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Restoration of the Pure Dynamic Optogalvanic
Signals in Ne Hollow Cathode Discharge

Renna Djulgerova, Valentin Mihailov, Michail D. Todorov, Jaroslaw Koperski, Marek Ruszczak,
Tomasz Dohnalik, and Zoran Lju. Petrovic

Abstract—Dynamic optogalvanic signals (OGSs) from optical
transitions corresponding to the Ne I 533.08-nm and Ne I
540.05-nm spectral lines are registered in Ne/Ca and Ne/Mn
hollow cathode discharges. A direct deconvolution procedure has
been developed for restoring the true OGS from the one registered.

Index Terms—Glow discharges, plasma measurements.

I. INTRODUCTION

THE optogalvanic effect represents the plasma conductivity
change due to the absorption of resonant (typically laser)

light, which perturbs the effective ionization processes in the
plasma by redistribution of population of the energetic levels
involved in the optical transition illuminated [1]. In particular,
the dynamic optogalvanic signals (OGSs), representing plasma
reaction after short (in nanoseconds) laser pulse absorption, are
more informative than the stationary OGS because they are
characterized not only by their amplitude but also by their sign
and time dependence. The dynamic OGS is able to give useful
quantitative information for the rates of the different collisional
processes of excitation and ionization in the plasma [2], [3] and
for obtaining several atomic constants of the energetic levels
involved, including that for the high-resolution spectroscopy
[4], [5]. It is applied for calibration in wavelength and intensity
stabilization of different light sources [6], as a sensitive ana-
lytical signal in various elemental analyses [7], etc.

The hollow cathode discharge is the most popular plasma
source for optogalvanic effect investigations and applications.
This discharge is a modification of the classical glow discharge
with a positive column [8]. Thanks to the special cathode
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design and the small cathode–anode distance, at appropriate
low pressure of the working gas, the glow discharge entirely
concentrates into the cathode hollow. It means that the hollow
cathode effect occurs. This effect causes hollow cathode dis-
charge advantages, namely increased plasma concentration, a
special type of electron energy distribution function containing
a component of high-energy electrons (which determines more
effective processes of excitation and ionization) and a great
variety of elementary processes due to the efficient atomization
of the substance by cathodic (ion) sputtering or thermal evap-
oration. Recently, the OGS application in the hollow cathode
discharge has been particularly useful for plasma diagnostics,
namely for estimating the rate constants of various elementary
processes through analysis of the dynamic OGS shape [2], [3].

The registered OGS, except the resonant OGS, in principle,
may contain components of nonresonant OGSs caused by
photoionization [9] or by photoemission from cathode walls
[7], optoacoustics OGSs, etc. The excited atoms situated on
the higher energetic levels are very easily ionized, even by
absorbing laser light with small energy. These levels are very
efficiently populated in the hollow cathode plasma. This way,
the nonresonant OGS arises due to the efficient photoionization.
All these nonresonant OGSs would disturb the resonant OGS,
which would affect the correctness of the results obtained from
the latter. As usual, the registered apparatus also influences
the measured OGSs. Therefore, even to have taken necessary
precautions to eliminate these disturbing components, all or
some of them usually arise in hollow cathode plasma. Taking
advantage of the useful OGE feature requires an extraction of
the true (pure) resonant OGS from the registered OGS.

In this paper, we aim to show a way for eliminating the
factors distorting the true OGS. For this purpose, a direct de-
convolution procedure has been developed for restoring the true
OGS from the one registered.

II. EXPERIMENTAL SETUP

The experimental setup consists of the following compo-
nents. The hollow cathodes are cylinders with bottoms, 6 mm
in diameter and 15 mm long. Spectrally pure Ne at 3.5-torr
pressure is employed as a working gas. The hollow cathode
lamps are illuminated by a pulse (5 ns, 10-Hz frequency) dye
laser (Sopra LCR1 pumped by Nd:YAG laser) tuned to the
524–564-nm wavelength range. The dye laser energy per pulse
is 80 μJ. The incident laser beam passes on the cathode axes
and illuminates both the hollow cathode plasma and the cathode
bottom. Dynamic OGSs of Ne spectral lines emitted from
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Ne/Ca and Ne/Mn hollow cathode lamps are registered as a
function of discharge current. Nonresonant OGSs are recorded
at laser wavelengths far enough from the Ne, Ca, and Mn
optical transitions. The OGSs are recorded using a two-channel
digital real-time oscilloscope (Le Croy 9361) and processed by
a computer.

III. RESULTS

The response of the hollow cathode plasma to the resonant
laser light corresponding to the Ne I 533.08-nm and Ne I
540.05-nm spectral lines is registered as a function of the
discharge current for Ne/Mn and Ne/Ca hollow cathode lamps
[Fig. 1(a) and (b)].

The first components of the registered dynamic OGSs are
positive, which is equivalent to the plasma conductivity im-
provement. It is seen that the relaxation time of the OGS corre-
sponding to the Ne 540.05-nm transition is higher than the one
of the OGS corresponding to the Ne 533.08-nm transition. The
reason for such different relaxation behaviors can be seen in the
different origins of these two OGSs. The plasma illumination
with λ = 533.08 nm excites the atoms from their 2p10 to their
4d3 levels (in Pashen’s notation), which are situated very close
to the Ne atom ionization potential (Fig. 2). Thanks to it, the Ne
atoms from the 4d3 level could be directly ionized by electron
collisions in the hollow cathode plasma, which gives rise to the
plasma conductivity increase, e.g., the OGS. It is obvious that
the origin of the other OGS, corresponding to the Ne 540.05-nm
transition, is more complex because of the efficient transitions
between p and s Ne levels, including the Ne metastable levels.
Due to this, the plasma conductivity change does not arise
directly, and this explains the higher relaxation time of the
dynamic OGS corresponding to the 540.05-nm transition. The
width of the OGSs from both transitions decreases when
the discharge current increases due to the rising excitation and
ionization rates.

The results show that the dynamic OGSs are shaped as os-
cillations at the discharge current i = 3.7 mA and i = 1.7 mA
for the Ne/Ca and Ne/Mn hollow cathode lamps, respectively.
It is interesting to point out that the volt/ampere character-
istics of the hollow cathode lamps noticeably change their
gradients at the regions of the mentioned discharge current
values (Fig. 3). We suppose that this result manifests the hollow
cathode discharge transition from one discharge regime into
another connected with plasma instability arising. The complete
interpretation of the results obtained requires modeling of the
hollow cathode plasma that is under investigation.

The nonresonant OGSs registered for both hollow cathode
lamps are shown in Fig. 4. We consider that their origin is due
to the photoionization from higher excited Ne levels, which
are known to have a dense population in the hollow cathode
plasma. For this reason, an additional quantity of electrons
directly enters into the hollow cathode plasma, resulting in
plasma conductivity increase. Thus, the nonresonant dynamic
OGS shape is due only to the electrical plasma characteristics,
including the electrical circuit. This mechanism is substantially
different from the mechanism causing the resonant OGSs. In

Fig. 1. (a) Registered dynamic OGSs corresponding to Ne I 533.08-nm
spectral line for Ne/Ca and Ne/Mn hollow cathode lamps. (b) Registered
dynamic OGSs corresponding to Ne I 540.05-nm spectral line for the Ne/Ca
and Ne/Mn hollow cathode lamps.

the latter case, the plasma conductivity change is a result of the
ionization change caused by level population redistribution due
to the laser light absorbed.
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Fig. 2. Energy diagram of the Ne levels relevant to the OGSs for the 533.08-
and 540.05-nm optical transitions.

Fig. 3. V/A characteristics for Ne/Ca and Ne/Mn hollow cathode lamps.

Granting that the registered resonant OGSs represent a con-
volution of resonant OGS (referred to as true OGS) and all
nonresonant OGS components mentioned earlier (referred to as
apparatus OGS), the true (pure) OGS has been extracted from
the registered OGS by performing the deconvolution procedure
described in the following.

Deconvolution is a very important procedure for solving var-
ious physical problems, for example, for finding the Gaussian
and Lorentzian functions from the Voigt profile in the op-
tical and plasma spectroscopy and in the physics of stellar
atmosphere, for extraction of the apparatus signal from the
registered signal at several analytical standard devices, for
noise elimination, etc. Various approaches are available in the

Fig. 4. Registered nonresonant OGS for Ne/Ca and Ne/Mn hollow cathode
lamps.

literature for performing the deconvolution procedure; however,
in principle, they are applicable for a solution of every particular
problem.

The deconvolution of the pure OGS, referred to as y(τ), from
the registered OGS means solving the following:

t∫
0

K(t − τ)y(τ)dτ = f(t) (1)

with respect to the unknown function y(τ). Here, the function
K(ξ) is the apparatus OGS, f(t) is the registered OGS, and
the argument t is the time. The functions K(ξ) and f(t) are
supposed to be smooth, and K(t − t) > α > 0. Equation (1)
seems to be a Volterra convolution equation of the first kind,
and therefore, its solving appears to be inversely incorrect
in the sense of the Hadamard problem [10]. An additional
shortcoming is the strong nonlinear untidy behavior of both the
apparatus and registered OGSs, for which only experimental
data are known, i.e., they are not analytically presented. For this
reason, the treatment of (1) by either the integral transforma-
tions or the regularization method comes upon hard obstacles.
In order to overcome these shortcomings, we prefer to solve
the aforementioned problem numerically, direct in the physical
space (not in a transformed parametric one). For this purpose,
we initially differentiate (1) by t and obtain the following
equivalent regular Volterra equation of the second kind:

y(t) +

t∫
0

κ(t − τ)y(τ)dτ = ϕ(t). (2)
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Fig. 5. (a) Registered, apparatus, and deconvoluted dynamic OGSs corre-
sponding to Ne I 533.08-nm spectral line at 11.5-mA discharge current for
Ne/Ca hollow cathode lamps. (b) Registered, apparatus, and deconvoluted
dynamic OGSs corresponding to Ne I 533.08-nm spectral line at 11.4-mA
discharge current for Ne/Mn hollow cathode lamps.

Here, we note that ϕ(t) ≡ y(t)/Kt(t − t) and κ(t − τ) ≡
Kt(t − τ)/K(t − t). Further, we introduce the time interval
[0, T ], 0 ≤ t ≤ T as a uniform set, e.g., ti = ih, h = T/N ,
i = 0, . . . , N , and replace the integral in (2) with a quadrature
formula using the trapezium rule. Keeping in mind the upper
triangular structure of the matrix of the obtained linear alge-
braic system, we should simply execute the reverse Gaussian
march, i.e., perform the recurrent relationship

y(ti)=

⎡
⎣ϕ(ti)−

h

2
k(ti−τ0)y(τ0)−h

i−1∑
j=1

k(ti − τj)y(τj)

⎤
⎦

×
[
1+

h

2
k(t0)

]−1

i = 1, . . . , N

y(t0)= ϕ(0). (3)

The derivatives f ′(ti) and Kt(ti − τj) in (3) are approxi-
mated by finite differences of the second order. Thus, knowing
y(tj), with j = 1, . . . , i − 1 (pure OGS), we compute its value
at the next time knot ti. We filter and smooth the obtained solu-
tion from the noises, replacing them with time-averaging data

and with its spatial mean line. The aforementioned algorithm is
very convenient for quickly obtaining the deconvoluted signals
and comparing with experimental data because both the matri-
ces of the discretized integral equation is triangular, as a rule,
and therefore, its inversion requires minimal computational
resources, and we treat the equation directly in the physical plan
without preliminary transformation to a parametric space and
used of hard regularization methods.

The registered, apparatus and deconvoluted dynamic OGSs
are shown in Fig. 5(a) and (b) for the Ne I 533.08-nm spectral
line at i = 11.5-mA discharge current for the Ne/Ca and Ne/Mn
hollow cathode lamps, respectively.

They consist of positive and negative components, with
different intensity and time dependences for the resonant and
nonresonant OGSs. At the same figures, the obtained pure
OGSs are demonstrated. It is seen that the time dependence
of the registered OGSs is quite different for the two types of
hollow cathode lamps. This is in consequence of the influence
of the electrical characteristics of every hollow cathode lamp on
the OGS.

Taking into account that, in our case, the registered OGSs in
both hollow cathode discharges are caused by illuminating the
same Ne optical transition (2p10 − 4d3) at identical discharge
conditions, the reasons that OGSs arise should be the same. It
means that the type of the OGSs, i.e., their time behavior and
amplitude relation, should be identical. Fig. 5 shows that the
deconvoluted (true) OGSs are very similar for both lamps, as
it is expected. The latter result may be taken as a confirmation
and verification of the trustworthiness of the developed decon-
volution method.

IV. CONCLUSION

In this paper, a deconvolution procedure is described for
restoration of the true resonant OGS from the one registered.
The nonresonant OGS has been proposed as an apparatus signal
because the disturbing effects and the electrical characteristics
of the discharge have been manifested by it. The independence
of the obtained pure Ne OGS from the type of the hollow
cathode lamps confirms the correctness of this approach.

The shape and time dependence of the dynamic resonant
OGS indicates which elementary plasma processes are dom-
inant (generations of excited and ionized particles or their
quenching) during the time. The explanation of these elemen-
tary processes and their rate constants is usually obtained by
theoretical modeling of the OGS and comparison with the
registered OGS. It is clear that the reliability will be achieved
by using the deconvoluted OGS instead of the registered one.
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