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Introduction 

Data on the properties of the Earth’s atmosphere are of great 
practical importance for human life. This information is constantly 
expanding and being refined through the use of new research 
methods and sophisticated equipment, as well as satellites and 
the International Space Station. One area of research is the study 
of the emission spectra and optical characteristics of pulsed 
discharges in low-pressure air. In particular, over the past three 
decades, much attention has been paid to studying the properties 
of high-altitude discharges, primarily red sprites, in the Earth’s 
atmosphere [1-3]. In laboratories, long tubes are often used to 
study low-pressure discharges [4-7]. Much attention is paid to the 
study of streamer discharges, which may be miniature analogues 
of red sprites [8]. In many studies, significant efforts are directed 
toward studying the spectral characteristics of low-pressure 
streamer discharges, see, for example, [3,8,9].

In our study of miniature analogues of red sprites, we 
discovered the influence of air humidity on the discharge color and 
its emission spectrum, see work [10]. The main change in these  

 
characteristics occurred due to the appearance of a broadband  
continuum, which had significant intensity in the visible spectral 
region and determined the discharge color. More detailed studies, 
the results of which are presented in work [11], allowed us to put 
forward the hypothesis that the continuum recorded in humid air 
belongs to the emission of molecular hydrogen between its bound 
and repulsive terms (H2(a3Σg

+) → H2(b3Σu
+). In addition, in 2026 

a report appeared about the observation of broadband emission 
during a discharge in humid air at atmospheric pressure, which 
was also attributed to the emission of molecular hydrogen [12]. 
The additional continuum emission spectra recorded in work [12] 
were the same in dry air with a small part (1.5 Torr) of hydrogen 
and in air with relative humidity 25%.

It should be noted that hydrogen continuum radiation is 
well known and continues to be studied. Thus, in work [13,14], 
it was shown that a glow discharge in low-pressure hydrogen 
emits a broadband continuum in the UV and visible regions of the 
spectrum; data were also obtained on the influence of electron 
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temperature on processes in the discharge plasma.

When excited by an electron beam, broadband hydrogen 
continuum radiation was observed in high-pressure neon with 
small additions of hydrogen [15]. In addition, in work [15] it 
was shown that, simultaneously with the hydrogen continuum 
radiation, the emission of the atomic hydrogen line Hα appears. 
Broadband continua of radiation were also observed during 
a discharge in water vapor bubbles [16,17] and in water vapor 
[18,19], but the nature of the radiation recorded in these works 
remained unestablished.

The aim of this work is to study the conditions for the 

appearance of a broadband continuum in low-pressure humid 
atmospheric air and to find new arguments confirming that it 
belongs to the emission of molecular hydrogen on the transition 
H2(a3Σg

+) → H2(b3Σu
+).

Experimental set-up and measurement methods

The experiments were carried out on a setup similar to that 
previously used to study the emission properties of miniature 
red sprites in a streamer discharge, in particular to model their 
emission spectra [8,10]. This setup was also used to study the 
broadband emission in low-pressure moist air [11]. Its diagram 
is shown in Figure 1.

Figure 1: Schematic diagram of the experimental setup for studying the properties of a streamer discharge in low-
pressure gases. 1 - nylon flange, 2 - grounded electrode made of aluminum foil 100 μm thick and 1 cm wide, 3 - 
high-voltage electrode of the same design, 4 - quartz tube 220 cm long with an internal diameter of 5 cm and a wall 
thickness of 2.5 mm, 5 - region for recording the radiation spectra and optical signal, 6 - fitting on the right flange 
of the tube for pumping and filling gases. R1 and R2 - shunt resistances, R3 and R4 - AKTAKOM probe resistances, HV 
- high-voltage pulse generator.

A discharge in humid air, water vapor, air-water vapor mixtures 
and hydrogen was ignited in tube 4 made of GE-214 quartz, which 
has low absorption in the ultraviolet, visible, and near-infrared 
spectral regions. The axis of the quartz tube was located 18 cm 
from the surface of the metal plate of the experimental setup. 
A high-voltage pulse generator (HV) with a discharge current 
pulse duration of up to 5μs was used to excite the discharge. The 
generator operated in a pulse-periodic mode with an adjustable 
pulse repetition rate. The first half-period of the voltage pulse with 
a rise and fall of ≈0.4μs had a half-maximum duration of ≈1.5μs. 
The generator could produce voltage pulses of both positive and 
negative polarity. Their amplitude in open-circuit mode was ≈10 
kV. When igniting a discharge in pulse-periodic mode, starting 
with a pulse repetition rate of ~100Hz, the voltage amplitude 
decreased. High-voltage pulses from the generator were applied 
to the outer ring electrode 3, and the grounded terminal of the 
generator was connected to electrode 2 via shunt R1. Most of the 
experiments were conducted at a pulse repetition rate of 20 kHz. 

The voltage across the discharge gap was measured with 
an AKTAKOM ACA-6039 probe, and the discharge current was 
measured with shunts R1 and R2 with a resistance of 20 ohms. 
The resistances of the high-voltage and low-voltage arms of the 
voltage divider in the probe were 900 ohms and 900 megaohms, 
respectively. Electrical signals were recorded with an MDO 3104 
digital oscilloscope (1GHz, sampling frequency 5 Gs/s). The gas 
volume inside the tubes was pre-evacuated with a fore vacuum 
pump and then filled with atmospheric air, water vapor, a mixture 
of water vapor and air, which had a relative humidity of ≈20% 
before mixing, or hydrogen. Gas pressures p from 0.05 to 3 Torr 
were used in the experiments. Accordingly, the plasma-forming 
medium in the main experiments was either laboratory air with 
a relative humidity of ≈20%, water vapor, or a mixture of air and 
water vapor. Additionally, in some experiments, the quartz tube 
was filled with hydrogen with an impurity content of no more than 
0.01%. The studies were conducted at a laboratory temperature 
of ≈ 23°C.
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The discharge was photographed using a Canon EOS 2000D 
SLR camera (24.7 MP, 22.3 x 14.9 mm2 matrix, 3.72 µm pixel 
size). The camera exposure time was a few fractions of a second, 
sensitivity was 1600 ISO at aperture 5.6. To record the spectral 
distribution of plasma radiation energy, a portable spectrometer 
HR2000+ES (Δλ = 200–1150 nm; δλinstr ≈ 0.9 nm) was used. The 
spectrometer sensitivity was calibrated using a deuterium lamp. 
Radiation was supplied to the spectrometer through a 5-cm-long 
black plastic tube with an internal diameter of 0.9 cm. Due to the 
spectrometer with the plastic tube, radiation was recorded from 
the central regions of the discharge, 1 cm in diameter, on the axis 
of the quartz tube. The center of this region, when recording 
radiation spectra, was typically located 20 cm from the right edge 
of electrode 3. Radiation in this region was determined by plasma 
diffuse jets (PDJs), initiated by the plasma of the preliminary 
discharge between electrodes 2-3.

The radiation time course was measured using photomultiplier 
tubes (PMTs) — silicon PMTs (SiPMs) in the MicroFC-SMA-10035 

module. The PMT transient response rise time was 0.3 ns, and 
the cell recovery time was 180 ns. The PMT spectral sensitivity 
peaked at ≈ 460 nm and gradually decreased to 10% at 320 and 
750 nm, respectively, in the UV and IR spectral regions. The PMTs 
were also used to record radiation from a discharge region with a 
diameter of ≈1 cm. This was achieved through the use of a quartz 
light guide with a lens at its end. The center of this region was 
located 20 cm from the right edge of electrode 3. External lighting 
in the laboratory was turned off when recording emission spectra 
or radiation time course.

Results

When the generator was turned on for a period of time ranging 
from a few to tens of minutes, depending on the air pressure and 
humidity, the discharge color was red at low pressures, but turned 
blue as the pressure increased to tens of Torr. Figure 2a shows a 
photograph of a pulsed-periodic discharge in air at a pressure of p 
= 1 Torr, obtained during a short generator run.

Figure 2: Photographs of the discharge glow in air with a relative humidity of 20% at a pressure of 1 Torr taken after 
the generator had been running for 1 minute (a) and at a pressure of 0.04 Torr after 16 minutes of the generator 
operation (b). 1 - nylon flange, 2 - grounded electrode made of aluminum foil 100 μm thick and 1 cm wide, 3 - high-
voltage electrode of the same design, PDJ - plasma diffuse jet. Pulse repetition frequency f = 20 kHz. Voltage between 
electrodes 2-3 U = 7 kV.

The discharge color, as in our previous studies [8,10,11], was 
red at a pressure of 1 Torr and the color was determined by the 
emission of bands on transitions of the first positive system of 
nitrogen in the red region of the spectrum. Note that the discharge 
color at an air pressure of about 1 Torr and a pulse repetition 
rate of 20 kHz did not change significantly over a period of tens 
of minutes. However, by varying the generator turn-on time, 
the study data showed that with a significant increase in the 
generator operating time, the discharge radiation color begins to 
smoothly change from red to white. In addition, it was found that 
the change in discharge color occurs more quickly with a decrease 
in the air pressure admitted to the quartz tube and an increase 
in its relative humidity. It was also found that with an increase 
in the specific energy input into the gas due to an increase in the 
voltage pulse repetition rate, the discharge color change occurs 

in a shorter time. A photograph of the discharge radiation, which 
changed color after turning on the generator for 16 minutes at a 
frequency of 20 kHz, is shown in Figure 2b. It is evident that the 
discharge color became white with a blue tint along the entire 
length of the plasma diffuse jet and between electrodes 2-3. 
However, it did not differ significantly in the region between the 
electrodes and in the PDJ, whereas at a pressure of 1 Torr the 
glow of these regions was noticeably different. It is also evident 
from Figure 2b that a dark region appeared at the end of the PDJ, 
behind which the radiation intensity increased again, having the 
shape of a small cloud. A similar change in the shape of the ends 
of red plasma diffuse jets was previously observed in [8] with 
negative polarity of the generator voltage pulses. The length of 
the PDJ depended on the pressure and composition of the gas. 
With a decrease in air pressure with a relative humidity of 20% 



How to cite this article:    Tarasenko V, Panchenko A, Baksht E. Broadband Continuum Emission of Hydrogen in Low-Pressure Humid Atmospheric Air 
and Water Vapor. Academic Journal of Physics Research. 2026; 1(5): 555571. 004

Academic Journal of Physics Research 

from 1 Torr to ∼0.05 Torr, it increased more than twofold and 
reached the right end of quartz tube 4. With a further decrease in 
pressure, its length smoothly began to decrease. Figure 2b shows 
a photograph of a reduced-size PDJ. Under these conditions, due 
to the lower pressure, the color change of the PDJ occurred in a 
shorter time. Figure 2

The current and voltage pulses during the formation of plasma 
diffuse jets were similar for air and its mixtures with water vapor, 
as well as for hydrogen and water vapor without mixing with air. 
An example of waveforms of voltage pulses, discharge current, 
and radiation from a region located 20 cm from the right edge of 
electrode 3 is shown in Figure 3.

Figure 3: Waveforms of voltage pulses U between electrodes 2-3, current I from shunt R2 and radiation from region 
5, see Figure 1, at a pulse repetition rate of 20 kHz. The tube is filled with air with a relative humidity of 20% at a 
pressure of 0.25 Torr. U = 7 kV.

Figure 4: Emission spectrum of discharge in Air: H2O=40:1 mixture at 0.25 Torr pressure, obtained after continuous 
generator operation for 10 min. f = 20 kHz, U = 7 kV.

As we have already noted, when high voltage pulses are 
applied from the generator to electrode 3, a capacitive discharge 
limited by two barriers is formed between it and electrode 
2. Plasma diffuse jets are initiated due to streamers from the 
plasma of this discharge when the pressure decreases, starting 
from 3 Torr. A discharge was observed only between electrodes 

2–3 and no PDJs were formed at higher air pressure. In the mode 
shown in Figure 3, two streamers were initiated, the passage of 
which through the plasma region opposite the photomultiplier 
resulted in the registration of two emission peaks. With a change 
in pressure, the number of emission peaks could vary from 
one to four. The maximum discharge current density between 
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electrodes 2 and 3 with a change in pressure, for the conditions 
in Figure 3, reached ≈ 50 mA/cm2, and in tube 4 at a distance of 
20 cm from the right electrode 3 it was ≈ 30 mA/cm2. The voltage 
across the gap remained virtually unchanged for 16 minutes of 
generator operation, while the discharge current decreased by 
approximately 10%. Similar waveforms of voltage and current 
pulses, recorded in a pulse-periodic mode using a similar setup, 
were presented in [8, 11]. The radiation pulses from the PDJ had 
two components. One of these, with a duration of up to 10 μs, was 
determined by the emission of the 1+ bands of the nitrogen system 
in the red spectral region, while the second, short pulses (peaks) 
correlating with the current peaks with the highest amplitude, 
was determined by the emission of the continuum and the 2+ 
bands of the nitrogen system.

The emission spectrum of the discharge in a mixture of air and 
water vapor, obtained at a distance of 20cm from the right edge of 
electrode 3 after 10 minutes of generator operation, is shown in 
Figure 4.

The 2+ nitrogen system bands with wavelengths of 337.1, 
357.8 and 315.8 nm exhibit the highest radiation intensity under 
these conditions. The 1+ nitrogen system bands in the red and 
near-infrared spectral regions, as well as, the atomic hydrogen line 
with a wavelength of 656.3 nm, are also clearly visible. In addition 
to these well-known emission bands and lines, a broad continuum 
is recorded in the range from 200 to 700 nm. The formation of 
this continuum due to its emission in the range of 400–650 nm 
leads to a significant change in the color of the discharge plasma, 

which becomes white. Table 1 presents the values of the spectral 
radiation energy density W for the continuum at a wavelength of 
495 nm and for the 1+ nitrogen system band with a wavelength 
of 661 nm, depending on the generator operating time. The 
wavelength of 495 nm was chosen because there were no bands 
and lines from other transitions in this region.

The measurements show that the spectral energy density of the 
continuum radiation increases with increasing energy deposited 
in the gas, while the intensity of the nitrogen 1+ band decreases. 
This behavior is observed in all regions of the continuum where 
the radiation of other bands and lines does not overlap. For other 
nitrogen 1+ bands, similar changes in the radiation spectrum are 
recorded both in the red and near-infrared spectral regions. In the 
400–650 nm range, the continuum and nitrogen 1+ bands become 
approximately equal after 10 minutes of generator operation (see 
Figure 4). Accordingly, the nitrogen 1+ bands no longer determine 
the color of the plasma diffuse jets. It should be noted that during 
prolonged generator operation, the gas pressure in the quartz 
tube increased approximately twofold. However, the particle 
concentration did not change significantly. This is due to the fact 
that the volume of the quartz tube was more than an order of 
magnitude greater than the volume of the connecting hoses.

In addition to the spectral characteristics of the radiation of 
moist air and mixtures of air with water vapor, a separate study 
of the spectra of a discharge in hydrogen and water vapor was 
performed. The obtained results are shown in Figure 5. 

Figure 5: Emission spectra of water vapor at a pressure of 0.5 Torr (red curve) and hydrogen (black curve) at a 
pressure of 0.12 Torr. f = 20 kHz. U = 7 kV.

By varying the gas pressure, conditions were selected under 
which the broadband continuum emission intensities in the UV 
and visible spectral regions were approximately the same for 
both gases. It was previously established that the spectral energy 
density of the continuum emission increased with decreasing 
pressure. A comparison of the continuum emission spectra 

showed that their shape was maintained with pressure and was 
approximately the same for the given conditions during excitation 
of hydrogen and water. Differences were observed only in the 
spectral energy densities of the bands and lines accompanying the 
continuum emission. Thus, in hydrogen, the emission intensities 
of the atomic hydrogen lines at λ = 656.3 nm (Hα) and 486.1 nm 



How to cite this article:    Tarasenko V, Panchenko A, Baksht E. Broadband Continuum Emission of Hydrogen in Low-Pressure Humid Atmospheric Air 
and Water Vapor. Academic Journal of Physics Research. 2026; 1(5): 555571. 006

Academic Journal of Physics Research 

(Hβ) were an order of magnitude or lower than their intensities 
in water vapor. However, the intensity of the Fulcher bands in 
hydrogen was several times greater. In addition to Hα and Hβ, 
the water vapor spectrum contained intense emission bands of 
OH and OH+ molecules with maximum W at wavelengths of λ = 
312.6 nm and λ = 308.2 nm, respectively. Relatively weak bands 
of the 2+ nitrogen system were also visible at wavelengths of 
337.1 and 357.8 nm, the appearance of which was associated 
with the absorption of air by the water used to generate its vapor. 
The discharge color in water vapor and hydrogen was white and 
did not differ significantly. As can be seen from the spectrogram 
in Figure 5, in the wavelength range of 400–650 nm, the main 
contribution to the emission comes from the hydrogen molecule 
continuum.

Discussion

Previously in [8], we reported a change in the color of the 
PDJ discharge from red to white with decreasing air pressure. 
Furthermore, in that work, with a change in the discharge color in 
the visible spectrum, an increase in the spectral energy density of 
the broadband continuum radiation was recorded. When air was 
replaced with nitrogen, the PDJ color remained red under similar 
conditions. However, the physical cause that led to the change in 
the PDJ color in [8] was not established. In a recent paper [11], 
it was hypothesized that this continuum belongs to the emission 
of hydrogen molecules between the bound and repulsive terms 
(H2(a3Σg

+) → H2(b3Σu
+). As is known, to obtain white emission, a 

certain combination of red, green and blue colors or broadband 
emission, relatively uniformly distributed over the visible 
wavelength range, is required. As can be seen from the spectrum 

in Figure 4, the continuum emission covers the spectral region of 
400 – 650 nm. In this area, individual bands and lines of relatively 
low intensity are also observed. However, the white color of the 
discharge under these and similar conditions, see Figure 2b, is 
determined by the continuum emission, see Figure 4, the spectral 
energy density of which is almost uniformly distributed over 
the entire visible range. As we have already noted above, when 
using dry air over a wide pressure range, and also, which is very 
important, with a short operating time of the generator, the initial 
color of the discharge is red. In humid air, it begins to change and 
turns white when the generator is on for long periods; see the 
photograph in Figure 2b.

The change in discharge color during generator operation 
occurs gradually, and this process depends on the energy 
deposited in the gas, for example, due to the pulse repetition rate. 
The increase in continuum emission intensity is illustrated by 
Table 1, which presents the spectral energy densities of emission 
at a wavelength of 495 nm for two air-water vapor mixtures of 
different compositions. These data were obtained by processing 
emission spectra recorded sequentially after 1, 6, 12, and 16 
minutes of the generator operation. The broadband emission 
energy densities W increased by approximately an order of 
magnitude during this time, while the W of the 1+ bands of the 
nitrogen system decreased under the same conditions, but by 
no more than a factor of two. Thus, the change in the emission 
spectrum and discharge color is explained by the appearance of 
broadband continuum emission. The experiments also indicate 
that the emitting particles, responsible for the continuum, 
are gradually generated in the quartz tube and are excited in 
subsequent pulses. Table 1

Table 1: Spectral energy densities of the continuum radiation at a wavelength of 495 nm and the 1+ band of the nitrogen system with a wavelength 
of 661 nm depending on the generator operating time Δt before the start of spectral recording upon excitation of Air: H2O=17:1 (W1) and Air: 
H2O=40:1 (W2) mixture. The relative humidity of the air used in the preparation of the mixture was 20%. The initial pressure of the mixtures was 
0.25 Torr. U = 7 kV.

Δt, min W1 (495 nm), arb. units W2 (495 nm), arb. units W1 (661 nm), arb. units W2 (661 nm), arb. units

1 43 86 2797 2950

6 154 228 2056 2149

12 223 329 1782 1731

16 503 601 1868 1905

In [11], N. Popov proposed that the main channel for producing 
hydrogen molecules in a low-pressure moist air discharge plasma 
is the heterogeneous recombination of hydrogen atoms on the 
walls of the discharge tube. The resulting hydrogen molecules are 
then excited in subsequent voltage pulses and emit radiation on 
the transition H2(a3Σg

+) → H2(b3Σu
+) + hv. From the experiments 

in [11], it followed that when hydrogen molecules are formed 
from water vapor, a fairly intense emission of OH molecules (λ = 
312 nm), OH+ (λ = 308.2 nm) and hydrogen atoms (λ = 486.1 nm, 
656.3 nm) appears in the discharge spectrum. These bands and 

lines are clearly visible when water vapor is excited, see Figure 5 
(black curve), as well as works [8,10]. In this case, the appearance 
of broadband continuum radiation correlates with the appearance 
of hydrogen atom radiation at a wavelength of 656.3 nm, see 
Figure 4 and Figure 5. In the work [8], an oxygen line at λ = 777.1 
nm was also recorded.

An important argument proving that the observed continuum 
belongs to the emission of hydrogen molecules is the coincidence 
of the emission spectra of the discharge in hydrogen and in water 
vapor, which is demonstrated in Figure 5. 
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Moreover, the emission spectrum of hydrogen (black curve), 
obtained in the present work, down to the smallest details, 
coincides with the well-known emission spectrum of hydrogen 
molecules, which is given in Figure 3a in recent work [13]. Thus, 
the emission spectrum of the continuum in water vapor is identical 
to the obtained and known emission spectra observed in hydrogen 
at low pressures. In particular, in the spectra in the region of about 
600 nm, which are shown in Figure 5, the Fulcher bands of the 
hydrogen molecule are clearly visible, and their intensity, as it 
should be, is greatest upon excitation of pure hydrogen. On the 
other hand, upon excitation of water vapor, the intensity of the 
atomic hydrogen lines Hα and Hβ is significantly greater than in 
pure hydrogen. It follows that, during the dissociation of water 
vapor, atomic hydrogen is initially formed, which combines into 
H2 molecules. High-intensity emission during excitation of water 
vapor is also exhibited by the OH bands (the most intense with λ 
= 312 nm) and OH+ (the most intense with λ = 308.2 nm), which 
have previously been observed in many studies, see, for example, 
[18,19]. As we have already noted, the simultaneous appearance 
of the continuum emission and hydrogen Hα line was discovered 
in the work of Wieser [15] during excitation of high-pressure 
neon with hydrogen additives by an electron beam. These results 
also indirectly confirm the formation of a hydrogen continuum in 
low-pressure moist air under our conditions.

To summarize, it can be stated that the continuum recorded in 
humid air upon excitation by a pulse-periodic streamer discharge 
belongs to the emission of molecular hydrogen between the 
bound and repulsive terms (H2(a3Σg

+) → H2(b3Σu
+).

The manifestation of a broadband continuum in atmospheric 
high-altitude discharges that form at low air pressures can 
be expected in the emission of blue jets [20], primarily in the 
region above dense clouds, where they originate and have the 
smallest transverse dimensions. In this region, the water vapor 
content remains comparatively high and the highest discharge 
current densities are realized. We were unable to find data on 
the emission spectrum of blue jets or giant blue jets [21] with 
the presence of a hydrogen continuum in them in the known 
literature. However, integral photographs of the emission of blue 
jets show a white discharge color, see, for example, Figure 3 in 
[20]. The change in discharge color above thunderclouds is more 
pronounced in giant blue jets. This can be explained, as already 
noted, by the long durations and amplitudes of the discharge 
currents during their formation [21,22]. Regarding the emission 
of red sprites, their lower limit of propagation lies at an altitude of 
approximately 40 km above sea level (see [1-3]), where the water 
vapor concentration is low. Therefore, in photographs of sprites 
at altitudes above 50 km, they appear red, while at altitudes of 
40–50 km, their emission takes on a blue tint. 

In [23], during a corona discharge in atmospheric air, we 
recorded radiation whose spectrum corresponded to that of 
the hydrogen continuum. The color of the radiation became 
white. Based on the present studies and data available from the 

literature, we assume that not only the recombination but also 
the hydrogen continuum should contribute to lightning radiation 
[24,25]. As is known, lightning is observed during thunderstorms 
in the lower and middle regions of the Earth’s atmosphere, and 
the color of lightning radiation is usually white with a bluish tint; 
see, for example, Figures 2 and 3 in [25].

Conclusion

The experimental studies performed and the analysis of the 
results known from the literature have shown the presence of 
broadband continuum radiation of hydrogen in humid air. It has 
been shown that an increase in the intensity of its radiation at low 
pressures, tenths to hundredths of a Torr, and with an increase 
in the time of exposure of the gas to a pulsed-periodic discharge. 
A comparison of the emission spectra of humid air, water vapor, 
their mixtures, and hydrogen shows that the continuum radiation 
belongs to the emission of hydrogen molecules between the bound 
and repulsive terms (H2(a3Σg

+) → H2(b3Σu
+). This broad band is 

present in various gases and with various excitation methods; see, 
for example, the data on the excitation of high-pressure neon with 
a continuous electron beam [15]. 

The presence of broadband hydrogen continuum emission 
indicates the presence of water vapor, and in some cases hydrogen, 
in the source gases and/or the formation of water and hydrogen 
vapor due to desorption from the walls of the discharge chambers, 
as well as the electrodes during their contact with the discharge 
plasma. Accordingly, the appearance of a broadband hydrogen 
continuum must be taken into account when processing spectral 
data, particularly when determining electron temperature and 
developing new kinetic models.
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