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Abstract. Experimental Stark-broadening studies of two selected doubly excited NI multiplets from the
infrared wavelength range are presented. One of them is very sensitive to interactions with charged particles
in plasmas and the other exhibits — at the same plasma conditions — only very small broadening and shift.
A high current wall-stabilized arc operated in helium with admixture of nitrogen and hydrogen was applied
as the excitation source. The radiation of the plasma was detected by applying a grating spectrometer
equipped with a CCD detector. Measurements were performed at electron densities of the plasma between
3x10" and 7x10' c¢m™3, corresponding to temperatures from the range 8000-10500 K. Electron impact
widths (we) and shifts (d.) of fine structure components of these multiplets were determined. The evaluated
Stark broadening parameters (we, d.) are compared with other experimental data and with calculated Stark

effect constants.

PACS. 32.70.Jz
measurements

1 Introduction

Recently performed emission measurements utilizing high
current wall-stabilized arcs provided new spectroscopic
data concerning e.g. the NI spectrum [1-5]. Among these
data especially interesting appear the line strengths and
Stark broadening parameters for a few doubly excited NI
multiplets. Two recent works performed in our laboratory
were devoted to studies of the broadening of one of these
transitions, namely the ('D)3s *D — (!D)3p ?P° multi-
plet [4,5]. (In further parts of the paper we use the shorter
notation 3s’ — 3p’ instead of (*D)3s — (1D)3p). The fine
structure components of this transition reveal significant
red shift and large broadening. On the other hand, prelim-
inary investigations performed by Musielok [6] show, that
the broadening and shift parameters of two other multi-
plets (members of the same transition array 3s’ — 3p’),
differ from each other as well from that studied in [4,5].
The fine structure components of one of these multiplets
(3s' 2D — 3p’ 2F°) appear as very narrow spectral fea-
tures and show negligible shifts, while the components of
the other one (3s’ 2D — 3p’ 2D°) exhibit large broadening
and significant blue shifts, i.e. in the opposite direction
than has been found in the case of the 3s’ 2D — 3p’ 2P°
multiplet studied in [4,5]. Unfortunately Stark broaden-
ing calculations for lines originating from this transition
array (3s’ — 3p’) are not available in literature.
Comparison of recent line strengths calculations [7-10]
for this particular transition array shows good agreement
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in the case of the multiplet revealing very weak broaden-
ing and shift, but large discrepancies in the case of the two
significantly broadened and shifted multiplets. In the case
of the transitions 3s’ 2D — 3p’ 2P° and 3s’ 2D — 3p’ 2D°,
the CIV3 data of Hibbert et al. [7-9] are exceeding those
calculated by the Opacity team [10] by a factor of 1.55 and
1.84, respectively. Experimental tests performed by mea-
suring intensity ratios of selected multiplets indicate that
in the case of the above mentioned transitions the Opacity
calculations seem to provide more reliable data [2].

Our present paper is devoted to studies of two NI mul-
tiplets: 3s' 2D — 3p’ 2D° and 3s’ 2D — 3p’ 2F°, showing sig-
nificantly different broadening and shift due to the Stark
effect in plasmas.

2 Experiment
2.1 Plasma source and experimental method

A high current wall-stabilized arc running in helium with
small admixtures of nitrogen and hydrogen (4.5% and
0.5% by volume respectively) was applied as the excitation
source of the studied spectra. The stabilizing wall, consist-
ing of several copper plates isolated from each other, forms
a discharge channel of a length of 70 mm. At both ends
of this channel two electrodes were mounted: a tungsten
rod and a copper ring, serving as cathode and anode, re-
spectively. The concentration of nitrogen in the plasma
was kept at a rather small level in order to avoid possi-
ble self-absorption of NI line radiation along the arc axis.
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Fig. 1. The scheme of the experimental set-up is shown. The
numbers denote: 1 and 2 — the wall-stabilized arc and the
radiometric standard source; 3 and 4 — concave mirrors; 5 —
rotational flat mirror; 6 — spectrometer; 7 — OMA4 detector;
8 — computer; 9 - edge spectral filter.

The areas close to the electrodes (regions of lower tem-
perature) were additionally supplied with some amount
of argon, e.g. in order to improve the stability of the dis-
charge. Since our measurements were performed in end-on
direction, the presence of argon in the vicinity of elec-
trodes reduces also significantly the contribution of NI
and H radiation from these cooler plasma layers as well
as assures optically thin conditions for radiation origi-
nating from the central (high-temperature) region of the
arc column. The arc which is described in details e.g.
in [11,12] was operated at atmospheric pressure at five
arc currents, ranging from 29 to 50 A in order to ob-
tain different plasma parameters: electron densities and
temperatures. Measurements were performed by applying
the spectrometer PGS-2 equipped with a reflection grating
with 1300 grooves/mm blazed at 550 nm. The radiation
was detected applying a two-dimensional Optical Multi-
channel Analyzer (OMA 4), with regular pixel gaps of
0.019 mm, mounted in the exit focal plane of the spec-
trometer. This instrumentation provides spectra with a
reciprocal dispersion from 5.6 to 6.7 pm/pixel, depending
on the studied wavelength range.

Figure 1 shows schematically our experimental set-up.
The radiation originating either from the arc (1) or from
the tungsten standard lamp (2) was imaged via the flat
rotational mirror (5) and the concave mirror (3) onto the
20 pm wide entrance slit of the spectrometer. The large
focal length of the mirror (3) (f = 730 mm) and the use
of the diaphragm (¢ = 12 mm), placed in front of the
concave mirror, restrict the collection angle for the light
emitted from the arc column and thus allow selecting ra-
diation originating from plasma layers parallel to the arc
axis. This optical imaging system assures that radiation
emitted from well-defined nearly homogeneous plasma vol-
umes could be measured. The homogeneity of individual
selected plasma layers was checked by measuring the ratio
between the peak separation and the FWHM of the Hg
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line (see Sect. 2.2). The concave mirror (4) was applied for
checking optically thin conditions of plasma layers parallel
to the arc axis. That concave mirror forms an arc image
in its own volume and thus nearly doubles the measured
intensities. Comparison of spectral line distributions de-
termined with and without back-reflection of light yields
reliable information about (possible) self-absorption of ra-
diation in the plasma. If the ratio between signals mea-
sured with and without back reflection remains constant
over the whole line profile the assumption of optical thin
conditions is then justified. In front of the entrance slit a
suitable edge filter (9) was placed in order to suppress the
radiation from higher order spectra.

The OMA4 detector enables to measure simultane-
ously the radiation from a spectral interval of about 7 nm
(in the case if the grating with 1300 grooves/mm is used).
The dimension of the detector in direction perpendicular
to the wavelength axis allows measuring radiation origi-
nating from the whole diameter of the arc. However, for
further evaluation only those spectra have been taken
which originate from plasma layers spaced from the arc
axis less then 1.0 mm, i.e. from plasma volumes with weak
radial gradients.

The apparatus profile was determined applying a low-
pressure argon-discharge lamp of a Pliicker type. At the
entrance slit of the spectrometer set to 20 ym the appa-
ratus profile has been found to be of Gaussian type with
a FWHM of 11 pm, i.e. less than 2 pixels. The Pliicker
tube ran in argon was also used as a standard source for
wavelength calibration of the measured spectra.

2.2 Plasma diagnostics

For studies of Stark-broadening parameters the knowledge
of the main plasma parameters — the electron density
and electron temperature is indispensable. Especially im-
portant is the accurate knowledge of the electron density,
because — according to theoretical considerations — the
Stark widths and shifts of spectral lines (in first approx-
imation) are proportional to the electron density. This
plasma parameter (N.) was determined from measured
FWHM of the hydrogen Hpg line using the theoretical
broadening data of Gigosos and Cardenoso [13]. Applying
different arc currents and selecting various plasma layers
(spaced from the axis by different distances), spectra emit-
ted from nearly homogeneous volumes were measured, cor-
responding to electron density values from 3.0x10' cm =3
to 7.0x10'® cm™3. The uncertainties of our electron den-
sity measurements we estimate to be less than 10%. Be-
sides the full widths at half maximum (FWHM) we also
measured the peak separation of Hg profiles. In this way
we were able to test if the radiation originated from ho-
mogeneous plasma layers. Possible departures from homo-
geneity of the plasma volume should result in noticeable
departure of the ratio R = (ANPee* sP- /FWHM) from
the value 0.36+0.01 [14,15]. Since we restricted our mea-
surements to plasma layers being not too far from the arc
axis (weak parameter gradients) the homogeneity require-
ments were well fulfilled.
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The plasma temperature T, was determined by mea-
suring total line intensities of spectral lines and applying
the standard Boltzmann plot method. The following NI
spectral lines (wavelengths given in nm) were taken for
this purpose: 856.774, 870.325, 871.884, 902.892, 904.588,
904.989 and 906.048. The excitation energies of these lines
are in the range from 11.75 to 13.73 eV, i.e. the energy
gap (AE =~ 2 eV) is sufficient for reliable temperature
determination. The corresponding transition probabilities
have been taken from [16]. In this way, for different arc
currents and plasma layers, temperatures in the interval
8000-10500 K have been determined. The uncertainty of
the temperature determination we estimate to be about
4500 K. Assuming that the gas temperature is the same
as the excitation temperature (in arc plasmas under atmo-
spheric pressure this assumption is justified) it was possi-
ble to determine the Doppler broadening of spectral lines
corresponding to the evaluated temperature interval. For
the studied NI multiplets the Doppler widths (FWHM) do
not exceed 20 pm.

3 Analysis of the spectra and data reduction

For each plasma condition (arc current, selected plasma
layer) and each wavelength interval, corresponding to the
studied spectra, at least three independent expositions
of the OMA4 detector have been performed. Then the
respective spectra (from the arc and from the standard
source) were averaged and wavelength calibrated apply-
ing the spectra emitted from the Pliicker tube. In further
steps of data reduction these averaged and wavelength cal-
ibrated spectra were analyzed and evaluated.

The multiplet 3s’ 2D — 3p’ 2D° consists of four fine
structure components at the following (non-shifted) wave-
lengths: 918.745, 918.786, 920.759 and 920.800 nm, which
correspond to transitions between levels with the follow-
ing (lower-upper) J-values: 5/2-5/2, 3/2-5/2, 5/2-3/2,
3/2-3/2, respectively. The corresponding transition prob-
abilities (Ay;) for individual spectral lines have been taken
from [16]. Using these Ay, values and the temperatures of
our experiments the respective line intensity fractions of:
0.540, 0.039, 0.060 and 0.361 have been obtained. Because
of the small differences in wavelengths (AX = 41pm) be-
tween spectral lines originating from the same upper level,
this multiplet appears — at our plasma conditions and
spectral resolution — in form of two spectral features,
both consisting of two fine structure components.

The second studied multiplet 3s’ 2D — 3p’ 2F° con-
sists of three fine structure components at wavelengths:
904.588, 904.949 and 904.989 nm, corresponding to tran-
sition between levels 5/2-7/2, 5/2-5/2 and 3/2-5/2, re-
spectively. The first (strongest) transition is well isolated,
but the two others — originating from the upper level 5/2
— overlap and appear like a single spectral line. According
to the LS coupling scheme the relative intensities of these
three components at temperatures of our experiments are
0.501, 0.034, 0.465, respectively.

In Figure 2a we present an example of the measured NI
spectrum together with the corresponding reference signal
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Fig. 2. An example of our registration of the NI 3s’
2D — 3p’ 2D° multiplet, illustrating the reduction of experi-
mental data: (a) the directly measured spectra from the arc
and the radiometric standard source, (b) the NI spectrum cal-
ibrated against the standard source signal and after applying
the smoothing procedure (Fourier transform technique).

from the tungsten strip standard source in the wavelength
range from 916.6 to 922.3 nm, i.e. comprising the emission
from the multiplet 3s’ 2D — 3p’ 2D°. Both, the studied NI
multiplet and the standard source spectrum are super-
imposed by a significant interference pattern. The ampli-
tude of this pattern has been found to be proportional
to the light intensity. In order to release the measured
signals from this disturbing interference pattern the di-
rectly recorded spectra were filtered applying the Fourier
transform technique described in [5,11]. As can be seen
in Figure 2b, the smoothing procedure removes the reg-
ular interference pattern, yielding reliable NI line shapes.
However, the Fourier transform technique may distort sig-
nificantly the shape of narrow spectral lines, i.e. having
widths comparable to the widths of interference peaks.
Therefore this technique was applied only for the strongly
broadened NI multiplet and the analysis of the hydrogen
Hp line, but was not applied for the evaluation of the
narrow 3s’ 2D — 3p’ 2F° transition.

After applying the smoothing procedure the measured
spectra were calibrated against the corresponding light
outputs of the standard source. The results obtained at
four different plasma conditions (different N, and T') for
the NI transition 3s’ 2D — 3p’ 2D°, after applying the
smoothing procedure and after calibration against the sig-
nal from the tungsten strip lamp, are shown in Figure 3.
As can be seen the lines are significantly broadened, re-
vealing some asymmetry and exhibiting large blue shifts
which increase with growing electron density.

In Figure 4 similar results obtained for the 3s’
2D — 3p’ 2F° multiplet (without applying the smoothing
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Fig. 3. The spectra of the NI 3s’ 2D—3p’ 2D° transition at four

different electron densities and plasma temperatures, after ap-

plying the smoothing procedure and after intensity calibration

against the standard source.
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Fig. 4. The spectra of the NI 3s’ D — 3p’ F° multiplet
recorded at four different electron densities and plasma temper-
atures after intensity calibration against the standard source
(without applying the smoothing procedure).

procedure), are shown. The Stark widths of the single
fine structure component at 904.588 nm are systematically
about 13 times narrower than the corresponding widths of
the stronger spectral features around A = 918.7 shown in
Figure 3. Nevertheless one may infer that the broaden-
ing is somewhat growing with increasing electron density.
At our plasma conditions accurate studies of Stark broad-
ening and shift of this transition as a function of elec-
tron density are difficult, because the contribution from
Doppler broadening is comparable to the Stark effect and
because of the too small resolution of our spectral instru-
mentation.

4 Theoretical background and the fitting
procedure

Spectral lines of neutral atoms emitted from plasmas are
usually affected by a few broadening mechanisms. In most
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cases the measured spectral line shapes can be regarded
as a convolution of profiles resulting from these various
broadening effects. In the case of non-hydrogenic tran-
sitions (single fine structure components) the main con-
tribution arises from collisions between emitters and fast
moving electrons, producing shifted Lorentzian-like line
shapes. Collisions with ions lead to some (usually small)
additional broadening and cause an asymmetry of the pro-
file enhancing that line wing, which corresponds to the
shift direction. Such profiles which include the ion broad-
ening can be described by an asymmetric function intro-
duced by Griem [17]. Since at our plasma conditions the
Stark broadening and shift caused by electron collisions is
the dominant mechanism we have decided to use symmet-
rical line shapes for matching our experimental data and
to study the asymmetry by analyzing the discrepancies
between fitted symmetrical functions and the measured
profiles.

Other broadening mechanisms contributing to the
measured line profiles at plasma conditions of our exper-
iments are the Doppler and instrumental broadening. If
the gas temperature T is known, the Doppler full width
at half maximum (FWHM) can easily be calculated from

the relation:
209 [2kTIn?2
AN == T @

where A is the wavelength of the unperturbed line and
m is the mass of the emitting atom. As mentioned earlier
the instrumental width A)\’i 2 Was measured using a low-
pressure discharge lamp. The shape of this instrumental
profile could be well approximated with a Gaussian func-
tion. The convolution of this Gaussian function and the
Doppler profile leads obviously also to a Gaussian function
with the FWHM given by:

ANy = [ (AND),)? + (AX] )2 (2)

The convolution of this resultant Gaussian profile with the
Lorentzian shape, produced by collisions of emitters with
electrons, leads to a symmetrical Voigt profile describing
the shape of a single fine structure component (1):
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where wlL/Q is the Lorentzian FWHM, while A\; and I; are
the wavelength position and the intensity of the measured
(shifted) line peak, respectively.

We have assumed that within a given multiplet the
Stark broadening parameters: the electron widths w, =
wlL/Q/Q and the electron shifts d. = (A\; — A?) are the same

for each fine structure component (line). The Gaussian
contribution (A)\?/Q) to the Voigt profile, which includes
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the instrumental and Doppler broadening, has been taken
from equation (2), assuming that the gas temperature
is equal to the electron temperature obtained from the
Boltzmann plot method. The wavelengths of non-shifted
individual fine structure components (\{) and the respec-
tive transition probabilities have been taken from [16]. As
mentioned in Section 3 from these transition probability
values the relative intensities (I;) of individual fine struc-
ture components within the given multiplet have been
computed and their sum was normalized to the value of
one. The experimental data were finally fitted according
to the following formula:

PN =aX+b+1o Y _ Vi(\), (4)
l

and the summation was spread out over all fine structure
components (I) of the multiplet. The fitting parameters
are the Lorentzian FWHM wlL/2, the shift in wavelength,

obeying the relation d. = (A\; — \?) for each fine structure
component (1), the intensity factor Iy, and two parameters
(a, b) for the description of the continuum background
radiation I.,n: = aX + b.

Since we have used symmetrical profiles in our fitting
procedure, we focused our attention on accurate matching
of line wings being opposite to the shift direction. The dif-
ferences between intensities of the measured spectra and
the fitted ones we interpret as the result of ion broaden-
ing, which produces line asymmetries and consequently
enhances the line wings corresponding to the shift direc-
tion.

5 Results and discussion

Applying the fitting procedure we were able to deter-
mine — for each plasma condition — the electron im-
pact widths w, and shifts d. for the single fine structure
component of the multiplet. As an example of our mea-
surements we present in Figure 5a the measured spectrum
(solid line) and the fitting results (short dashed line) for
the multiplet 3s' 2D —3p’ 2D° at N, = 6.2x10" cm ™2 and
T = 9800 K. The dashed line represents the background
continuum. In Figure 5b, the difference between the ex-
perimental shape and the fitted one is shown in an inten-
sity scale expanded about 5 times, while in Figure 5c, the
shapes of all fine structure components resulting from the
fitting procedure are presented. The vertical arrows in Fig-
ure bc show the wavelength positions of the two stronger
unperturbed lines within each line pair. From Figure 5a, it
can be seen that the multiplet exhibits an asymmetry en-
hancing the blue wings of the components. Since we used
Voigt profiles in our fitting procedure, the difference pre-
sented in Figure 5b can be regarded as a measure of the
line asymmetry, which has not been included in our fitting
procedure. As can be seen the asymmetry is more evident
in the case of the stronger line pair around 918.75 nm. This
is caused by the “true” asymmetry of the stronger com-
ponent (5/2-5/2) but also by the influence of the weaker
component (3/2-5/2) positioned slightly towards longer
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Fig. 5. An example of the analysis of a measured spectrum
(multiplet 3s' 2D — 3p’ ?D°) illustrating the fitting proce-
dure: (a) comparison of measured (solid line) and fitted (short-
dashed line) spectrum; the dashed line represents the back-
ground continuum, (b) the difference between the measured
spectral intensity distribution and the fitted spectrum (inten-
sity scale expanded 5 times), (c) the fitted profiles decomposed
into fine structure components.

wavelengths. In the case of the line pair around 920.8 nm,
the weaker component appears on the blue wing of the
stronger one and thus leading to the less apparent asym-
metry.

The electron impact widths w, determined for the sec-
ond studied multiplet (3s' 2D —3p’ 2F°) are in the average
about 13 times smaller than for the transition 3s’ 2D — 3p’
2De°. The uncertainties of w, determination in the case
of this narrow transition are significantly larger, because
at our plasma conditions the Stark broadening is of the
same order of magnitude as the instrumental and Doppler
broadening. Therefore the results obtained for this multi-
plet can be regarded as giving only an estimation of elec-
tron impact Stark widths. Even more critical are our shift
measurements for this weakly broadened transition. The
only reliable statement which can be given regarding this
Stark broadening parameter is that the multiplet is — at
our plasma conditions — probably somewhat red shifted
by a value not exceeding one pixel of our detector, i.e. less
than 6 pm.

According to theoretical considerations both electron
impact parameters (w. and d.) are linear functions of
the electron density in the plasma. Therefore the ratio
of these two broadening parameters should depend only
on the plasma temperature. In Figure 6 we plot the ratios
de/w. versus the temperature of the plasma. The uncer-
tainty limits of our measurements do not allow making
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Fig. 6. The shift to width ratios, de/we, determined for lines
belonging to the 3s’ >D — 3p’ 2D° multiplet versus the temper-
ature of the plasma.

reliable conclusions about a possible dependence of this
ratio in the temperature range of our experiments (8000
10500 K).

The electron impact widths and shifts determined for
the multiplet 3s’ 2D — 3p’ 2D° at different electron den-
sities have been normalized to the standard electron den-
sity value of 1016 ecm =2 [17]. In Figure 7 these normalized
electron impact widths (w.) and shifts (d.) are shown as
a function of the plasma temperature. As can be seen,
again no clear temperature dependence could be found.
Somewhat smaller shifts are found at temperatures below
8500 K. However, this observation has to be regarded as
being questionable because the uncertainties of our shift
and widths measurements at lower temperatures are sig-
nificantly larger than for higher temperatures, as shown in
the figure by the corresponding error bars. The error bars
of the determined electron impact widths and shifts shown
in Figures 6 and 7 arise from the following main sources:
(i) the systematic error originating from fitting symmet-
rical Voigt profiles to shapes exhibiting small asymmetry
(3-5%); (ii) the uncertainty of the applied fitting proce-
dure, estimated to be in the range from 4 to 6%; and (iii)
the uncertainties of the determination of the electron den-
sity of the plasma (8-10%).

6 Calculations of Stark effect constants
and comparison with measured broadening
parameters

As mentioned earlier the main broadening mechanism in
the case of the studied NI transitions at our plasma con-
ditions is the quadratic Stark effect. Since the observed
widths and shifts of the studied spectral lines differ signif-
icantly we decided to compare these broadening parame-
ters with the primary Stark broadening quantity, namely
the Stark effect constants. In the case of non-hydrogenic
emitters the Stark effect constant is given by [18,19]:

Cy=Cy; —Cyuy, (5)
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Fig. 7. The electron impact widths (we) and shifts (d.) de-
termined for fine structure components of the multiplet 3s’
2D — 3p’ 2D°, normalized to the standard electron density
of 10'%cm™2 plotted as a function of the temperature of the
plasma.

where ¢ and f denote the initial and final energy level,
respectively. The parameter Cy ; is given by:

62 Sz 1 e SZ 1
Chi= —— = (G
4 371291' Z Wij 3hgl ; E,L' — Ej ( )

J

and the summation has to be executed over all levels j
(E;) in the neighbourhood of level ¢ (E;), for which opti-
cal transitions exist. S;;, w;; and g; are the line strengths,
angular frequencies for involved transitions and the sta-
tistical weight of upper level respectively. An analogous
formula holds for C4 . The line strengths .S;; and the exci-
tation energies F; and E; have been taken from the NIST
database available in Internet [20]. Calculations were per-
formed for transitions studied in this work, reported in
our previous paper [5] and — for comparison purposes
— for some selected NI lines studied by Jones et al. [21]
and Helbig et al. [22]. Since the Stark effect constants for
individual lines belonging to a given multiplet differ only
insignificantly, we quote in Table 1 only the mean Cy value
characterizing the whole multiplet. Because the line shift
is proportional to the Stark effect constant (Aw ~ Cy), the
sign of Cy determines the direction of the line shift: blue
shifts occur for Cy > 0, and red shifts are observed for
Cy4 < 0. The main broadening parameter v may by calcu-
lated knowing the plasma conditions (N, and T') from the
formula [18]:

9. 1/6
v=9.7x10% C}* N, T'/ (1 + %) ;o (7

where m. and m are the electron and emitter mass, respec-
tively. In the last two columns of Table 1 the normalized
broadening and shift parameters (w. and d.) quoted in
frequency units obtained in this work, determined in our
previous paper [5], and taken from other experimental pa-
pers [21,22] are listed.
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Table 1. Comparison of computed Stark effect constants Cy
and the resulting broadening parameters v with measured (nor-
malized to the standard electron density value of 10'° cm™3)
electron impact widths we and shifts d. quoted in frequency
units.

Transition Cyx 103~ We d

(em?s™")  (GHz) (GHz) (GHz)
3s’ 2D —3p' ’P° -8.94 66.5 61° 48°
3s’ 2D — 3p’ 2F°  0.000316  0.07 5.3 1.5
3s’ 2D —3p’ ?2D° 17.1 102 68 41
3s 2P —3p' °D° 171 102 66°

64° —25¢
3s 2P —4p 28° 0.585 10.8 13°

13¢ -3.7°
3s 4P — 4p *8° -0.910 14.5 14°

13¢ 12¢

@ A. Bartecka et al., Eur. Phys. J. D 29, 265 (2004).
® D.W. Jones et al., Phys. Rev. A 35, 2585 (1987).
¢ V. Helbig et al., Phys. Rev. A 14, 1082 (1976).

Our calculations explain qualitatively the observed
widths and shifts of spectral lines belonging to the 3s’—3p’
transition array studied in this work (2D —2F¢, 2D —2D°)
and in our previous paper (2D —2P?) [5]. Especially inter-
esting is the computed result for the multiplet 3s’ 2D — 3p’
2F° predicting very small line broadening and shift. In-
deed lines belonging to this multiplet are found to be very
narrow and consequently also the shifts are very small.
Nevertheless a disagreement appears in the shift direction:
calculations predict weak blue shifts, while our measure-
ments seem to indicate small red shifts. However, since the
C4 value computed for the multiplet 3s’ 2D — 3p’ 2F° is at
least 4 orders of magnitude smaller than for the two other
multiplets (D —2P? and ?D—2D?), the obtained Cj value
has to be regarded as being significantly less reliable.

Since the contribution to the Stark effect constants Cy
arise mainly from “interactions” of energy levels with the
upper level under consideration, it is not surprising that
the results determined for the multiplets 3s’ 2D — 3p’ 2D°
and 3s 2P — 3p’ 2D° are the same — 17.1x10713 cm*s~ 1.
Experimental data obtained by Jones et al. [21] and Helbig
et al. [22], based on line profile measurements in the UV
spectral range (A = 410.69 nm, 3s 2P — 3p’ 2D°), are
in very good agreement with our result for the infrared
transition 3s’ 2D — 3p’ 2D°. Our computed Stark effect
constants for the last two multiplets listed in Table 1,
are also in accordance with the corresponding widths and
shifts observed in [21,22].

7 Conclusions

Stark broadening and shift parameters of two doubly ex-
cited infrared multiplets of NI, belonging to the same tran-
sition array have been determined. Both multiplets share
the same lower term. One of them (3s’ 2D — 3p’ 2D°)
shows very strong broadening and shift, while the second
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one (3s’ 2D — 3p’ 2F°) — at the same plasma conditions
— appear in form of very narrow spectral lines. Calcula-
tions of Stark effect constants Cy, being the primary Stark
broadening parameters for non-hydrogenic spectral lines,
allow explaining qualitatively the observed differences in
line broadening and shift. The electron impact width (w.)
for the broad transition (upper level 3p’ 2D°) agree well
with the data obtained by Jones et al. [21] and by Helbig
et al. [22], while studying the multiplet 3s 2P — 3p’ 2D°
in the UV spectral range. Also the results of our previous
study [5], devoted to the third member of this transition
array (3s’ 2D — 3p’ 2P?), exhibiting shifts in the opposite
direction than the multiplet 3s’ 2D — 3p’ 2D, are consis-
tent with the calculated Stark effect constants.
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