
light from the discharge was focused with an achromatic
lens (focal length 75.8 mm) onto the entrance slit of a Carl
Zeiss PGS-2 spectrometer (2 m focal length; reciprocal
dispersion of 0.74 nm/mm with 651 g/mm reflection grat-
ing in first diffraction order). All spectral measurements
were performed with an instrumental profile very close
to Gaussian with measured full half-width of 0.018 nm.
Signals from CCD detector (Toshiba 1304USB, 29.1mm,
3648 channels) are A/D converted, collected and processed
by PC.

3 Results and discussion

Three Hα line profiles recorded at various radial positions
from the axis of HCGD operated with SS cathode in H2

are presented in Figure 1a. In the upper right corner of this
figure the experimental Hα profile recorded at the radial
position r = 2.8 mm and the best fit with three Gaussians
are presented. The area of each Gaussian, G1, G2 and G3,
represents the contribution of a group of excited hydro-
gen atoms whose origin is discussed in the introduction.
Experimental conditions, relative contributions Gi/Gtotal

(i = 1, 2, 3) and energies Ei (i = 1, 2, 3) of excited hy-
drogen atoms obtained by fitting the Hα profiles for all
considered cases are given in Tables 1–4. Depending upon
radial position and the relative contribution of G3 to the
overall profile, the estimated uncertainty of E3 values in
Tables 1–4 varies from 2–5 % in hydrogen and from 0.5–2%
in Ar–H2 gas mixture.
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Table 3. Experimental conditions, relative contributions Gi/Gtotal (i = 1, 2, 3) and energies Ei (i = 1, 2, 3) of excited hydrogen
atoms obtained by applying three Gaussian fit to the Hα profiles for titanium hollow cathode glow discharge in pure H2 at
p = 4 mbar; I = 90 mA; r denotes radial position.

hydrogen atom energy

Temperature (◦C) Voltage (V) r (mm) G1/Gtotal (%) G2/Gtotal (%) G3/Gtotal (%) E1 (eV) E2 (eV) E3 (eV)

0 71.4 22.3 6.3 5

0.75 65.4 23.7 10.9
74 424 0.3 4 50

1.50 48.4 29.6 21.9

2.25 33.6 38.9 27.5 3

0 66.5 25.3 8.2 5

0.75 59.8 27.0 13.2
100 435 0.3 4 50

1.50 39.6 35.8 24.6

2.25 20.9 42.9 36.2 3

0 65.7 25.2 9.1 5

0.75 59.5 27.6 12.9
125 448 0.3 4 50

1.50 42.0 34.0 24.0

2.25 19.3 44.7 36.0 3

Table 4. Same as for Table 3, but for glow discharge in argon-hydrogen mixture at p = 4 mbar; I = 90 mA.

hydrogen atom energy

Temperature (◦C) Voltage (V) r (mm) G1/Gtotal (%) G2/Gtotal (%) G3/Gtotal (%) E1 (eV) E2 (eV) E3 (eV)

0 19.0 31.0 51.0

75 338 0.75 218.2 31.0 50.8
0.3 1 37

1.50 14.6 23.6 61.8

2.25 6.2 12.2 81.6

0 14.8 28.7 56.5

100 336 0.75 16.9 26.7 56.4
0.3 1 37

1.50 10.5 18.2 71.3

2.25 4.9 8.5 86.6

0 15.1 20.0 64.9

135 340 0.75 12.1 21.9 65.9
0.3 1 37

1.50 8.9 13.9 77.1

2.25 4.4 6.8 88.9

The main subject of our interest is the broadest Gaus-
sian G3, which is related to EDB and proportional to the
number of fast excited atoms emitting the Hα line. Be-
fore one starts to discuss and compare results obtained
in this study with different hollow cathode discharges it
is necessary to note that the HC temperature variation
is associated with a change of discharge voltage U . By
analyzing data in Tables 1–4, one may conclude that the
change of voltage in the studied range of temperature is
10% at the most. This difference of U does not produce
noticeable change of E3 values expected as a consequence
of sheath potential variation, see Tables 1–4. From these
tables it is evident also that G3 contributions change in
the range 15% to 40% for the same span of T . This sug-
gests that HC temperature plays a more important role
than discharge voltage.

Three typical Hα profiles recorded in Ar–H2 gas mix-
ture at various radial positions of Ti HC are given in Fig-
ure 1b. As always, in Ar–H2 mixtures, the profiles have
considerably larger contribution of G3, but the same trend
of increasing G3 in respect to central narrower part of

line profile remains, see Figure 1b. Since G3 contribution
becomes larger close to the cathode surface, the overall
profile in Ar–H2 mixture looks much broader.

The shape of the Hα line profiles for SS HC in Figure
1a are in good agreement with those recorded in a plane
cathode glow discharge in hydrogen, see Figure 2 in [13]:
profiles recorded at different distances from the iron cath-
ode show the same tendency of increasing G3 in the vicin-
ity of cathode. Even more, three Gaussian fits match the
Hα profile recorded at the position of 0.5 mm from iron
cathode surface [13] at a confidence level of 0.05, giving
relative contribution G3/Gtotal of 56%. In this study, the
corresponding G3 contribution of 51.5% is determined at
the position 0.2 mm from the SS HC surface, see Table 1.

Radial distribution of the Hα line intensity and G1, G2

and G3 line intensity contributions for SS and Ti HCGD
are given in Figures 2 and 3, respectively. The elemen-
tary processes responsible for the excitation of H atoms,
contributing to G1 and G2 component of the Hα line
profile, are dependent primarily upon electron density
Ne and electron energy. In our high-pressure low-voltage
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Fig. 2. The intensity distribution of the Hα spectral line and
its Gaussian components vs. radial coordinate r. Experimental
conditions: stainless steel hollow cathode discharge in (a) pure
H2 at p = 4 mbar; I = 90 mA; U = 427 V and Twall = 74 ◦C;
(b) Ar–H2 mixture at p = 4 mbar; I = 90 mA; U = 300 V and
Twall = 55 ◦C.

HCGD with relatively high current, both these parame-
ters increase from the surface towards the axis of HC. Best
proof for this statement is a bell shape radial intensity dis-
tribution of the Ar I and Ar II lines, see below.

With both HC operated in pure H2, the radial distribu-
tion of the G3 component is flat and therefore the overall
profile has a bell shape, see Figures 2a and 3a. In order to
explain the difference between G3 contributions for HCGD
with SS and Ti cathodes, see Tables 1–4, the number RN

and the energy RE coefficients for incident H+ ions are
calculated first for clean metal surface and than for sur-
faces covered with metal hydride layers, see Table 5. For
this purpose we have utilized a FORTRAN subroutine [14]
which implements a code described by Tabata and Ito [15].
This is not the only process of interaction between ener-
getic particles and the cathode surface. The fast hydrogen
atoms Hf , resulting from collisions of fast H+ and H+

3 ions
with H2, are also back scattered from the cathode surface.

Fig. 3. The intensity distribution of the Hα spectral line and
its Gaussian components vs. radial coordinate r. Experimental
conditions: titanium hollow cathode discharge in (a) pure H2

at p = 4 mbar; I = 90 mA; U = 424 V and Twall = 75 ◦C; (b)
Ar–H2 mixture at p = 4 mbar; I = 90 mA; U = 338 V and
Twall = 75 ◦C.

To analyze this process the results of a simulation with
Fe and Ti targets using the binary collision cascade pro-
gram MARLOWE [16] are used. Both sets of results for
RN and RE , see Table 5, and [16], show that the fraction
of particles and energy reflected decreases with increas-
ing hydrogen content of the metal hydride. Furthermore,
both scattering coefficients are larger for Fe (very close to
SS) than for Ti, see also Table 5 and [16]. For this rea-
son the energy of excited hydrogen atoms (half-width of
G3 in energy units), see Tables 1 and 3, is larger for SS
(E3 = 59 eV) than for Ti HC (E3 = 50 eV), in spite of
similar voltage for both discharges.

Thus, the results of both simulations, from Table 5
and [16], for Fe or SS and for Ti are in qualitative agree-
ment with G3 values (proportional to RN and RE) and
their temperature trend in Tables 1 and 3. The increase
of G3 contribution versus temperature may be related to
the decrease of the metal hydride layer with an increase of
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Table 5. The number RN and energy RE back-scattering coefficients for pure metal and surface with metal hydride versus
energy of H+ ions calculated using simulation program [14] with a code published in [15].

Hydrogen ion Fe H:Fe = 1 H:Fe = 2 Ti H:Ti = 1 H:Ti = 2

energy (eV) RN RE RE RN RE RN RE RN RE RN RE RN

100 0.48 0.28 0.20 0.11 0.13 0.07 0.35 0.20 0.17 0.09 0.12 0.06

200 0.43 0.23 0.20 0.10 0.13 0.06 0.31 0.16 0.16 0.08 0.11 0.05

300 0.39 0.20 0.19 0.09 0.13 0.05 0.28 0.14 0.15 0.07 0.11 0.04

400 0.36 0.18 0.19 0.08 0.13 0.05 0.25 0.12 0.15 0.06 0.10 0.04

500 0.34 0.16 0.18 0.08 0.12 0.05 0.24 0.11 0.14 0.05 0.10 0.04

HC temperature. It should be noticed that in this analy-
sis, due to the lack of relevant data, the interaction of fast
H+

3 ions with the cathode and their contribution to G3 is
neglected. The interaction of H+

3 includes processes of col-
lisions with the matrix gas, neutralization at the cathode,
fragmentation and back-scattering of fast H atoms from
the cathode surface. It seems, however, that the omission
of the H+

3 role in G3 behavior does not change conclusion
drawn from analysis of H+ and Hf interaction with the
cathode. Namely, if one makes comparison of G3 values
in Tables 2 and 4 for HCGD run in Ar–H2 gas mixture,
where the H+

3 ions are prevailing, larger G3 values are de-
tected for SS again. On the other hand, the G3 tempera-
ture trend for the Ar–H2 discharge is rising, likewise in the
pure H2 case, for both HC materials. These results may,
in part, justify the neglect of H+

3 ion in the explanation of
G3 temperature trend in pure H2. Apart from the magni-
tude of G3, the only difference between HCGD operated
in H2 and Ar–H2 is the half width of the G3 component
which is, due to the fragmentation of H+

3 , systematically
smaller, see Tables 2 and 4.

The secondary emission processes, which can affect the
sheath field profile, and consequently the ion acceleration,
are neglected in our analysis of discharge-surface interac-
tion. This is due to the lack of secondary emission coeffi-
cients data for SS and Ti surfaces covered with a hydride
layer having variable hydrogen/metal ratio.

In the Ar–H2 mixture, both G3 radial distributions
show minima around the HC axis, but due to G1 and
G2 profiles, the overall radial Hα distribution has a max-
imum value at the HC axis, see Figures 2b and 3b. Here,
one should comment first on the difference between G3

values in HCGD operated with Ar–H2 mixture with SS
cathode reported in [1] and results in Table 2. Under sim-
ilar discharge conditions and HC temperature 120 ◦C,
G3 = 0.91 [1], while in Table 2 for a temperature of
100 ◦C, G3 changes from 0.76 at the axis to 0.97 close
to the surface, see also Figure 2b. The qualitative expla-
nation is as follows: in [1], the discharge was run at lower
pressure of gas mixture, 2 mbar, and line profiles were
recorded from the whole HC cross-section with 1:6 optical
reduction. Therefore, the reported profiles [1] represent an
average value.

Here, an attempt is made to explain the large differ-
ence in G3 radial distribution for HCDG operated in H2

and Ar–H2 mixture, see Figures 2 and 3. The largest differ-
ence relevant for G3 comes from the cross-section data for

excitation of the Hα line in a collision of a fast hydrogen
atom Hf with the matrix gas, H2 or Ar. All other collision
excitation processes for the Hα excitation are negligible,
see [17,18]. In the Hf energy range from 75 eV to 178 eV,
the cross-sections for collision with Ar are between 82 and
8.5 times larger [17,18]. A large cross-section for the Hf

+Ar→H∗ collision explains larger G3 values in Ar–H2

mixtures in comparison with pure H2. Furthermore, large
cross-sections in Ar for lower Hf energies may be used to
explain an increase of G3 close to the HC surface. Namely,
the backscattered H atoms from the HC surface in Ar–
H2 are still very efficient for the Hα excitation, which in-
creases the G3 value in the surface vicinity, see Figures 2b
and 3b.

In order to test whether the HC temperature influences
radial distributions of the Ar I and Ar II line intensities
in SS and Ti HC operated with Ar–H2 mixture, several
experiments were carried out with the Ar I 420.07 nm
and Ar II 427.75 nm lines. The summarized results are
presented in Figure 4. For both cathode materials, the
atomic line intensities decrease with temperature while
ionic line increases with HC temperature. This effect is
much more apparent in the case of Ti HC. Unfortunately,
the reported results of a recent theoretical and experimen-
tal study of copper HC [19] were performed under differ-
ent HCGD conditions in pure argon, and thus a sensible
comparison cannot be made. However, the radial distribu-
tion change of Ar I and Ar II lines with HC temperature
presented in Figure 4 suggests that HC temperature is
one more parameter required for the HCGD modeling. It
should be mentioned here that the importance of cath-
ode temperature for some analytical GD applications has
been discussed already in a number of publications, see
e.g. [20–22].

In order to assess the influence of H2 in Ar on the ra-
dial distribution of argon lines an experiment is carried
out in pure Ar and in Ar–H2 mixture and the results are
given in Figure 5. To compare line intensity measurements
in pure argon and gas mixture it was necessary to normal-
ize intensities to the same voltage, which also implies the
same electric power input since experiments are run with
a constant current of 90 mA. The results in Figure 5 illus-
trate that, in the presence of 0.8% of H2, the intensity of
the Ar I line is considerably increased, while the intensity
of the Ar II line rises too, but to a lesser extent. These
and HC temperature dependences require further detailed
studies, which are out of the scope of this work. It should
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Fig. 4. Radial intensity distribution of neutral argon line Ar I
420.07 nm and singly ionized argon line Ar II 427.75 nm for dif-
ferent hollow cathode temperatures. Experimental conditions:
(a) stainless steel cathode; for other experimental conditions
see Table 2; (b) titanium cathode; for other experimental con-
ditions see Table 4.

be pointed out that the influence of a small addition of
H2 in Ar is studied theoretically [23] and experimentally
in Ar [24] and Ne [25] in some details using plane cathode
abnormal glow discharge of the Grimm type.

It is interesting to notice that similar line shapes of
the Hα and Dα lines, see Figure 1a and [11], are de-
tected close to the first wall and in plasma diverters of
large plasma fusion devices, see e.g. [26–29] and references
therein. Although in these cases Doppler broadening is
combined with the Zeeman line splitting, the same ele-
mentary atomic and molecular collisions and interaction
with the wall surface are also present. Therefore, the shape
of the Balmer lines in high temperature plasma reactors
must bear certain resemblance to those reported here. On
the other hand, simple devices like HCGD may be used
for material testing and for study of elementary processes
relevant for large plasma devices.

Fig. 5. Influence of hydrogen admixture on radial intensity
distributions of neutral argon line Ar I 420.07 nm and sin-
gle ionized argon line Ar II 427.75 nm. Discharge conditions:
stainless steel cathode, discharge in pure Ar at p = 4 mbar;
I = 90 mA; U = 334 V; Twall = 69 ◦C; and in Ar–H2 mixture
at p = 4 mbar; I = 90 mA; U = 300 V; Twall = 55 ◦C.

4 Conclusions

An experimental study of the excessively broadened part
G3 of the Balmer alpha line in HCGD operated with H2

and Ar–H2 gas mixture with SS or Ti cathodes shows con-
siderably different radial distribution depending upon the
choice of operating gas. The differences between radial G3

distribution with SS and Ti cathode are evident, see Fig-
ures 2 and 3, and an increase with the HC temperature is
always detected, see Tables 1–4. The increase of the ex-
cessively broadened part of the line profile is qualitatively
explained with the help of back scattering coefficients for
SS and Ti. The increase of the EDB part with HC tem-
perature rise is related to metal hydride destruction at
the cathode surface. A larger contribution of the exces-
sively broadened part of the Hα line in Ar–H2 in com-
parison with pure H2 is explained in terms of the larger
cross-section for the Hα excitation in the Hf + Ar→H∗
reaction.

The influence of cathode temperature on the Ar I and
Ar II line intensities is also detected by observing radial
distributions of two argon lines. These results are only
an indication of effect and further study of temperature
behavior for a large number of spectral lines is required.
Similar conclusions can be drawn from a study of the in-
fluence of H2 traces in argon, see Figure 5.
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Lett. 86, 251502 (2005)

2. B.M. Obradović, M.Sc. thesis, University of Belgrade
(2001), in Serbian
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