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ABSTRACT
There have been discussions in the recent literature regarding the accuracy of the available
electron impact excitation rates (equivalently effective collision strengths ϒ) for transitions in
Be-like ions. In the present paper we demonstrate, once again, that earlier results for ϒ are in-
deed overestimated (by up to four orders of magnitude), for over 40% of transitions and over
a wide range of temperatures. To do this we have performed two sets of calculations for N IV,
with two different model sizes consisting of 166 and 238 fine-structure energy levels. As in our
previous work, for the determination of atomic structure the GRASP (General-purpose Rela-
tivistic Atomic Structure Package) is adopted and for the scattering calculations (the standard
and parallelised versions of) the Dirac Atomic R-matrix Code (DARC) are employed. Calcula-
tions for collision strengths and effective collision strengths have been performed over a wide
range of energy (up to 45 Ryd) and temperature (up to 2.0×106 K), useful for applications in
a variety of plasmas. Corresponding results for energy levels, lifetimes and A-values for all
E1, E2, M1 and M2 transitions among 238 levels of N IV are also reported.

Key words: atomic data – atomic processes

1 INTRODUCTION

Emission lines from Be-like ions have provided useful electron
density and temperature diagnostics for a variety of astrophysical
plasmas. Many ions in this series, such as C III, N IV, Ti XIX and
Fe XXIII, are also important for the study of fusion plasmas. For
N IV Chaplin et al. (2009) have measured the 2s2 1S0–2s2p 1Po

1
line at 76.5 nm in the Swarthmore Spheromak Experiment to diag-
nose the plasma impurities. Similarly, Machida et al. (2009) have
measured three impurity lines of N IV (λ 765, 923 and 1719 Å) in
the NOVA-UNICAMP tokamak plasma. However, for plasma mod-
elling accurate atomic data are required, particularly for energy lev-
els, radiative rates (A-values), and excitation rates or equivalently
the effective collision strengths (ϒ), which are obtained from the
electron impact collision strengths (Ω). Given that, we have already
reported such data for a number of Be-like ions, namely C III, Al X,
Cl XIV, K XVI, Ti XIX and Ge XXIX – see Aggarwal & Keenan
(2015a,b) and references therein. In this paper we focus our atten-
tion on N IV.

Several emission lines of N IV have been observed in the Sun
(Dufton, Doyle & Kingston 1979). In addition, forbidden lines,
mostly belonging to the 2s2 1S – 2s2p 3Po multiplet (λλ 1483,1486
Å), have been observed in the ultraviolet spectra of low-density as-

? Tables 2, 7 and 8 are available only in the electronic version.
† E-mail: K.Aggarwal@qub.ac.uk (KMA); F.Keenan@qub.ac.uk (FPK);
Kerry.Lawson@ukaea.uk (KDL)

trophysical plasmas, such as planetary nebulae and symbiotic stars
– see for example, Feibelman, Aller & Hyung (1992) and Doschek
& Feibelman (1993). These doublet lines are also detected in Lyα

emitting galaxies (Fosbury et al. (2003) and Vanzella et al. (2010))
and in low-mass and low-luminosity galaxies (Stark et al. 2014).

An early analysis of solar emission lines of N IV was under-
taken by Dufton et al. (1979). In the absence of direct calculations
of collisional data, they interpolated ϒ from the existing results for
C III and O V. Subsequently, Ramsbottom et al. (1994) calculated
such data adopting the R-matrix code. These calculations are in LS
coupling (Russell-Saunders or spin-orbit coupling) and include the
12 states of the 2s2, 2s2p, 2p2 and 2s3` configurations. Subsequent
results for fine-structure transitions were obtained through an al-
gebraic re-coupling scheme, and stored in an earlier version of the
CHIANTI database at http://www.chiantidatabase.org/.

Recently, Fernández-Menchero, Del Zanna & Badnell (2014)
have performed much larger calculations for a series of Be-like
ions, including N IV. They have considered 238 fine-structure lev-
els, belonging to the n 6 7 configurations. For the generation of
wave functions, i.e. to determine energy levels and A-values, they
adopted the AutoStructure (AS) code of Badnell (1997) and for
the subsequent calculations of Ω and ϒ, the R-matrix code of
Berrington, Eissner & Norrington (1995). However, they also pri-
marily obtained Ω in LS coupling, and the corresponding results
for fine-structure transitions were determined through their inter-
mediate coupling frame transformation (ICFT) method, similar to
the one adopted by Ramsbottom et al. (1994). The AS code does
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not include higher-order relativistic effects, which are important
for heavier systems (such as Ge XXIX), but not for a compara-
tively light ion, such as N IV. Therefore, their calculations should
represent a significant extension and improvement over the earlier
results of Ramsbottom et al. (1994). However, our work on a num-
ber of Be-like ions (Al X, Cl XIV, K XVI, Ti XIX and Ge XXIX)
indicated that the data of Fernández-Menchero et al. (2014) were
highly overestimated for a significant number of transitions, and
over a wide range of electron temperatures (Aggarwal & Keenan
2015a). These Be-like ions are comparatively highly ionised, but
similar discrepancies have also been noted for transitions in C III
(Aggarwal & Keenan 2015b) as well as for Al-like Fe XIV (Aggar-
wal & Keenan 2014), and most recently for Ar-like Fe IX (Tayal &
Zatsarinny 2015).

No two independent atomic data calculations are ever exactly
the same, but there are two major differences between our work and
that of Fernández-Menchero et al. (2014), namely the methodology
and the size. For the scattering calculations we have adopted the
fully relativistic Dirac atomic R-matrix code (DARC), in compar-
ison to their semi-relativistic R-matrix method through the ICFT
approach. However, in principle both approaches should provide
comparable results for a majority of transitions and over a wide
range of temperature, as has already been observed in several cases
– see for example the work of Badnell & Ballance (2014) on Fe III
and references therein. Therefore, the discrepancies noted in the
values of ϒ for a range of Be-like ions are perhaps not due to the
methodologies but their implementation, as already discussed in
detail by us (Aggarwal & Keenan 2015a). Since such large discrep-
ancies are worrying and need to be addressed so that data can be
confidently applied to plasma modelling, Fernández-Menchero et
al. (2015) made an extensive analysis of these discrepancies taking
Al X as an example. They rather concluded that the differences in
the calculations of ϒ lie in the corresponding differences in the de-
termination of atomic structure, and not in the implementation of
the scattering methods as we suggested. Since they could perform
much larger calculations than us (and indeed others such as Tayal &
Zatsarinny (2015)), they not only defended their work but also con-
cluded their results to be more accurate. In general, it is undoubt-
edly true that a larger calculation should be superior (i.e. compara-
tively more accurate), because of the inclusion of resonances aris-
ing from the higher-lying levels of the additional configurations.
However, these should not increase values of ϒ by orders of mag-
nitude, and not for a significant number of transitions and over an
entire range of temperatures. Unfortunately, until now it was not
possible for us to match the size of the Fernández-Menchero et al.
(2014) calculations, because of the limitations of the computational
resources available to us. However, one of our colleagues (Dr. Con-
nor Ballance) has now implemented the parallelised version of the
DARC code and therefore we are able to perform as large a calcula-
tion as Fernández-Menchero et al. (2014, 2015). We do this for an
important Be-like ion, i.e. N IV, to make direct comparisons with
their work.

2 ENERGY LEVELS

As in our earlier work on other Be-like ions, we have em-
ployed the fully relativistic GRASP (General-purpose Relativis-
tic Atomic Structure Package) to determine the atomic structure,
i.e. to calculate energy levels and A-values. Measurements of
energy levels for N IV have been compiled and critically eval-
uated by the NIST (National Institute of Standards and Tech-

nology) team (Kramida et al. 2015) and are available at their
website http://www.nist.gov/pml/data/asd.cfm. However,
these energies are restricted to mostly low-lying levels and are
missing for many of the n > 4 configurations – see Table 1. Theo-
retical energies have been determined by several workers – see for
example, Gu (2005) and references therein – but these are also re-
stricted to a few lower levels, mostly up to n = 3. However, as stated
earlier, Fernández-Menchero et al. (2014) have determined ener-
gies for 238 levels belonging to the n 6 7 configurations. In our
work, we have performed two sets of calculations, i.e. GRASP1:
which includes 166 levels of 27 configurations, namely (1s2) 2`2`′,
2`3`′, 2`4`′ and 2`5`′. These calculations are similar to those for
C III (Aggarwal & Keenan 2015b), but larger than for other Be-
like ions we have investigated (Aggarwal & Keenan 2015a), which
were confined to the lowest 98 levels. For the other (GRASP2) cal-
culation we include the same 238 levels as by Fernández-Menchero
et al. (2014), the additional 72 levels belonging to (1s2) 2s6s/p/d,
2p6s/p/d, 2s7s/p/d, and 2p7s/p/d, i.e. 39 configurations in total.
Both calculations have been performed in an ‘extended average
level’ approximation and include contributions from the Breit and
QED (quantum electrodynamic) effects. These energies are listed
in Table 1 along with those of NIST and Fernández-Menchero et
al. (2014).

The GRASP1 and GRASP2 energies are nearly the same, in
both magnitude and ordering. Similarly, there is a general agree-
ment (within 0.02 Ryd or 1% for all levels) between our GRASP
and the earlier AS energies of Fernández-Menchero et al. (2014),
and the orderings are also nearly the same for most levels with only
a few exceptions – see for example, levels 94–95, 98–101 and 149–
151. However, differences with the NIST energies are significant
(up to 6%), particularly for the lowest 10 levels of the 2s2p and
2p2 configurations – see Fig. 1. Fortunately, discrepancies for the
remaining levels are smaller than 1%. We also note that level 107
(2p4p 3S1) is an exception, because its placing in the NIST listings
is anomalous with results to that from GRASP and AS, and theoret-
ical energies for this level are lower by∼0.1 Ryd. In the absence of
any other calculation it is difficult to resolve its position, and results
for C III do not help because the level orderings of the two ions are
very different – see table 1 of Aggarwal & Keenan (2015b). How-
ever, all four J=1 levels of the 2p4p configuration, i.e. 94 (1P1), 96
(3D1), 107 (3S1) and 109 (3P1), are highly mixed, and interchang-
ing their positions will not resolve the discrepancy in the energies,
as none has a value closer to that of NIST. Additionally, the level
mixing is strong only in j j coupling and there is no ambiguity in
LSJ coupling. Finally, we observe better agreement between the-
oretical and experimental energies for the levels of N IV than for
C III (Aggarwal & Keenan 2015b), but scope remains for improve-
ment. An inclusion of pseudo orbitals in the generation of wave
functions may improve the accuracy of energy levels, but it will
give rise to pseudo resonances in the subsequent scattering calcu-
lations for Ω. Therefore, both ourselves and Fernández-Menchero
et al. (2014) have avoided this approach because the focus is on
electron impact excitation.

3 RADIATIVE RATES

Generally, A-values for electric dipole (E1) transitions alone are not
sufficient for plasma modelling applications, even though they have
larger magnitudes in comparison to other types, namely electric
quadrupole (E2), magnetic dipole (M1) and magnetic quadrupole
(M2). Hence for completeness and also for the accurate determina-
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Table 1. Energy levels (in Ryd) of N IV and their lifetimes (s). a±b≡ a×10±b.

Index Configuration Level NIST GRASP1 GRASP2 AS GRASP1(τ , s) GRASP2(τ , s)

1 2s2 1S0 0.00000 0.00000 0.00000 0.00000 .......... .........
2 2s2p 3Po

0 0.61246 0.61845 0.61794 0.62331 .......... ..........
3 2s2p 3Po

1 0.61303 0.61898 0.61848 0.62408 2.471−03 2.423−03
4 2s2p 3Po

2 0.61434 0.62024 0.61974 0.62563 8.439+01 8.447+01
5 2s2p 1Po

1 1.19097 1.26289 1.25872 1.26008 3.670−10 3.689−10
6 2p2 3P0 1.59960 1.62677 1.62620 1.63781 5.290−10 5.290−10
7 2p2 3P1 1.60026 1.62740 1.62683 1.63857 5.285−10 5.285−10
8 2p2 3P2 1.60140 1.62845 1.62788 1.64009 5.277−10 5.277−10
9 2p2 1D2 1.72122 1.78923 1.78560 1.79966 4.304−09 4.315−09

10 2p2 1S0 2.14484 2.26067 2.25835 2.26451 2.796−10 2.797−10
11 2s3s 3S1 3.43807 3.42594 3.42579 3.40830 1.085−10 1.090−10
12 2s3s 1S0 3.54350 3.53384 3.53353 3.51944 3.158−10 3.261−10
13 2s3p 1Po

1 3.68628 3.68249 3.68204 3.66619 7.606−11 7.690−11
14 2s3p 3Po

0 3.69949 3.68915 3.68950 3.67341 8.132−09 8.135−09
15 2s3p 3Po

1 3.69963 3.68930 3.68964 3.67357 7.352−09 7.503−09
16 2s3p 3Po

2 3.69995 3.68961 3.68995 3.67387 8.084−09 8.087−09
17 2s3d 3D1 3.82774 3.81916 3.81940 3.80301 3.338−11 3.329−11
18 2s3d 3D2 3.82777 3.81919 3.81943 3.80308 3.339−11 3.330−11
19 2s3d 3D3 3.82785 3.81927 3.81951 3.80318 3.341−11 3.332−11
20 2s3d 1D2 3.91079 3.92287 3.92253 3.90310 5.270−11 5.322−11
21 2p3s 3Po

0 4.24005 4.23725 4.23761 4.22342 1.350−10 1.361−10
22 2p3s 3Po

1 4.24077 4.23796 4.23832 4.22420 1.349−10 1.360−10
23 2p3s 3Po

2 4.24228 4.23944 4.23979 4.22577 1.346−10 1.357−10
24 2p3s 1Po

1 4.31056 4.32843 4.32602 4.31304 1.116−10 1.129−10
25 2p3p 1P1 4.38214 4.37905 4.37908 4.36359 1.111−10 1.149−10
26 2p3p 3D1 4.41507 4.41729 4.41750 4.40041 2.567−10 2.605−10
27 2p3p 3D2 4.41595 4.41817 4.41838 4.40131 2.567−10 2.605−10
28 2p3p 3D3 4.41733 4.41953 4.41974 4.40271 2.564−10 2.602−10
29 2p3p 3S1 4.44341 4.44196 4.44137 4.42531 8.947−11 9.104−11
30 2s4s 1S0 4.49825 4.49850 4.48386 4.572−10 4.845−10
31 2p3p 3P0 4.50397 4.50420 4.50430 4.49309 1.836−10 1.834−10
32 2p3p 3P1 4.50448 4.50461 4.50471 4.49355 1.831−10 1.828−10
33 2p3p 3P2 4.50532 4.50542 4.50551 4.49453 1.830−10 1.827−10
34 2p3d 3Fo

2 4.51447 4.51618 4.51630 4.50169 1.216−08 1.229−08
35 2p3d 3Fo

3 4.51517 4.51685 4.51697 4.50245 1.504−08 1.525−08
36 2p3d 3Fo

4 4.51611 4.51774 4.51786 4.50345 1.539−08 1.561−08
37 2s4s 3S1 4.53852 4.52978 4.52999 4.51101 2.991−09 2.960−09
38 2p3d 1Do

2 4.54094 4.53521 4.53537 4.52138 7.043−11 7.017−11
39 2p3p 1D2 4.55366 4.57431 4.57300 4.56244 1.026−10 1.026−10
40 2s4p 3Po

2 4.58987 4.57888 4.57908 4.56336 2.007−10 1.979−10
41 2s4p 3Po

1 4.58998 4.57892 4.57912 4.56341 2.032−10 2.004−10
42 2s4p 3Po

0 4.59005 4.57895 4.57916 4.56344 2.048−10 2.019−10
43 2p3d 3Do

1 4.60695 4.60249 4.60286 4.58818 2.771−11 2.784−11
44 2p3d 3Do

2 4.60726 4.60278 4.60315 4.58850 2.771−11 2.784−11
45 2p3d 3Do

3 4.60765 4.60318 4.60355 4.58894 2.773−11 2.786−11
46 2s4f 1Fo

3 4.61361 4.61281 4.61277 4.59652 5.846−11 5.789−11
47 2s4p 1Po

1 4.62038 4.62123 4.62026 4.60317 1.402−10 1.497−10
48 2s4d 3D1 4.66058 4.64806 4.64829 4.63206 8.657−11 8.679−11
49 2s4d 3D2 4.66064 4.64807 4.64830 4.63208 8.660−11 8.683−11
50 2s4d 3D3 4.66066 4.64809 4.64833 4.63212 8.666−11 8.688−11

tion of lifetimes (see section 4) we have calculated A-values for all
four types of transitions. Furthermore, although A-values are often
directly employed in plasma modelling calculations, it is the ab-
sorption oscillator strength (fi j) which gives a general idea about
the strength of a transition. However, the two parameters, for all
types of transition i→ j, are related by the following expression:

fi j =
mc

8π2e2 λ
2
ji

ω j

ωi
A ji = 1.49×10−16

λ
2
ji

ω j

ωi
A ji (1)

where m and e are the electron mass and charge, respectively, c the
velocity of light, λ ji the transition energy/wavelength in Å, and ωi

and ω j the statistical weights of the lower (i) and upper ( j) levels,
respectively. Similarly, these two parameters are related to the line
strength S (in atomic unit, 1 a.u. = 6.460×10−36 cm2 esu2) by the
following expression for E1 transitions:

A ji =
2.0261×1018

ω jλ
3
ji

SE1 and fi j =
303.75
λ jiωi

SE1. (2)

Similar equations for other types of transition may be found in Ag-
garwal & Keenan (2012).

As for energy levels, we have also calculated A-values from
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Table 1. ... continued

Index Configuration Level NIST GRASP1 GRASP2 AS GRASP1(τ , s) GRASP2(τ , s)

51 2p3d 3Po
2 4.66122 4.66027 4.66030 4.64262 6.417−11 6.455−11

52 2p3d 3Po
1 4.66168 4.66080 4.66082 4.64312 6.382−11 6.420−11

53 2p3d 3Po
0 4.66196 4.66110 4.66112 4.64337 6.365−11 6.403−11

54 2s4d 1D2 4.68981 4.68787 4.68751 4.66890 1.214−10 1.275−10
55 2s4f 3Fo

2 4.70717 4.69681 4.69712 4.67998 2.384−10 2.381−10
56 2s4f 3Fo

3 4.70725 4.69691 4.69722 4.68010 2.384−10 2.381−10
57 2s4f 3Fo

4 4.70735 4.69705 4.69735 4.68025 2.385−10 2.382−10
58 2p3p 1S0 4.74051 4.73262 4.72030 3.556−10 3.648−10
59 2p3d 1Po

1 4.72593 4.74766 4.74600 4.72902 4.721−11 4.801−11
60 2p3d 1Fo

3 4.75556 4.76996 4.76941 4.75316 4.403−11 4.490−11
61 2s5s 3S1 4.96471 4.95000 4.94963 4.93329 3.255−10 3.589−10
62 2s5s 1S0 4.98218 4.97288 4.97094 4.95449 2.913−10 3.935−10
63 2s5p 3Po

0 4.99752 4.99776 4.98138 2.076−09 1.739−09
64 2s5p 3Po

1 4.99755 4.99778 4.98141 2.076−09 1.739−09
65 2s5p 3Po

2 4.99761 4.99785 4.98147 2.086−09 1.745−09
66 2s5p 1Po

1 5.01409 5.00177 5.00143 4.98519 1.319−10 2.037−10
67 2s5d 3D1 5.03739 5.02251 5.02271 5.00641 1.445−10 1.553−10
68 2s5d 3D2 5.03739 5.02251 5.02271 5.00642 1.445−10 1.554−10
69 2s5d 3D3 5.03740 5.02253 5.02273 5.00643 1.447−10 1.555−10
70 2s5g 3G3 5.05152 5.03480 5.03521 5.01851 9.184−10 9.184−10
71 2s5g 3G4 5.05152 5.03480 5.03521 5.01852 9.184−10 9.184−10
72 2s5g 3G5 5.05152 5.03481 5.03522 5.01853 9.185−10 9.184−10
73 2s5g 1G4 5.05151 5.03481 5.03522 5.01853 9.217−10 9.218−10
74 2s5f 3Fo

2 5.05363 5.03849 5.03888 5.02198 4.438−10 4.382−10
75 2s5f 3Fo

3 5.05363 5.03850 5.03889 5.02200 4.437−10 4.381−10
76 2s5f 3Fo

4 5.05363 5.03851 5.03890 5.02201 4.436−10 4.380−10
77 2s5d 1D2 5.05116 5.04257 5.04199 5.02409 1.432−10 1.860−10
78 2s5f 1Fo

3 5.05749 5.04465 5.04500 5.02831 3.371−10 3.840−10
79 2s6s 3S1 5.18233 5.16604 4.316−10
80 2s6s 1S1 5.18964 5.17327 6.102−10
81 2s6p 1Po

1 5.20465 5.18889 2.043−10
82 2s6p 3Po

0 5.20951 5.19317 2.577−09
83 2s6p 3Po

1 5.20952 5.19319 2.584−09
84 2s6p 3Po

2 5.20957 5.19323 2.597−09
85 2s6d 3D1 5.22449 5.20811 2.465−10
86 2s6d 3D2 5.22449 5.20811 2.467−10
87 2s6d 3D3 5.22450 5.20812 2.470−10
88 2s6d 1D2 5.23548 5.21792 2.622−10
89 2p4s 3Po

0 5.26674 5.25918 5.25973 5.24551 2.369−10 2.464−10
90 2p4s 3Po

1 5.26754 5.25990 5.26045 5.24627 2.364−10 2.458−10
91 2p4s 3Po

2 5.26904 5.26143 5.26197 5.24786 2.354−10 2.446−10
92 2p4s 1Po

1 5.29280 5.30070 5.29794 5.28286 1.785−10 2.141−10
93 2s7s 3S1 5.31689 5.30091 3.439−10
94 2p4p 1P1 5.32059 5.30740 1.667−10
95 2s7s 1S1 5.32783 5.32051 5.32093 5.30466 1.449−10 8.087−10
96 2p4p 3D1 5.33738 5.33158 5.33166 5.31789 3.046−10 2.702−10
97 2p4p 3D2 5.33819 5.33234 5.33239 5.31863 3.061−10 2.680−10
98 2p4p 3D3 5.33362 5.31945 2.625−10
99 2s7p 3Po

0 5.33577 5.31946 3.607−09
100 2s7p 3Po

1 5.33578 5.31987 3.594−09

both the GRASP1 and GRASP2 models. In Table 2 we list our
calculated energies/wavelengths (λ , in Å), radiative rates (A ji, in
s−1), oscillator strengths (fi j , dimensionless), and line strengths (S,
in a.u.) for all 8212 E1 transitions among the 238 levels of N IV.
These results are in the length form because of their comparatively
higher accuracy. The indices used to represent the lower and upper
levels of a transition are defined in Table 1. Similarly, there are
10 301 E2, 8136 M1 and 10 353 M2 transitions among the same
238 levels, i.e. the GRASP2 model. Corresponding results from the
GRASP1 model among 166 levels can be obtained from the first

author (KMA) on request. Additionally, only the A-values are listed
in Table 2 for the E2, M1 and M2 transitions, and the corresponding
results for f- values can be easily obtained through Eq. (1).

A general criterion to assess the accuracy of A-values is to
look at the ratio (R) of their velocity and length forms. If R is close
to unity then the A- (or f-) value is considered to be accurate, al-
though it is only a desirable criterion, not a necessary nor indeed
sufficient one. For most (strong) E1 transitions with f > 0.01, the
two forms normally give R∼1 and their magnitudes do not sig-
nificantly vary with differing amount of CI (configuration interac-
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Table 1. ... continued

Index Configuration Level NIST GRASP1 GRASP2 AS GRASP1(τ , s) GRASP2(τ , s)

101 2s7p 3Po
2 5.33939 5.33361 5.33579 5.31944 3.061−10 3.566−09

102 2s7d 3D1 5.34604 5.32962 4.400−10
103 2s7d 3D2 5.34606 5.32965 4.484−10
104 2s7d 3D3 5.34611 5.32972 4.649−10
105 2s7p 1Po

1 5.34950 5.33202 1.899−10
106 2s7d 1D2 5.35246 5.33504 2.410−10
107 2p4p 3S1 5.42474 5.35421 5.35986 5.34432 1.912−10 3.599−10
108 2p4p 3P0 5.36545 5.36161 5.36182 5.34768 2.830−10 2.819−10
109 2p4p 3P1 5.36728 5.36213 5.36250 5.34832 2.815−10 2.873−10
110 2p4p 3P2 3.36790 5.36282 5.36303 5.34901 2.830−10 2.820−10
111 2p4d 1Do

2 5.36453 5.37815 5.37829 5.36513 1.587−10 1.587−10
112 2p4d 3Fo

2 5.38059 5.38072 5.36780 3.877−10 3.808−10
113 2p4d 3Fo

3 5.38110 5.38122 5.36836 4.745−10 4.649−10
114 2p4d 3Fo

4 5.38217 5.38229 5.36949 4.783−10 4.683−10
115 2p4p 1D2 5.38614 5.39146 5.39079 5.37624 2.011−10 2.419−10
116 2p4d 3Do

1 5.41010 5.40223 5.40263 5.38780 6.071−11 6.232−11
117 2p4d 3Do

2 5.41032 5.40250 5.40291 5.38810 6.083−11 6.242−11
118 2p4d 3Do

3 5.41085 5.40296 5.40336 5.38858 6.072−11 6.234−11
119 2p4f 1F3 5.40697 5.40738 5.39287 2.230−10 2.227−10
120 2p4f 3F2 5.40784 5.40825 5.39385 2.338−10 2.338−10
121 2p4f 3F3 5.40806 5.40847 5.39407 2.334−10 2.334−10
122 2p4f 3F4 5.40828 5.40869 5.39431 2.339−10 2.339−10
123 2p4d 3Po

2 5.41434 5.41649 5.40140 9.892−11 1.028−10
124 2p4d 3Po

1 5.41502 5.41716 5.40208 9.885−11 1.027−10
125 2p4d 3Po

0 5.41537 5.41751 5.40242 9.891−11 1.027−10
126 2p4f 3G3 5.42033 5.42074 5.40607 2.462−10 2.455−10
127 2p4f 3G4 5.42095 5.42136 5.40672 2.474−10 2.467−10
128 2p4f 3G5 5.42199 5.42241 5.40780 2.462−10 2.455−10
129 2p4f 1G4 5.42637 5.42678 5.41272 3.091−10 3.099−10
130 2p4f 3D3 5.42917 5.42961 5.41505 2.434−10 2.442−10
131 2p4f 3D2 5.42983 5.43027 5.41573 2.434−10 2.442−10
132 2p4f 3D1 5.43039 5.43083 5.41630 2.433−10 2.441−10
133 2p4f 1D2 5.43517 5.43556 5.42133 2.516−10 2.513−10
134 2p4d 1Fo

3 5.45335 5.45189 5.43479 4.783−11 5.240−11
135 2p4d 1Po

1 5.46139 5.46063 5.44310 7.699−11 8.395−11
136 2p4p 1S0 5.46530 5.46681 5.45106 4.884−10 3.385−10
137 2p5s 3Po

0 5.69897 5.69939 5.68515 3.312−10 3.770−10
138 2p5s 3Po

1 5.69965 5.70008 5.68587 3.289−10 3.751−10
139 2p5s 3Po

2 5.70124 5.70166 5.68752 3.278−10 3.730−10
140 2p5s 1Po

1 5.71578 5.71750 5.70264 1.773−10 2.597−10
141 2p5p 1P1 5.73127 5.73127 5.71773 1.250−10 2.131−10
142 2p5p 3D1 5.73533 5.73573 5.72188 3.233−10 4.209−10
143 2p5p 3D2 5.73596 5.73637 5.72253 3.416−10 4.324−10
144 2p5p 3D3 5.73722 5.73763 5.72383 3.415−10 4.323−10
145 2p5p 3S1 5.74531 5.74652 5.73200 1.563−10 2.709−10
146 2p5p 3P0 5.74949 5.74967 5.73535 4.219−10 4.432−10
147 2p5p 3P1 5.75009 5.75031 5.73603 3.995−10 4.283−10
148 2p5p 3P2 5.75070 5.75088 5.73665 4.213−10 4.428−10
149 2p5d 3Fo

2 5.75860 5.75868 5.74682 3.674−10 3.707−10
150 2p5d 3Fo

3 5.76008 5.76018 5.74520 6.898−10 6.287−10

tion) and/or methods. Among comparatively strong E1 transitions
in N IV, for about a third R differs from unity by more than ±20%.
For most such transitions R is within a factor of two, but for a few
it has values up to an order of magnitude. Examples of transitions
for which R is large are: 5–217 (f = 0.021), 9–81 (f = 0.012) and
20–185 (f = 0.014), i.e. all such transitions are invariably weak. For
a few very weak transitions (f ∼ 10−5 or less) the two forms of f-
values differ by up to several orders of magnitude, as also noted
for transitions of C III (Aggarwal & Keenan 2015b) and other Be-

like ions. Nevertheless, such transitions with very small f-values
are unlikely to significantly affect the modelling of plasmas.

Most of the A-values available in the literature for N IV
involve levels of the n 6 3 configurations – see for exam-
ple, Safronova et al. (1999a) and Safronova, Johnson & Dere-
vianko (1999b). However, as for energy levels and collisional data,
Fernández-Menchero et al. (2014) have reported results for a larger
number of E1 transitions. For most transitions there is satisfactory
agreement between the two calculations, but for a few weak(er)
ones there are discrepancies of over 50%. Some examples are
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Table 1. ... continued

Index Configuration Level NIST GRASP1 GRASP2 AS GRASP1(τ , s) GRASP2(τ , s)

151 2p5d 1Do
2 5.76006 5.76014 5.74672 3.714−10 3.817−10

152 2p5d 3Fo
4 5.76119 5.76129 5.74798 7.149−10 6.444−10

153 2p5p 1D2 5.76609 5.76471 5.74994 2.156−10 3.144−10
154 2p5d 3Do

1 5.76998 5.77038 5.75582 9.547−11 1.118−10
155 2p5d 3Do

2 5.77024 5.77065 5.75610 9.649−11 1.128−10
156 2p5d 3Do

3 5.77079 5.77118 5.75667 9.546−11 1.117−10
157 2p5f 1F3 5.77264 5.77305 5.75869 4.103−10 4.040−10
158 2p5f 3F2 5.77321 5.77361 5.75930 4.195−10 4.228−10
159 2p5f 3F3 5.77335 5.77376 5.75945 4.225−10 4.232−10
160 2p5f 3F4 5.77356 5.77397 5.75967 4.240−10 4.255−10
161 2p5d 3Po

2 5.77514 5.77569 5.76114 1.417−10 1.604−10
162 2p5g 3Go

4 5.77573 5.77614 5.76203 6.497−10 6.498−10
163 2p5g 3Go

3 5.77573 5.77614 5.76177 6.502−10 6.502−10
164 2p5g 1Go

4 5.77594 5.77635 5.76179 6.648−10 6.648−10
165 2p5g 3Go

5 5.77596 5.77637 5.76179 6.652−10 6.652−10
166 2p5d 3Po

1 5.77576 5.77631 5.76201 1.423−10 1.609−10
167 2p5d 3Po

0 5.77608 5.77662 5.76208 1.431−10 1.617−10
168 2p5f 3G3 5.77765 5.77806 5.76358 4.622−10 4.474−10
169 2p5f 3G4 5.77817 5.77858 5.76412 4.660−10 4.522−10
170 2p5g 3Ho

4 5.77915 5.77956 5.76533 7.815−10 7.815−10
171 2p5g 3Ho

5 5.77919 5.77960 5.76513 7.851−10 7.851−10
172 2p5f 3G5 5.77916 5.77957 5.76528 4.648−10 4.493−10
173 2p5g 3Ho

6 5.78048 5.78089 5.76666 8.023−10 8.024−10
174 2p5g 1Ho

5 5.78053 5.78094 5.76672 8.072−10 8.072−10
175 2p5g 3Fo

4 5.78129 5.78170 5.76746 6.353−10 6.354−10
176 2p5g 1Fo

3 5.78132 5.78173 5.76749 6.373−10 6.375−10
177 2p5f 1G4 5.78218 5.78259 5.76837 5.576−10 5.887−10
178 2p5g 3Fo

2 5.78240 5.78281 5.76859 6.339−10 6.339−10
179 2p5g 3Fo

3 5.78243 5.78284 5.76863 6.351−10 6.354−10
180 2p5f 3D3 5.78342 5.78383 5.76932 3.716−10 3.787−10
181 2p5f 3D2 5.78405 5.78445 5.76995 3.689−10 3.780−10
182 2p5f 3D1 5.78458 5.78499 5.77050 3.704−10 3.778−10
183 2p5f 1D2 5.78856 5.78860 5.77419 2.868−10 3.720−10
184 2p5d 1Fo

3 5.79846 5.79564 5.77926 5.611−11 8.571−11
185 2p5d 1Po

1 5.80416 5.80033 5.78361 7.734−11 1.145−10
186 2p5p 1S0 5.81706 5.80260 5.78674 5.982−10 6.616−10
187 2p6s 3Po

0 5.92882 5.91456 5.114−10
188 2p6s 3Po

1 5.92946 5.91521 5.041−10
189 2p6s 3Po

2 5.93111 5.91693 5.034−10
190 2p6s 1Po

1 5.93873 5.92412 2.994−10
191 2p6p 1P1 5.94767 5.93391 2.298−10
192 2p6p 3D1 5.94982 5.93590 4.643−10
193 2p6p 3D2 5.95030 5.93635 5.443−10
194 2p6p 3D3 5.95159 5.93769 5.443−10
195 2p6p 3S1 5.95559 5.94123 2.881−10
196 2p6p 3P0 5.95746 5.94309 6.464−10
197 2p6p 3P1 5.95824 5.94392 5.600−10
198 2p6p 3P2 5.95869 5.94439 6.434−10
199 2p6d 3Fo

2 5.96263 5.94891 6.150−10
200 2p6d 3Fo

3 5.96385 5.95019 8.778−10

shown in Table 3, in which results from both the GRASP1 and
GRASP2 models are listed. Such discrepancies for weak(er) tran-
sitions between any two calculations are quite common (see for
example Aggarwal & Keenan (2015b) for transitions of C III) and
often arise due to the different levels of CI as well as the method
adopted – see particularly the weak transitions 2–37, 3–37 and 4–
37. The A-values for a few M1 transitions are also available in the
literature, by Glass (1983) and Safronova et al. (1999b), and in Ta-
ble 4 we compare our A-values (from GRASP1 and GRASP2) for
the transitions in common. As for the weak E1 transitions, for the

M1 ones there are also large discrepancies for a few, although the
GRASP1 and GRASP2 A-values are very similar. In general, there
is a closer agreement between our calculations and those of Glass
(1983), and the corresponding results of Safronova et al. (1999b)
differ by up to an order of magnitude (see for example the 7–9
transition).

c© 2016 RAS, MNRAS 000, 1–??



Electron impact excitation of N IV 7

Table 1. ... continued

Index Configuration Level NIST GRASP1 GRASP2 AS GRASP1(τ , s) GRASP2(τ , s)

201 2p6d 1D2 5.96411 5.95041 4.560−10
202 2p6d 3Fo

4 5.96501 5.95141 9.462−10
203 2p6p 1D2 5.96754 5.95265 3.536−10
204 2p6d 3Do

1 5.96936 5.95491 1.706−10
205 2p6d 3Do

2 5.96961 5.95520 1.764−10
206 2p6d 3Do

3 5.97026 5.95588 1.704−10
207 2p6d 3Po

2 5.97244 5.95801 2.400−10
208 2p6d 3Po

1 5.97296 5.95853 2.453−10
209 2p6d 3Po

0 5.97322 5.95879 2.494−10
210 2p6d 1Fo

3 5.98513 5.96914 1.134−10
211 2p6d 1Po

1 5.98805 5.97174 1.709−10
212 2p6p 1S0 5.99155 5.97539 9.635−10
213 2p7s 3Po

0 6.06357 6.04929 5.621−10
214 2p7s 3Po

1 6.06413 6.04986 5.370−10
215 2p7s 3Po

2 6.06586 6.05167 5.487−10
216 2p7s 1Po

1 6.07022 6.05569 2.567−10
217 2p7p 1P1 6.07564 6.06174 1.776−10
218 2p7p 3D1 6.07701 6.06306 2.770−10
219 2p7p 3D2 6.07725 6.06325 5.207−10
220 2p7p 3D3 6.07859 6.06465 5.219−10
221 2p7p 3S1 6.08045 6.06615 2.140−10
222 2p7p 3P0 6.08159 6.06718 7.881−10
223 2p7p 3P1 6.08250 6.06816 4.998−10
224 2p7p 3P2 6.08284 6.06850 7.726−10
225 2p7d 3Fo

2 6.08468 6.07084 8.750−10
226 2p7d 3Fo

3 6.08578 6.07194 1.109−09
227 2p7d 1D2 6.08616 6.07229 4.966−10
228 2p7d 3Fo

4 6.08700 6.07325 1.430−09
229 2p7d 3Do

1 6.08899 6.07459 1.894−10
230 2p7p 1D2 6.08898 6.07391 2.467−10
231 2p7d 3Do

2 6.08928 6.07496 2.082−10
232 2p7d 3Do

3 6.09001 6.07570 1.906−10
233 2p7d 3Po

2 6.09131 6.07693 2.605−10
234 2p7d 3Po

1 6.09172 6.07733 2.739−10
235 2p7d 3Po

0 6.09193 6.07753 2.837−10
236 2p7d 1Fo

3 6.10065 6.08457 8.995−11
237 2p7d 1Po

1 6.10313 6.08657 1.317−10
238 2p7d 1S0 6.11256 6.09424 4.948−10

NIST: http://www.nist.gov/pml/data/asd.cfm
GRASP1: Energies from the GRASP code for 166 level calculations
GRASP2: Energies from the GRASP code for 238 level calculations
AS: Energies from the AS calculations (Fernández-Menchero et al. 2014) for 238 levels

Table 2. Transition wavelengths (λi j in Å), radiative rates (A ji in s−1), oscillator strengths (fi j , dimensionless), and line strengths (S, in atomic units) for
electric dipole (E1), and A ji for E2, M1 and M2 transitions in N IV. a±b≡ a×10±b. See Table 1 for level indices.

i j λi j AE1
ji fE1

i j SE1 AE2
ji AM1

ji AM2
ji

1 3 1.473+03 4.128+02 4.030−07 1.955−06 0.000+00 0.000+00 0.000+00
1 4 1.470+03 0.000+00 0.000+00 0.000+00 0.000+00 0.000+00 1.180−02
1 5 7.240+02 2.711+09 6.391−01 1.523+00 0.000+00 0.000+00 0.000+00
1 7 5.602+02 0.000+00 0.000+00 0.000+00 0.000+00 6.996−03 0.000+00
1 8 5.598+02 0.000+00 0.000+00 0.000+00 7.809−02 0.000+00 0.000+00
1 9 5.103+02 0.000+00 0.000+00 0.000+00 3.787+03 0.000+00 0.000+00

...

...

...
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Figure 1. Percentage differences between experimental and theoretical energy levels of N IV. Triangles: present GRASP2 calculations and circles: calculations
of Fernández-Menchero et al. (2014) with AS.

Table 3. Comparison of A-values for a few E1 transitions of N IV. a±b≡ a×10±b. See Table 1 for level indices.

I J f (GRASP1) A (GRASP1) f (GRASP2) A (GRASP2) A (AS) R1 R2

1 43 1.699−05 9.638+05 1.8916−05 1.0730+06 1.930+06 2.0 1.8
2 37 1.753−06 7.183+04 2.3612−08 9.6752+02 2.720+06 37.9 2811.3
3 12 1.401−08 2.868+03 1.2904−08 2.6423+03 1.680+03 1.7 1.6
3 20 2.740−07 1.441+04 2.7037−07 1.4225+04 2.480+04 1.7 1.7
3 30 7.638−05 2.770+07 8.0979−05 2.9377+07 1.430+07 1.9 2.1
3 37 1.425−07 1.750+04 2.3799−06 2.9248+05 4.000+06 228.6 13.7
3 62 3.799−09 1.735+03 4.3647−10 1.9925+02 7.850+02 2.2 3.9
3 77 1.012−07 9.545+03 5.2196−08 4.9224+03 4.370+03 2.2 1.1
4 37 1.489−05 3.048+06 2.5151−05 5.1482+06 1.110+05 27.5 46.4
4 70 1.151−12 1.287−01 9.8121−13 1.0976−01 3.960−01 3.1 3.6
5 6 1.836−07 5.859+02 1.8553−07 6.0372+02 1.010+03 1.7 1.7
5 7 3.061−08 3.267+01 3.1353−08 3.4126+01 5.560+01 1.7 1.6
5 8 2.819−06 1.816+03 2.9598−06 1.9440+03 2.820+03 1.6 1.5
5 11 1.590−07 5.976+03 1.6108−07 6.0762+03 9.430+03 1.6 1.6
5 18 3.059−07 9.634+03 3.1387−07 9.9192+03 2.030+04 2.1 2.0
5 31 1.932−05 4.890+06 1.6592−05 4.2118+06 2.860+06 1.7 1.5
5 48 4.877−08 4.489+03 4.9811−08 4.5969+03 6.980+03 1.6 1.5
5 49 4.652−09 2.569+02 5.2655−09 2.9157+02 1.180+03 4.6 4.0
5 61 3.258−09 3.558+02 3.7610−09 4.1155+02 2.760+03 7.8 6.7
5 67 1.938−08 2.200+03 1.9257−08 2.1914+03 4.250+03 1.9 1.9
5 68 6.116−09 4.166+02 8.6323−09 5.8942+02 2.890+03 6.9 4.9

GRASP1: Present 166 level calculations with the GRASP code
GRASP2: Present 238 level calculations with the GRASP code
AS: Calculations of ICFT (Fernández-Menchero et al. 2014) with the AS code
R1: ratio of GRASP1 and AS A-values, the larger of the two is always in the numerator
R2: ratio of GRASP2 and AS A-values, the larger of the two is always in the numerator
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Table 4. Comparison of A-values for a few M1 transitions of N IV. a±b≡ a×10±b. See Table 1 for level indices.

I J GRASP1 GRASP2 Glass (1983) Safronova et al. (1999b)

1 7 6.967−3 6.996−3 4.627−3 5.82−3
2 3 3.713−6 3.734−6 4.283−6 4.74−6
2 5 1.255−2 1.249−2 1.315−2 6.36−3
3 4 3.535−5 3.545−5 3.762−5 4.11−5
3 5 1.052−2 1.046−2 3.720−2 5.42−3
4 5 1.637−2 1.630−2 1.629−2 8.42−3
6 7 6.143−6 6.169−6 6.855−6 7.29−6
7 8 2.041−5 2.057−5 2.440−5 2.81−5
7 9 2.325−3 2.286−3 2.055−3 3.33−4
7 10 1.318−1 1.319−1 1.572−1 5.51−2
8 9 7.064−3 6.939−3 6.586−3 1.01−3

GRASP1: Present 166 level calculations with the GRASP code
GRASP2: Present 238 level calculations with the GRASP code

Table 5. Comparison of lifetimes (τ , ns) for a few levels of N IV.

Configuration/Level GRASP1 GRASP2 Allard et al. (1990)

2s2p 1Po 0.367 0.369 0.44–0.53
2p2 3P 0.529 0.529 0.60–0.70
2p2 1D 4.304 4.315 3.10–4.73
2p2 1S 0.280 0.280 0.34
2s3s 3S 0.109 0.109 0.13
2s3s 1S 0.316 0.326 0.38–0.40
2s3p 3Po 7.845 7.898 7.3–11.5
2s3d 3D 0.033 0.033 0.033–0.043
2s3d 1D 0.053 0.053 0.050–0.14
2p3s 3Po 0.135 0.136 0.15–0.30
2p3s 1Po 0.112 0.113 0.13–0.30
2p3p 1P 0.111 0.115 0.10–0.12
2p3p 3P 0.183 0.183 0.18–7.83
2p3p 1D 0.103 0.103 0.082–0.11
2p3p 3D 0.257 0.261 0.22–0.355
2p3d 3Do 0.027 0.028 0.031–0.23
2p3d 3Po 0.064 0.064 0.078–0.62
2p3d 1Fo 0.044 0.045 0.067
2s4s 3S 2.991 2.960 0.12
2s4p 1Po 0.140 0.150 0.16–0.55
2s4p 3Po 0.203 0.200 0.17
2s4d 3D 0.087 0.087 0.093–0.17
2s4d 1D 0.121 0.128 0.12–0.9
2s4f 3Fo 0.238 0.238 0.294–0.35
2s4f 1Fo 0.058 0.058 0.075
2s5s 3S 0.326 0.359 0.37
2s5p 1Po 0.132 0.204 0.32
2s5f 3Fo 0.444 0.438 0.43–2.4
2s5f 1Fo 0.337 0.384 0.48
2s5g 3G 0.918 0.918 0.82–1.22
2s5g 1G 0.922 0.922 1.11–1.35

GRASP1: Present 166 level calculations with the GRASP code
GRASP2: Present 238 level calculations with the GRASP code

4 LIFETIMES

In contrast to energy levels, there are no direct measurements of
radiative rates to compare with theoretical results. However, the A-
values are related to the lifetime τ as follows:

τ j =
1

∑iA ji
(3)

and several measurements for levels of N IV are available in the
literature. Furthermore, if a single transition dominates the contri-
butions then one can effectively obtain an ‘indirect’ measurement
of the A-value. Therefore, in Table 1 we have also listed our calcu-
lated lifetimes, from both the GRASP1 and GRASP2 models. As
noted earlier, A-values for E1 transitions are often larger in mag-
nitude and hence dominate the determination of τ . However, we
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Table 6. Comparison of lifetimes (τ , s) for the lowest 20 levels of N IV. a±b≡ a×10±b.

Index Configuration Level GRASP1 GRASP2 Tachiev & Froese Fischer (1999)

1 2s2 1S0 ..... ......... .....
2 2s2p 3Po

0 ..... .......... .....
3 2s2p 3Po

1 2.471−03 2.423−03 1.726−03
4 2s2p 3Po

2 8.439+01 8.447+01 8.606+01
5 2s2p 1Po

1 3.670−10 3.689−10 4.306−10
6 2p2 3P0 5.290−10 5.290−10 5.606−10
7 2p2 3P1 5.285−10 5.285−10 5.660−10
8 2p2 3P2 5.277−10 5.277−10 5.651−10
9 2p2 1D2 4.304−09 4.315−09 4.266−09

10 2p2 1S0 2.796−10 2.797−10 3.399−10
11 2s3s 3S1 1.085−10 1.090−10 1.108−10
12 2s3s 1S0 3.158−10 3.261−10 3.826−10
13 2s3p 3Po

0 7.606−11 7.690−11 7.589−11
14 2s3p 3Po

1 8.132−09 8.135−09 8.339−09
15 2s3p 3Po

2 7.352−09 7.503−09 8.078−09
16 2s3p 1Po

1 8.084−09 8.087−09 8.276−09
17 2s3d 3D1 3.338−11 3.329−11 3.295−11
18 2s3d 3D2 3.339−11 3.330−11 3.296−11
19 2s3d 3D3 3.341−11 3.332−11 3.298−11
20 2s3d 1D2 5.270−11 5.322−11 5.400−11

GRASP1: Energies from the GRASP code for 166 level calculations
GRASP2: Energies from the GRASP code for 238 level calculations

Table 7. Collision strengths for resonance transitions of N IV. a±b≡ a×10±b. See Table 1 for level indices.

Transition Energy (Ryd)

i j 10 15 20 25 30 35 40 45

1 2 1.178−02 6.958−03 4.491−03 3.131−03 2.317−03 1.806−03 1.449−03 1.318−03
1 3 3.535−02 2.089−02 1.349−02 9.412−03 6.968−03 5.438−03 4.369−03 3.975−03
1 4 5.886−02 3.477−02 2.244−02 1.564−02 1.157−02 9.023−03 7.240−03 6.582−03
1 5 6.292+00 7.242+00 7.928+00 8.462+00 8.902+00 9.282+00 9.617+00 9.976+00
1 6 2.418−04 1.257−04 7.227−05 4.522−05 3.020−05 2.110−05 1.583−05 1.238−05
1 7 7.228−04 3.751−04 2.149−04 1.340−04 8.904−05 6.185−05 4.611−05 3.587−05
1 8 1.207−03 6.295−04 3.631−04 2.284−04 1.537−04 1.085−04 8.242−05 6.545−05
1 9 1.423−01 1.372−01 1.344−01 1.328−01 1.319−01 1.313−01 1.311−01 1.320−01
1 10 3.503−02 3.359−02 3.174−02 2.997−02 2.833−02 2.658−02 2.463−02 2.233−02

...

...

...

have also included the contributions from E2, M1 and M2 transi-
tions, which can be important for those levels which do not have
any dominating E1 connection.

Measurements of τ for levels of N IV (up to 1990) have been
compiled by Allard et al. (1990), and are compared in Table 5 with
our results from both the GRASP1 and GRASP2 models. Both
models yield almost the identical results for all the levels listed in
this table, except one, i.e. 2s5p 1Po

1. For this, our GRASP2 value
of τ is closer to the measurement. There are several measurements
for some levels and therefore we have listed the range of values,
with specific results given in table IIIa of Allard et al. (1990). En-
gström et al. (1981) have also measured τ for the 2s2p 1Po

1 level
which was not included by Allard et al. (1990). Their measured
value of 0.425±0.015 ns is closer to the lower end of the range
(0.44 – 0.53 ns) listed by Allard et al. (1990), and is only larger
than our calculation by 14% (0.37 ns). Similarly, for most of the
levels listed in Table 5, there is reasonable agreement (within a few

percent) between theory and measurements. However, there are two
exceptions, namely 2p3p 3P and 2s4s 3S. For the former, the mea-
sured value of 7.83±0.08 ns by Desesquelles (1971) is much larger
than the 0.18±0.02 ns of Buchet & Buchet-Poulizac (1974) and
our result of 0.183 ns, and hence appears to be incorrect. In the
case of 2s4s 3S, our calculation of ∼3 ns is larger than the mea-
surement (0.12± 0.01 ns) of Buchet & Buchet-Poulizac (1974) by
a factor of 25. However, the theoretical results are consistent over a
period of time. For example, the dominating contributing E1 transi-
tions are: 2s3p 3Po

0,1,2–2s4s 3S1 (i.e. 14/15/16–37) for which our A-
values (from both GRASP1 and GRASP2) are 2.8×107, 8.8×107

and 1.6×108 s−1, respectively, whereas those calculated by Tully,
Seaton & Berrington (1990) and stored in the NIST database are
3.01×107, 9.02×107 and 1.50×108 s−1, respectively, i.e. agree-
ing to better than 10% with our results. Similarly, the A-values
of Fernández-Menchero et al. (2014) for the corresponding transi-
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tions are 2.9×107, 9.4×107 and 1.76×108 s−1, respectively, again
agreeing within 10% with our calculations. Finally, the f-value cal-
culated for the 2s3p 3Po–2s4s 3S transition by Nussbaumer (1969)
is 0.014 whereas our result is 0.016. Therefore, we are confident of
our (and other theoretical) results and suspect that the τ measure-
ments for the 2s4s 3S level, are in error.

Tachiev & Froese Fischer (1999) have calculated A-
values for transitions among the lowest 20 levels of Be-
like ions, including N IV. They did not report the corre-
sponding τ values, but these are available on their web-
site: http://nlte.nist.gov/MCHF/view.html. Our results are
compared with their calculations in Table 6 and there are no dis-
crepancies.

5 COLLISION STRENGTHS

The collision strength for electron impact excitation (Ω), a sym-
metric and dimensionless quantity, is related to the better-known
parameter collision cross section (σi j), by a simple equation (7)
given in Aggarwal & Keenan (2012). As stated in section 1 (and
our work on many Be-like ions), we have adopted the relativistic
DARC code (standard and parallelised versions) for the scattering
calculations. This code is based on the j j coupling scheme and uses
the Dirac-Coulomb Hamiltonian in an R-matrix approach. Two sets
of calculations have been performed, one (DARC1) with 166 levels
of the GRASP1 model, and another (DARC2) with 238 levels of
GRASP2. The DARC1 calculations for N IV are larger than those
performed for other Be-like ions with 13 6 Z 6 32 (see Aggar-
wal & Keenan (2015a) and references therein) but are similar to
those for C III (Aggarwal & Keenan 2015b). Our DARC2 calcula-
tions are even larger, and exactly match in size those of Fernández-
Menchero et al. (2014). For N IV, the adopted R-matrix radius (Ra)
and the number of continuum orbitals for each channel angular
momentum (NRANG2) are 21.6 au and 55, for DARC1. Corre-
spondingly, the maximum number of channels generated for a par-
tial wave is 828 which leads to the Hamiltonian (H) matrix size of
45 714. For the DARC2 calculations, Ra and NRANG2 are 35.2 au
and 88, respectively. The maximum number of channels generated
in this calculations is 1116 and the corresponding H-size is 98 478.
To achieve convergence of Ω for most transitions and at (almost)
all energies, all partial waves with angular momentum J 6 40.5
have been included in both calculations. Furthermore, in both, the
contribution of higher neglected partial waves has been included
through a top-up procedure, based on the Coulomb-Bethe (Burgess
& Sheorey 1974) and geometric series approximations for allowed
and forbidden transitions, respectively. Thus care has been taken to
ensure the accuracy of our calculated values of Ω, as for other Be-
like ions. Finally, values of Ω have been calculated up to energies
of 35 and 45 Ryd for DARC1 and DARC2, respectively. Subse-
quently, the values of effective collision strength ϒ (see section 6)
are calculated up to Te = 1.5×106 K in DARC1, and up to Te =
2.0×106 K in DARC2. The temperature of maximum abundance
in ionisation equilibrium for N IV is only 1.26 ×105 K (Bryans,
Landi & Savin 2009), and hence both calculations should cover all
plasma applications.

Unfortunately, prior theoretical (or experimental) data for Ω

are not available for comparison with our results. At energies above
thresholds, Ω varies smoothly and therefore in Table 7 we list our
values of Ω for resonance transitions of N IV at energies in the 10–
45 Ryd range. These Ω are from our DARC2 calculations and will

hopefully be useful for future comparison with experimental and
other theoretical results. However, a comparison of Ω made with
the DARC1 calculations, for the lowest 78 levels, shows a satisfac-
tory agreement within ∼10%, except for the 1–58 (2s2 1S0 – 2p3p
1S0) transition for which the differences are 50%. By contrast, the
threshold energy region is often dominated by numerous closed-
channel (Feshbach) resonances, as shown in fig. 2 of Fernández-
Menchero et al. (2014) for four transitions, namely 1–3 (2s2 1S0 –
2s2p 3Po

1), 1–4 (2s2 1S0 – 2s2p 3Po
2), 1–5 (2s2 1S0 – 2s2p 1Po

1) and
1–9 (2s2 1S0 – 2p2 1D2) for three Be-like ions, C III, Mg IX and
Fe XXIII. Similarly, resonances have been shown by us (Aggar-
wal & Keenan 2012) for six transitions of Ti XIX and two of C III
(Aggarwal & Keenan 2015b). Regarding N IV, Ramsbottom et al.
(1994) have shown resonances for four transitions, namely 2s2 1S–
2s2p 3Po, 2s2 1S–2p2 1S, 2s2 1S–2s3p 1Po and 2s2p 3Po–2s2p 1Po.
We discuss these resonances in the next section.

6 EFFECTIVE COLLISION STRENGTHS

Since Ω does not vary smoothly with energy in the thresholds re-
gion, its values are averaged over a suitable distribution of electron
velocities to determine the ’effective’ collision strength (ϒ). For
most plasma modelling applications, a Maxwellian distribution of
electron velocities is assumed, to obtain ϒ from:

ϒ(Te) =
∫

∞

0
Ω(E)exp(−E j/kTe)d(E j/kTe), (4)

where k is Boltzmann constant, Te the electron temperature in K,
and E j the electron energy with respect to the final (excited) state.
Once the value of ϒ is known the corresponding results for the ex-
citation q(i,j) and de-excitation q(j,i) rates can be easily obtained
from the following equations:

q(i, j) =
8.63×10−6

ωiT
1/2

e

ϒexp(−Ei j/kTe) cm3s−1 (5)

and

q( j, i) =
8.63×10−6

ω jT
1/2

e

ϒ cm3s−1, (6)

where ωi and ω j are the statistical weights of the initial (i) and final
( j) states, respectively, and Ei j is the transition energy.

Often, the contribution of resonances over the background col-
lision strengths (ΩB) is significant (by up to an order of magnitude
or even more), but this strongly depends on the type of transition,
such as forbidden, semi-forbidden and inter-combination. Simi-
larly, values of ϒ are affected by the resonances more at low(er)
temperatures than at higher ones. Therefore, it is important to re-
solve resonances in a fine energy mesh so that their contribution can
be properly taken into account. If the energy mesh is too broad then
either some of the resonances may be missed (and subsequently
ϒ may be underestimated) or one may get two consecutive peaks,
leading to an overestimation of ϒ. On the other hand, if the energy
mesh is too fine and the resonances are not too dense, as in the case
of C III (Aggarwal & Keenan 2015b), then one may unnecessarily
spend time in computational effort without gaining any advantage.
Therefore, a careful balance is required in determining the mesh
size, and this is important considering the large size of the H ma-
trix.

Since we want to resolve discrepancies between our calcu-
lations of ϒ and those by Fernández-Menchero et al. (2014), we
have performed two full calculations, i.e. DARC1 and DARC2.
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Figure 2. Collision strengths for the (a) 1–3 (2s2 1S–2s2p 3Po
1), (b) 1–10 (2s2 1S–2p2 1S) and (c) 3–5 (2s2p 3Po

1–2s2p 1Po) transitions of N IV.

Table 8. Effective collision strengths for transitions in N IV. a±b≡ a×10±b.

Transition Temperature (log Te, K)

i j 4.50 4.70 4.90 5.10 5.30 5.50 5.70 5.90 6.10 6.30

1 2 1.010−01 8.868−02 7.776−02 6.804−02 5.905−02 5.022−02 4.153−02 3.331−02 2.588−02 1.945−02
1 3 2.969−01 2.620−01 2.307−01 2.025−01 1.761−01 1.500−01 1.242−01 9.967−02 7.748−02 5.826−02
1 4 4.745−01 4.236−01 3.761−01 3.321−01 2.901−01 2.479−01 2.056−01 1.653−01 1.286−01 9.674−02
1 5 3.066+00 3.146+00 3.258+00 3.417+00 3.642+00 3.954+00 4.373+00 4.909+00 5.523+00 6.001+00
1 6 2.157−03 2.081−03 2.089−03 2.105−03 2.011−03 1.777−03 1.459−03 1.131−03 8.381−04 5.996−04
1 7 6.481−03 6.243−03 6.258−03 6.291−03 6.002−03 5.297−03 4.347−03 3.368−03 2.497−03 1.786−03
1 8 1.088−02 1.045−02 1.045−02 1.048−02 9.989−03 8.816−03 7.237−03 5.610−03 4.160−03 2.978−03
1 9 1.842−01 1.887−01 1.931−01 1.949−01 1.918−01 1.846−01 1.753−01 1.659−01 1.568−01 1.460−01
1 10 4.429−02 4.453−02 4.585−02 4.614−02 4.487−02 4.272−02 4.049−02 3.846−02 3.645−02 3.374−02
...
...
...

Our DARC1 calculations are similar to those for C III (Aggar-
wal & Keenan 2015b), i.e. the energy resolution (∆E) is generally
0.001 Ryd, although in a few small energy ranges it is 0.002 Ryd.
Resonances have been resolved at a total of 3622 energies in the
thresholds region. By comparison, our DARC2 calculations are
much more extensive because over most of the energy range ∆E
is as small as 0.000 045 Ryd. Thus the DARC2 calculations have
been performed at over 52 000 energies. Clearly, our DARC1 calcu-
lations are (comparatively much) coarser, but have still taken sev-
eral months to compute. Similarly, the DARC2 calculations have
also taken several months in spite of using a parallelised version of
the code for this work, as this calculation is much larger, in both
the size of the H matrix as well as the energy resolution.

Before we discuss our results of ϒ, in Fig. 2 (a, b and c) we
show resonances (from the DARC2 calculations) for three transi-

tions, namely 2s2 1S–2s2p 3Po
1 (1–3), 2s2 1S–2p2 1S (1–10) and

2s2p 3Po
1–2s2p 1Po (3–5). The first is an inter-combination transi-

tion whereas the other two are forbidden. Similar dense resonances
have been detected for many more transitions. Our calculated val-
ues of ϒ (DARC2) are listed in Table 8 over a wide temperature
range up to 2×106 K, suitable for application to a wide range of as-
trophysical (and laboratory) plasmas. Data at any intermediate tem-
perature can be easily interpolated, because (unlike Ω) ϒ is a slowly
varying function of Te. Our corresponding results from DARC1 are
not listed here but can be obtained from the first author (KMA) on
request. As noted in section 1, the most recent and extensive cor-
responding data available for ϒ are those by Fernández-Menchero
et al. (2014). Similar to our work, they have adopted the (semi-
relativistic) R-matrix code, resolved resonances in a fine energy
mesh (∼0.000 09 Ryd), averaged Ω over a Maxwellian distribu-
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Figure 3. Comparison of DARC1 and DARC2 ϒ for transitions of N IV at Te = 1.6×105 K. Negative R values indicate that ϒDARC2 > ϒDARC1 and only those
transitions are shown which differ by over 20%.

tion of electron velocities, and reported results for (fine-structure)
transitions among 238 levels, over a wide range of electron tem-
perature up to 3.2×107 K. However, they divided their calculations
into two parts. For J 6 11.5 they performed electron exchange cal-
culations but neglected this for higher J values. This should not
affect the accuracy of the calculations. However, for higher J their

∆E was coarser (0.009 Ryd), which sometimes may be a limiting
source of error in calculating ϒ. By contrast, our calculations have
the same energy resolution for all partial waves. Similarly, they cal-
culated values of Ω up to an energy of about 17 Ryd, and beyond
that dipole and Born limits were used to extrapolate results up to
infinite energy, whereas we have determined Ω up to 35 and 45 Ryd
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for DARC1 and DARC2, sufficient to calculate ϒ in the tempera-
ture range of interest. This is (perhaps) a crucial difference between
the two methodologies and hence a major source of discrepancy, as
already noted in Aggarwal & Keenan (2015a). To address the dis-
crepancies in ϒ, we now undertake detailed comparisons between
different sets of results.

We first compare our values of ϒ from DARC1 and DARC2, to
test the conclusion of Fernández-Menchero et al. (2015) that differ-
ences in atomic structure (i.e. the size of a calculation) can give rise

to the large discrepancies noted by them. We confine this compar-
ison to transitions among the lowest 78 levels, because all calcula-
tions have the same ordering for these, as seen in Table 1. We have
made these comparisons at three temperatures of: TE1=3.2×103,
TE2=1.6×105 and TE3=8.0×105 K. TE1 is the lowest temperature
at which Fernández-Menchero et al. (2014) have calculated their
results and TE2 is closer to the most appropriate value for astro-
physical applications (Bryans et al. 2009). At TE1, among the low-
est 78 levels (3003 transitions), the ϒ from DARC1 and DARC2
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Figure 4. Comparison of DARC2 and ICFT values of ϒ for transitions of N IV at (a) Te = 3.2×103 K, (b) Te = 1.6×105 K, and (c and d) Te = 1.6×106 K.
Negative R values plot ϒICFT/ϒDARC2 and indicate that ϒICFT > ϒDARC2. Only those transitions are shown which differ by over 20%.

differ by over 20% for 21% of the transitions. For most, ϒDARC2
are larger, generally within a factor of two, but for about 1% of the
transitions the discrepancies are up to a factor of 10. These differ-
ences are clearly understandable, mainly because (i) this is a very
low temperature and hence sensitive to the position and magnitude
of resonances, (ii) our ∆E in DARC1 is coarse (0.001 Ryd equiva-

lent to 158 K) and hence not suitable for calculations at such low
temperatures, and (iii) our DARC2 calculations include more reso-
nances.

A similar comparison at TE2 shows discrepancies for only 8%
of the transitions, mostly within a factor of two as shown in Fig. 3.
For about half of the transitions, ϒDARC2 > ϒDARC1, and the re-

c© 2016 RAS, MNRAS 000, 1–??



Electron impact excitation of N IV 17

verse is true for the rest. In fact, all those transitions which show
(comparatively) larger discrepancies (less than a factor of 4) belong
to levels higher than 70, and this is clearly due to the inclusion of
resonances from additional levels in DARC2. A similar conclusion
applies at TE3, as for only 7% of the transitions are there differ-
ences of over 20%, and almost all agree within a factor of two.
Indeed, if the same fine(er) energy resolution had been adopted
in DARC1, then the differences between the two sets of ϒ might
have been even less. Therefore, our conclusion is clearly different

(see Aggarwal & Keenan (2015b) and particularly their fig. 3) from
those of Fernández-Menchero et al. (2015). A larger calculation
certainly improves the accuracy of the calculated ϒ, but for most
transitions (and particularly at temperatures of relevance) the dis-
crepancies are generally within∼20%. We now compare our values
of ϒ from DARC2 with the ICFT results of Fernández-Menchero
et al. (2014).

In Fig. 4 (a, b and c) we show the ratio R = ϒDARC2/ϒICFT
(negative values plot ϒICFT /ϒDARC2 and indicate ϒICFT > ϒDARC2)
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Figure 5. Comparison of DARC2 and ICFT ϒ for transitions of N IV at (a) Te = 3.2×103 K, (b) Te = 1.6×105 K, and (c and d) Te = 1.6×106 K. Negative R
values plot ϒICFT/ϒDARC2 and indicate that ϒICFT > ϒDARC2. Only those transitions are shown which differ by over 20%.

for all transitions among the lowest 100 levels of N IV at three tem-
peratures of TE1=3.2×103, TE2=1.6×105 and TE3=1.6×106 K.
The ratio R is shown as a function of transitions from lower levels
I. At TE1, values of ϒ for about 22% of the 4950 transitions differ
by over 20%, and for a majority of these the ϒICFT are larger (by
up to a factor of 6). For transitions for which ϒDARC2 are larger the
factor is generally below 3, except for three – see Fig. 4a. Consider-
ing the fine energy resolution in both calculations and the inclusion
of the same number of levels, such discrepancies are not expected.
At TE2, a more relevant temperature for plasma modelling applica-
tions, the discrepancies are even worse because the ϒICFT are larger
by up to a factor of 25 in most cases – see Fig. 4b. This comparison,
although similar to the one shown and discussed earlier (Aggarwal
& Keenan 2015a,b) for other Be-like ions, we believe, calls into
question the reliability of the calculations by Fernández-Menchero
et al. (2014). TE3 corresponds to ∼10 Ryd, and therefore the con-
tribution of resonances should not be as dominant as at lower tem-
peratures (note that the highest threshold considered is at 6.1 Ryd –
see Table 1). Therefore, one would expect a (comparatively) better
agreement between ϒDARC2 and ϒICFT . Unfortunately, the discrep-
ancies become even greater than at lower Te, as shown in Fig. 4c,
because ϒICFT are larger by up to a factor of 80 in some instances.
To obtain a clearer view of the discrepancies we show these again in
Fig. 4d, in which the negative vertical scale has been reduced to 30.
The ϒ of Fernández-Menchero et al. (2014) appear to be anoma-
lous for many transitions and over a wide range of temperatures.
We discuss these further below.

Fernández-Menchero et al. (2015) have argued that instead of
the lower levels I in Fig. 4, one should use the upper levels J to ob-
tain a better comparison of the two calculations, because in a larger
calculation the transitions among the lower levels should not be
(much) affected – see their fig. 5b. That should indeed be the case,

although it does not apply in the present instance because both cal-
culations are of the same size. Nevertheless, in Fig. 5 (a, b, c and d)
we show similar comparisons as those in Fig. 4, but replacing I with
J. Only transitions among the lowest ∼50 levels show a reasonably
satisfactory agreement, and discrepancies are very large for those
belonging to higher levels. This is extremely unsatisfactory, con-
sidering that there are 188 levels above the lowest 50. Since both
calculations have the same size of atomic structure and use the same
R-matrix method a better agreement for transitions among a larger
number of levels is expected.

The comparisons of ϒ shown in Figs. 4 and 5 are only for
transitions among the lowest 100 levels, as the aim is to provide a
clear idea of the discrepancies. Considering all 28 203 transitions
among the 238 levels, about 41%, 38% and 44% of these differ
by over 20% at TE1, TE2 and TE3, respectively. Furthermore, not
only are the values of ϒICFT larger in a majority of cases, the dis-
crepancies are also greater than shown in Figs. 4 and 5, namely
up to four orders of magnitude. Examples of such transitions are
59 – 79/85/86 (2p3d 1Po

1 – 2s6s 3S1, 2s6d 3D1, 2s6d 3D2). All of
these (and many other) are inter-combination transitions, but the
A-values between the two sets of calculations agree within 20%,
and therefore the differences in ϒ values must be due to the reso-
nances alone. The dipole limits given by Fernández-Menchero et
al. (2014) for these three transitions are ∼10−6, but their ϒ at TE3
are 2.4×10−1, 1.4×10−1 and 2.3×10−1, respectively, compared
to our results of 3.1×10−3, 2.5×10−3 and 4.1×10−3, respectively.
Similar discrepancies are found towards the lower end of the tem-
perature range. Since there is no ambiguity in the ordering of these
levels in our calculations and those of Fernández-Menchero et al.
(2014), such large discrepancies are not understandable.

Finally, we discuss just one more example. For the 30–
232/233/235 (2s4s 1S0 – 2p7d 3Do

3, 3Po
2, 3Po

0) transitions, the values
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of ϒICFT are larger than ϒDARC2 by about two orders of magni-
tude. These transitions are forbidden and resonances have (prac-
tically) zero contribution. Therefore, both Ω and ϒ should de-
crease with increasing energy/temperature. This is the case in our
work, but not that of Fernández-Menchero et al. (2014). Between
Te = 3.2×103 and 1.6×106 K, the ϒ of Fernández-Menchero et
al. (2014) increase from 1.08×10−3, 8.38×10−4, and 1.77×10−4

to 9.43×10−3, 1.07×10−2 and 2.18×10−3, respectively, whereas
our results decrease from 5.24×10−4, 5.83×10−4, and 1.13×10−4

to 7.99×10−5, 1.13×10−4 and 2.11×10−5, respectively. Clearly,
not only do the magnitudes of ϒ appear to be incorrect in the
calculations of Fernández-Menchero et al. (2014), but also the
trends. Therefore, based on the comparisons shown here in Figs.
4 and 5, and the above discussion as well as those in Aggarwal &
Keenan (2015a,b), we confidently believe that the ϒ results listed
by Fernández-Menchero et al. (2014) are indeed overestimated for
a large number of transitions and over the entire range of tempera-
tures. The reasons for this could be several as already stated (Ag-
garwal & Keenan 2015a,b). To recapitulate, these may be: (i) using
two different ranges of partial waves with differing amount of ∆E
in the thresholds region, (ii) extrapolation of Ω over a very large
energy range, and/or (iii) presence of some very large spurious res-
onances. In particular, we stress that the errors may be in the im-
plementation of the ICFT, not the methodology itself.

7 CONCLUSIONS

In this work we have performed two sets of calculations for energy
levels, radiative rates, collision strengths, and most importantly ef-
fective collision strengths (equivalently electron impact excitation
rates) for transitions in Be-like N IV. In the first model, 166 levels
of the n 6 5 configurations are considered, whereas the second one
is larger with 238 levels, up to n = 7. This is mainly to assess the
impact of a larger model over that of a smaller one on (particularly)
the determination of ϒ and to make a direct comparison with the
similar calculations of Fernández-Menchero et al. (2014).

For the determination of energy levels and A-values, the
GRASP code has been adopted, and (the standard and parallelised
versions of) DARC for the scattering calculations. These calcu-
lations are similar in methodology to our earlier work on other
Be-like ions (Aggarwal & Keenan 2015a,b), but much larger. For
the lowest 10 levels, discrepancies in energies with measurements
are up to 6%, but agreement is better than 1% for the remaining
228. Additionally, there are no significant discrepancies, in both
magnitude or orderings, between our work and that of Fernández-
Menchero et al. (2014). The A-values for E1, E2, M1 and M2 tran-
sitions have also been reported. For most transitions there are no
(major) discrepancies between the two models or with other avail-
able data, particularly for a majority of the strong E1 transitions.
Lifetimes calculated with these A-values are also found to be in
good agreement with other available theoretical and experimental
work, and hence (to an extent) confirm the accuracy of our calcu-
lations. Based on several comparisons as well as the ratio of the
velocity and length forms of the A-values, our listed results are
probably accurate to better than 20% for a majority of the strong
E1 transitions.

Data have also been reported for collision strengths over a
wide range of energy, but only for resonance transitions. However,
corresponding results for effective collision strengths are listed for
all transitions among the 238 levels of N IV and over a wide range
of temperature up to 2.0×106 K, well in excess of what should

be needed for modelling astrophysical and fusion plasmas. In our
smaller model (DARC1) the energy resolution for resonances in
thresholds region is comparatively coarser (0.001 Ryd), but is very
fine in the larger one, i.e. 0.000 045 Ryd. Nevertheless, for most
transitions among the lowest 78 levels, there are no major dis-
crepancies between the two sets of ϒ. However, discrepancies with
the corresponding results of Fernández-Menchero et al. (2014) are
very large (up to four orders of magnitude) for over 40% of the
transitions, and over the entire temperature range. These discrepan-
cies are similar to those already found for other Be-like ions (Ag-
garwal & Keenan 2015a,b), and do not support the conclusion of
Fernández-Menchero et al. (2015) that these are due to the size of a
calculation. Our assessment is that for a majority of transitions, par-
ticularly among most of the lower levels, a larger calculation may
improve the accuracy of ϒ, but the differences should not be very
large. Therefore, the discrepancies found for transitions in many
Be-like ions are not due to differences in the size of the atomic
structure, but rather the implementation of the method for calculat-
ing data. Based on several comparisons shown here and in previous
papers, we confidently believe that for most transitions the ϒ data of
Fernández-Menchero et al. (2014) for Be-like ions are much over-
estimated. As this is perhaps most likely due to the implementation
of ICFT, rather than the code itself, a re-examination of their calcu-
lations would therefore be helpful.
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