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Fig. 1 Solar flux ESO 3.6m HARPS spectrum (red line) in comparison with the HARPS spectrum of
HD96116 (blue line) near the Cu i line at 5782.12Å (left panel) and the Ba ii line at 5853.70Å (right panel).
The lower panels show the difference (HD96116—Sun) between the two spectra. Image reproduced with
permission from Nissen (2016); copyright by ESO

however, use reflected sunlight from asteroids to obtain a good proxy of the solar
flux spectrum. Bedell et al. (2014) show that abundances derived from S/N ∼ 700
spectra of Vesta, Iris, and Ceres observed with the same spectrograph agree with
an rms scatter of 0.006dex. A similar good agreement between spectra of Vesta,
Victoria and the Jupiter moon Europa observed with the HERMES spectrograph at
the 1.2m Mercator telescope was obtained by Beck et al. (2016). Furthermore, they
found that the normalized spectrum of Europa (S/N ∼ 450) agrees with the revised
Kitt Peak Solar Flux Atlas of Kurucz (2005) (degraded to the resolution of HERMES,
R = 85 000) with an rms deviation of 0.25% over the spectral range 4000–8000Å
(excluding regions with strong telluric lines). This suggests that such reflected sunlight
spectra are adequate for determining differential stellar abundances with respect to the
Sun at a precision better than 0.01dex, but further investigations should bemade, given
that the Sun is found to have an unusual ratio between volatile and refractory elements
compared to solar twins as discussed in Sect. 4.

As an illustration of the differential way of measuring equivalent widths, Fig. 1
shows the ESO 3.6m HARPS spectrum (R = 115 000, S/N ≃ 600) of the young
solar twin star, HD96116, in comparisonwith the solar fluxHARPS spectrum (S/N ∼
1200) observed in reflected sunlight from the asteroid Vesta. As seen the Cr i and Fe i
lines havenearly the same strengths in the two stars,whereas theBa ii line is stronger for
HD96116 (∆EW = 7.7mÅ) and the Cu i line is weaker (∆EW = −13.7mÅ). Taking
into account the small differences in atmospheric parameters between HD96116 and
the Sun, Nissen (2016) has used the differences in EWs to derive [Ba/Fe] 2 = 0.190
and [Cu/Fe] = −0.098 for HD96116 in a study of trends of abundance ratios as a
function of stellar age.

In most high-precision abundance studies (e.g. Meléndez et al. 2009; Ramírez et al.
2014; Tucci Maia et al. 2014; Nissen 2015; Spina et al. 2016b), equivalent widths have
been measured by interactive fitting of weak to medium-strong lines (EW <∼ 80mÅ

2 For two elements, A and B, with number densities NA and NB, [A/B] ≡ log(NA/NB)star −
log(NA/NB)Sun.
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• Infer parameters/compositions by comparing 
observed stellar spectrum to theoretical 
model stellar spectra

[Nissen & Gustafsson 2018]
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• Infer parameters/compositions by comparing 
observed stellar spectrum to theoretical 
model stellar spectra 

• Here: lower the copper abundance in the 
model to agree with observations 

• Interpret abundances to learn about atoms, 
planets, stars, galaxies…

[Nissen & Gustafsson 2018]

Neutral copper line
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How galaxies make pennies

• Extremely steep gradient 

• Copper production in the 
Galaxy ramps up with time 

• Constraints on stellar structure, 
evolution, nucleosynthesis; and 
Galactic modelling 

[Caliskan et al. 2025]
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How galaxies make pennies

• Extremely steep gradient 

• Copper production in the 
Galaxy ramps up with time 

• Constraints on stellar structure, 
evolution, nucleosynthesis; and 
Galactic modelling  

• But just how reliable are these 
results?

[Caliskan et al. 2025]
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M. Asplund et al.: The chemical make-up of the Sun: A 2020 vision

of the highly realistic 3D hydrodynamical stellar surface convec-
tion models and self-consistently describe departures from the
LTE within the trace-element assumption. The non-LTE e↵ects
can typically be expected to be exacerbated in 3D compared to
1D modelling (Asplund 2005). The field has benefited tremen-
dously from the increased availability of accurate atomic data
for the vast number of radiative and collisional cross-sections
required, including the previously highly uncertain inelastic col-
lisions with electrons and with neutral hydrogen, which are of
paramount importance in the atmospheres of late-type stars (e.g.,
Barklem 2016a). It is truly remarkable that all free parameters
– mixing length parameters, microturbulence, macroturbulence,
Unsöld enhancement factor for pressure broadening, Drawin
scaling factor for H collisions, etc – which have hampered quan-
titative stellar spectroscopy for decades, are now finally obsolete.
Together with vastly improved stellar modelling and transition
probabilities, this has drastically improved the accuracy and pre-
cision of the inferred stellar chemical compositions.

Asplund et al. (2009) presented the first fully 3D-based anal-
ysis of the solar photospheric elemental abundances with non-
LTE calculations (usually based on 1D model atmospheres) for
the most important elements; earlier 3D determinations for many
elements were reported in for example Asplund et al. (2000c,
2004, 2005a,b). It was also the first time all spectroscopically
available elements were analysed in a homogeneous manner and
with the systematic uncertainties quantified in detail (see also
Scott et al. 2015a,b and Grevesse et al. 2015 for further details).

Here, we discuss further improvements to our solar anal-
ysis, including new 3D non-LTE calculations for many more
elements, better atomic data, and refined line selection, which
have led to a revision of the abundances of numerous elements.
We argue that our study represents a state-of-the-art determi-
nation of the solar chemical composition, yielding the most
reliable results available today. Complemented with precise lab-
oratory measurements of the compositions of the most pristine
meteorites (e.g., Palme et al. 2014), the new solar abundances
enable us to uncover subtle abundance di↵erences with conden-
sation temperatures of the elements between the Sun and CI
chondrites, which reflect the complicated processes of star and
planet formation. For convenience, we also provide estimates
for the proto-solar (isotopic) abundances where the e↵ects of
atomic di↵usion, nuclear burning, and radioactive decay have
been taken into account, as well as the present-day and proto-
solar mass fractions of H, He, and heavy elements.

2. Present-day photospheric solar abundances

Table 1 intercompares the main ingredients of this study and
our previous 3D-based solar abundance analyses in terms of
3D solar modelling and spectral line formation, showing that
most recent progress has concerned non-LTE calculations, as
described further below. The recommended solar photospheric
elemental abundances presented in Table 2 and shown in Fig. 1
represent, in our opinion, the most reliable measurements avail-
able today, obtained with state-of-the-art analysis techniques and
the best atomic and molecular data. All abundances have well-
quantified and justified uncertainties and supersede those given
in our previous summaries of the solar chemical composition
(e.g., Asplund et al. 2005a, 2009).

The abundances are expressed on the traditional astronomi-
cal logarithmic abundance scale. Hydrogen is the natural refer-
ence element for solar (and stellar) spectroscopy, both because
it is the most abundant element and because it provides the con-
tinuous opacity in the optical and infrared through the negative
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Fig. 1. Present-day solar photospheric logarithmic abundances (by num-
ber) as a function of atomic number, with H defined as log ✏H ⌘ 12.00.
For elements for which no photospheric determination has been pos-
sible the CI chondritic abundance is shown, corrected for the identi-
fied correlation with condensation temperature (Sect. 3.3). H and He
are the most abundant elements on account of being produced in the
Big Bang with some contribution to He from stellar H-burning. Promi-
nent peaks occur around O, Fe, Ba, and Pb, while elements with an
even atomic number have higher abundances than neighbouring odd
elements (so-called odd-even e↵ect) as a result of stellar evolution and
nuclear physics (minimum nuclear binding energy and nuclei magic
numbers). Li, F, and Sc have particularly low abundances relative to
nearby elements on account of them being odd elements, having rela-
tively low binding energy, and not being part of the main nucleosynthe-
sis production channels in stars. We note that the unstable elements Tc
(Z = 43) and Pm (Z = 61) are not shown.

hydrogen ion H�. The normalisation of the elemental number
density NX for an element X is defined as log ✏X ⌘ log (NX/NH)+
12.00, for historical reasons, hence log ✏H ⌘ 12.003.

After first summarising some central ingredients in our anal-
ysis, in the following sub-sections we present a detailed discus-
sion of the elements for which solar photospheric abundances
have been newly analysed, compared with our previous spectro-
scopic studies of elements heavier than Ne (Scott et al. 2015a,b;
Grevesse et al. 2015). In some cases, we simply updated their
results in light of new atomic data (in particular, transition prob-
abilities) or improved non-LTE abundance corrections, or we
made a di↵erent choice in terms of the line list or weighting
of the individual lines. For Li, C, N, O, Na, Mg, Al, Si, K, Ca,
Fe, and Ba, our results are based on new 3D non-LTE calcula-
tions. We also discuss the elements that are not accessible by
spectroscopy of the quiet Sun for which other methods to infer
the solar abundances are required.

2.1. General considerations of the analysis

Model atmospheres. As a default solar model atmo-
sphere, we employed the same 3D hydrodynamic simulation
of the solar surface convection computed with the Stagger
code (Nordlund & Galsgaard 1995; Stein & Nordlund 1998;
Magic et al. 2013), as was done in our recent studies of 3D

3 This choice was supposedly to avoid having negative elemental abun-
dances for the Sun (Claas 1951; Goldberg et al. 1960). While this is also
true for the here recommended solar photospheric abundances – barely,
with log ✏Th = 0.03 ± 0.10 being the smallest value – several naturally
occurring elements indeed have log ✏ < 0 in CI chondritic meteorites
(Sect. 3): Ne, Ar, Kr, Xe, Ta, and U.
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After first summarising some central ingredients in our anal-
ysis, in the following sub-sections we present a detailed discus-
sion of the elements for which solar photospheric abundances
have been newly analysed, compared with our previous spectro-
scopic studies of elements heavier than Ne (Scott et al. 2015a,b;
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of the individual lines. For Li, C, N, O, Na, Mg, Al, Si, K, Ca,
Fe, and Ba, our results are based on new 3D non-LTE calcula-
tions. We also discuss the elements that are not accessible by
spectroscopy of the quiet Sun for which other methods to infer
the solar abundances are required.

2.1. General considerations of the analysis

Model atmospheres. As a default solar model atmo-
sphere, we employed the same 3D hydrodynamic simulation
of the solar surface convection computed with the Stagger
code (Nordlund & Galsgaard 1995; Stein & Nordlund 1998;
Magic et al. 2013), as was done in our recent studies of 3D
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scopic studies of elements heavier than Ne (Scott et al. 2015a,b;
Grevesse et al. 2015). In some cases, we simply updated their
results in light of new atomic data (in particular, transition prob-
abilities) or improved non-LTE abundance corrections, or we
made a di↵erent choice in terms of the line list or weighting
of the individual lines. For Li, C, N, O, Na, Mg, Al, Si, K, Ca,
Fe, and Ba, our results are based on new 3D non-LTE calcula-
tions. We also discuss the elements that are not accessible by
spectroscopy of the quiet Sun for which other methods to infer
the solar abundances are required.

2.1. General considerations of the analysis

Model atmospheres. As a default solar model atmo-
sphere, we employed the same 3D hydrodynamic simulation
of the solar surface convection computed with the Stagger
code (Nordlund & Galsgaard 1995; Stein & Nordlund 1998;
Magic et al. 2013), as was done in our recent studies of 3D

3 This choice was supposedly to avoid having negative elemental abun-
dances for the Sun (Claas 1951; Goldberg et al. 1960). While this is also
true for the here recommended solar photospheric abundances – barely,
with log ✏Th = 0.03 ± 0.10 being the smallest value – several naturally
occurring elements indeed have log ✏ < 0 in CI chondritic meteorites
(Sect. 3): Ne, Ar, Kr, Xe, Ta, and U.
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energy states 

• Local thermodynamic equilibrium 
(LTE): trivially known via 
Boltzmann and Saha 
distributions 

• Underlying assumption: efficient 
collisional coupling
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=
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kBT )
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NII
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=
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Relaxing the LTE assumption
Caliskan, S., et al.: A&A, 696, A210 (2025)
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Fig. 4. Grotrian diagrams of Cu I (left panel) and Cu II (right panel) representing the model atom described in Section 3.1. The lines highlighted in
blue are the 12 Cu I lines analysed in this paper (wavelengths in vacuum). The dotted horizontal line represents the ionization limit.

Fig. 5. Equivalent width ratios for the 12 Cu I lines analysed in this paper, calculated for five different stellar atmosphere models. The left panel is
the LTE versus non-LTE EW ratios based on our recommended LCAO + Free non-LTE model. The right panel is the non-LTE with the LCAO +
Free model versus non-LTE with the B21 model EW ratios. In both panels, the line at 809.3 nm for the metal-poor dwarf is not shown because the
EW is too small.

on the Massey criterion, referred to as “relative LTE” (Massey
1949).

Finally, a model was created with data solely from B21
(Belyaev et al. 2021), in order to analyse the impact of hydro-
gen collisions on non-LTE spectra of Cu I in Section 3.3. For
consistency, the collapsed B21 rates were also redistributed
among fine-structure levels using the same method as for the
LCAO rates. Such as for the LCAO and free-electron rate,
we assume infinite rates within fine-structure levels (i.e. rela-
tive LTE). We argue that for fine-structure levels that have a
small energy difference, relative LTE between these levels leads
to more physically motivated populations of these levels. For
instance, if we consider the transition between 3d104p 2P1/2 and
2P3/2, the collisional rate given in B21 is 10�13 cm3/s, which
is very small. Since the electron collision rates for transitions
within fine-structure levels are not included, this can lead to the
total collision rate for that transition being underestimated. The
impact of collapsing and redistributing the B21 rate coefficients
instead of using fine-structure rates on non-LTE spectra will be
discussed in Section 3.3.

3.2. Non-LTE effects across stellar parameters

To investigate the importance of non-LTE effects for stars
with different parameters and understand which stars are most

affected, we analysed 12 Cu I lines ranging from UV to near-
infrared, highlighted in blue in Figure 4 and discussed in Shi
et al. (2014). This set includes the two resonance lines at 324.8
and 327.4 nm that are important for abundance diagnostics in
metal-poor dwarfs (e.g. Korotin et al. 2018; Sneden et al. 2023),
and the strong optical lines at 510.6 and 578.2 nm, previously
used for observations of Cu abundances in metal-poor giants
(e.g. Ishigaki et al. 2013; Lombardo et al. 2022; Caffau et al.
2023).

The 1D non-LTE spectra were obtained using the 3D non-
LTE radiative transfer code Balder (Amarsi et al. 2018b), which
is a custom version of Multi3D (Botnen & Carlsson 1999;
Leenaarts & Carlsson 2009). For these test calculations, we took
five MARCS model atmospheres across the HR diagram. These
include a plane-parallel ‘dwarf’ and a spherical ‘giant’ with solar
mass. In both cases, the analysis was performed on both ‘metal-
rich’ and ‘metal-poor’ models. We also analysed the Sun using
the standard MARCS solar model. The stellar parameters of the
model atmospheres are described in Table 2.

To estimate the departure from LTE for each star and each
line, we plotted the equivalent width (EW) ratios in LTE versus
non-LTE in Figure 5. These EW ratios provide a direct estimate
of the abundance corrections for each line, since we are in the
linear regime of the curve of growth. However, one should be
careful with the lines at 324.8 and 327.4 nm, as we found that
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Fig. 5. Equivalent width ratios for the 12 Cu I lines analysed in this paper, calculated for five different stellar atmosphere models. The left panel is
the LTE versus non-LTE EW ratios based on our recommended LCAO + Free non-LTE model. The right panel is the non-LTE with the LCAO +
Free model versus non-LTE with the B21 model EW ratios. In both panels, the line at 809.3 nm for the metal-poor dwarf is not shown because the
EW is too small.

on the Massey criterion, referred to as “relative LTE” (Massey
1949).

Finally, a model was created with data solely from B21
(Belyaev et al. 2021), in order to analyse the impact of hydro-
gen collisions on non-LTE spectra of Cu I in Section 3.3. For
consistency, the collapsed B21 rates were also redistributed
among fine-structure levels using the same method as for the
LCAO rates. Such as for the LCAO and free-electron rate,
we assume infinite rates within fine-structure levels (i.e. rela-
tive LTE). We argue that for fine-structure levels that have a
small energy difference, relative LTE between these levels leads
to more physically motivated populations of these levels. For
instance, if we consider the transition between 3d104p 2P1/2 and
2P3/2, the collisional rate given in B21 is 10�13 cm3/s, which
is very small. Since the electron collision rates for transitions
within fine-structure levels are not included, this can lead to the
total collision rate for that transition being underestimated. The
impact of collapsing and redistributing the B21 rate coefficients
instead of using fine-structure rates on non-LTE spectra will be
discussed in Section 3.3.

3.2. Non-LTE effects across stellar parameters

To investigate the importance of non-LTE effects for stars
with different parameters and understand which stars are most

affected, we analysed 12 Cu I lines ranging from UV to near-
infrared, highlighted in blue in Figure 4 and discussed in Shi
et al. (2014). This set includes the two resonance lines at 324.8
and 327.4 nm that are important for abundance diagnostics in
metal-poor dwarfs (e.g. Korotin et al. 2018; Sneden et al. 2023),
and the strong optical lines at 510.6 and 578.2 nm, previously
used for observations of Cu abundances in metal-poor giants
(e.g. Ishigaki et al. 2013; Lombardo et al. 2022; Caffau et al.
2023).

The 1D non-LTE spectra were obtained using the 3D non-
LTE radiative transfer code Balder (Amarsi et al. 2018b), which
is a custom version of Multi3D (Botnen & Carlsson 1999;
Leenaarts & Carlsson 2009). For these test calculations, we took
five MARCS model atmospheres across the HR diagram. These
include a plane-parallel ‘dwarf’ and a spherical ‘giant’ with solar
mass. In both cases, the analysis was performed on both ‘metal-
rich’ and ‘metal-poor’ models. We also analysed the Sun using
the standard MARCS solar model. The stellar parameters of the
model atmospheres are described in Table 2.

To estimate the departure from LTE for each star and each
line, we plotted the equivalent width (EW) ratios in LTE versus
non-LTE in Figure 5. These EW ratios provide a direct estimate
of the abundance corrections for each line, since we are in the
linear regime of the curve of growth. However, one should be
careful with the lines at 324.8 and 327.4 nm, as we found that
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Fig. 5. Equivalent width ratios for the 12 Cu I lines analysed in this paper, calculated for five different stellar atmosphere models. The left panel is
the LTE versus non-LTE EW ratios based on our recommended LCAO + Free non-LTE model. The right panel is the non-LTE with the LCAO +
Free model versus non-LTE with the B21 model EW ratios. In both panels, the line at 809.3 nm for the metal-poor dwarf is not shown because the
EW is too small.

on the Massey criterion, referred to as “relative LTE” (Massey
1949).

Finally, a model was created with data solely from B21
(Belyaev et al. 2021), in order to analyse the impact of hydro-
gen collisions on non-LTE spectra of Cu I in Section 3.3. For
consistency, the collapsed B21 rates were also redistributed
among fine-structure levels using the same method as for the
LCAO rates. Such as for the LCAO and free-electron rate,
we assume infinite rates within fine-structure levels (i.e. rela-
tive LTE). We argue that for fine-structure levels that have a
small energy difference, relative LTE between these levels leads
to more physically motivated populations of these levels. For
instance, if we consider the transition between 3d104p 2P1/2 and
2P3/2, the collisional rate given in B21 is 10�13 cm3/s, which
is very small. Since the electron collision rates for transitions
within fine-structure levels are not included, this can lead to the
total collision rate for that transition being underestimated. The
impact of collapsing and redistributing the B21 rate coefficients
instead of using fine-structure rates on non-LTE spectra will be
discussed in Section 3.3.

3.2. Non-LTE effects across stellar parameters

To investigate the importance of non-LTE effects for stars
with different parameters and understand which stars are most

affected, we analysed 12 Cu I lines ranging from UV to near-
infrared, highlighted in blue in Figure 4 and discussed in Shi
et al. (2014). This set includes the two resonance lines at 324.8
and 327.4 nm that are important for abundance diagnostics in
metal-poor dwarfs (e.g. Korotin et al. 2018; Sneden et al. 2023),
and the strong optical lines at 510.6 and 578.2 nm, previously
used for observations of Cu abundances in metal-poor giants
(e.g. Ishigaki et al. 2013; Lombardo et al. 2022; Caffau et al.
2023).

The 1D non-LTE spectra were obtained using the 3D non-
LTE radiative transfer code Balder (Amarsi et al. 2018b), which
is a custom version of Multi3D (Botnen & Carlsson 1999;
Leenaarts & Carlsson 2009). For these test calculations, we took
five MARCS model atmospheres across the HR diagram. These
include a plane-parallel ‘dwarf’ and a spherical ‘giant’ with solar
mass. In both cases, the analysis was performed on both ‘metal-
rich’ and ‘metal-poor’ models. We also analysed the Sun using
the standard MARCS solar model. The stellar parameters of the
model atmospheres are described in Table 2.

To estimate the departure from LTE for each star and each
line, we plotted the equivalent width (EW) ratios in LTE versus
non-LTE in Figure 5. These EW ratios provide a direct estimate
of the abundance corrections for each line, since we are in the
linear regime of the curve of growth. However, one should be
careful with the lines at 324.8 and 327.4 nm, as we found that

A210, page 6 of 13

• Statistical equilibrium: 
 

• C are collisional rates, depend on local 
Maxwellian-averaged cross-sections  

• R are radiative rates: e.g. 

, with 

radiation field  (determined via 
radiative transfer equation) coupling 
different parts of atmosphere

ni Σj[Rij + Cij] = Σjnj[Rji + Cji]

Rlu = ∫
∞

0
BluJνφ (ν − ν0) dν

Jν

Diagnostic 
lines

Other 
lines



How galaxies make pennies

• Extremely steep gradient 

• Copper production in the 
Galaxy ramps up with time 

• Constraints on stellar structure, 
evolution, nucleosynthesis; and 
Galactic modelling  

• But just how reliable are these 
results?

[Caliskan et al. 2025]
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How galaxies make pennies

• Non-LTE: opposite trend in 
copper to iron 

• Our interpretation: a new 
signature (and test) of the 
hierarchical formation of the 
Milky Way 

• Consistency checks: agreement 
between dwarfs and giants; also 
reduced line-to-line scatter (see 
the paper)

[Caliskan et al. 2025]
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Atomic data needs

[Caliskan et al. 2025]
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wealth of different atomic data 
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Atomic data needs

[Caliskan et al. 2025]

1D Non-LTE 
Bad data

• Non-LTE models require a 
wealth of different atomic data 

• The results can be strongly 
sensitive to these atomic data  

• e.g. Copper with alternative 
collisional data set (Belyaev+ 
2021): inconsistencies between 
dwarfs and giants; large line-to-
line scatter
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• Most heavy neutrals have 
never been studied in non-LTE 
due to a lack of atomic data 

• Ongoing work to rectify this, 
starting with neutral silver 
(UU/MAU/SU collaboration)



Case study: silver

• Most heavy neutrals have 
never been studied in non-LTE 
due to a lack of atomic data 

• Ongoing work to rectify this, 
starting with neutral silver 
(UU/MAU/SU collaboration)  

• Energies (NIST is OK for 
neutral Ag; for other heavies, 
can be incomplete)
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Case study: silver

• Most heavy neutrals have 
never been studied in non-LTE 
due to a lack of atomic data 

• Ongoing work to rectify this, 
starting with neutral silver 
(UU/MAU/SU collaboration)  

• BB radiative transition rates 
(Per Jönsson, MaU, GRASP)
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• Most heavy neutrals have 
never been studied in non-LTE 
due to a lack of atomic data 

• Ongoing work to rectify this, 
starting with neutral silver 
(UU/MAU/SU collaboration)  

• BF photoionisations 
(Smaranika Banerjee, SU, 
HULLAC)



Case study: silver
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• Most heavy neutrals have 
never been studied in non-LTE 
due to a lack of atomic data 

• Ongoing work to rectify this, 
starting with neutral silver 
(UU/MAU/SU collaboration) 

• Inelastic Ag + e collisions and 
Ag + H collisions (Sema 
Caliskan, UU, various codes)



Case study: silver
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• Most heavy neutrals have 
never been studied in non-LTE 
due to a lack of atomic data 

• Ongoing work to rectify this, 
starting with neutral silver 
(UU/MAU/SU collaboration)  

• 1D/3D non-LTE radiative 
transfer (Sema Caliskan, UU, 
Balder)



Conclusion

• Non-LTE modelling of stellar 
spectra reveals new 
astrophysics
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Conclusion

• Non-LTE modelling of stellar 
spectra reveals new 
astrophysics 

• Poor atomic data can make 
non-LTE analyses unreliable 

• Lack of quality atomic data for 
neutrals hinders progress
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Conclusion

• Non-LTE modelling of stellar 
spectra reveals new 
astrophysics 

• Poor atomic data can make 
non-LTE analyses unreliable 

• Lack of quality atomic data for 
neutrals hinders progress 

• Need complete energies, 
Einstein A’s, photoionisations, 
inelastic collision cross-sections
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Valid but difficult question: 
what level of accuracy is 

needed in these atomic data?


