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Abstract: Stark broadening parameters, line widths and shifts, for 15 N VI multiplets are calculated
using semiclassical perturbation theory for temperatures from 50,000 K to 2,000,000 K, and perturber
density of 1016 cm−3. As perturbers have been taken electrons, protons and He III ions (alpha
particles), which are of interest particularly for white dwarfs. Moreover, B III, B IV, B V and B VI
ions have been taken as well, due to their significance for proton-boron fusion investigations. An
example of the importance of Stark broadening in comparison with thermal Doppler broadening in
atmospheres of spectral class DO white dwarfs is also presented. The obtained results are of interest
particularly for white dwarf atmospheres modelling and analysis and synthesis of their spectra as
well as for laser driven plasma in proton-boron fusion investigations.

Keywords: Stark broadening; N VI; proton-boron fusion; line profiles; atomic data; atomic processes;
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1. Introduction

Profiles of spectral lines emitted or absorbed in plasma environment enable the acqui-
sition of valuable information for interactions there. In astrophysics, methods of passive
spectroscopy diagnostics are powerful tools to reveal the nature of phenomena and pro-
cesses in stellar plasma. Particle interactions in plasma provoke broadening and shift
of spectral line profiles depending on the temperature and density conditions. Using
line profiles broadened by interactions with surrounding charged particles (Stark broad-
ening) one may deduce many pieces of informations useful for astrophysics (e.g., [1]),
laboratory plasma (e.g., [2]) inertial fusion experiments ([3,4]), lasers and laser produced
plasma ([5–7]) as well as for various plasmas in technology ([8]). Stark broadening data are
particularly useful and needed in astrophysics, for example for stellar abundance deter-
mination, spectral line analysis and synthesis, radiative transfer calculation, modelling of
stellar atmospheres, etc.

Nitrogen lines are widely present in stellar spectra (see e.g., [9–17]). For example, they
are applied for the investigation of abundances, effective temperature, dynamics, etc.

A comprehensive spectral analysis of LSV + 46◦21 (DAO-type central star of the plane-
tary nebula Sh 2-216) is performed in [9], where the photospheric properties are compared
to predictions from stellar evolution theory and also from diffusion calculations, also. High-
resolution, high-S/N ultraviolet observations obtained with the help of the Far Ultraviolet
Spectroscopic Explorer (FUSE) mission and Space Telescope Imaging Spectrograph (STIS)
aboard on the Hubble Space Telescope (HST) and the optical spectrum are used. The
effective temperature of (95 ± 2)·103 K is determined with high precision from a set of
spectral lines of N IV–N V and other elements. The main limitation that authors have
encountered is the lack of reliable atomic and line-broadening data.
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Spectral lines of N VI, N VII, and N VIII ions from photospheric absorption lines in
XMM-Newton (XMM—X-ray Multi-Mirror Mission [18]) spectra of the X-ray bursting neu-
tron star in EXO0748-676 are used in [10] for an LTE and a non-local thermodynamic equi-
librium (NLTE) model of atmospheres, and to constrain the neutron star mass-radius ratio.

According to [11], in the FUSE observation of LB3459 several photospheric absorption
lines are prominent and isolated from interstellar medium (ISM) absorption lines where
N II–N VI lines take a part. LB3459 (AA Doradus) is an eclipsing, close, post common-
envelope binary (PCEB) consisting of an sdOB primary star and an unseen secondary
with an extraordinarily low mass brown dwarf. A detailed spectral analysis of the far-UV
spectrum by means of state-of the-art NLTE model-atmosphere techniques is performed.

Spectral lines of nitrogen atoms in different stages of ionization (N I–N VI) are included
in the study of Nagel et al. [12], where AM CVn systems are object of interest. They are very
compact interacting binary systems with unclear nature of the donor star. The accretion
disc represents the chemical composition of the donor’s atmosphere, and the disc analyses
contribute to the understanding of the donor star and of the formation of these systems. A
new grid of NLTE accretion disc models is presented to study the influence of parameters
such as primary mass, mass accretion rate, or chemical abundances on the disc spectrum.

Prominent resonance absorption lines of N VI are observed in the Chandra and XMM-
Newton grating X-ray spectra of V4743 Sgr of outstanding quality [13], where comparison
with calculated grids of synthetic energy distributions based on non-local thermal equilib-
rium model atmospheres for the analysis of the hottest white dwarfs (WDs) is performed.
As a result, the effective temperature, chemical abundances, and gravity are adjusted.

N VI emission lines from 1.5 Seyfert galaxy NGC 3227, observed during several X-ray
missions of two satellites (XMM-Newton and Suzaku), are reported in Newman et al. ([14]
and references therein). A constructed unified model, consistent with the observations is
proposed where the primary hard X-ray emission comes from a corona above an accretion
disk. There, hot electrons from the hot corona, Comptonize softer photons from the colder
disk. In the warm atmosphere of the inner part of the accretion disk, an additional soft
excess may occur due to magnetically driven processes or additional warm Comptonization.

Recently, N I, N VI, and N VII spectral lines in the wavelength region between 20 and
30 Å are observed in the high-resolution X-ray spectra of nova RS Ophiuchi [15]. Swift,
XMM-Newton, and Chandra observations from the two last outbursts are used. Direct
comparison between the last outbursts enables researches to explore the reasons for the
differences. The aim of that study is to obtain a better general understanding of the emission
and absorption mechanisms. According to the authors, the emission mechanisms hold
the key to the physics of novae and nuclear burning, while absorption processes could
dominate. To explore the cause of the gross initial variability in the observed super-soft
source (SSS) emission is another goal of the investigation.

Another work that deals with prominent absorption of N VI spectral lines in the
X-ray spectra taken with the Chandra satellite is proposed in [16]. These lines are observed
during the super-soft sources (SSS) phase of nova V 4743 Sgr. Applications of NLTE model
atmospheres to (pre) white dwarfs during the hottest stages of their stellar evolution
are given.

In 2022, a report on the first eruption of Galactic nova YZ Ret was published [17].
Fermi /LAT and NuSTAR observations complemented by XMM–Newton X-ray grating
spectroscopy were simultaneously used. These observations revealed supersoft X-ray
emission dominated by emission lines including those of N VI and N VII ions. The purpose
of the long-term project is to identify the physical mechanisms responsible for high-energy
emission in classical novae.

Another field of research that has been massively growing in the last decades is
dedicated to energy production by fusion reactions which are aneutronic and without
radioactive species. Such advantages are demonstrated by the proton-boron fusion reac-
tion [19], where the products are three alpha particles and 8.7 MeV energy is released. As
fuel, it serves a mixture of H and 11B. Both elements are abundant in nature, stable (no
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radioactivity as tritium in DT fusion) and cheap. Only charged particles are fusion prod-
ucts that enable direct energy conversion into electricity. From another side, the neutron
generation luck means no induced activation of the surrounding environment. Also, the
boron target does not need to be cryogenic. Nitrogen appears as a product in a fusion
chain via intermediate nuclear reactions. In some experiments [20] two boron nitride (BN)
targets are used. A laser beam focused on the first BN target generates protons which
then collide with the second BN target to trigger nuclear reactions. In terms of optimizing
the fusion yield, a plasma diagnostic is performed in these experiments [21]. When laser
intensities I ≥ 1020 W/cm2 the proton beam can provide energies up to ∼50 MeV which
allows additional reactions to be grouped as “primary” or “secondary”. Primary reactions
are initiated by the protons scattering on boron or boron-nitride solid targets. Nitrogen
takes part in the primary nuclear reactions 14N(p, α)11C and 14N(p, n)14O in the range
of proton energies. Rescattering of the α particles on the boron and nitrogen nuclei in
the environment are secondary reactions. Such a reaction in the range of alpha particles
is 14N(p, γ)18F which is mentioned as a good candidate for α yield. Another important
result that could play a significant role in the Stark broadening of spectral lines in this
environment is the presence of the multiply charged boron ions B IV, B V and B VI that are
clearly identified in [22].

In this work, we present Stark broadening parameters (full width at half intensity max-
imum (FWHM) and shift), for 15 multiplets containing 33 spectral lines of N VI broadened
by collisions with the most important charged constituents of stellar plasma: electrons,
protons, and He III ions (alpha particles). Moreover, collisions with B III, B IV, B V and B
VI ions are also included for the purposes of proton-boron fusion research. Calculations
have been performed using the semiclassical perturbation theory (see for example [23] and
references therein), and cover a wide range of temperatures and perturber densities.

2. The Semiclassical Perturbation Method

Within the semiclassical perturbation theory [23–25], full width at half intensity maxi-
mum (FWHM-W) and shift (d) of an isolated spectral line of a non-hydrogenic ion, broad-
ened with collisions with charged particles, are expressed as:

W = N
∫

v f (v)dv

∑
i′ 6=i

σii′(v) + ∑
f ′ 6= f

σf f ′(v) + σel



d = N
∫

v f (v)dv
∫ RD

R3

2πρdρ sin(2ϕp). (1)

where i and f are the inital and final level of the corresponding transition, i′ and f ′ are
their perturbing levels, N is the perturber density, υ velocity of the perturber, f (υ) the
Maxwellian velocty distribution, and ρ is the impact parameter of the perturbing particle.

The inelastic cross sections σkk′(υ), k = i, f , are expressed as an integral of the transition
probability Pkk′(ρ, υ), over the impact parameter ρ as:

∑
k′ 6=k

σkk′(υ) =
1
2

πR2
1 +

∫ RD

R1

2πρdρ ∑
k′ 6=k

Pkk′(ρ, υ). (2)

The corresponding contributions of elastic collisions and resonances are expressed as:

σel = 2πR2
2 +

∫ RD

R2

2πρdρ sin2 δ + σr,

δ = (ϕ2
p + ϕ2

q)
1
2 . (3)

Here, σel is the elastic cross section, ϕp (r−4) and ϕq (r−3), are phase shifts due to the
polarization and quadrupolar potential. More informations about them can be found in
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Section 3 of Chapter 2 in [24]. The symmetrization procedure and cut-offs R1, R2, R3, and
RD are described in Section 1 of Chapter 3 in [25]. The term representing the contribution
of Feshbach resonances, σr is described in [26].

In the case of positive ions as perturbers, the Coulomb force is repulsive as a difference
from electrons where it is attractive and the consequence is that trajectories are different.
Also, there is no contribution of Feshbach resonances.

Knowing the width and shift of a spectral line, the line profile F(ω) may be obtained as:

F(ω) =
W/(2π)

(ω−ωi f − d)2 + (W/2)2 . (4)

Here

ωi f =
Ei − E f

h̄

where Ei, E f are the energies of initial and final atomic energy level, respectively.

3. Stark Broadening Parameter Calculations

Employing the semiclassical perturbation method [23–25], the calculations to obtain
the Stark broadening parametters of spectral lines within 15 multiplets of N VI have been
performed. Broadening due to collisions with electrons, protons, He III (alpha particles)
and boron ions in different degrees of ionization (B III, B IV, B V and B VI), which are
charged perturbers of particular significance for white dwarfs and proton-boron fusion,
have been taken into consideration and the corresponding full width at half maximum
of intensity (FWHM–W) and shift (d) have been calculated. The calculations have been
performed for temperature values in a wide interval from 50,000 K to 2,000,000 K and
perturber density of 1016 cm−3.

The atomic energy levels for NVI, which are needed for the present calculations, are
from [27] and have been taken from the NIST database [28]. The required oscillator strengths
which are needed have been calculated with the help of the Bates and Damgaard [29]
method and the corresponding tables in [30]. If the tables in [30] are not convenient for
transitions involving higher energy levels, calculations are performed according to Ref. [31].

The obtained results for Stark widths (FWHM) and shifts, for 15 N VI multiplets
containing 33 spectral lines broadened by collisions with electrons, protons, He III ions
(alpha particles), B III, B IV, B V and B VI ions, namely with perturbers which are of interest
first of all for white dwarfs and proton-boron fusion, are given in Tables 1–4. Calculations
have been performed for temperatures from 50,000 K to 2,000,000 K and a perturber density
of 1016 cm−3. The wavelengths in Tables 1–4 are calculated with the help of atomic energy
levels used in the calculations and may be different from atomic energy levels given in the
NIST database. If we want to obtain a more accurate value for a line within a multiplet or
change a wavelength with the experimental one in order to correct W or d for the difference
we can do this for the width and in the same way for the shift as:

Wcor =

(
λnew

λ

)2
W. (5)

Here, Wcor is the corrected width, λnew is the NIST, or experimental, or observed value, or
the value for a line within a multiplet, λ is the calculated wavelength, or the value for a
multiplet as a whole and W is the width from Tables 1–4.

The quantity C [32], which is provided in Tables 1–4, when it is divided by the
corresponding FWHM (W) gives the maximal perturber density for which we could assume
that the line is isolated.
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Table 1. In this table are presented FWHM—Full Widths at Half Intensity Maximum (W) and shift (d)
for N VI spectral lines broadened by impacts with electrons and protons for a perturber density of
1016 cm−3 and temperatures from 50,000 K to 2,000,000 K.

Electrons Protons
Transition T [105K] Width [Å] Shift [Å] Width [Å] Shift [Å]

Singlets

N VI 1s2-2p 0.5 0.130 × 10−06 −0.132 × 10−07 0.188 × 10−09 −0.501 × 10−09

28.8 Å 1.0 0.925 × 10−07 −0.176 × 10−07 0.549 × 10−09 −0.100 × 10−08

C = 0.29 × 1016 3.0 0.543 × 10−07 −0.649 × 10−09 0.243 × 10−08 −0.265 × 10−08

5.0 0.431 × 10−07 −0.477 × 10−09 0.401 × 10−08 −0.371 × 10−08

10.0 0.322 × 10−07 −0.339 × 10−09 0.650 × 10−08 −0.514 × 10−08

20.0 0.247 × 10−07 −0.116 × 10−09 0.914 × 10−08 −0.631 × 10−08

N VI 1s2-3p 0.5 0.498 × 10−06 −0.324 × 10−07 0.179 × 10−07 −0.414 × 10−07

24.9 Å 1.0 0.363 × 10−06 −0.365 × 10−07 0.414 × 10−07 −0.605 × 10−07

C = 0.16 × 1015 3.0 0.240 × 10−06 −0.209 × 10−07 0.966 × 10−07 −0.895 × 10−07

5.0 0.200 × 10−06 −0.181 × 10−07 0.122 × 10−06 −0.101 × 10−06

10.0 0.158 × 10−06 −0.141 × 10−07 0.170 × 10−06 −0.120 × 10−06

20.0 0.127 × 10−06 −0.105 × 10−07 0.223 × 10−06 −0.139 × 10−06

N VI 2s-2p 0.5 0.183 × 10−02 −0.690 × 10−04 0.266 × 10−05 −0.226 × 10−04

2897.2 Å 1.0 0.136 × 10−02 −0.761 × 10−04 0.113 × 10−04 −0.439 × 10−04

C = 0.29 × 1020 3.0 0.838 × 10−03 −0.503 × 10−04 0.636 × 10−04 −0.961 × 10−04

5.0 0.681 × 10−03 −0.483 × 10−04 0.954 × 10−04 −0.122 × 10−03

10.0 0.525 × 10−03 −0.453 × 10−04 0.156 × 10−03 −0.153 × 10−03

20.0 0.414 × 10−03 −0.382 × 10−04 0.215 × 10−03 −0.183 × 10−03

N VI 2s-3p 0.5 0.254 × 10−04 −0.134 × 10−05 0.887 × 10−06 −0.205 × 10−05

173.3 Å 1.0 0.191 × 10−04 −0.141 × 10−05 0.204 × 10−05 −0.300 × 10−05

C = 0.79 × 1016 3.0 0.126 × 10−04 −0.117 × 10−05 0.477 × 10−05 −0.441 × 10−05

5.0 0.106 × 10−04 −0.103 × 10−05 0.600 × 10−05 −0.499 × 10−05

10.0 0.839 × 10−05 −0.831 × 10−06 0.840 × 10−05 −0.591 × 10−05

20.0 0.673 × 10−05 −0.640 × 10−06 0.110 × 10−04 −0.678 × 10−05

N VI 3s-3p 0.5 0.112 −0.717 × 10−02 0.418 × 10−02 −0.895 × 10−02

9624.6 Å 1.0 0.851 × 10−01 −0.799 × 10−02 0.894 × 10−02 −0.127 × 10−01

C = 0.24 × 1020 3.0 0.573 × 10−01 −0.713 × 10−02 0.189 × 10−01 −0.179 × 10−01

5.0 0.484 × 10−01 −0.660 × 10−02 0.237 × 10−01 −0.202 × 10−01

10.0 0.388 × 10−01 −0.544 × 10−02 0.333 × 10−01 −0.240 × 10−01

20.0 0.311 × 10−01 −0.424 × 10−02 0.419 × 10−01 −0.259 × 10−01

N VI 2p-3s 0.5 0.206 × 10−04 0.144 × 10−05 0.386 × 10−06 0.133 × 10−05

187.9 Å 1.0 0.157 × 10−04 0.171 × 10−05 0.118 × 10−05 0.209 × 10−05

C = 0.37 × 1017 3.0 0.105 × 10−04 0.155 × 10−05 0.291 × 10−05 0.320 × 10−05

5.0 0.890 × 10−05 0.151 × 10−05 0.365 × 10−05 0.367 × 10−05

10.0 0.712 × 10−05 0.129 × 10−05 0.495 × 10−05 0.440 × 10−05

20.0 0.569 × 10−05 0.102 × 10−05 0.652 × 10−05 0.499 × 10−05

Triplets

N VI 2s-2p 0.5 0.714 × 10−03 −0.969 × 10−05 0.807 × 10−06 −0.582 × 10−05

1901.5 Å 1.0 0.529 × 10−03 −0.982 × 10−05 0.298 × 10−05 −0.115 × 10−04

C = 0.19 × 1020 3.0 0.321 × 10−03 −0.176 × 10−04 0.171 × 10−04 −0.273 × 10−04

5.0 0.259 × 10−03 −0.165 × 10−04 0.268 × 10−04 −0.350 × 10−04

10.0 0.198 × 10−03 −0.155 × 10−04 0.461 × 10−04 −0.455 × 10−04

20.0 0.155 × 10−03 −0.140 × 10−04 0.634 × 10−04 −0.544 × 10−04
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Table 1. Cont.

Electrons Protons
Transition T [105K] Width [Å] Shift [Å] Width [Å] Shift [Å]

N VI 2s-3p 0.5 0.198 × 10−04 0.172 × 10−06 0.209 × 10−06 0.357 × 10−06

161.2 Å 1.0 0.147 × 10−04 0.118 × 10−06 0.502 × 10−06 0.618 × 10−06

C = 0.19 × 1017 3.0 0.959 × 10−05 0.152 × 10−06 0.124 × 10−05 0.109 × 10−05

5.0 0.800 × 10−05 0.157 × 10−06 0.160 × 10−05 0.126 × 10−05

10.0 0.634 × 10−05 0.114 × 10−06 0.218 × 10−05 0.151 × 10−05

20.0 0.511 × 10−05 0.892 × 10−07 0.303 × 10−05 0.179 × 10−05

N VI 2s-4p 0.5 0.337 × 10−04 0.102 × 10−05 0.139 × 10−05 0.183 × 10−05

122.4 Å 1.0 0.258 × 10−04 0.882 × 10−06 0.236 × 10−05 0.254 × 10−05

C = 0.48 × 1016 3.0 0.177 × 10−04 0.805 × 10−06 0.415 × 10−05 0.352 × 10−05

5.0 0.150 × 10−04 0.685 × 10−06 0.505 × 10−05 0.397 × 10−05

10.0 0.121 × 10−04 0.542 × 10−06 0.661 × 10−05 0.464 × 10−05

20.0 0.979 × 10−05 0.443 × 10−06 0.822 × 10−05 0.531 × 10−05

N VI 3s-3p 0.5 0.531 × 10−01 −0.103 × 10−02 0.383 × 10−03 −0.617 × 10−03

6993.0 Å 1.0 0.399 × 10−01 −0.133 × 10−02 0.911 × 10−03 −0.107 × 10−02

C = 0.36 × 1020 3.0 0.265 × 10−01 −0.133 × 10−02 0.227 × 10−02 −0.192 × 10−02

5.0 0.223 × 10−01 −0.127 × 10−02 0.300 × 10−02 −0.223 × 10−02

10.0 0.179 × 10−01 −0.118 × 10−02 0.429 × 10−02 −0.268 × 10−02

20.0 0.144 × 10−01 −0.937 × 10−03 0.614 × 10−02 −0.315 × 10−02

N VI 3s-4p 0.5 0.578 × 10−03 0.900 × 10−05 0.187 × 10−04 0.235 × 10−04

474.5 Å 1.0 0.443 × 10−03 0.611 × 10−05 0.320 × 10−04 0.330 × 10−04

C = 0.72 × 1017 3.0 0.304 × 10−03 0.463 × 10−05 0.568 × 10−04 0.465 × 10−04

5.0 0.258 × 10−03 0.306 × 10−05 0.699 × 10−04 0.532 × 10−04

10.0 0.208 × 10−03 0.172 × 10−05 0.956 × 10−04 0.604 × 10−04

20.0 0.169 × 10−03 0.157 × 10−05 0.120 × 10−03 0.692 × 10−04

N VI 4s-4p 0.5 1.05 −0.282 × 10−01 0.190 × 10−01 −0.184 × 10−01

17,182.1 Å 1.0 0.812 −0.311 × 10−01 0.325 × 10−01 −0.270 × 10−01

C = 0.94 × 1020 3.0 0.564 −0.306 × 10−01 0.592 × 10−01 −0.403 × 10−01

5.0 0.481 −0.292 × 10−01 0.756 × 10−01 −0.459 × 10−01

10.0 0.388 −0.237 × 10−01 0.106 −0.539 × 10−01

20.0 0.313 −0.188 × 10−01 0.150 −0.617 × 10−01

N VI 2p-3s 0.5 0.172 × 10−04 0.999 × 10−06 0.203 × 10−06 0.877 × 10−06

180.7 Å 1.0 0.129 × 10−04 0.113 × 10−05 0.704 × 10−06 0.143 × 10−05

C = 0.47 × 1017 3.0 0.857 × 10−05 0.124 × 10−05 0.199 × 10−05 0.230 × 10−05

5.0 0.721 × 10−05 0.120 × 10−05 0.254 × 10−05 0.262 × 10−05

10.0 0.576 × 10−05 0.107 × 10−05 0.333 × 10−05 0.310 × 10−05

20.0 0.462 × 10−05 0.865 × 10−06 0.434 × 10−05 0.360 × 10−05

N VI 2p-4s 0.5 0.267 × 10−04 0.291 × 10−05 0.162 × 10−05 0.289 × 10−05

131.9 Å 1.0 0.207 × 10−04 0.292 × 10−05 0.295 × 10−05 0.397 × 10−05

C = 0.10 × 1017 3.0 0.144 × 10−04 0.283 × 10−05 0.542 × 10−05 0.538 × 10−05

5.0 0.123 × 10−04 0.260 × 10−05 0.658 × 10−05 0.610 × 10−05

10.0 0.986 × 10−05 0.210 × 10−05 0.842 × 10−05 0.696 × 10−05

20.0 0.786 × 10−05 0.169 × 10−05 0.110 × 10−04 0.780 × 10−05

N VI 3p-4s 0.5 0.574 × 10−03 0.432 × 10−04 0.243 × 10−04 0.433 × 10−04

524.5 Å 1.0 0.441 × 10−03 0.440 × 10−04 0.448 × 10−04 0.597 × 10−04

C = 0.16 × 1018 3.0 0.304 × 10−03 0.417 × 10−04 0.803 × 10−04 0.812 × 10−04

5.0 0.258 × 10−03 0.381 × 10−04 0.101 × 10−03 0.924 × 10−04

10.0 0.208 × 10−03 0.308 × 10−04 0.131 × 10−03 0.105 × 10−03

20.0 0.167 × 10−03 0.247 × 10−04 0.170 × 10−03 0.122 × 10−03
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Table 2. In this table are presented FWHM—Full Widths at Half Intensity Maximum (W) and shift
(d) for N VI spectral lines broadened by impacts with He III and B III ions for a perturber density of
1016 cm−3 and temperatures from 50,000 K to 2,000,000 K.

He III B III
Transition T [105K] Width [Å] Shift [Å] Width [Å] Shift [Å]

Singlets

N VI 1s2-2p 0.5 0.344 × 10−09 −0.994 × 10−09 0.481 × 10−09 −0.994 × 10−09

28.8 Å 1.0 0.101 × 10−08 −0.200 × 10−08 0.138 × 10−08 −0.200 × 10−08

C = 0.29 × 1016 3.0 0.463 × 10−08 −0.536 × 10−08 0.544 × 10−08 −0.514 × 10−08

5.0 0.769 × 10−08 −0.754 × 10−08 0.822 × 10−08 −0.704 × 10−08

10.0 0.121 × 10−07 −0.105 × 10−07 0.125 × 10−07 −0.968 × 10−08

20.0 0.161 × 10−07 −0.130 × 10−07 0.154 × 10−07 −0.116 × 10−07

N VI 1s2-3p 0.5 0.349 × 10−07 −0.829 × 10−07 0.383 × 10−07 −0.798 × 10−07

24.9 Å 1.0 0.813 × 10−07 −0.123 × 10−06 0.812 × 10−07 −0.116 × 10−06

C = 0.16 × 1015 3.0 0.177 × 10−06 −0.183 × 10−06 0.164 × 10−06 −0.167 × 10−06

5.0 0.215 × 10−06 −0.209 × 10−06 0.195 × 10−06 −0.189 × 10−06

10.0 0.274 × 10−06 −0.246 × 10−06 0.235 × 10−06 −0.220 × 10−06

20.0 0.332 × 10−06 −0.282 × 10−06 0.312 × 10−06 −0.256 × 10−06

N VI 2s-2p 0.5 0.488 × 10−05 −0.449 × 10−04 0.674 × 10−05 −0.448 × 10−04

2897.2 Å 1.0 0.212 × 10−04 −0.880 × 10−04 0.268 × 10−04 −0.866 × 10−04

C = 0.29 × 1020 3.0 0.125 × 10−03 −0.196 × 10−03 0.128 × 10−03 −0.181 × 10−03

5.0 0.188 × 10−03 −0.249 × 10−03 0.190 × 10−03 −0.232 × 10−03

10.0 0.297 × 10−03 −0.312 × 10−03 0.284 × 10−03 −0.285 × 10−03

20.0 0.388 × 10−03 −0.372 × 10−03 0.362 × 10−03 −0.339 × 10−03

N VI 2s-3p 0.5 0.173 × 10−05 −0.411 × 10−05 0.190 × 10−05 −0.396 × 10−05

173.3 Å 1.0 0.402 × 10−05 −0.609 × 10−05 0.403 × 10−05 −0.574 × 10−05

C = 0.79 × 1016 3.0 0.872 × 10−05 −0.907 × 10−05 0.808 × 10−05 −0.820 × 10−05

5.0 0.106 × 10−04 −0.103 × 10−04 0.961 × 10−05 −0.934 × 10−05

10.0 0.135 × 10−04 −0.121 × 10−04 0.115 × 10−04 −0.110 × 10−04

20.0 0.161 × 10−04 −0.139 × 10−04 0.156 × 10−04 −0.125 × 10−04

N VI 3s-3p 0.5 0.805 × 10−02 −0.179 × 10−01 0.905 × 10−02 −0.170 × 10−01

9624.6 Å 1.0 0.175 × 10−01 −0.259 × 10−01 0.173 × 10−01 −0.239 × 10−01

C = 0.24 × 1020 3.0 0.357 × 10−01 −0.367 × 10−01 0.327 × 10−01 −0.333 × 10−01

5.0 0.432 × 10−01 −0.419 × 10−01 0.393 × 10−01 −0.375 × 10−01

10.0 0.540 × 10−01 −0.500 × 10−01 0.473 × 10−01 −0.436 × 10−01

20.0 0.698 × 10−01 −0.538 × 10−01 0.546 × 10−01 −0.502 × 10−01

N VI 2p-3s 0.5 0.738 × 10−06 0.267 × 10−05 0.843 × 10−06 0.257 × 10−05

187.9 Å 1.0 0.232 × 10−05 0.426 × 10−05 0.236 × 10−05 0.393 × 10−05

C = 0.37 × 1017 3.0 0.584 × 10−05 0.658 × 10−05 0.537 × 10−05 0.599 × 10−05

5.0 0.727 × 10−05 0.759 × 10−05 0.660 × 10−05 0.684 × 10−05

10.0 0.921 × 10−05 0.910 × 10−05 0.822 × 10−05 0.822 × 10−05

20.0 0.115 × 10−04 0.103 × 10−04 0.105 × 10−04 0.942 × 10−05

Triplets

N VI 2s-2p 0.5 0.148 × 10−05 −0.116 × 10−04 0.205 × 10−05 −0.115 × 10−04

1901.5 Å 1.0 0.552 × 10−05 −0.230 × 10−04 0.729 × 10−05 −0.228 × 10−04

C = 0.19 × 1020 3.0 0.331 × 10−04 −0.554 × 10−04 0.365 × 10−04 −0.522 × 10−04

5.0 0.527 × 10−04 −0.711 × 10−04 0.549 × 10−04 −0.668 × 10−04

10.0 0.902 × 10−04 −0.937 × 10−04 0.852 × 10−04 −0.844 × 10−04

20.0 0.117 × 10−03 −0.113 × 10−03 0.111 × 10−03 −0.102 × 10−03
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Table 2. Cont.

He III B III
Transition T [105K] Width [Å] Shift [Å] Width [Å] Shift [Å]

N VI 2s-3p 0.5 0.390 × 10−06 0.711 × 10−06 0.501 × 10−06 0.701 × 10−06

161.2 Å 1.0 0.960 × 10−06 0.125 × 10−05 0.113 × 10−05 0.120 × 10−05

C = 0.19 × 1017 3.0 0.236 × 10−05 0.224 × 10−05 0.241 × 10−05 0.206 × 10−05

5.0 0.295 × 10−05 0.259 × 10−05 0.289 × 10−05 0.237 × 10−05

10.0 0.375 × 10−05 0.311 × 10−05 0.350 × 10−05 0.281 × 10−05

20.0 0.462 × 10−05 0.367 × 10−05 0.405 × 10−05 0.329 × 10−05

N VI 2s-4p 0.5 0.270 × 10−05 0.368 × 10−05 0.295 × 10−05 0.345 × 10−05

122.4 Å 1.0 0.464 × 10−05 0.518 × 10−05 0.480 × 10−05 0.482 × 10−05

C = 0.48 × 1016 3.0 0.789 × 10−05 0.719 × 10−05 0.743 × 10−05 0.652 × 10−05

5.0 0.938 × 10−05 0.822 × 10−05 0.854 × 10−05 0.740 × 10−05

10.0 0.110 × 10−04 0.943 × 10−05 0.105 × 10−04 0.853 × 10−05

20.0 0.127 × 10−04 0.107 × 10−04 0.124 × 10−04 0.991 × 10−05

N VI 3s-3p 0.5 0.714 × 10−03 −0.123 × 10−02 0.920 × 10−03 −0.121 × 10−02

6993.0 Å 1.0 0.174 × 10−02 −0.217 × 10−02 0.205 × 10−02 −0.209 × 10−02

C = 0.36 × 1020 3.0 0.425 × 10−02 −0.393 × 10−02 0.437 × 10−02 −0.363 × 10−02

5.0 0.531 × 10−02 −0.456 × 10−02 0.520 × 10−02 −0.416 × 10−02

10.0 0.677 × 10−02 −0.550 × 10−02 0.643 × 10−02 −0.501 × 10−02

20.0 0.832 × 10−02 −0.647 × 10−02 0.762 × 10−02 −0.581 × 10−02

N VI 3s-4p 0.5 0.361 × 10−04 0.472 × 10−04 0.402 × 10−04 0.445 × 10−04

474.5 Å 1.0 0.629 × 10−04 0.674 × 10−04 0.652 × 10−04 0.626 × 10−04

C = 0.72 × 1017 3.0 0.107 × 10−03 0.954 × 10−04 0.102 × 10−03 0.866 × 10−04

5.0 0.123 × 10−03 0.107 × 10−03 0.116 × 10−03 0.982 × 10−04

10.0 0.156 × 10−03 0.128 × 10−03 0.136 × 10−03 0.113 × 10−03

20.0 0.174 × 10−03 0.138 × 10−03 0.155 × 10−03 0.133 × 10−03

N VI 4s-4p 0.5 0.363 × 10−01 −0.369 × 10−01 0.428 × 10−01 −0.354 × 10−01

17,182.1 Å 1.0 0.625 × 10−01 −0.550 × 10−01 0.679 × 10−01 −0.518 × 10−01

C = 0.94 × 1020 3.0 0.106 −0.831 × 10−01 0.103 −0.748 × 10−01

5.0 0.123 −0.941 × 10−01 0.119 −0.857 × 10−01

10.0 0.149 −0.111 0.138 −0.995 × 10−01

20.0 0.175 −0.128 0.162 −0.117

N VI 2p-3s 0.5 0.387 × 10−06 0.175 × 10−05 0.466 × 10−06 0.171 × 10−05

180.7 Å 1.0 0.138 × 10−05 0.291 × 10−05 0.147 × 10−05 0.273 × 10−05

C = 0.47 × 1017 3.0 0.397 × 10−05 0.472 × 10−05 0.377 × 10−05 0.424 × 10−05

5.0 0.503 × 10−05 0.538 × 10−05 0.472 × 10−05 0.489 × 10−05

10.0 0.658 × 10−05 0.642 × 10−05 0.583 × 10−05 0.583 × 10−05

20.0 0.791 × 10−05 0.738 × 10−05 0.737 × 10−05 0.663 × 10−05

N VI 2p-4s 0.5 0.319 × 10−05 0.583 × 10−05 0.324 × 10−05 0.539 × 10−05

131.9 Å 1.0 0.595 × 10−05 0.813 × 10−05 0.587 × 10−05 0.747 × 10−05

C = 0.10 × 1017 3.0 0.105 × 10−04 0.110 × 10−04 0.962 × 10−05 0.994 × 10−05

5.0 0.127 × 10−04 0.126 × 10−04 0.113 × 10−04 0.114 × 10−04

10.0 0.158 × 10−04 0.143 × 10−04 0.144 × 10−04 0.131 × 10−04

20.0 0.193 × 10−04 0.166 × 10−04 0.157 × 10−04 0.146 × 10−04

N VI 3p-4s 0.5 0.477 × 10−04 0.873 × 10−04 0.494 × 10−04 0.808 × 10−04

524.5 Å 1.0 0.894 × 10−04 0.122 × 10−03 0.887 × 10−04 0.112 × 10−03

C = 0.16 × 1018 3.0 0.163 × 10−03 0.166 × 10−03 0.150 × 10−03 0.149 × 10−03

5.0 0.192 × 10−03 0.188 × 10−03 0.174 × 10−03 0.168 × 10−03

10.0 0.246 × 10−03 0.218 × 10−03 0.211 × 10−03 0.197 × 10−03

20.0 0.293 × 10−03 0.254 × 10−03 0.250 × 10−03 0.211 × 10−03
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Table 3. In this table are presented FWHM—Full Widths at Half Intensity Maximum (W) and shift
(d) for N VI spectral lines broadened by impacts with B IV and B V ions for a perturber density of
1016 cm−3 and temperatures from 50,000 K to 2,000,000 K.

B IV B V
Transition T [105K] Width [Å] Shift [Å] Width [Å] Shift [Å]

Singlets

N VI 1s2-2p 0.5 0.482 × 10−09 −0.149 × 10−08 0.483 × 10−09 −0.195 × 10−08

28.8 Å 1.0 0.142 × 10−08 −0.300 × 10−08 0.143 × 10−08 −0.398 × 10−08

C = 0.29 × 1016 3.0 0.671 × 10−08 −0.810 × 10−08 0.767 × 10−08 −0.111 × 10−07

5.0 0.113 × 10−07 −0.115 × 10−07 0.137 × 10−07 −0.160 × 10−07

10.0 0.179 × 10−07 −0.159 × 10−07 0.230 × 10−07 −0.227 × 10−07

20.0 0.240 × 10−07 −0.198 × 10−07 0.324 × 10−07 −0.285 × 10−07

N VI 1s2-3p 0.5 0.515 × 10−07 −0.125 × 10−06 0.631 × 10−07 −0.169 × 10−06

24.9 Å 1.0 0.123 × 10−06 −0.187 × 10−06 0.168 × 10−06 −0.264 × 10−06

C = 0.16 × 1015 3.0 0.268 × 10−06 −0.282 × 10−06 0.373 × 10−06 −0.406 × 10−06

5.0 0.325 × 10−06 −0.320 × 10−06 0.465 × 10−06 −0.464 × 10−06

10.0 0.408 × 10−06 −0.378 × 10−06 0.559 × 10−06 −0.548 × 10−06

20.0 0.483 × 10−06 −0.430 × 10−06 0.703 × 10−06 −0.644 × 10−06

N VI 2s-2p 0.5 0.684 × 10−05 −0.671 × 10−04 0.689 × 10−05 −0.881 × 10−04

2897.2 Å 1.0 0.302 × 10−04 −0.132 × 10−03 0.322 × 10−04 −0.177 × 10−03

C = 0.29 × 1020 3.0 0.184 × 10−03 −0.299 × 10−03 0.231 × 10−03 −0.420 × 10−03

5.0 0.283 × 10−03 −0.380 × 10−03 0.370 × 10−03 −0.538 × 10−03

10.0 0.451 × 10−03 −0.478 × 10−03 0.640 × 10−03 −0.695 × 10−03

20.0 0.593 × 10−03 −0.574 × 10−03 0.842 × 10−03 −0.835 × 10−03

N VI 2s-3p 0.5 0.256 × 10−05 −0.619 × 10−05 0.314 × 10−05 −0.839 × 10−05

173.3 Å 1.0 0.606 × 10−05 −0.925 × 10−05 0.830 × 10−05 −0.131 × 10−04

C = 0.79 × 1016 3.0 0.133 × 10−04 −0.139 × 10−04 0.184 × 10−04 −0.200 × 10−04

5.0 0.160 × 10−04 −0.158 × 10−04 0.227 × 10−04 −0.228 × 10−04

10.0 0.201 × 10−04 −0.186 × 10−04 0.276 × 10−04 −0.274 × 10−04

20.0 0.235 × 10−04 −0.214 × 10−04 0.352 × 10−04 −0.316 × 10−04

N VI 3s-3p 0.5 0.118 × 10−01 −0.270 × 10−01 0.147 × 10−01 −0.364 × 10−01

9624.6 Å 1.0 0.261 × 10−01 −0.393 × 10−01 0.350 × 10−01 −0.547 × 10−01

C = 0.24 × 1020 3.0 0.542 × 10−01 −0.563 × 10−01 0.770 × 10−01 −0.817 × 10−01

5.0 0.645 × 10−01 −0.639 × 10−01 0.933 × 10−01 −0.928 × 10−01

10.0 0.777 × 10−01 −0.750 × 10−01 0.117 −0.110
20.0 0.103 −0.861 × 10−01 0.137 −0.126

N VI 2p-3s 0.5 0.107 × 10−05 0.401 × 10−05 0.122 × 10−05 0.537 × 10−05

187.9 Å 1.0 0.343 × 10−05 0.647 × 10−05 0.433 × 10−05 0.904 × 10−05

C = 0.37 × 1017 3.0 0.891 × 10−05 0.101 × 10−04 0.124 × 10−04 0.147 × 10−04

5.0 0.110 × 10−04 0.116 × 10−04 0.157 × 10−04 0.168 × 10−04

10.0 0.139 × 10−04 0.137 × 10−04 0.205 × 10−04 0.200 × 10−04

20.0 0.178 × 10−04 0.159 × 10−04 0.246 × 10−04 0.231 × 10−04

Triplets

N VI 2s-2p 0.5 0.207 × 10−05 −0.173 × 10−04 0.207 × 10−05 −0.227 × 10−04

1901.5 Å 1.0 0.780 × 10−05 −0.345 × 10−04 0.808 × 10−05 −0.460 × 10−04

C = 0.19 × 1020 3.0 0.483 × 10−04 −0.840 × 10−04 0.574 × 10−04 −0.116 × 10−03

5.0 0.790 × 10−04 −0.108 × 10−03 0.107 × 10−03 −0.153 × 10−03

10.0 0.136 × 10−03 −0.144 × 10−03 0.185 × 10−03 −0.209 × 10−03

20.0 0.178 × 10−03 −0.172 × 10−03 0.251 × 10−03 −0.250 × 10−03
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Table 3. Cont.

B IV B V
Transition T [105K] Width [Å] Shift [Å] Width [Å] Shift [Å]

Triplets

N VI 2s-3p 0.5 0.555 × 10−06 0.107 × 10−05 0.584 × 10−06 0.141 × 10−05

161.2 Å 1.0 0.140 × 10−05 0.189 × 10−05 0.165 × 10−05 0.259 × 10−05

C = 0.19 × 1017 3.0 0.352 × 10−05 0.341 × 10−05 0.451 × 10−05 0.483 × 10−05

5.0 0.442 × 10−05 0.395 × 10−05 0.616 × 10−05 0.577 × 10−05

10.0 0.560 × 10−05 0.476 × 10−05 0.781 × 10−05 0.691 × 10−05

20.0 0.679 × 10−05 0.561 × 10−05 0.923 × 10−05 0.819 × 10−05

N VI 2s-4p 0.5 0.396 × 10−05 0.555 × 10−05 0.468 × 10−05 0.754 × 10−05

122.4 Å 1.0 0.694 × 10−05 0.788 × 10−05 0.904 × 10−05 0.111 × 10−04

C = 0.48 × 1016 3.0 0.120 × 10−04 0.111 × 10−04 0.169 × 10−04 0.161 × 10−04

5.0 0.141 × 10−04 0.127 × 10−04 0.198 × 10−04 0.183 × 10−04

10.0 0.174 × 10−04 0.143 × 10−04 0.234 × 10−04 0.213 × 10−04

20.0 0.193 × 10−04 0.166 × 10−04 0.304 × 10−04 0.247 × 10−04

N VI 3s-3p 0.5 0.101 × 10−02 −0.184 × 10−02 0.106 × 10−02 −0.243 × 10−02

6993.0 Å 1.0 0.254 × 10−02 −0.328 × 10−02 0.297 × 10−02 −0.450 × 10−02

C = 0.36 × 1020 3.0 0.630 × 10−02 −0.598 × 10−02 0.810 × 10−02 −0.848 × 10−02

5.0 0.801 × 10−02 −0.700 × 10−02 0.111 × 10−01 −0.102 × 10−01

10.0 0.101 × 10−01 −0.852 × 10−02 0.140 × 10−01 −0.123 × 10−01

20.0 0.126 × 10−01 −0.999 × 10−02 0.171 × 10−01 −0.144 × 10−01

N VI 3s-4p 0.5 0.525 × 10−04 0.710 × 10−04 0.616 × 10−04 0.959 × 10−04

474.5 Å 1.0 0.937 × 10−04 0.103 × 10−03 0.119 × 10−03 0.143 × 10−03

C = 0.72 × 1017 3.0 0.161 × 10−03 0.145 × 10−03 0.226 × 10−03 0.211 × 10−03

5.0 0.190 × 10−03 0.166 × 10−03 0.262 × 10−03 0.241 × 10−03

10.0 0.233 × 10−03 0.198 × 10−03 0.333 × 10−03 0.281 × 10−03

20.0 0.273 × 10−03 0.209 × 10−03 0.379 × 10−03 0.327 × 10−03

N VI 4s-4p 0.5 0.527 × 10−01 −0.555 × 10−01 0.613 × 10−01 −0.753 × 10−01

17,182.1 Å 1.0 0.922 × 10−01 −0.837 × 10−01 0.118 −0.119
C = 0.94 × 1020 3.0 0.159 −0.127 0.215 −0.183

5.0 0.185 −0.146 0.254 −0.211
10.0 0.225 −0.170 0.307 −0.247
20.0 0.251 −0.194 0.350 −0.285

N VI 2p-3s 0.5 0.560 × 10−06 0.262 × 10−05 0.638 × 10−06 0.349 × 10−05

180.7 Å 1.0 0.203 × 10−05 0.441 × 10−05 0.245 × 10−05 0.608 × 10−05

C = 0.47 × 1017 3.0 0.601 × 10−05 0.723 × 10−05 0.814 × 10−05 0.104 × 10−04

5.0 0.775 × 10−05 0.821 × 10−05 0.109 × 10−04 0.120 × 10−04

10.0 0.100 × 10−04 0.989 × 10−05 0.141 × 10−04 0.143 × 10−04

20.0 0.124 × 10−04 0.111 × 10−04 0.169 × 10−04 0.168 × 10−04

N VI 2p-4s 0.5 0.472 × 10−05 0.883 × 10−05 0.597 × 10−05 0.122 × 10−04

131.9 Å 1.0 0.892 × 10−05 0.124 × 10−04 0.120 × 10−04 0.174 × 10−04

C = 0.10 × 1017 3.0 0.164 × 10−04 0.168 × 10−04 0.233 × 10−04 0.244 × 10−04

5.0 0.194 × 10−04 0.191 × 10−04 0.284 × 10−04 0.278 × 10−04

10.0 0.247 × 10−04 0.222 × 10−04 0.339 × 10−04 0.321 × 10−04

20.0 0.293 × 10−04 0.258 × 10−04 0.385 × 10−04 0.365 × 10−04

N VI 3p-4s 0.5 0.707 × 10−04 0.132 × 10−03 0.886 × 10−04 0.182 × 10−03

524.5 Å 1.0 0.134 × 10−03 0.186 × 10−03 0.181 × 10−03 0.261 × 10−03

C = 0.16 × 1018 3.0 0.247 × 10−03 0.252 × 10−03 0.358 × 10−03 0.368 × 10−03

5.0 0.296 × 10−03 0.289 × 10−03 0.427 × 10−03 0.422 × 10−03

10.0 0.367 × 10−03 0.340 × 10−03 0.524 × 10−03 0.472 × 10−03

20.0 0.438 × 10−03 0.392 × 10−03 0.596 × 10−03 0.548 × 10−03
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Table 4. In this table are presented FWHM—Full Widths at Half Intensity Maximum (W) and shift (d)
for N VI spectral lines broadened by impacts with B VI ions for a perturber density of 1016 cm−3 and
temperatures from 50,000 K to 2,000,000 K.

B VI B VI
Transition T [105K] Width [Å] Shift [Å] Transition Width [Å] Shift [Å]

Singlets Triplets

N VI1s2-2p 0.5 0.483 × 10−09 −0.242 × 10−08 N VI 2s-4p 0.533 × 10−05 0.957 × 10−05

28.8 Å 1.0 0.144 × 10−08 −0.498 × 10−08 122.4 Å 0.110 × 10−04 0.144 × 10−04

C = 0.29 × 1016 3.0 0.831 × 10−08 −0.141 × 10−07 C = 0.48 × 1016 0.220 × 10−04 0.215 × 10−04

5.0 0.155 × 10−07 −0.206 × 10−07 0.257 × 10−04 0.243 × 10−04

10.0 0.278 × 10−07 −0.297 × 10−07 0.326 × 10−04 0.288 × 10−04

20.0 0.419 × 10−07 −0.382 × 10−07 0.383 × 10−04 0.331 × 10−04

N VI1s2-3p 0.5 0.716 × 10−07 −0.215 × 10−06 N VI 3s-3p 0.109 × 10−02 −0.302 × 10−02

24.9 Å 1.0 0.208 × 10−06 −0.348 × 10−06 6993.0 Å 0.331 × 10−02 −0.576 × 10−02

C = 0.16 × 1015 3.0 0.494 × 10−06 −0.541 × 10−06 C = 0.36 × 1020 0.990 × 10−02 −0.111 × 10−01

5.0 0.608 × 10−06 −0.618 × 10−06 0.141 × 10−01 −0.137 × 10−01

10.0 0.775 × 10−06 −0.745 × 10−06 0.181 × 10−01 −0.163 × 10−01

20.0 0.948 × 10−06 −0.849 × 10−06 0.223 × 10−01 −0.196 × 10−01

N VI 2s-2p 0.5 0.690 × 10−05 −0.109 × 10−03 N VI 3s-4p 0.707 × 10−04 0.122 × 10−03

2897.2 Å 1.0 0.334 × 10−04 −0.222 × 10−03 474.5 Å 0.147 × 10−03 0.186 × 10−03

C = 0.29 × 1020 3.0 0.267 × 10−03 −0.544 × 10−03 C = 0.72 × 1017 0.295 × 10−03 0.284 × 10−03

5.0 0.463 × 10−03 −0.699 × 10−03 0.349 × 10−03 0.322 × 10−03

10.0 0.828 × 10−03 −0.931 × 10−03 0.430 × 10−03 0.380 × 10−03

20.0 0.110 × 10−02 −0.112 × 10−02 0.501 × 10−03 0.434 × 10−03

N VI 2s-3p 0.5 0.358 × 10−05 −0.107 × 10−04 N VI 4s-4p 0.682 × 10−01 −0.956 × 10−01

173.3 Å 1.0 0.103 × 10−04 −0.172 × 10−04 17,182.1 Å 0.143 −0.156
C = 0.79 × 1016 3.0 0.244 × 10−04 −0.266 × 10−04 C = 0.94 × 1020 0.274 −0.243

5.0 0.298 × 10−04 −0.306 × 10−04 0.327 −0.280
10.0 0.386 × 10−04 −0.366 × 10−04 0.400 −0.336
20.0 0.475 × 10−04 −0.416 × 10−04 0.475 −0.381

N VI 3s-3p 0.5 0.174 × 10−01 −0.464 × 10−01 N VI 2p-3s 0.694 × 10−06 0.438 × 10−05

9624.6 Å 1.0 0.452 × 10−01 −0.714 × 10−01 180.7 Å 0.291 × 10−05 0.777 × 10−05

C = 0.24 × 1020 3.0 0.995 × 10−01 −0.109 C = 0.47 × 1017 0.102 × 10−04 0.138 × 10−04

5.0 0.121 −0.126 0.142 × 10−04 0.160 × 10−04

10.0 0.160 −0.149 0.185 × 10−04 0.190 × 10−04

20.0 0.184 −0.166 0.241 × 10−04 0.224 × 10−04

N VI 2p-3s 0.5 0.134 × 10−05 0.674 × 10−05 N VI 2p-4s 0.687 × 10−05 0.156 × 10−04

187.9 Å 1.0 0.503 × 10−05 0.117 × 10−04 131.9 Å 0.153 × 10−04 0.229 × 10−04

C = 0.37 × 1017 3.0 0.158 × 10−04 0.197 × 10−04 C = 0.10 × 1017 0.309 × 10−04 0.327 × 10−04

5.0 0.209 × 10−04 0.225 × 10−04 0.369 × 10−04 0.369 × 10−04

10.0 0.264 × 10−04 0.266 × 10−04 0.471 × 10−04 0.439 × 10−04

20.0 0.343 × 10−04 0.317 × 10−04 0.533 × 10−04 0.473 × 10−04

Triplets

N VI 2s-2p 0.5 0.207 × 10−05 −0.281 × 10−04 N VI 3p-4s 0.101 × 10−03 0.233 × 10−03

1901.5 Å 1.0 0.825 × 10−05 −0.576 × 10−04 524.5 Å 0.228 × 10−03 0.343 × 10−03

C = 0.19 × 1020 3.0 0.673 × 10−04 −0.148 × 10−03 C = 0.16 × 1018 0.468 × 10−03 0.490 × 10−03

5.0 0.134 × 10−03 −0.201 × 10−03 0.564 × 10−03 0.560 × 10−03

10.0 0.232 × 10−03 −0.277 × 10−03 0.706 × 10−03 0.669 × 10−03

20.0 0.328 × 10−03 −0.333 × 10−03 0.875 × 10−03 0.709 × 10−03

N VI 2s-3p 0.5 0.602 × 10−06 0.176 × 10−05

161.2 Å 1.0 0.185 × 10−05 0.332 × 10−05

C = 0.19 × 1017 3.0 0.557 × 10−05 0.636 × 10−05

5.0 0.788 × 10−05 0.773 × 10−05

10.0 0.101 × 10−04 0.921 × 10−05

20.0 0.127 × 10−04 0.111 × 10−04

Stark broadening calculations of Stark widths for four N VI spectral lines exist in
Ref. [33], where a modified semiempirical method [34] has been used and for the same
four lines in Ref. [35] where calculations have been performed using Griem’s simplified
semiclassical method ([36] Equation (526)). The values in these two references are too small
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in comparison with the present calculations. Both methods [34,36] used in [33,35] are based
on data for singly, doubly and triply charged ions and give correct results for spectral lines
of such emitters. However, it seems that for the case of highly charged ions they need the
corresponding adaptations. For example in the formulation of the empirical part of the
modified semiempirical theory [34], empirical data for cross sections of highly charged ions
should be taken into account due to the increasing influence of relativistic effects.

4. Application to DO White Dwarf Atmospheres

The results for Stark broadening parameters obtained here, are also used to show the
influence of collisions of N VI with various perturbers, considered in this work, in the
spectrum of a DO white dwarf. To demonstrate the importance of Stark broadening, we
took one line in the red part of the visible part of the spectrum (3s3S–3p3Po, λ = 6993.0 Å)
and one in the UV part (2s1S–2p1Po, λ = 2897.2 Å) and compared Stark and Doppler widths
for different Rosseland optical depths (τ).

Figures 1 and 2 illustrate the Stark width and shift of N VI 3s3S–3p3Po 6993.0 Å spectral
line versus Rosseland optical depth, for effective temperature 60,000 K and log g = 8. The
model of the stellar atmosphere of a DO white dwarf is taken from Ref. [37]. In Figure 1,
the thermal Doppler width is added for comparison. The electron width is up to two orders
of magnitude larger than the Doppler one. The widths due to collisions with protons and
He III ions are close to each other and bigger than Doppler width except for the lowest τ
values. This line is a very good candidate for spectral analysis in the atmosphere of a DO
white dwarfs. Stark shift values (Figure 2) are negative. The shift of line broadened by He
III ions dominates the whole Rosseland optical depth range. The electron and proton shifts
are closer to each other. The absolute values of all of them increase with τ.

Figure 1. Dependence of Stark and Doppler full widths at half intensity maximum of N VI 3s3S–3p3Po,
λ = 6993.0 Å spectral line (perturbers: electrons—solid line, protons—long dashes, He III—dots,
Doppler—dashes), on the Rosseland optical depth in the atmosphere of a DO white dwarf. Model of
white dwarf atmosphere [37] is with parameters Te f f = 60,000 K and log g = 8.

How Stark broadening parameters vary with τ for N VI 2s1S–2p1Po 2897.2 Å spectral
line is shown in Figures 3 and 4. In this case, Stark width values are notably smaller than for
the previous line. In the whole temperature interval the broadening by electrons overcomes
these by protons and He III, and also by Doppler width. It increases notably for lower τ
values and varies slowly for τ & 15. Stark widths due to collisions with protons and He III
ions are lower than Doppler one for the whole τ interval. All Stark shift values for this line
are negative, the line is blue shifted. Absolute values of the three shifts due to electrons,
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protons and He III ions increase with τ. The larger shift is due to He III ions where the
difference is notable in comparison with the two others.

One can see that the Stark width values for the 6993.0 Å line in the red part of the
spectrum (with larger wavelength) are larger than for the 2897.2 Å line in the UV (with
smaller wavelength). This demonstrates the influence of λ values. In fact, in the calculations
of Stark widths λ enters as a square while the Doppler width is linear with λ. Consequently,
when λ increases, the Doppler width increases more slowly than the Stark one.

Figure 2. Dependence of Stark shift of N VI 3s3S–3p3Po, λ = 6993.0 spectral line Å (perturbers:
electrons—solid line, protons—long dashes, He III—dots), on the Rosseland optical depth in the atmo-
sphere of a DO white dwarf. Model of white dwarf atmosphere [37] is with parameters Te f f = 60,000 K
and log g = 8.

Figure 3. Same as in Figure 1 but for N VI 2s1S–2p1Po, λ = 2897.2 Å spectral line.
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Figure 4. Same as in Figure 2 but for N VI 2s1S–2p1Po, λ = 2897.2 Å spectral line.

5. Conclusions

New calculated results for Stark broadening parameters, widths and shifts for 15 N
VI multiplets, obtained employing semiclassical perturbation theory [23–25] are reported
for a number of temperatures from 50,000 K to 2,000,000 K. Stark broadening parameters
for N VI spectral lines broadened by collisions with electrons, protons, He III ions, and
boron ions B III, B IV, B V and B VI are obtained. With the obtained data, the significance
of Stark broadening for a model of DO white dwarf atmosphere with Te f f = 60,000 K and
log g = 8.0 has been tested. The obtained results confirm that Stark broadening is very
important broadening mechanism in the lower parts of DO white dwarf atmospheres,
usually dominant, especially for larger vawelengths, towards the red part of the spectrum.

The results for Stark broadening parameters of N VI, published in this article, will also
be entered in the STARK-B database (http://stark-b.obspm.fr/, accessed on 1 November
2023) [38,39], which is also a part of the European Virtual Atomic and Molecular Data Center
VAMDC (http://www.vamdc.org/, accessed on 1 November 2023) [40–42]. The obtained
results will be also prepared in VO (Virtual Observatory) and XSAMS (XML Schema for
Atomic, Molecular and Solid Data) format for the implementation of results in the international,
on-line database STARK-B (Sahal-Bréchot et al., 2015—https://stark-b.obspm.fr/) a part of
VAMDC (Virtual Atomic and Molecular Data Center, Dubernet et al., 2010—https://portal.
vamdc.org/vamdc_portal/home.seam), after the publication of the main article.

The obtained results are first of all of interest for astrophysical applications such as
abundance determination, analysis and synthesis of stellar spectra, stellar atmosphere
modelling and radiative transfer calculations, particularly for white dwarfs. They are also
significant for proton-boron fusion investigations because the boron nitride BN, as a target
for laser radiation, is important in such experiments, so that N VI spectral lines may be
used for the diagnostic of created plasma.
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38. Sahal-Bréchot, S.; Dimitrijević, M.S.; Moreau, N.; Ben Nessib, N. The STARK-B database VAMDC node: A repository for spectral

line broadening and shifts due to collisions with charged particles. Phys. Scr. 2015, 90, 054008. [CrossRef]
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Drouin, B.J.; et al. A Decade with VAMDC: Results and Ambitions. Atoms 2020, 8, 76. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://dx.doi.org/10.3390/atoms2020225
http://dx.doi.org/10.3390/atoms9020029
https://physics.nist.gov/asd
http://dx.doi.org/10.1086/190173
http://dx.doi.org/10.1088/0022-3700/12/7/009
http://dx.doi.org/10.1016/0022-4073(84)90092-X
http://dx.doi.org/10.1016/0022-4073(80)90014-X
http://dx.doi.org/10.1086/190712
http://dx.doi.org/10.1088/0031-8949/90/5/054008
http://stark-B.obspm.fr
http://dx.doi.org/10.1016/j.jqsrt.2010.05.004
http://dx.doi.org/10.1088/0953-4075/49/7/074003
http://dx.doi.org/10.3390/atoms8040076

	Introduction
	
	Stark Broadening Parameter Calculations
	Application to DO White Dwarf Atmospheres
	Conclusions
	References

