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Experimental line broadening studies of the infrared OI multiplet 3p 5 P -3d 5 D o are reported. Stark broadening parameters: electron impact widths (w) and shifts (d) as well as asymmetry (A) are determined applying a wall-stabilized high-current arc as the plasma source. Broadening studies are performed in the electron density range 0.8•10 16 ÷1.4•10 16 cm -3 , corresponding to plasma temperatures from 12000 to 13800 K. The obtained broadening and shift parameters, normalized to the standard electron density value of 1•10 16 cm -3 , are compared with results of calculations reported in the monograph by Griem [Spectral Line Broadening Plasmas,

Introduction

Line shape and shift studies of spectral transitions of neutral oxygen (OI) have been the subject of numerous experimental and theoretical papers. Critical reviews of experimental data on OI Stark widths and shifts, published in the time period from the early sixties up to the end of the twentieth century, are reported by: Konjević and Roberts [1], Konjević and Wiese [2], and Konjević at al. [3]. The comparison of experimental data with Stark broadening and shift parameters calculated by Griem [START_REF] Griem | Spectral line broadening by plasmas[END_REF] shows a differentiated picture: for some multiplets the agreement is satisfying, but in other cases the discrepancies are clearly outside the uncertainties of measurements. For example, in the case of prominent visible (red) quintet transition 3p 5 P -4d 5 D o at wavelength 615.73 nm, the old study based on wall-stabilized arc emission measurements by Jung [START_REF] Jung | [END_REF], yields line widths about 3 times smaller than those calculated by Griem [START_REF] Griem | Spectral line broadening by plasmas[END_REF]. On the other hand, gas-driven shock tube measurements by Miller and Bengtson [6] provide Stark widths somewhat larger (20%) than those resulting from calculations [START_REF] Griem | Spectral line broadening by plasmas[END_REF]. In the case of higher excited multiplet 3p 5 P -5d 5 D o at 532.9 nm, the two so far reported measurements provide narrower line widths than the calculations of Griem [START_REF] Griem | Spectral line broadening by plasmas[END_REF] -the shock tube results [6] by about 20%, while the arc emission experiment of Goly and Weniger [7] even by 40%. More recent calculations of Stark broadening parameters performed by Ben Nassib et al. [8] and Rivièrie [9] provide also, among others, electron impact line widths for the OI multiplet at 529.9 nm. The newly calculated data for this multiplet are in good mutual agreement and are indeed by about 20% narrower than those given by Griem [START_REF] Griem | Spectral line broadening by plasmas[END_REF]. However, the calculated widths are still by about 30% larger than the experimental data reported by Goly and Weniger [7]. Unfortunately, both recent calculations do not provide data for the less excited multiplets: 3p 5 P -4d 5 D o at 615.7 nm and 3p 5 P -3d 5 D o at 926.4 nm. In the monograph by Griem [START_REF] Griem | Spectral line broadening by plasmas[END_REF], Stark broadening data are reported also for the transition with the longest wavelength in the series of OI quintet transitions 3p 5 Pnd 5 D o , namely for the transition 3p -3d. The electron impact width calculated by Griem [START_REF] Griem | Spectral line broadening by plasmas[END_REF] for this transition is significantly narrower than for the above discussed higher excited multiplets. This broadening parameter for the 3p -3d line is about 5 and 13 times narrower than for the 3p -4d, and 3p -5d transitions, respectively. According to our knowledge, experimental studies of Stark broadening for the infrared multiplet have not been performed so far. Recent development in the construction of charge coupled devices made the registration of spectra in the infrared part of the spectrum considerably easier. Therefore, we decided to undertake Stark broadening studies for this quintet infrared transition at wavelength 926.4 nm.

Preliminary analysis of the multiplet 3p

5 P -3d 5 D o
The quintet transition 3p 5 P -3d 5 D o consists of nine spectral lines spread in the spectrum from 926.0806 nm up to 926.6006 nm. In table 1 we present the spectroscopic data of this multiplet taken from the NIST data base [START_REF]NIST Atomic Spectra Database[END_REF]. Quantum transitions with the same lower level appear very close in wavelength -the components are spread by 13.0, 19.4 and 18.0 pm, for quantum transitions ending up on the levels J = 1, 2 and 3, respectively. In the case of line broadening caused by charged particles acting on the emitter in plasmas, these individual components, having the same final lower level, usually cannot be resolved. Therefore, in the case of spectra emitted from plasmas, normally only three spectral features are observed with peaks at 926.087 nm, 926.272 nm and 926.599 nm. In order to facilitate further studies of the measured spectra we performed a preliminary analysis of the three above mentioned peaks, formed by closely spaced individual components, broadened by the Stark effect. Stark profiles have been calculated applying the well known j(x) formula given by Griem [START_REF] Griem | Spectral line broadening by plasmas[END_REF] and assuming different broadening parameters: electron impact widths w and asymmetry parameters A, corresponding to different electron densities in the plasma. Assuming that each spectral line (fine structure component) has the same profile, the shapes of each peak have been calculated taking into account the unperturbed wavelength positions of each fine structure component and their relative intensities obtained from line strengths listed in column 2 of table 1. The shapes of the three peaks obtained in this way have been then fitted with j(x) profiles and the resulting ("joint") broadening parameters w and A have been determined. As an example, in figure 1 we show the three fine structure components forming the strongest peak of the multiplet at 926.599 nm (dashed lines), their sum (circles) and the fitted Griem-like profile for two pairs of "input" data: w = 5 pm, A = 0.05 (upper plot) and w = 40 pm, A = 0.2 (lower plot). The best fits (solid lines) correspond to: w = 6.7 pm, A = 0.00013 (upper plot) and w = 40.4 pm, A = 0.198 (lower plot). As can be seen from the upper graph of figure 1, the wavelength positions of the two weaker components enhance the violet wing of the peak causing an artificial asymmetry. Thus, the fit of the Griem-like profile to the sum (peak) seems not to be perfect. The determined asymmetry parameter A is obviously substantially too small and also the resulting electron impact width is significantly overestimated. At higher electron densities of the plasma (larger w values), the artificial asymmetry caused by the two weak components on the blue wing does not significantly influence the fitting procedure. As can be seen from the lower plot of figure 1, the Griem-like profile satisfactorily describes the "true" asymmetry resulting in the enhanced red wing of the peak and the "joint" data w and A do not differ substantially form the corresponding "input" data. The results of this preliminary analysis for all three peaks are shown in figure 2. In the upper part of this figure the ratios w joint /w input are shown as function of w input , in the lower part the analogous graph is presented for the asymmetry parameter. As can be seen, in the case of two peaks (with the shortest and the longest wavelength) for "input" values w ≥ 25 pm the "joint" values for the peaks are only somewhat larger (less than 4%) than the input data for individual components. In the case of the central peak at λ = 926.272 nm, the discrepancy is systematically about two times larger. The reason for that is simple -the wavelength difference between the two strongest components exceeds 10 pm and the wavelength interval between the outermost components amounts 19.4 pm, leading to significantly larger "observed" widths of this peak. By treating three line components as an individual spectral feature (peak), the true asymmetry of a component is obviously somewhat disturbed by the wavelength structure of this peak. Indeed, as can be seen from the lower part of figure 2, the "joint" (observed) asymmetry parameter is systematically smaller than the corresponding input value, with the exception of only very low A "input" values in the case of the peak with the shortest wavelength. However, for input A values exceeding 0.15, all three peaks exhibit "joint" (observed) asymmetries which are systematically by about 10% smaller than the input values. In this analysis, the influence of the Doppler and instrumental broadening has not been taken into account. As mentioned in section 3, the instrumental profile could be well approximated by a Gaussian profile with a Full Widths at Half Maximum (FWHM) of 8 pm. The FWHM resulting from the Doppler effect amounts between 17 and 19 pm, depending on the plasma temperature. Both effects, the instrumental and the Doppler broadening, lead to a final Gaussian with a FWHM of 20 to 22 pm. The wavelength differences between the fine structure components forming a given peak are of the same order as the resulting convolution of the Doppler and instrumental widths. Therefore, in case of including this "additional" broadening, the calculated ratios w joint /w input and A joint /A input shown in figure 2 are expected to be systematically somewhat closer to the desired value of one. Indeed, when the Stark profile of each fine structure component was convoluted with the convolution of the Doppler and instrumental profile, the obtained ratios w joint /w input and A joint /A input were systematically slightly closer to one, particularly for smaller values of the "input" data of w and A.

Experimental procedure

A wall-stabilized high-current arc operated at atmospheric pressure was applied as the plasma source. The scheme of the arc construction, including the scheme of the gas injection system, is shown in figure 3. The arc column (85 mm long, diameter 4 mm) was operated in a mixture of helium (gas flow rate 45 cm 3 /s), argon (3.4 cm 3 /s), carbon-dioxide (0.78 cm 3 /s) and hydrogen (0.51 cm 3 /s). The arc regions in the direct vicinity of both carbon electrodes were additionally fed with argon at a flow rate of 2.1 cm 3 /s. This rinsing argon stream protects the carbon electrodes from erosion. The amount of CO 2 and hydrogen was carefully adjusted in order to obtain optimal conditions for registration of (i) the hydrogen H β line (for electron density determination) and (ii) selected oxygen spectral lines (the studied multiplet at 926 nm and a set of "thermometric" transitions). At the chosen gas flow rates and arc currents of 39 and 54 A, plasma conditions (electron densities and temperatures) were achieved allowing accurate Stark broadening measurements of the OI multiplet 3p 5 P -3d 5 D o to be performed. At these conditions the three main spectral peaks do not substantially overlap and thus, Stark broadening studies were possible.

In figure 4 the scheme of the experimental setup is shown. The arc (1) was imaged in end on direction (magnification 1:1) via the swivel plane mirror ( 5) and the concave mirror (4) (focal length f = 730 mm) on the entrance slit (26 µm) of the Ebert-type grating spectrometer ( 6) equipped with a CCD array detector Symphony (7) (pixels 26×26 µm) and the computer (8). By changing the angular position of the mirror (5) by 180 o the radiation originating from the tungsten strip standard source (2) was registered in all studied spectral intervals. In this way, the measured intensities originating form the arc source could be converted to absolute radiance units. The concave mirror (3) was applied for performing self-absorption checks. By reflecting the radiation reaching this mirror back into the arc and comparing the measured signals, with and without back reflection, conclusions about possible self-absorption effects in the arc plasma could be drawn. For our plasma conditions, these checks demonstrated negligible self-absorption in all studied spectral intervals (OI multiplets and the H β transition). The spatial resolution of the optical imaging system perpendicular to the arc axis, allows selecting the radiation originating from plasma layers parallel to the arc axis of a size of 0.1 mm. The CCD detector area was divided into 64 tracks, each consisting of four pixels in the direction perpendicular to the arc axis and 1024 pixels along the direction of the spectrometer's dispersion. The distance between the centers of neighboring tracks amounts 0.1 mm and precisely matches the spatial resolution of the optical imaging system. In this manner, each detected spectrum yields directly the radial intensity distribution in the arc plasma for the selected spectral interval. The spectrometer (6) was used in the double path mode applying a grating with 1300 grooves/mm. This instrumentation allows to obtain spectra with reciprocal dispersion of 4.3 pm/pixel and 4.8 pm/pixel, depending on the studied wavelength range. Other details, concerning the arc plasma source, the optical imaging system and the spectroscopic instrumentation, can also be found e.g. in [START_REF] Wujec | [END_REF]12,13].

Plasma diagnostics

As mentioned above, two experiments were performed at arc currents of 39 and 54 A. For each arc current, the radiation emerging in end on direction was registered in four different spectral intervals around the following wavelengths: 486.1 nm (hydrogen H β line), 777.3, 882.0 and 926.4 nm (selected OI transitions). Each spectral interval was registered at least three times and the results were averaged. From measured OI spectra the total line (multiplet) intensities have been obtained by integrating the respective spectral intervals and calibrating them against the respective intensities of the standard source. The quintet transitions at 777.3 and 926.4 nm originate from upper levels with excitation energies of 10.741 and 12.079 eV, respectively, while the singlet line at 882.0 nm arises from the upper level 3p 1 F 3 with E k = 14.134 eV. Using the corresponding transition probabilities (taken from the NIST data base [START_REF]NIST Atomic Spectra Database[END_REF]) and applying the Boltzmann plot method, the radial distributions of the arc temperature for the two experiments at 39 and 54 A have been determined. The results are presented in the upper part of figure 5.

The main plasma parameter determining the Stark broadening of spectral lines is the electron density. This crucial plasma parameter was determined from measured FWHM of the hydrogen H β transition. For this purpose, we applied the theoretical broadening results of Gigosos and Cardeñoso [14]. These calculations include the contribution to the observed line widths arising from ion dynamic effects. Other broadening mechanisms, such as instrumental and Doppler broadening, have been taken into account while determining the pure Stark FWHM of the H β line.

The low pressure Plücker tube run in hydrogen was used as a light source for determination of the instrumental profile in this spectral region. It turns out that the instrumental profile could be well approximated by a Gaussian with a FWHM of 8 pm. The contributions to the H β line widths originating from the Doppler broadening amounts from 34 to 40 pm, depending somewhat on the plasma temperature. Thus, the total contribution from both effects (instrumental and Doppler broadening) amounts from 35 to 41 pm. These widths are significantly smaller (at least by a factor of 40) than the measured FWHM of the H β line. Nevertheless, evaluating the pure Stark FWHM the necessary corrections of directly measured FWHM of the H β line have been performed. Using the obtained pure Stark widths and the theoretical broadening data for the H β line, published by Gigosos and Cardeñoso [14], the electron density distributions have been evaluated. The results are shown in the lower part of figure 5. As can be seen, in the central part of the arc (r≤0.9 mm and r≤0.5 mm, for experiments at 54 A, and 39 A, respectively), the radial gradients of both main plasma parameters are small. In the case of both applied arc currents, the gradients of the temperature (∂T /∂r) do not exceed the value of -1200 K/mm for these plasma volumes. The corresponding gradients of the electron density, for the two arc currents 54 and 39 A, do not exceed:

(∂n e /∂r) = -7•10 15 cm -3 /mm and (∂n e /∂r) = -2.6•10 15 cm -3 /mm, respectively. As a result of these small gradients, within the distance of 0.1 mm in the arc (corresponding to one track) the temperature (T ) and electron density values (n e ) differ by not more than 0.5% and 4% of the respective mean T and n e values. Thus, the spectra measured from these parts of the arc can be regarded as originating from nearly homogeneous plasma layers.

Results and discussion

As mentioned earlier, the wavelength interval embracing the quintet OI multiplet 3p 5 P -3d 5 D o was registered three times and the results were averaged. The long term stability of the arc as well as the reproducibility of the measured individual spectra was satisfactory. The differences between the parameters of individual spectra (intensities and widths) do not exceed 3%". To determine the Stark broadening parameters of this multiplet only the spectra originating from nearly homogeneous plasma layers have been applied, i.e. emitted from arc volumes with radii not exceeding 0.5 mm and 0.9 mm, for experiments at currents 39 and 54 A, respectively. For these selected plasma layers the observed "joint" widths (half widths at half maximum -HWHM) of the three peaks exceed the value of w = 25 pm and A = 0.15. According to the results of preliminary analysis shown in figure 2, it is possible to make reliable corrections of measured (observed) peak widths and asymmetry parameters to determine the respective quantities of the single fine structure component. Each measured spectrum (after radiance and wavelength calibration), taken from given plasma layer of known electron density and temperature, was fitted according to the following procedure:

1. The Griem-like profile (converted to wavelength units) was generated according to the formula [15]:

j A,R (λ) = j max ∞ 0 H R (β) 1 + [((λ -λ 0 )/w) -A 4/3 β 2 ] 2 dβ (1) 
where: j max is the peak maximum, w is the electron impact broadening parameter (HWHM), A is the asymmetry parameter, H R (β) is the ion microfield distribution function at the (neutral) emitter position taken from [16]. R = r 0 /D is the so-called screening parameter (r 0 = (4πn e /3) -1/3 , D -Debye radius), which is needed for obtaining the proper microfield distribution function, β = F/F 0 is the reduced field strength (F 0 is the normal field strength depending on electron density). 2. This profile was numerically convoluted with a Gaussian being the outcome of the convolution of the instrumental and Doppler broadening.

3. A background continuum in the form C = a • λ + b was added to the three Griem-like profiles convoluted with the Gaussians and fitted to each measured spectrum of the multiplet.

The fitting procedure anticipates 10 free parameters to be determined: 3 wavelength positions (λ 0 ) and 3 maximum intensity values (j max ) for the three peaks, the parameters a and b, determining the course of the background, the electron impact broadening parameter w and the asymmetry parameter A for the multiplet, i.e., the same w and A values for all three peaks. In this procedure, the sum of squared differences between the measured and the calculated spectrum, taken over the whole wavelength interval was minimized. In figure 6, such spectra corresponding to two selected plasma layers, taken from experiments 39 and 54 A are shown as examples.

Within our fitting procedure we assumed that the shapes of all three peaks are identical (have the same w and A). Therefore the fitted peak intensities (j max ) are proportional to total intensities of the peaks and may be compared with relative line strengths taken from the NIST data base [START_REF]NIST Atomic Spectra Database[END_REF]. As mentioned earlier, each peak is formed by three fine structure components contributing to the observed peak intensity. The line strength of a given peak is simply equal to the sum of the strengths of the contributing fine structure components. Thus, the strengths of successive peaks (with rising wavelengths) obey the following ratios 1.00 : 1.67 : 2.33. Since the measurements yield intensity ratios, not line (peak) strength ratios, two corrections are required arising from: (i) the Boltzmann factor exp (E 2 -E 1 )/kT , and (ii) the fourth power of wavelength ratios (λ 2 /λ 1 ) 4 , in order to compare the theoretical and experimental data. Since the excitation energies and wavelengths are nearly the same, both these corrections are negligibly small -the Boltzmann factor, and the "wavelength" factor yield corrections not exceeding 0.1%. The ratios of the fitted peak values j max perfectly agree with those resulting from the LS coupling listed in table 1 -the discrepancies do not exceed 0.2%.

Shift measurements (d)

A glance on the spectra shown in figure 6 reveals a clear red shift of the multiplet, particularly at the higher electron density condition. However, this apparent observation could be quantitatively more or less uncertain. The second experiment at 54 A was performed after turning back the spectrometer grating to the appropriate position (wavelength range). Therefore, the wavelength calibrations of the spectra, performed against the NeI spectral line at 927.55191 nm, for both arc currents have been performed independently. Thus, at the apparatus width of our spectral instrumentation (FWHM = 8 pm, about 2 pixels), uncertainties of the wavelength calibration of the same order have to be expected. Moreover, as discussed in section 2, the wavelength structures of individual peaks introduce additional uncertainties in determination of the multiplet shift as a whole. Nevertheless, despite possible large errors of our shift measurements we decided to include this data in this paper. As mentioned above, the fitting procedure yields e.g. the wavelength positions of the three observed peaks. In order to obtain the shifts of the three peaks, their unperturbed wavelength positions (in air) have been calculated. Since each peak consists of three fine structure components, we defined the unperturbed peak wavelengths as:

λ peak = Σ k (λ ki •S ik )/Σ k (S ik ).
The wavelengths (λ ki ) and the line strengths (S ik ) listed in column 2 of table 1 have been taken for evaluating the peak wavelengths. In this way, the following unperturbed peak wavelengths have been obtained: 926.0870, 926.2718 and 926.5986 nm. The shifts for each peak have been calculated using the corresponding unperturbed wavelengths as reference values. At given plasma conditions, the determined shifts for individual peaks are nearly the same (the differences do not exceed the wavelength corresponding to 1 2 of a pixel), therefore we decided to show only the averaged values, which have to be considered as shift values of the multiplet as a whole.

In the upper part of figure 7 the shifts determined in this way are shown as a function of electron density of the plasma, while in the lower part, the shifts normalized to the standard electron density value of 10 16 cm -3 , are plotted against the temperature of the plasma. As mentioned earlier, the uncertainties of our shift measurements in the absolute scale are estimated to reach even 8 pm, i.e., of the same order as the measured shift values. Nevertheless, our measurements confirm the expected linear increase of the shift with increasing electron density. The averaged shift for the multiplet, normalized to the standard electron density of 10 16 cm -3 , amounts about 10 pm and is about 2 times smaller than the shift calculated by Griem [START_REF] Griem | Spectral line broadening by plasmas[END_REF].

Determination of the electron impact broadening parameter (w)

In the upper part of figure 8, we plot the determined half widths at half maximum (HWHM) in pm (w) for the three peaks as a function of electron density. In the lower part of this figure the HWHM, reduced to the standard electron density value of 10 16 cm -3 (w nor ), are shown as a function of the plasma temperature. As can be seen from the upper graph of figure 8, the measured electron impact widths (w) -as expectedincrease linearly with increasing electron density. The reduced widths (w nor ), shown in the lower graph, slightly decrease with rising temperature. Our analysis described in section 2 leads to the conclusion that our measured peak widths are slightly larger than the widths of the fine structure components. This overestimation somewhat depends on the widths itself -larger corrections are required for smaller w values. Applying the results of this analysis, we corrected our measured peak widths in order to obtain the widths of the fine structure components. The dotted-dashed line represents the electron impact widths (HWHM) for the fine structure components. On average, our normalized electron impact width is 28±5 pm and is about 20% larger than the calculated result by Griem [START_REF] Griem | Spectral line broadening by plasmas[END_REF]. In accordance with theoretical expectations, our measurements confirm the linear dependence of both Stark broadening parameters -the electron impact width (w) and the shift (d) on electron density. In figure 9, the ratios of these two quantities are shown versus the electron density. Indeed, the ratios d/w are the same within the uncertainty limits of our experiment in the range of the electron density from 0.8•10 16 to 1.4•10 16 cm -3 . The averaged ratio d/w amounts 0.38 and is about 2.5 times smaller than the result of Griem's calculations.

Studies of the asymmetry parameter (A)

In figure 10 we show our results determined for the dimensionless asymmetry parameter (A). Similarly as in figure 8, in the upper part the asymmetry parameter is plotted against the electron density, while in the lower part, the reduced asymmetry parameter versus the plasma temperature. Again a weak linear dependence of the asymmetry parameter on electron density is found. The reduced A nor values slightly increase with rising temperature. In case of the asymmetry parameter the correction discussed in section 2 leads to somewhat larger A values for the fine structure components. As can be seen from figure 10 (dotted-dashed line), the correction does not exceed 10%. The comparison with the result reported by Griem [START_REF] Griem | Spectral line broadening by plasmas[END_REF] also reveals large discrepancy -our reduced asymmetry parameter is about 2.5 times larger.

Concluding remarks

The determination of Stark broadening parameters for the fine structure components of the multiplet 3p 5 P -3d 5 D o is significantly hindered by the complicated structure of this transition. Three sets of fine structure components, each consisting of three transitions, form three rather good isolated peaks at lower electron densities. At higher electron densities these peaks overlap substantially. Therefore, the determination of Stark broadening parameters for the individual fine structure component is a difficult task. Among the three Stark broadening parameters studied in this work: the electron impact shift (d), the electron impact width (w) and the asymmetry parameter (A), the most reliable results are obtained for the electron impact width. This parameter agrees -within the error limits of our experiment (20%) and the uncertainty of calculations (20%) -with the result reported by Griem [START_REF] Griem | Spectral line broadening by plasmas[END_REF]. In case of the two other parameters d and A, the agreement between measured and calculated data is less satisfying. Large discrepancy, exceeding a factor of 2, is found in the case of the asymmetry parameter. The uncertainties of our shift measurements in the absolute scale do not allow to make indisputable conclusions about the grade of consistence between experiment and theory. Nevertheless, our "relative" shift measurements, i.e., the quantitative increase of the shift with increasing electron density are trustworthy. 
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 1 Figure 1. The three fine structure components forming the strongest peak of the quintet multiplet at 926.599 nm (dashed lines), their sums (circles) and the fitted Griem-like profiles for two pairs of "input" data are shown: w = 5.0 pm, A = 0.05 (upper plot) and w = 40.0 pm, A = 0.20 (lower plot).
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 253 Figure 2.Electron impact broadening (w) and asymmetry (A) parameters of individual fine structure components ("input") and of the observed spectral peaks ("joint") are compared. Upper graph -the ratio w joint /w input is shown a function of width (in pm) of the individual component w input , and lower graph -the ratio A joint /A input is shown versus the dimensionless asymmetry parameter A of the individual component A input . The resulting "joint" profiles were fitted using the j(x) functions with broadening parameters w joint and A joint (both free) -for details see the text in the section 2

9 Figure 4 .

 94 Figure 4. The scheme of the experimental setup is shown: 1 -wall-stabilized arc, 2radiometric standard source, 3 -and 4 -concave mirrors, 5 -swivel plane mirror, 6 -Ebert-type grating spectrometer, 7 -CCD detector, 8 -computer, 9 -spectral filter.

Figure 5 .

 5 Figure 5. The radial distributions of the temperature (upper graph) and electron density of the plasma (lower graph) are shown. Stark broadening studies of the OI multiplet have been performed on the basis of spectra obtained from arc volumes with radii less than 0.9 mm (expt. 59 A) and 0.5 mm (expt. 39 A), as indicated by the arrows.
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 6 Figure6. The spectral intensity distributions within the OI multiplet 3p 5 P -3d 5 D o corresponding to two plasma conditions are shown. The squares represent the measured intensities after radiance and wavelength calibration, the lines -the results of the fitting procedure. The three short vertical lines mark the positions of the unperturbed wavelengths of the three peaks. These positions are "weighed" wavelengths of the corresponding fine structure components (for details see text).
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 7 Figure 7. The measured absolute red shifts (d) of the multiplet as a function of the electron density (upper graph), and the shifts normalized to the standard electron density of 10 16 cm -3 (d nor ) as a function of the plasma temperature (lower graph), are shown. The error bars shown in both graphs do not include the possible systematical error originating from the wavelength calibration in an absolute scale. This systematical error may reach even 8 pm.

Figure 8 .

 8 Figure 8. Upper graph -the determined half widths at half maximum (w) in pm for the three peaks are plotted as a function of electron density; lower graph -the reduced (to the standard electron density value of 10 16 cm -3 ) HWHM (w nor ) (in pm) are presented as a function of the plasma temperature. The dashed lines represent the best fit to the experimental points, the dotted-dashed line in the lower graph represents the best fit results after corrections resulting from the analysis presented in figure2,i.e., the final w nor values, corresponding to the individual fine structure component of the multiplet. The dotted line in the lower graph represents the theoretical data reported by Griem[START_REF] Griem | Spectral line broadening by plasmas[END_REF].

Figure 9 .

 9 Figure 9. The measured ratios: electron impact shift/electron impact width, (d/w), are shown versus the electron density of the plasma. As expected, this ratio not depend on the electron density. The averaged value is 0.38.

Figure 10 .

 10 Figure10. Upper graph -the determined dimensionless asymmetry parameters are shown as a function of the electron density; lower graph -the reduced asymmetry parameters (to the standard electron density value of 10 16 cm -3 ) (A nor ) are plotted versus the plasma temperature. The dashed lines represent the best fit to the experimental points, the dotted-dashed line in the lower graph represents the best fit results after corrections resulting from the analysis presented in figure2, i.e., the final A nor values corresponding to the individual fine structure component. The asymmetry parameter A nor , calculated by Griem[START_REF] Griem | Spectral line broadening by plasmas[END_REF] (dotted line), slightly decreases with temperature and is -on average -about 2.5 times smaller than our data.

Table 1 .

 1 Selected spectroscopic data concerning the OI multiplet 3p 5 P -3d 5 D o λ(nm) S ki (a.u.) E i (cm -1 ) E k (cm -1 ) J i J k

	926.0806 17.5	86625.76	97420.99	1	0
	926.0848 39.3	86625.76	97420.94	1	1
	926.0936 30.6	86625.76	97420.84	1	2
	926.2582 13.1	86627.78	97420.94	2	1
	926.2670 51.0	86627.78	97420.84	2	2
	926.2776 81.6	86627.78	97420.72	2	3
	926.5826 5.84	86631.45	97420.84	3	2
	926.5932 40.7	86631.45	97420.72	3	3
	926.6006 157	86631.45	97420.63	3	4