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Abstract We present the emission intens:ties compared to the cotogal-
vanic signal magnitudes for neutral argon transitions in a hollow-cathode
discharge, over the spectral range of 570-610um, measured in a cont.nuous-
wave regime. We show that there is a direc: relation between the -elative
intensities of these spectra and note that thisare possible because 'here is
no lower metastable states involved in the ooserved transitions. Based on
this correlation we d=rive an estimate for the electronic temperatur= in the
discharge, in good azreement with data ava:lable in the literature. .

1. Introduction

The optogalvanic effect (OGE) is the photvinduced change in 2 plasma
impedance that takes place when the incident radiation frequency is resonant
to any transition of atoms and molecules in the discharge. Although it has been
widely used as a powerful spectroscopic tool, the environment of a discharge is so
complex that the OGE can not be yet described by a general theoretical model.
For an explanation of many interesting applications and a description of relevant

attempts to establish quantitative understanding of the OGE, we refer to a recent

review on the subject!.

Partial inancial support of CNPq, FAPEST and FINEP.

226



The relation between emission and optogalvanic signal...

In the mechanistic model proposed by Keller, Engleman and Zalewski’?, the
magnitude of the OGE can be cﬁrrelated with the probability for absorption of
laser radiation. According to their model, the magnitude AZ;3 of the photoin-
duced plasma impedznce change is supposed to be

AZ
—I;;li « A1z g1 fiz - exp{—E1/kT}, (1)

where I3 and A3 are, respectively, the laser intensity and wavelength, and f)2
is the oscillator strength (the f-value) of the considered transition. The product
X - f is proportional to the cross section for absorption of light at the peak center.
Here, ¢; and E) are, respectively, the degeneracy and the energy of the initial lower
state. It is assumed a Boltzmann distribution for the occupation of the atomic
levels. This correlation was then verified for 2 large range of uranium transitions
and most of the neor ones, )
Based on this as:umption, Keller, Englenan and Palmer! (from: now on ab-
breviated as KE&P), pointed out that, under certain conditions, can also exist a
direct proportionalit: between magnitudes cf the*optogalvanic signal (OGS} and
the correspondent emi\'uion line intensities. In fact, the'émis:ion intensity Fy,

related to this transi .on can be written in a very convenient way,

Fpp o« ®(1/X3) Aj3 1 f12 - exp{—E,/kT}, (2)

where the ${1/X;;) function is given by

1 he
*(1/3) = e { - T-pr ) (3)

and contains all the extra factors (1/A13) that appear in the relation between Eq.
(1) and (2). For small wavelength intervals (AX/X < 1%), the ®-function can be
regarded as constant and so KE&P expected to find a direct correlation between
the OGS magnitude and the emission intensity. This hypothesis was successfully
tested for the uranium transitions, within a range of AX a~ 2.5nm, disregarding

some few exceptional transitions.
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However, for calcium® and neon®*%7 there is not an agreement between the
authors, about the validity of the above relation. Otherwise, Reddy et al.® have
found that the OGS magnitudes are in accordance with the emission intensities
for argon, in a pulsed regime. [n this paper we investigate the correlation between
emission and optogalvanic intensities for neutral argon transitions in a hollow-
cathode lamp (HCL), in a continuous-wave (CW) regime experiment, and :ierive

an estimate for the electronic temperature of the ﬁaama.

2. Experimental

In our experiment we use« a lamp with copper ho.low-cathode, filled with a 7.9
Torr uitra-pure argon atmosp here. To perform the O¢:S measurements we diracted
the beam of a CW tunable dy- laser (with Rhodamin« 5G), optically pumped >y an
argon ‘on laser, through the I sllow-cathode discharg:. In order to avoid satu ation
effect- in the impedance chznges we limited the oucput power to 150mW The
discharge was maintained by a stabilized voltage power supply, working n the
range of 200-300 VDC, con:ected to the lamp by = ballast resistor (R= K{1).
The resonant OGS was mor tored by a Lock-in Amplifier, modulating the laser
ampliiude with a mechanicz. chopper. The emissic 1 spectrum was obtair »d by
a 0.85m double monochromator spectrometer SPEX 1402, also used for tiie dye
laser wavelength calibration.

We used both spectroscopic techniques for several discharge current values.
In the 570-610nm spectral range, the Ar-Cu lamp spectra presented only two
relevant cathodic lines (Cu [ 570.0nm and Cu [ 578.2nm}j, thus the sample could
be used to provide clear neutral argon transitions. The optogalvanic spectroscopy
showed itself very sensitive, being possible to identify 46 Ar [ lines, within 52
listed by Striganov and Odintsova® in this spectral range. Only those having
emission intensities less or equal to 2 in a scale of 10,000 were not observed. In
order to perform the desired comparison, we selected the relevant argon emission
lines measured, identified in Table 1, which also includes the respective gf-values

(derived from Ref. 10).
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The relation between emission and optogalvanic signal...

] LEVEL LEVEL ENERGY
| A (nm) CLASSIFICATION (10%em™) gf
i Lower Upper Lower Upper

1[574.0 | 4p [3/2] (1) |54’ [5/2]° (2) | 106.09 | 123.51 |0.0225 |
2 577.2 [ 4p [3/2] (2) | 54’ [5/2]° (3) [ 106.24 | 123.56 | 0.0073
315802 ] 4p [3/2] (2) | 6d [1/2]° (1) | 106.24 | 123.47 | 0.0067
45834 | 4p [3/2](2) |54’ [3/2]° (2) | 106.24 | 123.37 | 0.0133
5758601 4p [1/2] (1) | 6’ {1/2]° (1) | 104.10 | 121.16 | 0.0044
16 |35883| 4p [1/2] (1) | 6s’ [1/2]° (0) | 104.10 | " 121.10 | 0.0066 |
T 7158891 4p [5/2] (3) | 7s[3/2]° (2) | 105.46 | 122.44 | 0.0348
T8 5912 | 4p [1/2] (1) | 4@ [3/2]° (1) | 104.10 | 121.01 | 0.0165
1795929 4p [5/2] (2) | 7s [3/2)° (1) [105.62 | 12248 [0.0174
110 | 594.3 | 4p [5/2] (2) | 7s {3/2]° (2) | 105.62 | 122.44 | 0.0050 |
T111598.7] 4p (5.2 (3) | 5d [7/2{° (3) | 105.46 | 122.16° | 0.0049 ||
1121599.9( 4p [5:2) (2) | 54 [5/2]° (2) | 10562 | 122.28 |0.0040
11316025 | 4p’ {2/2] (1) { 78’ {1/2]° (1) ' 107.13 | 123.88 |0.153
T14 | 603.2 | 4p [5/2] (3) | 5d [7/2]° (4) 105.46 [ 122.04 [0.1208 |
1156043 | 4p |5 2| (2) | 54 {7/2 (3) | 105.62 | 122.16 | 0.)586
116 1605.3 | 4p {12} (1) |4d’[5/2]° (2) | 104.10 | 120.62 | 0.0055
11716059 ] 4p [1:2} (1) {4d"[3/2}° (2)  104.10 | 120.60 {0.0117 |

Table 1: Ildentification of strong neutral argon emission lines observed in
the range 570-610n: (g/f-values also incluaed). The classification is in a
jl-coupling scheme, ‘with primed notation reierring to the Ar core coupling
of :PI‘",: and without prime to the coupling of ’Pg’;,.

3. Results and discussion

By taking our measurements with the Ar-Cu lamp, we compared the emission
intensities with the OGS magnitude (divided by the laser intensity) for neutral
argon transitions over a spectral range of AA = 40nm, as shown in Figure 1. Both
measurements were taken with + = 11mA in the HCL. The best choice for the
normalization intensity was to take a central strong emission line (591.2nm), in
order to minimize fluctuations introduced by large wavelength separations, once
the ®-function given by Eq. (3) is supposed to be constant in the interval A).
From Figure 1 we verify that the agreement is satisfied, within a factor of 2, for
14/17 transitions of the neutral argon, the only exceptions being the lines 588.9nm,
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603.2nm, and 604.3nm.
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Fig. 1~ ‘omparison of {a) relative e mission intensities with (b) r-iative OGS magnitudes {divided
by the ' ser intemsity) for argon transitions. Numbers identify.ng lines refer to Table 1. Lamp
current: LImA in both measuremen:s. (OL) = Over Load, for intensity > 300%.

Al aought the model de cribed by Eq. (1), associating the OGS magni-
tude cnly to the population i the initial state has ed to a controversy in the
literature!! 12 it is very well suited for the uranium transitions, as have been ob-
served experimentally®. The fact that it was not verified for calcium® and some
neon transitions®*%7 is due to the presence of lower metastable levels in the proc-
cess leading to the OGS.

As a matter of fact, Reddy et al® claimed that the relative intensities of the
spectral lines in optogalvanic effect is expected to be proportional to those in
emission. They studied 300 lines in neon and almost 200 lines in argon, in the
wavelength interval 410-670nm, using a pulsed laser source in order to analyse
the temporal evolution of the OGS. They concluded that discrepancies between
emnission and optogalvanic spectra are due to the set of sampling parameters, as
gate duration and delay time, when recording the time-dependent optogalvanic

signal with a boxcar/gated integrator. This is not a problem when performing
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The relation between emission and optogalvanie signal...

optogalvanic spectroscopy in a CW regime, as in our experiment. In this case, it
is not difficult to take measurements and find a correspondence as shown in Figure

1.
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Fig. 2 - Linear interpolation of In(AV/I X gf) against the lower level energy ) for neutral
argon transitions. Energies, wavelegths and ¢ f-values are from Table 1. Lamp current = 1lmA;
laser power &z 150 mW.

Now, coming back to Eq.{1) and assuming that the optogaivanic voltage change

is given by AVi2 =1 AZj2, where 1 is the lamp current, we can write

AV,
It gf

with C as an arbitrary constant.

= Cexp{—E/kT}, (4)

Using the gf-values and the lower level energy £, of the observed transitions,
as listed in Table 1, we present in Figure 2 a linear interpolation to the plot of
In(AVy2/I12A12 ¢f) against Ey. The slope —1/kT of this line leads us to an esti-

mate for the electronic temperature of the plasma in the hollow-cathode discharge,
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that resulted to be equal to 3010 K (at { = 11mA). The same plot obtained for 1
= 7.5 mA led to a value of 2710 K. It is noticeable that these values are in accor-
dance with the ranges given by several authors in the literature: 1000 — 3000 K
for Ben-Amar et al.'®; 3000 K for Keller et al.?1*; 1100 — 3500 K for Zalewski et
al® and 3500 K for Dréze et al.'®.

4. Conclusions -
3

The association of the OGS with the oscillator strength of the laser-resonant
transition and also with the population of the lower level leads to a direct cor-
relation of its magnitude with the correspondent emission intensity, provided the
comparison is confined to a restricted spectral range. We have shown that the
relation between optogalvanic and emission intensities works well for neutral ar-
gon trans:tions, in a CW regime experiment, even over a range of A) =~ 40nr.,
counting “nly three exceptional iines.

There are several consequences on the verification of this quantitative rela-
tionship, now extended to the argon spectrum. First of all, it became clear that
the direct KE&P correlation is not a privilege of cathodic materials. In addition,
it seems nat this correlation aciually holds for argon aioms because there is o
metastable states involved in the observed transitions, a condition not satisfied
neither by neon nor by calcium lines, in the same spectral region. This conclusion
must be reinforced, in further works, by extending the analysis to other elements
and to differenl spectral ranges. Anyway, one can apply a detailed knowledge of
the emission spectrum to perform an optogalvanic wavelength calibration. This
will be an useful guide for taking optogalvanic measurements of several cathodic
species, in argon filled hollow cathode lamps. Finally, the association postulated
by Eq. (1) can lead to an estimate for the electronic temperature of the plasma
in the hollow-cathode lamp, which is a relevant parameter used to describe the

operating state of the discharge.

-
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Resumo

Apresentamos a comparacio das intensidades do espectro de emissao com
as do sinal optogalvanico, medido em regime de bombeamento éptico continuo,
para transigées do argénio neutro em uma descarga de catodo oco, abrangendo
a regiao espectral de 570-610nm. Mostramos que existe uma correspondéncia en-
tre 1s intensidades relativas destes espectros e notamos que este fato tornou-se
possivel uma vez que nenhuma das transi¢des observadas envolve niveis inferiores
metaestaveis. Baseados nesta correlagao, derivamos uma estimativa para a tem-
peratura eletronica do plasma na descarga de catodo oco, compativel com dados
apresentados na literatura.
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