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Abstract

®

CrossMark

In this paper, we present new radiative rate calculations for forbidden transitions, namely
magnetic dipole (M1) and electric quadrupole (E2) transitions, involving all the experimentally
known energy levels within the 4f* ground configuration of doubly ionized neodymium (Nd
II). To do this, and in order to estimate the accuracy of the results obtained, two independent
computational approaches based on the pseudo-relativistic Hartree—Fock and the fully
relativistic Dirac-Hartree—Fock methods were used. The transition probabilities calculated with
these two approaches showed good overall agreement, in particular for the most intense
forbidden lines for which the relative differences did not exceed 25%. From these new atomic
data, some astrophysical implications were deduced such as the possibility (or not) of observing
some [Nd III] lines on the infrared spectra recorded by the James Webb Space Telescope, more
precisely for the analysis of nebular phase kilonova spectra following compact object mergers.
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1. Introduction

Since the detection of a neutron star merger (NSM) in August
2017 from the observation of gravitational waves using the
LIGO and VIRGO instruments, known as the GW170817
event (Abbott er al 2017), the radiative properties of heavy
elements (heavier than iron) have sparked renewed interest.
These elements are in fact produced in large quantities during
coalescence from the nucleosynthesis r-process and their pres-
ence has been detected in the electromagnetic signal, called
AT2017gfo kilonova, recorded by numerous telescopes in the
infrared, visible, ultraviolet and x-ray domains (Kasen et al
2017, Pian et al 2017, Smartt et al 2017, Siegel 2022, Pian
2023).

* Author to whom any correspondence should be addressed.

In the first days after the merger, the kilonova spectrum
is essentially characterized by a multitude of absorption lines
caused by millions of allowed transitions, i.e. electric dipole
transitions (E2), belonging to the different heavy elements
present in the ejecta, leading to a significant opacity in the
observed spectrum (see e.g. Kasen et al 2017). As time passes,
the temperature and density of the ejecta decrease leading
to a nebular phase of the kilonova whose the infrared spec-
trum detected by the Spitzer Space Telescope was assumed
by Kasliwal et al (2022) to contain forbidden lines of mag-
netic (M1) and electric quadrupole (E2) types. These latter
authors in fact supposed that forbidden transitions of Se III,
Rh III, Ce IV, W III or Os III could contribute to the observed
spectral features while pointing out that the lack of accurate
atomic data for forbidden lines in heavy elements strongly
complicated the modeling of the observed peculiar emission
features.
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The importance of M1 and E2 transitions in kilonova mod-
eling was notably discussed by Gillanders et al (2021) who
showed how the inclusion of such transitions in heavy ele-
ments can lead to the identification of elemental signatures
through radiative transfer calculations. The nebular phase of
lanthanide-rich NSM ejecta was simulated by Hotokezaka
et al (2021) who solved the ionization and thermal balance of
the ejecta under non-local thermodynamic equilibrium using
a single atomic species, namely neodymium, for which the
energy levels, transition probabilities, collision strengths and
recombination rates were estimated with GRASP2K (Jonsson
et al 2013) and HULLAC (Bar-Shalom et al 2001) atomic
structure codes. In that work, it was found that both allowed
and forbidden lines almost equally contribute to the cooling
rate of Nd II and Nd III at nebular temperatures.

Very recently, Gillanders et al (2023) reported James
Webb Space Telescope (JWST) spectroscopic observations of
a rapidly-reddening thermal transient, following the gamma-
ray burst, GRB 23 0307A, produced by the merger of com-
pact objects. In particular, at Ty + 29 days, i.e. 29 days after
merger, the JWST emission spectrum showed two features
at ~2.1 yum and ~4.4 um for which Gillanders et al (2023)
established a shortlist of candidate forbidden transitions that
could contribute to the observed spectral profiles. Among
those transitions, the same [Te III] line as the one proposed by
Levan et al (2023) was recovered and supplemented with M 1
and (E2) lines of various heavy ions, among which a handful
belonging to lanthanide ions, such as neodymium and erbium.
It was nevertheless emphasized by Gillanders et al (2023) that
further investigations of these species, with the aim of provid-
ing reliable transition rates for forbidden lines, were necessary
to confirm the contribution of any of these lines to the kilonova
emission spectra. In this context, lanthanide elements are of
particular importance since they are among the most abundant
elements in the material ejected after the merger of compact
objects.

Concerning forbidden transitions in neutral, singly- and
doubly-ionized lanthanides, previously published works were
dedicated to La II (Derkatch et al 2002, Rostohar et al 2003,
Li et al 2014), La III (Roberts et al 2013, Safronova and
Safronova 2014), Ce I (Li et al 2014), Pr III (Li et al
2016), Nd II (Biémont et al 2007), Sm I (Beck and O’Malley
2010), Eu IT (Rostohar et al 2001), Tm I (Kolachevsky et al
2007, Sukachev et al 2016), Yb I (Migdalek and Baylis
1991, Bowers et al 1999, Mishra and Balasubramanian 2001,
Stalnaker et al 2002, Beloy et al 2007, Tsigutkin et al 2009,
2010, Dzuba and Derevianko 2010, Karagoban and Ozdemir
2011, Nandy and Sahoo 2014, Xu et al 2014, Roberts et al
2014a, 2015, Dzuba et al 2018, Safronova et al 2018, Kozlov
et al 2019), Yb II (Gerz et al 1988, Fawcett and Wilson 1991,
Roberts et al 1997, 2014b, Bi€émont and Quinet 1998, Yu and
Maleki 2000, Dzuba and Flambaun 2011, 2012, Sahoo and
Das 2011, Chaudhuri et al 2012, Gossel et al 2013, Lange
et al 2021, Tan et al 2021), Yb III (Safronova and Safronova
2009, Allehabi et al 2021), Lu II (Arnold et al 2016, Paez
et al 2016) and Lu III (Safronova et al 2016). Looking in more
detail at this list of previous investigations, we note that some

lanthanide ions have no data available for forbidden trans-
itions. This is particularly the case of Nd III for which we
have chosen to focus the present study. This ion is charac-
terized by the 4f* ground configuration for which 16 energy
levels were recently experimentally determined from the neo-
dymium spectra emitted by Penning and hollow cathode dis-
charge lamps and analyzed using high resolving power Fourier
transform spectroscopy (Ding et al 2023).

The main goal of the present work is to provide new
radiative rates for forbidden transitions, i.e. magnetic dipole
(M1) and electric quadrupole (E2) transitions, involving all
the 16 experimentally known levels within the 4f* ground
configuration of Nd III. To do this, two independent com-
putational methods were used, namely the pseudo-relativistic
Hartree—Fock (HFR) and the fully relativistic multiconfigura-
tion Dirac-Hartree—Fock (MCDHF) approaches. These calcu-
lations allowed us to highlight the most intense Nd III forbid-
den lines likely to be observed in astrophysical spectra emitted
from low density environments such as the nebular phase of
kilonovae for example.

2. Computational approaches

2.1. HFR calculations

In a first step, we used the HFR method developed by Cowan
(1981) for computing the transition rates of forbidden lines
in Nd III. The physical model used in these calculations was
based on the model considered in our previous study of electric
dipole transitions in the same ion (Zhang et al 2002), retain-
ing only the configurations belonging to the same parity as the
ground state in the present work. More precisely, the config-
urations explicitly introduced into the calculations were 4f*,
4f36p, 435¢, 4136f, 4£25d2, 412652, 4£26p? and 4£25d6s.

In order to reduce as much as possible the differences
between calculated and available experimental energy levels in
4f* ground configuration, some radial parameters were adjus-
ted using the well-established least squares optimization pro-
cedure of Cowan (1981) in which the observational data were
taken from the recent work published by Ding et al (2023).
More precisely, the 16 experimental energy levels identified
by the latter authors as belonging to 4f* were used to fit the
average energy (E,,), the Slater electrostatic integrals (F 2 F*4,
F®) and the spin-orbit parameter (Ca4p) characterizing this con-
figuration. All the other Slater integrals corresponding to the
electrostatic interactions between electrons within the same
configuration (F¥, G*) or belonging to two different config-
urations (R¥) were scaled down by a factor of 0.85, as sugges-
ted by Cowan (1981), while the spin-orbit parameters ((y),
computed by the Blume—Watson method, were kept to their
ab initio values. At the end of the fitting process, the average
relative deviation AE / Egy, (with AE = Eppr—FEgx,) Was
found to be equal to 0.0040 £ 0.0035 for all the experiment-
ally known levels in the 4f* configuration. The detailed com-
paraison between HFR and experimental energy levels is given
in table 1.



J. Phys. B: At. Mol. Opt. Phys. 57 (2024) 105002

L Maison et al

Table 1. Comparison between the available experimental energy levels within the 4f* ground configuration of Nd II and the calculated
values obtained in the present work using the HFR and the MCDHF methods.

Escpnr®
Term* J  Egy* Enrg® SR VVi VV2 VV3 VV4 VV4+CV
31 4 0.000 0 0 0 0 0 0 0
5 1137.794 1124 1022 1031 1032 1035 1036 1043
6  2387.544 2368 2178 2188 2188 2193 2194 2212
7 3714.548 3697 3441 3442 3439 3446 3446 3476
8  5093.257 5083 4788 4770 4761 4769 4769 4808
F 2 10773962 10721 14511 13152 13094 13037 13029 11915
3 11424.605 11381 15113 13760 13703 13 649 13642 12520
4 12181327 12123 15856 14492 14427 14372 14364 13250
5 13210.278 13 146 16794 15444 15381 15328 15321 14208
K2 6  14064.277 14065 16639 16012 15646 15552 15526 15370
7 15 153.807 15130 17725 17131 16759 16670 16645 16 464
8 16459.136 16368 18982 18401 18030 17944 17920 17733
G 3 15349.601 15289 21121 19022 18768 18 649 18623 17178
4 16831344 16928 22423 20368 20143 20058 20037 18 498
5 18313.004 18321 23717 21697 21490 21424 21406 19850
SH4 5 16622.337 16621 21485 19290 17164 18766 18726 18127

# Spectroscopic designations and energies from Ding et al (2023).

® This work.

2.2. Fully relativistic MCDHF calculations

The second theoretical method used was the fully relativ-
istic MCDHF approach described by Grant (2007) and Froese
Fischer et al (2016) using the latest version of the General
Relativistic Atomic Structure Program (GRASP), namely
GRASP2018 (Froese Fischer et al 2019). Since we were only
interested in forbidden transitions within the 4f* ground con-
figuration, only the latter was used in a single reference (SR)
where all the orbitals, from 1 s to 4f, were optimized on
the ground state. Different valence-valence (VV) models of
increasing complexity were then built by considering single
and double (SD) electron excitations from the 4f orbital to dif-
ferent active sets {nl,n’l’,n‘l’, ...} where nl, n’l’,n‘l’, ... rep-
resent the maximum values of the principal (n) and azimuthal
() quantum numbers of the excited orbitals. More precisely,
four VV models were developed with the {5s,5p,5d,5f,5g},
{6s,6p,6d,6f,6g}, {7s,7p,7d,7f,6g} and {8s,8p,8d,8f,6g} act-
ive sets, giving rise to the VV1, VV2, VV3 and VV4 models,
respectively. In each of these models, only the additional orbit-
als were optimized, the other ones being maintained frozen at
their previously obtained values. As the VV4 model was found
to present good convergence of the results (for the energy
levels and the forbidden transition rates within the 4f* config-
uration) obtained in the different successive VV approaches,
it is from this VV4 model that a core-valence (CV) model was
constructed. In the latter, CV correlation was considered using
the relativistic configuration interaction approach in which
single electron excitations from the 5s and 5p core orbitals
were permitted to the whole active set. Unlike 5 s and 5p,
note that the 4d orbital was not involved in the CV correla-
tion because the 4f* ground configuration of Nd III is such
that the 4f orbital is strongly embedded inside the 5 s and 5p

orbitals (because of the well-known collapse of the 4f orbital
in lanthanide ions) and sits well outside of the 4d orbital,
which therefore plays a less important role in the correla-
tion. Furthermore, the opening of the 4d orbital would res-
ult in a number of several million configuration state func-
tions (CSFs) whose influence would be very weak on the final
results. Finally, it is worth mentioning that a core-core (CC)
model was tested (with double excitation from 5 s and 5p orbit-
als) and it was found that it did not improve the results, the
calculated energy levels being slightly further from the exper-
imental values than with the VV4+CV model. The latter was
then retained for the final MCDHEF calculations, in which a
total of 1388 687 CSFs were involved, when limiting the cal-
culations to total angular momentum quantum numbers ran-
ging fromJ = 1to J = 10.

The comparison between the calculated energy levels
deduced from the different MCDHF models and the exper-
imentally established values in the 4f* ground configura-
tion of Nd III is reported in table 2. As can be seen from
this table, the agreement between the theoretical and experi-
mental results improves with the complexity of the MCDHF
model used, the mean relative deviation AE/Eg,, (with AE =
Evcprr—EEyp) being found to be equal to 0.1815 £ 0.1757,
0.1101 + 0.1224, 0.0925 £ 0.1185, 0.0959 + 0.1146, 0.0950
+ 0.1141 and 0.0491 + 0.0749 for SR, VVI, VV2, VV3,
VV4 and VV44-CV models, respectively. As expected, this
clearly shows that CV correlation makes it possible to signific-
antly reduce the differences between calculated and observed
levels in the case of a heavy ion like Nd III. It is there-
fore the VV4-+CV approach which was adopted for the final
MCDHEF calculations of transition rates and, even if the exper-
imental energy structure was well reproduced with this model,
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the M1 and (E2) transition probabilities were nevertheless
corrected using wavelengths deduced from the experimental
energy levels observed by Ding et al (2023) within the 4f*
configuration.

3. Transition probabilities

The transition probabilities of [Nd III] lines computed in the
present work using the HFR and the MCDHF (VV4+CV)
methods are reported in table 2. All possible M1 and (E2)
transitions involving the experimentally known energy levels
within the 4f* ground configuration are listed in this table. The
Ritz wavelengths (in vacuum) were deduced from the experi-
mental levels obtained by Ding et al (2023). A total of 78 for-
bidden lines was obtained by considering the 16 experimental
levels identified by the latter authors as belonging to the 4f*
configuration. When looking at table 2, we note that the vast
majority of the most intense lines (with gA-values of the order
of 107! to 10! s~!) have a main component of M1 type, the
purely E2 transitions appearing systematically much weaker
with gA-values typically ranging from 10! to 1073 s~1.
We also note that the HFR and MCDHEF transition probab-
ilities show good agreement with each other with an average
deviation of about 50% for the whole set of 78 lines listed in
table 2. However, it should be emphasized that this deviation is
greatly reduced to 35% if we only consider the transitions with
gA-values larger than 10~! s~! and even reduced down to 25%
for the most intense lines with gA-values larger than 1 s
Such a comparison is illustrated in figure 1 where the HFR
transition probabilities are plotted against the MCDHF ones
for all [Nd III] lines considered in the present work. Let us also
add that to our knowledge, no radiative rate has been published
to date for forbidden lines in Nd III, the results obtained in our
study are therefore the first available for these transitions.

4. Astrophysical implications

From the new atomic data obtained in our work, it was pos-
sible to deduce some astrophysical implications, in particu-
lar with regard to the analysis of kilonovae spectra. A first
interesting point was to check whether certain assumptions
made concerning the presence of [Nd III] lines in kilonovae
spectra are verified by our calculations. More particularly,
in a recent paper, Gillanders et al (2023) investigated which
r-process species were able to explain features observed in
Ty+29 day JWST emission spectrum of GRB 23 0307A. To
do so, these authors provided a shortlist of forbidden trans-

itions that were coincident with the two emission features
appearing at ~2.1 um and ~4.4 ym. Among those transitions,
chosen to fit into the fairly broad profiles of these observed
features, namely between 1.94 and 2.35 pm for the first one
and between 4.18 and 4.55 um for the second one, the [Nd
IIT] line at 41 884 A was presented as one of the candidate for-
bidden transitions contributing to the 4.4 pm emission feature
based on the argument that neodymium is expected to be one
of the most abundant lanthanide elements synthesised (Goriely
et al 2011, 2013, 2015, Bauswein et al 2013, Gillanders et al
2022) and on the fact that this particular transition has an upper
level of low excitation energy making it possible to have a high
relative population. However, given the extremely low trans-
ition probability obtained in the present work for this line using
both theoretical approaches, i.e. gAgpr = 6.53 X 1085 !and
gAmcpnr = 3.87 x 1078 s71, it seems very unlikely that the
latter contributes to the observed spectral feature.

On the other hand, when we examine table 2, we notice
that a fairly large number of [Nd III] lines have a relat-
ively high transition probability. So, for example, if we limit
ourselves to the wavelength region covered by the Near
Infrared Spectrograph on board the JWST, i.e. 0.6-5.3 um,
we find 21 lines with gAppg-values ranging from 107! to
10! s~!. None of these transitions were cited in previous
studies as potential contributors to the features observed in
the spectra of late-phase kilonovae. The main reason is that
these lines all involve at least one level that does not appear in
the NIST atomic database (Kramida et al 2024), exclusively
used in previous studies, but involve brand new energy levels
that have recently been measured experimentally (Ding et al
2023), the latter study listing levels belonging to the lowest 1,
SF,3K2, G and *H4 multiplets of the 4f* ground configuration
while only the five > levels are given in the NIST compilation.

Among the 21 strongest Nd III forbidden lines mentioned
above, it is important to note that only eight have an upper
level whose energy is below the first levels of the opposite par-
ity, starting with 4f°5d 3Lg at 15 158.154 cm™!, according to
Ding et al (2023). More precisely, the most intense [Nd III]
lines of table 2 within the 0.6-5.3 pum range and involving
both 4f* levels below the opposite parity are those loc-
ated at 6514.827, 7036.403, 7736.056, 7833.146, 8209.286,
8564.039, 8741.825 and 21 854.871 A. The last of these lines
is particularly interesting since it could contribute to the fea-
ture observed at ~2.1 yum on the JWST emission spectrum of
GRB 23 0307A at T¢+29 days. This M1 transition meets the
selection criteria adopted by Gillanders et al (2023), namely
a relatively high transition probability, with gAgrg = 3.18 X
10! s~! and an upper level energy below 3 eV.



J. Phys. B: At. Mol. Opt. Phys. 57 (2024) 105002

L Maison et al

Table 2. Transition probabilities (gA) for [Nd III] lines calculated in the present work using HFR and MCDHF methods.

Avac® Transition gA (HFR) gA (MCDHF)® Rel. Diff. Type!
5460.601 SL—Gs 1.13(=1) 8.25(=2) 0.31 M1
5822.345 15->Gs 3.00(40) 1.84(40) 0.48 M1
5941.296 -Gy 4.63(40) 2.56(40) 0.58 M1
6016.001 S,—Hs 1.39(=1) 1.60(—1) —0.14 M1
6279.253 I¢—Gs 8.44(40) 5.31(+0) 0.46 Ml
6372.045 S5-Gy 4.80(+0) 2.73(40) 0.55 M1+E2
6458.053 315—Hs 4.50(4-0) 4.15(40) 0.08 M1
6514.827 =G 1.91(-1) 9.41(-2) 0.68 MI1+E2
6850.039 S-Gs 2.69(—1) 1.67(=1) 0.47 E2
6923.386 16— Ga 2.50(—1) 1.43(—1) 0.54 E2
7025.041 T¢—"Hs 8.52(+0) 8.34(40) 0.02 M1
7036.403 S5-Gs 1.77(=1) 1.11(=1) 0.46 E2
7106.516 Te—Kg 1.37(=5) 4.55(—6) 1.00 E2
7110.213 L—Ke 5.84(—4) 2.39(—4) 0.84 E2
7134.697 5Ky 1.39(—4) 5.83(—5) 0.82 E2
7569.863 S1,—Fs 2.82(=3) 1.58(=3) 0.56 M1
7736.056 S5-Kg 9.20(+0) 6.52(+0) 0.34 M1
7747.260 31;—3Hs 9.30(—2) 3.82(=2) 0.84 E2
7833.146 S1e—Ky 1.27(+1) 9.09(+0) 0.33 M1
7846.468 S-3Kg 9.81(+0) 7.22(+0) 0.30 Ml
8209.286 SL—Fy4 2.63(=1) 1.03(=1) 0.87 M1
8283.299 15—Fs 9.96(—2) 4.69(—2) 0.72 M1
8564.039 14—Ke 4.40(40) 3.15(+0) 0.33 M1
8741.825 1,-3Ky 1.19(+1) 8.59(4-0) 0.32 M1
8753.038 SL—F3 3.90(—3) 1.49(=3) 0.89 M1
8798.264 S3—Kg 2.26(+1) 1.66(+1) 0.31 Ml
9055.073 35— Fy4 9.61(—2) 3.81(=2) 0.86 M1
9239.809 314—>Fs 1.17(=1) 5.73(=2) 0.69 M1
9281.637 L=F, 6.26(—5) 7.14(—6) 1.59 E2
9662.089 -Ke 9.42(=2) 6.93(=2) 0.30 M1
9721.186 S5-F3 2.56(—7) 3.19(—6) -1.70 E2
9939.814 S—Ky 1.27(=1) 9.70(=2) 0.27 M1
10210.559 14—"F,4 1.59(—4) 7.47(=5) 0.72 E2
10531.049 >;-Fs 2.31(—4) 1.19(—4) 0.64 E2
11147.004 5—Ke 491(—9) 1.15(—8) —0.80 E2
14517.161 SF3—Gs 1.47(=3) 9.85(—4) 0.40 E2
16308.752 SF4—Gs 1.76(=2) 6.03(=3) 0.98 MI1+E2
16 508.782 SE,—Gy 1.02(=3) 5.90(—4) 0.53 E2

18 495.437 SF3—Gy 1.76(—3) 1.12(=2) —1.46 MI1+E2
19239.160 >F;—Hs 3.55(—4) 1.51(—4) 0.81 E2
19597.368 SFs—Gs 3.30(—1) 7.66(—2) 1.25 Ml
21505.298 SF4—Gy 1.51(=1) 8.98(—3) 1.78 M1
21854.871 SF,— G 3.18(=1) 1.51(=1) 0.71 MI
22517.400 SF4—Hs 3.66(—3) 1.63(=2) —1.27 MI1+E2
23536.462 3K6—Gs 3.00(—4) 3.19(—5) 1.62 M1
25477.733 SF3—Gs 1.34(—1) 6.63(—2) 0.68 Ml
27616.177 SFs— Gy 2.11(=2) 1.29(—2) 0.48 M1
29307.817 SFs—Hs 7.49(—1) 491(-1) 0.42 MI
31562.927 SE,—>Gs 9.48(—2) 4.83(-2) 0.65 M1
31653.613 3K7-2Gs 5.29(—6) 4.77(—6) 0.10 E2
33744.988 >G3->Gs 8.83(=7) 1.65(=7) 1.37 E2
36 139.349 3Ke—Gy 2.25(—6) 1.57(—6) 0.36 E2
36958.835 ) PR 1.02(=7) 5.92(—8) 0.53 E2
38808.516 -1 1.30(=7) 7.68(—8) 0.51 E2
39092.125 3Ke—Hs 2.57(-5) 9.41(—6) 0.93 Ml
41756.112 3Ke—Ksg 2.38(—8) 8.86(—9) 0.91 E2

41 884.045 L=l 6.53(—8) 3.87(—8) 0.51 E2

(Continued.)
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Table 2. (Continued.)

Avac® Transition gA (HFR)® gA (MCDHF)® Rel. Diff ¢ Type!
46743.760 SF5—>Gs 2.97(—8) 1.76(—8) 0.51 E2
51452.795 SFs—K; 5.83(—9) 3.53(=9) 0.49 E2
53108.155 SF4—Ke 1.16(—8) 4.90(—9) 0.81 E2
56001.295 >F3—Fs 2.04(=7) 8.77(—8) 0.80 E2
59 148.253 3H5->Gs 4.42(—1) 431(=1) 0.03 Ml
67 488.087 3G3-Gy 1.49(+0) 1.41(40) 0.06 M1
67491.867 3G4—Gs 1.36(+0) 1.74(+0) —0.25 M1
68095.306 3K;—Hs 4.88(—8) 9.57(—8) —0.65 E2
71054.773 SF,—Fy 9.11(—8) 3.63(—8) 0.86 E2
72531.622 -1 1.81(+0) 1.78(40) 0.02 MI
73357.723 =15 2.37(+0) 2.35(+0) 0.01 M1
76 609.039 3Ks-Ks 7.17(=1) 8.55(—1) —0.18 M1
78570.890 >G3—Hs 4.65(—11) 6.53(—11) —0.34 E2
80016.003 516 1.93(40) 1.95(+0) —0.01 M1
87889.372 =l 9.56(—1) 9.89(—1) —0.03 M1
91782.695 3Ke—Ky7 431(=1) 4.79(—1) —0.11 Ml
97 186.358 SElg 3.68(—1) 3.76(—1) —0.02 M1
117 096.156 SFs—Ke 8.42(—11) 5.54(—11) 0.41 MI1+E2
132 148.927 SF3—Fy4 1.92(—1) 2.09(—1) —0.08 Ml
153694.115 >F,—F;3 1.32(=1) 1.28(=1) 0.03 Ml
478 452.875 3Hs-Gy 1.47(=3) 3.91(—4) 1.16 Ml

* Vacuum wavelengths, in A, deduced from the experimental energy levels (Ding et al 2023).
b Sum of M1 and E2 gA-values, in s~!. A(B) stands for A x 105.
¢ Relative difference evaluated by AgAlgA where AgA = gA(HFR) — gA(MCDHF) and gA = (gA(HFR) + gA(MCDHF))/2.
d Contributions larger than 10%.

102
101
100
10"
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Figure 1. Comparison between transition probabilities computed for forbidden lines in Nd III using HFR and MCDHF methods.

5. Conclusions

A new set of transition probabilities for M1 and E2 lines within
the 4f* ground configuration of Nd IIT was obtained for the
first time in the present work from two independent compu-
tational methods, namely the HFR and the fully relativistic

Dirac-Hartree—-Fock (MCDHF) methods. The overall agree-
ment between the results deduced from these two approaches
was found to be good with a relative deviation not exceed-
ing 25% for the most intense lines. From these new atomic
data, a list of some [Nd III] transitions that could be expected
to be detectable on the astrophysical spectra recorded by the
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JWST Near Infrared Spectrograph (0.6-5.3 pm) was estab-
lished, among which a line appearing at 21 854.871 A presents
a fairly large gA-value to be a candidate forbidden line contrib-
uting to the observed feature located at ~2.1 ysm on the emis-
sion spectrum of GRB 23 0307A at T¢+29 days (Gillanders
et al 2023).
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