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A B S T R A C T 

The presence of Active Galactic Nuclei (AGNs) in low mass (M� � 109 M�) galaxies at high redshift has been established, and 

it is important to characterize these objects and the impact of their feedback on the host galaxies. In this paper, we apply the 
Spectral Energy Distribution (SED) fitting code BEAGLE-AGN to SMACS S06355, a z≈7.66 Type-II AGN candidate from the 
JWST NIRSpec Early Release Observations. This object’s spectrum includes a detection of the [Ne IV ] λ2426 line, indicating an 

obscured AGN due to its high ionization potential energy (63 eV). We use BEAGLE-AGN to simultaneously model the Narrow Line 
Region (NLR) AGN and star-forming galaxy contributions to the observed line fluxes and photometry. Having a high-ionization 

emission line allows the contribution of the NLR to the remaining lines to be probabilistically disentangled. The H II region 

metallicity is derived to be 12 + log(O/H)H II = 7 . 82+ 0 . 18 
−0 . 19 . Assuming that the Neon-to-Oxygen abundance is similar to solar we 

derive a high NLR metallicity of 12 + log(O/H)NLR = 8 . 86+ 0 . 14 
−0 . 16 , with the 2 σ lower-limit extending to 12 + log(O/H)NLR ∼8.00, 

showing the derivation is uncertain. We discuss this result with respect to non-solar Neon abundances that might boost the 
inferred NLR metallicity. The NLR metallicity places SMACS S06355 in a comparable region of the mass–metallicity plane 
to intermediate (1.5 � z� 3.0) redshift obscured AGN. Our derived accretion disc luminosity, log(Lacc / erg s−1 ) = 45 . 19+ 0 . 12 

−0 . 11 , is 
moderately high yet still uncertain. We highlight that deviations between bolometric luminosity calibrations and model grid 

tracks become enhanced at low metallicities. 

Key words: galaxies: active – galaxies: evolution – galaxies: general – galaxies: high-redshift – galaxies: nuclei – galaxies: 
Seyfert. 
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he first years of JWST have delivered many active galactic nucleus
AGN) candidates in the early ( z � 5) Universe (Brinchmann 2023 ;
arson et al. 2023 ; Kocevski et al. 2023 ; Maiolino et al. 2023 ). For the
rst time, we are able to characterize black hole demographics and
rowth at early times with unprecedented detail, which helps with
nderstanding possible seeding mechanisms in the early Universe
Volonteri, Habouzit & Colpi 2021 ). 

Most candidates are Type-I AGN, identified from their broad
ermitted emission lines due to a direct sightline to the broad line
egion (BLR) surrounding a super-massive black hole (Kocevski
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t al. 2023 ; Maiolino et al. 2023 ). Such broad lines typically exhibit
elocity dispersions of approximately 2000 km s−1 , and historically
ines were considered narrow at � 1000 kms −1 (Daltabuit & Cox
972 ). In practice, a Type-I AGN might be identified if the permitted
ines are broader than the measured forbidden lines, which would
ot be the case if observing an AGN for which the BLR is obscured
Type-II AGN), and spectroscopically identifying these Type-II
GN is proving more challenging (Scholtz et al. 2023 ). One main

eason for this is that at lower metallicities, standard rest-frame
ptical emission-line diagnostics (e.g. the much used BPT/VO87 line
atio diagnostics; Baldwin, Phillips & Terlevich 1981 ; Veilleux &
sterbrock 1987 ) fail to separate AGN and star-forming galaxies

Groves, Dopita & Sutherland 2004 ; Hirschmann et al. 2019 , 2023 ;
¨ bler et al. 2023 ). For example, Feltre, Charlot & Gutkin ( 2016 ,
g. 2) showed that at low AGN metallicity (ZAGN � 0 . 5 Z �), AGN
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Figure 1. The observed G395M/F290LP 1D spectrum of SMACS S06355, 
shown as a solid blue line in the upper panel. The grey dashed vertical lines and 
their corresponding rest-frame wavelength labels highlight notable emission 
lines relevant to this work. The lower panel shows the corresponding error 
spectrum in solid green line. 
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odel coverage typically falls below the Kauffmann et al. ( 2003 )
F-Seyfert demarcation line (see also Zhu, Kewley & Sutherland 
023 ; Dors et al. 2024 ). Rest-frame UV emission line diagnostics
ave been proposed to overcome these problems (Feltre et al. 2016 ;
irschmann et al. 2019 ), though they are found to provide different

andidates depending on the criteria imposed (Scholtz et al. 2023 ), 
nd a top-heavy initial mass function (IMF) or Wolf-Rayet (WR) 
tars may explain strong UV line emission in some cases (Cameron 
t al. 2024 ; Senchyna et al. 2024 ). Robust candidates often show
igh-ionization lines that cannot be explained by standard models of 
tar-formation alone (for example, see fig. 1 of Feltre et al. 2016 ; see
lso candidates within Scholtz et al. 2023 ). 

This paper focuses on one particular object identified from the 
MACS J0723.3-7327 (SMACS 7327) cluster field (Pontoppidan 
t al. 2022 ; Carnall et al. 2023 ), one of the targets from the Early
elease Observations (ERO). In the ERO NIRSpec Multi-Shutter 
rray (MSA) spectroscopy, Brinchmann ( 2023 ) identified a high- 

onization line, [Ne IV ] λ2426, in object SMACS S06355 1 with 
oordinates RA: 110.84452 and Dec: −73 . 43508 (Carnall et al. 
023 , table 2). The presence of this line requires photons of energy

63 . 45 eV (the ionization potential of Ne2 + ) to ensure the presence
f triply ionized Neon. These energies are beyond those produced 
y stellar populations characterized by low metallicities and a high 
pper mass limit cutoff to the IMF of 300 M�(Lecroq et al. 2024 ).
he object was therefore identified as a probable AGN (Brinchmann 
023 ) at z = 7 . 6643 ± 0 . 0010 within weeks of the first data to be
eleased for the telescope. This object is one of three high redshift
alaxies from the same dataset to exhibit the [O III ] λ4363 line in
he early Universe, an auroral line that, in concert with the brighter
O III ] λ5007 line, has been used to estimate the electron temperature
nd provide robust metallicity estimates. Curti et al. ( 2023b ), Trump
t al. ( 2023 ), and Schaerer et al. ( 2022 ) provided direct metallicities
or this object, but had not identified the [Ne IV ] λ2426 line and
herefore assumed the observed rest-frame optical emission lines 
[O II ] λ3726 , λ3729, H ε, H γ , H β, [O III ] λ4363, [O III ] λ4959, and
O III ] λ5007) were powered by star formation alone. 

Here, we use a new tool, BEAGLE-AGN (Vidal-Garcı́a et al. 2024 ), a
EAGLE (BayEsian Analysis of GaLaxy sEds, Chevallard & Charlot 
016 ) extension that simultaneously models stellar emission, dust 
ttenuation, nebular emission from H II regions surrounding young 
tars as well as the narrow-line emission from Type-II AGN. The 
oals of this study are to fit both emission lines and photometric filter
uxes of SMACS S06355 with BEAGLE-AGN in order to investigate 

he impact of including an AGN component on the derived physical 
roperties of this object (without assuming that the emission lines 
re solely powered by star formation or an AGN). 

Section 2 describes the data and reduction used in the fitting, 
long with details of the [Ne IV ] λ2426 flux extraction we performed
nd the fitting process with BEAGLE-AGN . Results from the fitting 
rocess are presented in Section 3 , where we also briefly discuss the
ersion of the results using an IMF upper mass limit of 300 M� (as
pposed to 100 M� in the fiducial). We discuss the fit we obtain 
nd derived parameters of SMACS S06355 in Section 4 , which 
ncludes discussions on: comparisons to previous studies of this 
alaxy; alternative ionizing sources of [Ne IV ] λ2426; the bolometric 
uminosity; the importance of neon abundances in modelling; and 
aveats of this work’s approach. This work assumes a standard 
 Here, ‘(0)6355’ refers to the object’s ID, where the ‘S’ refers to it belonging 
o the SMACS J0723.3-7327 field (see nomenclature in Katz et al. 2023 , for 
xample) 
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CDM cosmology with H0 = 67 . 74kms−1 Mpc−1 , 	m 

= 0 . 3089 
nd 	λ = 0 . 6911 (Planck Collaboration XIII 2016 ). 

 DATA  TREATMENT  

.1 Data 

e make use of NIRSpec (Jakobsen et al. 2022 ) MSA mode
pectroscopy (Ferruit et al. 2022 ) and NIRCam (Rieke et al. 2023 )
maging taken of the SMACS 7327 cluster field as part of the Early
elease Observations (PI: Klaus Pontoppidan, program-ID: 2736) 

o perform spectro-photometric fits. Spectra were taken with two 
rating/filter configurations, G395M/F290LP and G235M/F170LP, 
overing the wavelength range 1.66 to 5.16μm at a spectral 
esolution of R ∼ 1000. For visual reference, we include the 
395M/F290LP 1D spectrum in Fig. 1 . In this paper, we focus
n the object with ID 6355, which has total exposure time 8840 s
n each configuration. The measured emission line fluxes from the 
pectra provide constraints on the ionized gas in the galaxy. To gain
onstraints on the stellar component (stellar mass, dust attenuation 
xperienced by stars, etc.) we need strong constraints on the stellar
ontinuum and relative strengths of the emission lines (equivalent 
idths). In this case, the continuum level has a very low S/N in the

pectra (average signal-to-noise across 5050–5400 Å range is S/N 

 1.58), and so we resort to photometry to provide the continuum
evel. The photometric data thus provide constraints on the stellar 
ontinuum as well as the emission lines in some of the filters. We used
hotometry measured from the following NIRCam filters: F090W, 
150W, F200W, F277W F356W, and F444W. All line and filter 
uxes are uncorrected for magnification by the central cluster. We 
pply the appropriate magnification corrections to derived quantities 
fter fitting with BEAGLE-AGN . 2 
MNRAS 541, 3822–3836 (2025)

 The emission line fluxes from Curti et al. ( 2023b ) were also non- 
agnification corrected at the instance of fitting. As part of our procedure 
e reverse the point source corrections attributed to these fluxes and so 

o maintain consistency, we also keep emission line fluxes uncorrected for 
agnification here. 
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Table 1. Table compiling data used in this work’s BEAGLE-AGN fit to object 
SMACS S06355. Both spectroscopic and photometric data were used in the 
fitting, specifically emission line fluxes and filter fluxes. The emission line 
fluxes presented in the ‘Total flux’ column are those corrected to their total 
equivalents, as expanded in Section 2.1 ; the emission line and filter fluxes 
in this column are in units of 10−18 erg s−1 cm−2 and nJy , respectively. The 
‘Total/Original’ column provides the ratios of the total equivalent fluxes 
to the point-source corrected versions originally in Curti et al. ( 2023b ). 
For [Ne IV ] λ2426, we calculate the ‘original’ flux value from a procedure 
validated to be consistent with that of Curti et al. ( 2023b ), as outlined in 
Section 2.2 . 

Data Total flux Total / Original 

[Ne IV ] λ2426 0.65 ± 0.06 1.48 ± 0.20 
[O II ] λ3726,29 3.26 ± 0.42 1.72 ± 0.29 
[Ne III ] λ3869 1 . 63 ± 0 . 13 1 . 72 ± 0 . 19 
H δ λ4103 0.94 ± 0.09 1.71 ± 0.21 
H γ λ4342 1.65 ± 0.09 1.70 ± 0.13 
[O III ] λ4363 0.35 ± 0.08 1.70 ± 0.50 
H β λ4863 4.23 ± 0.18 2.00 ± 0.10 
[O III ] λ4959 11.19 ± 0.35 1.99 ± 0.09 
[O III ] λ5007 34.77 ± 1.01 1.99 ± 0.09 
F090W -7.30 ± 2.02 –
F150W 128.78 ± 2.18 –
F200W 134.19 ± 1.89 –
F277W 172.84 ± 1.86 –
F356W 238.51 ± 1.91 –
F444W 634.97 ± 3.28 –
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The individual micro-shutters of NIRSpec are small, with an
lluminated area of 0 . 20 arcsec × 0 . 46 arcsec , and so an appreciable
raction of the flux will fall outside the slit even for a point source,
articularly at longer wavelengths where the point spread function
PSF) is larger. We use the measured line fluxes presented in
able 1 of Curti et al. ( 2023b ), with the exception of [Ne IV ] λ2426,
hich we describe in the following section, and [Ne III ] λ3869 (see
ection 4.5 ). These fluxes assume a point like target morphology
at the nominal target coordinates, offset from the centre of the
icro-shutter) whereas SMACS S06355 is an extended source (see
acchella et al. 2023 , fig. 2). Further, the photometry we use describes

he total flux in each filter. Therefore, in order to fit both the emission
ine fluxes and photometry simultaneously, we needed to apply an
perture correction to the line fluxes from Curti et al. ( 2023b ).
pplying corrections accounting for these differences allows the
se of fluxes which are more consistent with the photometry. The
ollowing outlines the overall procedure, and the final emission line
uxes (in addition to the photometric filter fluxes) used in our fitting
re given in Table 1 . 

The line fluxes reported in Curti et al. ( 2023b ) are measured
rom spectra processed by the NIRSpec/GTO pipeline (Carniani, in
reparation). The pipeline starts with level 2 data products (count
ate maps) and initially performs the pixel-to-pixel background
ubtraction by using the three nodding exposures. It then identifies
nd extracts the spectrum of the selected target. The 2D spectrum is
hen corrected for flat-field, wavelength calibration, flux calibration,
nd slit-loss correction assuming a point-like target morphology.
inally, the pipeline rectifies and interpolates the 2D map on to a
egular wavelength grid and a 1D spectrum is extracted from each
xposure. The final products are the combination of all 1D and 2D
pectra of the selected target. 

To account for the extended morphology of SMACS S06355, we
pply a correction to the emission line fluxes using photometry from
he NIRCam images. We first reverse the point source correction by
NRAS 541, 3822–3836 (2025)
ividing the fluxes by their corresponding path loss correction factor
Curti et al. 2023b , private communication), to recover the flux which
ctually fell within the micro-shutter aperture. Total photometric
uxes, computed by Tacchella et al. ( 2023 , private communication)
sing FORCEPHO (Johnson et al., in preparation), are compared to
he flux from each NIRCam image which falls within the MSA
hutter. This is obtained by projecting the shutter corners on to
he NIRCam images, accounting for distortion. The ratio between
he two (the total flux to the apodized flux) can be used as a
onversion factor. An additional wavelength-dependent correction
f order < 10 per cent is required because of additional flux losses
ue to additional diffraction by the MSA shutters, which leads to a
roader PSF for NIRSpec than NIRCam at the same wavelength. This
orrection was approximated by the difference between the apodized
mage flux and the MSA through-shutter flux for a large sample
f objects within the JWST Advanced Deep Extragalactic Survey
JADES) survey (Bunker et al. 2024 ; Boyett et al. 2024 ). With the
eversed point source correction, and applied morphology-sensitive
lit loss and diffraction corrections, we then obtained the emission
ine fluxes used in this work’s fitting (see Table 1 ). We will refer to
total equivalent’ fluxes when referring to emission line fluxes that
ave been corrected according to the procedure described here. 
In using the total image fluxes to correct the MSA through-shutter

ux, we are assuming that the morphology of the regions emitting
he emission lines follow that of the stellar continuum morphology
t the wavelengths of the individual filters. In reality, the emission
ines may have a very different morphology, since those originating
rom the NLR may have a much more compact morphology, and
hose from ionized gas around young stars may come from a clumpy
istribution. We discuss the impact of this assumption on our results
n the Section 4.8 . 

.2 [Ne IV ] λ2426 line flux extraction 

or the extraction of the [Ne IV ] λ2426 flux, we used the 2D
235M/F170LP NIRSpec spectrum of SMACS S06355. The flux
as summed across the 0 . 46′′ width of a micro-shutter (5 pixels),
ith the corresponding per-pixel noise added in quadrature in order

o obtain measured flux error. After identifying the wavelength range
ccupied by the emission line, a straight line fit was made to the
urrounding continuum, and subtracted from the flux. The rest-
rame wavelength ranges considered to estimate the continuum level
ere 2406.00 Å–2423.98 Å and 2429.71 Å–2446.00 Å (blueward 

nd redward of the peak, respectively). These ranges were taken
o be featureless regions of the continuum. 

To measure the line flux, we used the EMCEE PYTHON pack-
ge to perform a Bayesian fit assuming a Gaussian line shape
nd a Gaussian likelihood function, where we fitted the line
ux (A), line centre (x0 ) and line standard deviation ( σ ) over

he prior ranges 0 < A / 10−17 erg s−1 cm 

−2 < 0 . 45, 2424 < x0 / Å <

428 and 0 . 5 < σ/Å < 2 . 5 , respectively. 
The MCMC process used 20 walkers and 8000 iterations. The

bserved, non-magnification corrected, [Ne IV ] λ2426 flux was mea-
ured to be 4 . 39 ± 0 . 42 × 10−19 erg s−1 cm−2 , and the observed spec-
rum and fitted Gaussian profile are shown in Fig. 2 . The significance
f this emission line is approximately 10 . 5 σ ; when incorporating the
er-pixel noise across the wavelength dimension of the [Ne IV ] λ2426
mission itself, the significance is approximately 7 . 6 σ . We then pair
he [Ne IV ] λ2426 flux we measure here with the following fluxes
rom table 1 of Curti et al. ( 2023b ): [O II ] λ3726 , λ3729, H δ, H γ ,
O III ] λ4363, H β, [O III ] λ4959, and [O III ] λ5007, and convert them
o ‘total equivalent’ line fluxes as described in Section 2.1 and
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Figure 2. The [Ne IV ] λ2426 emission from the F170LP/G235M spectrum 

of SMACS S06355. The lower panel shows the 2D spectrum, and the upper 
panel shows the 1D spectrum centred around the [Ne IV ] λ2426 emission line. 
The measured spectrum is shown as a solid blue line, with light blue shading 
for the uncertainty and a dashed red line for the best-fitting model. 
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Table 2. Prior limits, fixed values and other parameters used in this work’s 
fit to SMACS S06355. Priors described with N [ μ, σ 2 ] notation denote a 
Gaussian profile with mean μ and standard deviation σ . 

Parameter Prior 

ˆ τV Exponential ∈ [0 , 4] 
log (Z 

HII 
gas /Z �) Uniform ∈ [ −2 . 2 , 0 . 24] 

log US N [ −2 . 5 , 0 . 752 ], ∈ [ −4 , −1] 
log (ψ / M�yr −1 ) N [ −0 . 0 , 2 . 02 ], ∈ [ −4 , 4] 
log (Z 

NLR 
gas /Z �) Uniform ∈ [ −2 , 0 . 3] 

log UNLR 
S Uniform ∈ [ −4 , −1] 

log(Lacc / erg s−1 ) Uniform ∈ [43 , 48] 
z Fixed to 7.6643 
log (M tot / M�) Uniform ∈ [5 , 12] 
log (τSFR /yr ) Uniform ∈ [8 , 10 . 5] 
log ( t/yr ) Uniform ∈ [7 , 10] 
log(
 tSFR / yr ) Fixed to 7 
μ Fixed to 0.4 
ξNLR 

d Fixed to 0.3 
ξd Fixed to 0.3 
αPL Fixed to -1.7 
mup /M� Fixed to 100 
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eported in Table 1 . Prior to this, to ensure consistency between the
ifferent methodologies used for measurements of the line fluxes, we 
ave also performed independent measurements of the emission lines 
sing the same method as the [Ne IV ] λ2426 measurement, finding
greement within ∼ 1 . 6 σ on average. 

.3 BEAGLE-AGN fitting 

s introduced in Section 2.2 , we simultaneously fit to both emission
ines ([Ne IV ] λ2426, [O II ] λ3726 , λ3729, H δ, H γ , [O III ] λ4363, H β,
O III ] λ4959, and [O III ] λ5007) and filter fluxes (F090W, F150W,
200W, F277W F356W, and F444W), using BEAGLE-AGN (Vidal- 
arcı́a et al. 2024 ). The filter fluxes provide constraints on the e.g.

he stellar mass, while the emission lines provide constraints on the 
as (H II and NLR) properties. The emission lines in particular are
ncluded in the spectrum plotted in Fig. 1 , with the exception of
Ne IV ] λ2426 and [O III ] λ4363; the former belongs to a different
rating/filter spectrum (see Fig. 2 ) and the latter lies by the edge of
he MSA chip gap and so is visually difficult to identify in Fig. 1 but
as carefully extracted in Curti et al. ( 2023b ). 
BEAGLE is an SED fitting code which models the stellar and nebular 

mission of galaxies. BEAGLE-AGN additionally includes the nebular 
mission from the narrow-line region (NLR) surrounding active 
alactic nuclei. The stellar models are an updated version of the 
ruzual & Charlot ( 2003 ) stellar population synthesis models, where 

he updates are described in Vidal-Garcı́a et al. ( 2017 , section 2.1
nd appendix A). The NLR models are described in Feltre et al.
 2016 ), with updates regarding the addition of a smaller inner NLR
adius and microturbulence in the clouds within the NLR described 
n Mignoli et al. ( 2019 ). 

We account for dust attenuation with the two-component model of 
harlot & Fall ( 2000 ). This model assumes that radiation produced
y young stars ( < 10 Myr) traverses the dusty birth clouds within
hich they are enshrouded before encountering the dust in the diffuse

nter-stellar medium (ISM). Older stars ( > 10 Myr), however, are 
nly attenuated by the dust in the diffuse ISM. The age range
f stars still enshrouded in their birth clouds approximates the 
ifetimes of the clouds in which the stars form, approximately 107 yr
Murray, Quataert & Thompson 2010 ; Murray 2011 ). The attenuation 
xperienced by the NLR region is accounted for in the modelling
pproach of BEAGLE-AGN in two ways. First, dust within the NLR
tself is accounted for in the CLOUDY models (see Feltre et al. 2016 ),
hile light emitted from the NLR encounters further dust attenuation 
y the ISM (for more details see Vidal-Garcı́a et al. 2024 ). We test
he dependence of our results on this simplified modelling of the
LR dust in Section 4.7 . 
We follow the prescription outlined in Gutkin, Charlot & Bruzual 

 2016 ) to compute the line and continuum emission of H II regions
onized by stars younger than 10 Myr. We adopt a two-component
tar formation history. The older component consists of a linear- 
xponential form described by ψ = t exp ( −t/τSFR ), where t is the 
ime since the first stars were formed, and τSFR is the time-scale
f star formation. This is followed by the most recent component,
hich is modelled as a constant star formation for a duration fixed to

og(
t SFR / yr ) = 7, as indicated in Table 2 . The computation of stellar
ass assembled during this two-component star formation history 

ccounts for material returned to the ISM. However, the integral of
he star formation history, M tot , is the parameter that is sampled over,
ence the prior given in Table 2 is over M tot rather than stellar mass.
s with BEAGLE , BEAGLE-AGN can also adopt upper mass limits of

ither 100 or 300 M� for the Chabrier ( 2003 ) IMF used. 
The spectrum of SMACS S06355 does not cover the full set of

tandard diagnostic BPT/VO87 (Baldwin et al. 1981 ; Veilleux & 

sterbrock 1987 ) lines used to identify narrow-line region contri- 
ution at low redshift. Even if it did cover these emission lines,
t is now known that BPT/VO87 diagrams generally misclassify 
alaxies at high redshift (for example Maiolino et al. 2023 , fig. 8),
aking the differentiation between different classifications more 

ifficult with increasing redshift. Vidal-Garcı́a et al. ( 2024 ) found
hat fitting to line ratios when using the standard BPT/VO87 
et of lines (plus [O II ] λ3726 , λ3729/[O III ] λ5007, H β/H α and
O I ] λ6300/[O II ] λ3726 , λ3729) was required to obtain unbiased
arameters. However, this was due to the lack of any high-ionization
ines that could be attributed to the NLR alone. The [Ne IV ] λ2426
mission line flux cannot be reproduced by the star-forming model 
rids (see Section 4.3 ) and is solely fit by the NLR models. This
MNRAS 541, 3822–3836 (2025)
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Table 3. BEAGLE-AGN fit for SMACS S06355, where log (ψ / M� yr −1 ), log ( ξion ) and log (M / M�) from this work have 
been corrected for magnification (μ = 1 . 23 ± 0 . 01 as used in Curti et al. 2023b , originating from the lens model of 
Mahler et al. 2023 ), and are quoted with uncertainties corresponding to the 68 per cent credible interval. We present our 
results alongside those from previous studies, namely those of Tacchella et al. ( 2023 ) and Curti et al. ( 2023b ). Cells with 
a ‘ −’ denote values which are either not applicable to the study, or otherwise not attributed. 

Parameter This work Tacchella et al. ( 2023 ) Curti et al. ( 2023b ) 

ˆ τV 0 . 84+ 0 . 34 
−0 . 28 0 . 43+ 0 . 26 

−0 . 15 0 . 50+ 0 . 26 
−0 . 15 

log (Z 

HII 
gas /Z �) −0 . 89+ 0 . 18 

−0 . 19 −0 . 6+ 0 . 1 
−0 . 1 −

log US −2 . 06+ 0 . 13 
−0 . 14 – –

log (ψ / M� yr −1 ) 1 . 70+ 0 . 10 
−0 . 09 1 . 49+ 0 . 14 

−0 . 09 1 . 47+ 0 . 04 
−0 . 04 

log ( ξion /erg Hz−1 ) 26 . 11+ 0 . 11 
−0 . 10 – –

log (M / M�) 9 . 12+ 0 . 16 
−0 . 16 8 . 60+ 0 . 20 

−0 . 20 8 . 72+ 0 . 04 
−0 . 04 

log (Z 

NLR 
gas /Z �) 0 . 12+ 0 . 14 

−0 . 14 – –

log UNLR 
S −1 . 93+ 0 . 25 

−0 . 23 – −
log (Lacc /erg s−1 ) 45 . 19+ 0 . 12 

−0 . 11 – –

[O III ] λ4363H II /% 57 . 70+ 9 . 52 
−9 . 60 100 100 

H βλ4861H II /% 75 . 60+ 8 . 06 
−6 . 93 100 100 

[O III ] λ5007H II /% 49 . 08+ 12 . 95 
−11 . 71 100 100 

1 12 + log(O/H)H II 7 . 83+ 0 . 18 
−0 . 19 – 8 . 24+ 0 . 07 

−0 . 07 
1 12 + log(O/H)NLR 8 . 86+ 0 . 14 

−0 . 16 – –

χ2 
min 27.85 – –

Note. 1 These values represent tracers of the metallicity log(Z /Z �) which includes all metals; in this format it is the 
gas-phase abundance which depends on a combination of log(Z /Z �) and dust-to-metal mass ratio ξd . 
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rovides valuable constraints on the NLR contribution to all the
mission lines without resorting to line ratios. Therefore we fit to
he fluxes of individual emission lines (in addition to photometric
ata), as opposed to ratios of emission lines as done in Vidal-Garcı́a
t al. ( 2024 ). In addition, since there are a large number of possible
ree parameters in BEAGLE-AGN but limited observations, we limit
he number of AGN parameters we try to constrain. 

The parameters primarily explored in our analysis are the V -
and attenuation optical depth ( ˆ τV ), H II region metallicity (Z 

HII 
gas ),

 II region ionization parameter (log US 
H II ), star formation rate ( ψ),

LR metallicity (Z 

NLR 
gas ), NLR ionization parameter (log UNLR 

S ), and
ccretion disc luminosity ( Lacc ). We fix the hydrogen density of the
LR ( nNLR 

H = 1000 cm−3 ), the slope of incident ionizing radiation
o the NLR ( αPL = −1.7), 3 the NLR covering fraction (10 per cent),
he carbon-oxygen-ratio for each the H II regions and NLR (C/O =
.44), and the fraction of the attenuation optical depth arising from the
iffuse ISM ( μ= 0.4). We also fix the H II region hydrogen density to
00 cm−3 , and the dust-to-metal mass ratio of each component ( ξd =
NLR 
d = 0.3). The value choices of fixed parameters were guided
y those within Vidal-Garcı́a et al. ( 2024 ). Table 2 summarizes
hese physical parameters and their corresponding priors used in
he BEAGLE-AGN fitting process. 

 RESU LTS  

ur BEAGLE-AGN parameter estimates are detailed in Table 3 . Within
his table are additional columns including results from previous
tudies of SMACS S06355 (Tacchella et al. 2023 and Curti et al.
023b ). Comparisons between these previous studies and this work
ill be discussed in Section 4.1 . Reported parameter estimates from
NRAS 541, 3822–3836 (2025)

 Power-law parameter αPL is described further in equation 5 (parameter α) of 
eltre et al. ( 2016 ). 

0  

h  

f  
his work have been magnification corrected according to the lens
odel of SMACS J0723.3-7323 from Mahler et al. ( 2023 ). 
The 2D posterior distributions for the parameters are plotted in

ig. 3 ; these present derived parameters which are mostly reason-
bly constrained considering the redshift of this source and the
umber of data measurements used in the fitting. Caveats to this
ypically include AGN related parameters (namely NLR metallicity
og(Z 

NLR 
gas /Z �) , see discussion in Section 4.2 ), which is to be expected

n this specific case of having only one very high-ionization potential
ine ([Ne IV ] λ2426 ) to constrain NLR parameters without contam-
nation from star formation. The plot in Fig. 4 shows a comparison
etween the measured and modelled emission line fluxes. Fig. 5
isualizes the best-fitting model spectrum of SMACS S06355 and
he statistical quality of the fit. Together, Figs 4 and 5 demonstrate
he consistency between modelled emission line fluxes and their
orresponding measured values (χ2 

lines = 0 . 80 ). In Fig. 5 , we see
he modelled filter flux values also reproduce the measured values
easonably well with χ2 

filters = 1 . 17 . 
With BEAGLE-AGN , we can additionally explore the fractional con-

ribution of the H II and narrow-line regions to various emission lines;
xamples of such contributions are presented in the ‘H βλ4861H II ’
nd ‘[O III ] λ5007H II ’ rows of Table 3 . 

Massive stars and top-heavy IMFs have been proposed as likely
andidates for explaining high N/O ratios and other observables seen
t high redshift (e.g. Cameron et al. 2024 ; Vink 2023 ). In the case of
his work, it is desirable to explore the impact of changing the IMF
pper mass limit on our results; whilst we do not fit with a top-heavy
MF specifically, BEAGLE-AGN allows us to increase the IMF upper
ass limit to 300 M�, which we explore without changing any of the

ther fit parameters. In this fit, the SFR decreased by approximately
.17 dex as we may expect; this is due to more massive stars having
igher luminosities than lower mass stars, and so requiring less star
ormation to produce the same fluxes for a given time period. No
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Figure 3. 2D posterior probability distributions generated from this work’s BEAGLE-AGN fit to SMACS S06355. Central dark blue contours refer to the 1 σ
confidence level, whereas the second and third concentric contours reflect the 2 σ and 3 σ levels, respectively. The uppermost panels for each column display the 
1D posterior probability distributions for their corresponding parameters, where vertical grey shading denotes the 1 σ confidence interval. Parameters shown are 
V -band attenuation optical depth ˆ τv , H II region metallicity log(Z 

HII 
gas / Z �), H II region ionization parameter log US , star formation rate log (ψ / M�yr −1 ), ionizing 

emissivity log( ξion /erg Hz−1 ), stellar mass log (M / M�), AGN metallicity log(Z 

NLR 
gas /Z�), AGN ionization parameter log UNLR 

S , and AGN accretion luminosity 

log(Lacc / erg s−1 ). Quantities with ‘log’ refer to base 10 here and throughout. 
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arameter changed by more than 1 σ relative to the fit presented in
able 3 apart from the SFR and nebular ionization parameter, which 
ave decreased by 1.70 σ and 1.71 σ , respectively. Therefore, overall 
ur 100 and 300 M� results are not statistically different. When we 
erform a fit identical to our fiducial, but without the AGN component 
so SF only), we derive a higher SFR of log(ψ / M� yr−1 ) = 1 . 83+ 0 . 03 

−0 . 03 
n comparison to our fiducial value, but the [Ne IV ] λ2426 flux is not
eproduced by the model. 

Considering our results given in Table 3 , SMACS S06355 hosts a
oderately luminous Type-II AGN (log( Lacc /erg s−1 ) = 45 . 19+ 0 . 12 

−0 . 11 ). 
n this model, the H II region metallicity appears significantly sub-
olar (log(Z 

HII 
gas /Z �) = −0 . 89+ 0 . 18 

−0 . 19 ), while the NLR metallicity 
MNRAS 541, 3822–3836 (2025)
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Figure 4. A PYP-BEAGLE violin plot showing the comparisons between the measured (blue filled diamonds) and modelled (black filled circles) fluxes for 
corresponding emission lines associated with this work’s BEAGLE-AGN fit to SMACS S06355. Here, the tomato shading represents the probability distributions 
of the modelled fluxes. The solid blue bars show the measured flux errors, and are occasionally smaller than the blue diamond markers; errors are visualized 
more clearly in Fig. 5 . 

Figure 5. The BEAGLE-AGN fit to SMACS S06355. The upper panel shows the 
best-fitting spectrum (light green solid line), over-plotted with modelled (blue 
filled rightward pointing triangles) and measured (red filled crosses) filter 
fluxes. The F090W modelled filter flux is presented as an upper limit (blue 
downward pointing arrow). The bandwidths of each filter throughput curve 
are visualized as horizontal error bars. The lower panel includes different 
χ values, namely those corresponding to the filter fluxes (solid black plus 
markers) and also the emission line fluxes (hollow black plus markers). 
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osterior pushes towards higher values though the full posterior
s relatively unconstrained in this case: log(Z 

NLR 
gas /Z �) = 0 . 12+ 0 . 14 

−0 . 14 

discussion expanded in Section 4.2 ). Both metallicity estimates
how large uncertainties, primarily because of the single very high-
onization line ([Ne IV ] λ2426) used in the analysis and sensitive to
he AGN conditions, for the case of NLR metallicity. We note that
he derived NLR metallicity, in particular, is likely to be dependent
n the gas-phase Neon abundance in the models, and we discuss this
urther in Section 4.5 . 
NRAS 541, 3822–3836 (2025)
 DI SCUSSI ON  

.1 Comparison to other studies 

ithin Table 3 are results of this work which we can compare to
ome of the previous studies of SMACS S06355, namely those of
acchella et al. ( 2023 ) and Curti et al. ( 2023b ). This is the first work

hat simultaneously accounts for H II and the narrow-line region con-
ributions to the emission lines (which can introduce degeneracies).
dditionally, this work includes the [Ne IV ] λ2426 emission line,
ot adopted in the other works, and adopts data including ‘total
quivalent’ line fluxes as outlined in Section 2.1 . Therefore, whilst
e perform comparisons to previous studies as outlined, we do so
hilst recognizing this work’s approach is innately different. 
The optical depth in the V -band from this work, ˆ τV = 0 . 84+ 0 . 34 

−0 . 28 ,
espite having a higher mean is not statistically different to the values
erived from previous works, which found 0 . 50+ 0 . 03 

−0 . 03 and 0 . 43+ 0 . 26 
−0 . 15 

or Curti et al. ( 2023b ) and Tacchella et al. ( 2023 ), respectively. We
iscuss the treatment of and dependence of dust further in Section 4.7 .
Results from this work indicate a galaxy with an intense SFR
 = 51 . 12+ 12 . 98 

−9 . 38 M� yr−1 . We also note the SFR here is higher than
hose reported in previous studies of the same source with 29 . 51+ 2 . 85 

−2 . 60 

nd 31+ 12 
−6 M� yr−1 for Curti et al. ( 2023b ) and Tacchella et al. ( 2023 ),

espectively. When comparing SFRs of SF and SF + NLR fits, if both
se the same input data we would intuitively expect the SF + NLR fit
o derive a lower SFR than the SF only fit. Indeed, the SF only version
f this work’s fit has a higher SFR than the SF + NLR version ( ∼ 67
ompared to ∼ 51 M� yr−1 ). However, here we largely attribute the
pposite behaviour observed to the higher derived dust attenuation
ptical depth ˆ τV , which has likely driven the SFR higher in our fitting.
ifferences in stellar models and star formation histories employed
ay also introduce differences in these inferred SFRs. For example,

he SFR reported in Tacchella et al. ( 2023 ) is that averaged across
heir initial two time bins (equivalent to 10 Myr), as part of a 6 bin
exible SFH prescription using a bursty prior. In comparison, our
tting adopts a delayed SFH with an added 10 Myr variable star-
orming period of constant SFR. 

We can also compare this work’s derived H II metallicity to those
ound in Curti et al. ( 2023b ) and Tacchella et al. ( 2023 ). Our H II

egion metallicity, log(Z 

HII 
gas /Z �) = −0 . 89+ 0 . 18 

−0 . 19 , is approximately
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Figure 6. The mass–metallicity relation (MZR), compiling various works, where all studies of SMACS S06355 (z ∼ 7 . 66 ) are indicated with a ‘6355’ label. 
This work presents metallicities from all live points of our BEAGLE-AGN fit of both the NLR (blue filled contours) and H II region (red filled contours). The 
inner and outer contours contain 68 per cent and 95 per cent of the associated probability, respectively, and the stellar mass values have been magnification 
corrected assuming μ = 1 . 23. Additional estimates for the H II region metallicity of SMACS S06355 include those of Curti et al. ( 2023b , red left-pointing 
triangle), Trump et al. ( 2023 , large blue circle) and Schaerer et al. ( 2022 , green right-pointing triangle). We additionally make comparisons to the 1.5 < z < 3.0 
NLR AGN from Mignoli et al. ( 2019 , small grey circles); the z � 0 . 2 obscured AGN based MZR from Thomas et al. ( 2019 , solid blue line), the z ∼ 0 . 8 SDSS 
star-forming galaxies from Curti et al. ( 2020 , dot-dashed black line) and the 3 � z � 10 low stellar mass JADES star forming sources from Curti et al. ( 2023a , 
dashed magenta line). For reference, this MZR compilation also includes the z ∼ 5 . 55 Type-I AGN from Übler et al. ( 2023 , magenta cross). 
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 σ away from that obtained in Tacchella et al. ( 2023 , log(Z 

HII 
gas /Z �)

 −0 . 60+ 0 . 10 
−0 . 10 ). We can also compare our fiducial H II region gas-

hase metallicity, 12 + log(O / H)H II = 7 . 83+ 0 . 18 
−0 . 19 , to that of Curti 

t al. ( 2023b , 12 + log(O / H)H II = 8 . 24+ 0 . 07 
−0 . 07 ) in a similar manner.

ere, our fiducial value is approximately 2 . 3 σ away, where the
alue from Curti et al. ( 2023b ) is being derived from the direct
e method and assuming that all line emission is powered by 
tellar emission. In contrast, ours is derived from comparison to 
hotoionization models while dis-entangling the contribution from 

he H II and NLR regions, and so deriving a comparatively lower
as phase metallicity here is what we may expect with our dual
omponent approach. The derived H II and NLR metallicities from 

his work are not highly constrained, and their posterior distributions 
ithin Fig. 3 present generally non-gaussian forms. Therefore, when 

omparing our derivations to previous works, quoting posterior 
eans and uncertainties potentially omits additional information. 
 way we mitigate this is exemplified in Fig. 6 , where we plot

he posterior distributions themselves within an appropriate shared 
arameter space, as Section 4.2 expands. 

.2 H II and NLR metallicities 

s seen in Section 4.1 , the H II region metallicity that we derive
s lower than the one in previous studies, likely a result of the
ifferent methods used. The posteriors from our derived H II and 
LR gas-phase metallicities for this object are visualized on the 
ass–metallicity plane in Fig. 6 . This figure also includes results

rom studies of obscured AGN and star-forming galaxies, which 
llows us to consider the position of SMACS S06355 in relation to
hese. 

Our H II region gas-phase metallicity falls below the SDSS mass–
etallicity relation (Curti et al. 2020 ) by approximately 0 . 67 dex

taking the means of the 12 + log(O / H)H II and log(M / M�) posterior 
DFs), as we may expect from metallicity trends at higher redshifts
Madau & Dickinson 2014 ). Here, the derived H II MZR posterior,
s part of the BEAGLE-AGN fit, is consistent with the MZR from
he low mass star-forming JADES sources across 3 < z < 10 (Curti
t al. 2023a ). The previous estimates of SMACS S06355’s (H II

egion) position on the MZR, apart from that of Trump et al. ( 2023 ),
re in approximately 1 σ proximity to this work’s 95 per cent H II

robability region. In the case of Trump et al. ( 2023 ), the stellar
ass was adopted from Carnall et al. ( 2023 ), therein derived using

AGPIPES (Carnall et al. 2018 ). 
The 68 and 95 per cent posterior probability regions from this

ork’s NLR characterization are also shown in Fig. 6 , and can be
ompared to other NLR mass-metallicity estimates across different 
edshifts. In Fig. 6 , the MZR attributable to the z � 0 . 2 Type-
I sources from SDSS (Sloan Digital Sky Survey) as presented 
n Thomas et al. ( 2019 ) is shown as a solid blue line. Thomas
t al. ( 2019 ) used NEBULARBAYES , which can also simultaneously
isentangle the H II and NLR contribution to emission lines, though
hey employ different nebular emission models. In their study, the 
erived NLR MZR relation is based on a fitting to a mixed functional
orm of the MZR from Moustakas et al. ( 2011 ), where two of three
ree parameters were fixed to values attributed to a fit to the star-
orming galaxies in the same paper (Thomas et al. 2019 ). This was
MNRAS 541, 3822–3836 (2025)
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ppropriate as the SF galaxies populated a large enough stellar mass
ange to constrain all three parameters, in comparison to the AGN
bjects. In recognition of this, we refrain from extrapolating the
homas et al. ( 2019 ) relation to the stellar mass of SMACS S06355.
enerally, we observe that the 68 per cent probability region of our
LR mass-metallicity covers the range of metallicities traversed by

he Thomas et al. ( 2019 ) fitted MZR, though the fit also allows for
ignificantly lower values. 

Fig. 6 also includes the mass and metallicity estimates for
 . 5 < z < 3 . 0 CIV λ1549-selected Type-II AGN presented in
ignoli et al. ( 2019 ). The results from this study generally lie below

ur derived NLR metallicity. This study applied a two-phase (galaxy
 AGN) SED fitting technique, further described in Bongiorno et al.

 2012 ), to optical and near-infrared photometry to derive the stellar
asses. These stellar masses were paired with NLR metallicities

o explore objects on the MZR plane. The NLR metallicities from
ignoli et al. ( 2019 ) were obtained by fitting emission line ratios

sing the Feltre et al. ( 2016 ) prescription, with added adjustable
arameters of gas cloud internal microturbulence velocity, and NLR
nner radius. They assumed the full line flux was attributable to the
LR, and fit only with rest-UV emission lines covering medium-
igh ionization potentials (see Mignoli et al. 2019 , table 1). Indeed,
he selection criteria of the sample itself may impact its coverage of
he mass–metallicity plane. We do not have coverage of [C IV ] λ1549
o know whether this object would have met their sample selection
riteria (though see discussion in Sections 4.5 and 4.8 for possible
easons for high NLR estimations from our modelling). 

In addition to comparisons with other studies of obscured AGN
n the MZR, we can compare to studies of Type-I AGN. For ex-
mple, our NLR metallicity (Z 

NLR 
gas /Z �= 0 . 12+ 0 . 14 

−0 . 14 , 12 + log(O/H)NLR 

 8 . 86+ 0 . 14 
−0 . 16 ) 68 per cent posterior region occupies a higher metal-

icity space than the NLR metallicity of the z ∼ 5 . 55 Type-I AGN
resented in Übler et al. ( 2023 , 8 . 00+ 0 . 12 

−0 . 09 ). It also appears consistent
ith the typical metallicity estimates of z > 4 BLR AGN, namely

hose of Maiolino et al. ( 2023 , Z ∼ 0 . 2 Z �). These metallicity
nferences were based on comparisons between the space occupied
y the BLR AGN on a BPT/VO87 diagram (Baldwin et al. 1981 ;
eilleux & Osterbrock 1987 ), and the space occupied by the AGN
hotoionization models of Nakajima & Maiolino ( 2022 ). 

.3 Alternative sources of ionizing radiation 

he grounds for SMACS S06355 being an obscured AGN largely lie
n the [Ne IV ] λ2426 emission line in its F170LP/G235M spectrum
Brinchmann 2023 ). The ionization potential of the Ne2 + ion ( ∼
3 eV) is beyond what standard stellar populations can achieve.
or example, the SF photoionization models of Gutkin et al. ( 2016 )
roduce [Ne IV ] λ2426 equivalent widths (EW) � 0 . 2 Å, approxi-
ately 60 times lower than our measured value for SMACS S06355,

ndicating that the [Ne IV ] λ2426 line originates from a source other
han star formation. In the context of this work’s SED fitting, we
nvestigated this by performing a fit identical to that in Section 3 , but
ithout an AGN component. In this fit, the modelled [Ne IV ] λ2426
ux failed to reproduce the measured value ( χ[NeIV] , 100 = 10 . 39),

ndicating that star formation alone is unable to account for the
bserved [Ne IV ] λ2426. 
Whilst looking for high-ionization emission lines as signatures

f AGN activity is advantageous when local diagnostics become
nreliable, this approach cannot currently eliminate the possibility
f such radiation originating from other highly ionizing sources
onclusively. Literature has shown that models including massive
NRAS 541, 3822–3836 (2025)

d

tars and top-heavy IMFs have been able to reproduce observed
igh ionizing potential lines in certain cases (e.g. Cameron et al.
024 ; Lecroq et al. 2024 ; Topping et al. 2024 ). Given z > 6 stellar
opulations are typically thought to host stars with very high masses,
t is sensible to consider a top-heavy IMF as an alternative source of
he high ionizing potential lines in the spectrum of SMACS S06355,
amely [Ne IV ] λ2426. We explore this by performing a fit identical to
hat presented in Section 3 , but with no AGN component and an IMF
pper mass limit of 300 M� as opposed to 100 M�. This fit still failed
o reproduce the measured [Ne IV ] λ2426 line ( χ[NeIV] , 300 = 10 . 39),
ndicating a lack of reproducibility even when increasing the IMF
pper mass limit. A caveat to this at present is that a higher IMF
pper mass limit is not necessarily equivalent to a top-heavy IMF
lope, which maintains a slight uncertainty in our conclusion. Though
e cannot explore this with more extreme populations of massive

tars with our current model sets, the binary model described within
ecroq et al. ( 2024 ) includes merged binary stellar masses between 2
nd 600 M�. Their fig. 2 shows that the ionizing flux still falls short
f the ionization potential for [Ne IV ] λ2426. 
Wolf-Rayet (WR) stars also appear to be possible origins of

igh ionizing potential lines (and other unique observables) in the
arly Universe. For instance, the strong N/O abundance found in
N-z11 (Bunker et al. 2023 ), linking to the observed [N IV ] λ1486

ine (ionizing potential ∼ 47 eV), was shown to be explainable by
he chemical evolution models of Kobayashi & Ferrara ( 2024 ), in
oncert with SFHs with both quiescent and bursty phases, with
tellar populations including WR stars. Indeed, if such stars are
ot uncommon at these early epochs, their supernovae may inject
bundances of Neon in to the ISM. Within this work, our fitting
pproach makes use of models which include WR prescriptions
Vidal-Garcı́a et al. 2017 ), and so with our previous testing of
Ne IV ] λ2426 reproducability using SF models only, we similarily
onclude WR stars are likely not the dominant ionizing source of
Ne IV ] λ2426. 

Another alternative source of the high ionizing potential line
Ne IV ] λ2426 includes X-ray binary stars (XRBs). XRBs have
lready been proposed as plausible origins of unusual emission
ine ratios. For example, Katz et al. ( 2023 ) show that including
igh mass XRBs in their modelling reasonably reproduced the
igh [O III ] λ4363/[O III ] λ5007 flux ratio of SMACS S04590, to
 better extent than their AGN consideration. In comparison to
atz et al. ( 2023 ), the emission line of interest in SMACS S06355

[Ne IV ] λ2426) indicates the presence of high energy photons
 � 63 eV). XRBs still remain a valid alternative to an obscured AGN
ince additional astrophysical ingredients of XRBs are typically able
o account for high-ionization emission lines (e.g. Schaerer, Fragos &
zotov 2019 ; Lecroq et al. 2024 ), again resolving a specific need for
GN contribution. For instance, Garofali et al. ( 2024 ) found that
 joint model combining a simple stellar population (SSP) with a
imple X-ray population incurred intensity increases of emission
ines such as [NeV] λ3426 (ionizing potential ∼ 97.19 eV), in
omparison to SSP only models. If XRBs can enhance emission
ines with ionizing potentials > 90 eV, then it is sensible to consider
he same being possible for emission lines < 90 eV also, for instance
Ne IV ] λ2426. However, during the discussion of Lecroq et al. ( 2024 ,
ee their section 5), it was highlighted that the claims of XRBs
ontributing significantly to high ionizing potential and UV emission
ines are typically based on models which predict improbably high
-ray luminosity - SFR ratios. From this discussion, though the XRB

olution to an emission line like [Ne IV ] λ2426 appears tentative, we
ecognize it to be none the less more likely than the previously
iscussed alternative dominant sources at present 
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Figure 7. Logarithm of the ratio between the Netzer ( 2009 ) bolometric 
luminosity calibration (see their equation 1) compared to the accretion 
luminosity for Feltre et al. ( 2016 ) models plotted against metallicity for a 
wide range of ionization parameters. For this figure we only plot models 
with αPL fixed to −1 . 7, nNLR 

H of 103 cm−3 and ξNLR 
d = 0.3. The Feltre 

et al. ( 2016 ) grid points are coloured according to their log UNLR 
S values, 

and this work’s SMACS S06355 point is overplotted as a red triangle 
(log UNLR 

S = −2 . 02+ 0 . 25 
−0 . 23 ). 

Figure 8. Logarithm of the ratio between a given emission line luminosity 
([O III ] λ5007 or H β) and the bolometric luminosity plotted against the log- 
ratio of [O III ] λ5007 and H β luminosities, a proxy for ionization parameter. 
The values for the Feltre et al. ( 2016 ) models are shown as symbols connected 
by lines. Different values for ionization parameter are indicated by the colour 
bar, while the range of metallicity, values between −2 . 2 < log (Z 

NLR 
gas /Z �) < 

0 . 4, increase from left to right until the relationships turn over and back on 
themselves at the highest metallicities. The green and blue shaded regions 
cover the areas defined by the mean and standard deviations of samples of 
measurements taken from Type-I AGN in the Netzer & Trakhtenbrot ( 2007 ) 
sample as presented in fig. 3 of Netzer ( 2009 ), for [O III ] λ5007 and H β, 
respectively. Results for this work, specifically the [O III ] λ5007 and H β

related luminosity comparisons for SMACS S06355, are indicated by large 
red circle and star symbols, respectively. 
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m
w  

o  
We recognize that there may remain alternative origins for the 
bserved [Ne IV ] λ2426 emission line. Though exploring this quanti- 
atively is outside the scope of this current paper, with our discussion
e consider the strongest alternative for the observed [Ne IV ] λ2426

n S06355 to be X-ray binary stars, if not a Type-II AGN (for which
e regard most likely, and present this work’s characterisation of 
MACS S06355). 

.4 Bolometric luminosity 

ith our results, it is also possible to explore the bolometric 
uminosity of the AGN. To compare to other bolometric luminosities 
btained in the literature, we use an empirical calibration between 
O III ] λ5007 and H β luminosities, and the AGN bolometric lumi-
osity as presented in Netzer ( 2009 ): 

[bol] = logL(H β) + 3 . 48 + max 

[
0 . 0 , 0 . 31

(
log 

[O III ] 

H β
− 0 . 6

)]

(1) 

ithin BEAGLE-AGN , it is possible to distinguish between H II 

nd NLR fractional contributions to emission lines. Therefore, 
hen using equation ( 1 ), we can use the fractional contribu-

ions to H β and [O III ] λ5007 from the NLR component, and
chieve an estimate of Lbol which is more decoupled from star 
ormation contributions. Using our fit results whilst correcting for 
agnification and dust attenuation, our current estimate becomes 

og(Lbol /erg s−1 ) = 45 . 67 ± 0 . 33 , which is statistically similar to 
ur derived log(Lacc /erg s−1 ) = 45 . 19+ 0 . 12 

−0 . 11 . Our Lbol estimate 
s approximately 0.53 dex smaller than the bolometric luminosity 
stimate found for the z ≈ 5.55 Type-I AGN described in Übler et al.
 2023 , log(Lbol , Netzer /erg s−1 ) ≈ 46 . 2 ). Considering uncertainties, it 
s at the high end of the range probed by the 4 < z < 11 Type-I
GN presented in Maiolino et al. ( 2023 , log(Lbol , Netzer /erg s−1 ) ∼
3 . 8 − 45 . 6). Our estimate of Lbol is therefore comparable to typical
olometric luminosity estimates of AGN at high redshifts. 
In principle, the parameter Lacc is equivalent to the bolometric 

uminosity of the AGN and we could compare our derived Lacc 

alues to bolometric luminosity measurements of other sources (in 
ll cases). Despite the identified consistency between our derived 
acc and Lbol in this case, we still also recognize that Lacc is derived 

rom the integral of a simple functional form, only a small fraction of
hich is constrained from the emission line data to hand (see fig. 1
f Vidal-Garcı́a et al. 2024 ) and so there can be many uncertainties
n this comparison in other instances. To investigate these further, 
e compare the bolometric luminosity we would derive from the 
odels using the Netzer ( 2009 ) conversion (Fig. 7 ) for the model

rid with fixed Lacc = 1045 erg s −1 . We see that there is a fairly stable
omparison at low metallicities (log (Z /Z �) < −1), albeit with a 0.8 
ex offset to higher bolometric luminosity estimates with the Netzer 
 2009 ) calibration. However, the estimates start to diverge at higher
etallicities with high ionization parameter. The low-metallicity 

ffset in log(Lbol , N09 /Lacc ) is higher for αPL = −1.2, at ∼ 1 . 0, and
ower at steeper αPL , at ∼ 0 . 64 for αPL = −2.0. This is a parameter we
annot directly constrain from the fits, and so the absolute value for
he bolometric luminosity will remain uncertain here. In the context 
f our results for SMACS S06355, the high derived NLR metallicity, 
og(Z 

NLR 
gas /Z �) = 0 . 12+ 0 . 14 

−0 . 14 , couples it to a grid space corresponding
o lower discrepancy between Netzer ( 2009 ) bolometric luminosity 
stimates and the derived Lacc from BEAGLE-AGN . 

To investigate further the deviations from the Netzer ( 2009 ) 
alibration, we reproduced their fig. 3 in Fig. 8 , which shows the
ogarithm of the ratio of a given emission line luminosity (either H β
r [O III ] λ5007) against the logarithmic ratio between [O III ] λ5007
nd H β (a proxy for the ionization parameter). Here, we show
he distribution of the models with αPL = −1 . 7, for a range of

etallicities and ionization parameters (see caption for details) as 
ell as the measured value regions for a sample of Type-I AGN
riginally taken from Netzer & Trakhtenbrot ( 2007 ), though plotted
MNRAS 541, 3822–3836 (2025)
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abundance in this galaxy than present in our models. 
n this form for the first time in Netzer ( 2009 ). We see that the
odels overlap with the observed Type-I measurements for the

igher metallicities, but at lower metallicities they sit above the
ocally measured values (there is greater overlap for the steeper

PL = −2 . 0). While log ([O III ] λ5007 /H β) may show increasing
onization parameter at given metallicity, changes to metallicity
ith fixed ionization parameter has a more complicated form in this

cheme. We see that log ([O III ] λ5007 /H β) increases with decreasing
 

NLR 
gas from the highest metallicities, to a maximum value at which
oint it turns over and shows a decreasing trend with decreasing
 

NLR 
gas . This demonstrates that a calibration based on H β alone, or

ncluding the ratio between [O III ] λ5007 and H β, is insufficient to
ccount for the complicated mapping of physical parameters on to
hese observables. Care is therefore required when applying these
alibrations derived at low redshift to higher redshift samples that
ay well have much lower metallicities. In the case of SMACS
06355, the positions of the derived [O III ] λ5007 NLR and H βNLR 

ased points within Fig. 8 are in close proximity to the ‘elbow’ of
he Feltre et al. ( 2016 ) model grid tracks, an area sensitive to mis-

apping between the bolometric luminosity calibration of Netzer
 2009 ) and the Feltre et al. ( 2016 ) models. 

Bolometric luminosities derived with BEAGLE-AGN will be able
o self-consistently take account of the complicated response of
mission line luminosities with respect to e.g. log UNLR 

S and Z 

NLR 
gas .

owever, they will be highly dependent on the constraints placed
n αPL and will be fundamentally degenerate with the chosen
overing fraction of the NLR (10 per cent in this case). Taking these
onsiderations into account, we find the most consistent comparison
o other AGN found at high redshifts comes with comparing to
erivations of the bolometric luminosity derived from the same set
f NLR models, as was performed by Scholtz et al. ( 2023 ). In that
ork, the 42 Type-II AGN candidates (1 � z � 10) were identified

hrough use of various optical and UV emission line diagnostics,
n concert with demarcation lines set in conjunction with the Feltre
t al. ( 2016 ) and Gutkin et al. ( 2016 ) NLR and star-forming models,
espectively. Here, the bolometric luminosity estimates of these
bjects were calculated using new calibrations from Hirschmann
t al. (in preparation), which uses the Feltre et al. ( 2016 ) models
ith the same αPL slope. In this comparison, we note our derived

ccretion disc luminosity of log( Lacc / erg s−1 ) = 45 . 19+ 0 . 12 
−0 . 11 is higher

han the range of bolometric luminosities presented in Scholtz et al.
 2023 , 41.5 � log(Lbol / erg s−1 ) � 44.5). This could suggest SMACS
06355 may be a particularly luminous AGN relative to other Type-II
ources, especially given that our estimate disentangles the H II and
LR contribution to the emission line flux, whereas the estimates in
choltz et al. ( 2023 ) assume the flux is predominantly coming from

he NLR. 

.5 [Ne III ] λ3869 emission line uncertainties 

s mentioned in Section 2.1 , we refrain from including [Ne III ] λ3869
also measured by Curti et al. 2023b ) in the SED mod-
lling. Inclusion of this line leads to significantly higher NLR
etallicities (log(Z 

NLR 
gas /Z �) = 0 . 23+ 0 . 05 

−0 . 05 ). However, it has been
oted in other works that the [Ne III ] λ3869 emission of high-
edshift galaxies follow an unexpected behaviour, such as Shap-
ey et al. ( 2024 , fig. 6), who find high redshift galaxies with
Ne III ] λ3869/[O II ] λ3726 , λ3729 ratios extending to higher val-
es compared to local samples. This includes part of their sam-
le of 1 . 4 < z < 7 star-forming galaxies and the 5 . 5 � z � 9 . 5
pectral stacks of Roberts-Borsani et al. ( 2024 ). We show in
ig. 9 (right panel) a comparison of star forming galaxies taken
NRAS 541, 3822–3836 (2025)
rom the JADES third data release D’Eugenio et al. ( 2024 )
o the model coverage of log ([Ne III ] λ3869 /[O III ] λ5007 ) vs.
og ([O II ] λ3726 , λ3729 /[O III ] λ5007 ). We see that at all val-
es of [O II ] λ3726 , λ3729/[O III ] λ5007, there is a spread of
easured [Ne III ] λ3869/[O III ] λ5007 to higher values than cov-

red by the models. The persistence of this trend to high
O II ] λ3726 , λ3729/[O III ] λ5007 (or low log US ) dis-favours an
xplanation based on the difference in ionizing source, since
e expect a higher [Ne III ] λ3869/[O III ] λ5007 ratio to be
riven by harder ionizing field which would in turn decrease
O II ] λ3726 , λ3729/[O III ] λ5007. It is therefore more likely that the
ifference is driven by variation in gas properties not covered by the
odel grid used in the fiducial BEAGLE-AGN fit (e.g. a difference in

bundance of Neon compared to Oxygen in the gas phase). We do not
ee a similar mis-match between model coverage and observations
n other key ratios (e.g. [O III ] λ5007/H β) and so infer that the issue
s with an under-estimated [Ne III ] λ3869 flux in the models. A
onsequence of this under-estimation within the models would be
o attribute more of the [Ne III ] λ3869 flux to the NLR component,
ence driving up the derived metallicity in the absence of varied
e/O abundance in the Feltre et al. ( 2016 ) models, which assumes a

olar value log(Ne / O) = −0 . 84 . 
We also show the measured line ratios for SMACS S06355 in

ig. 9 in comparison to the H II region model grid (right panel) and
LR model grid (left panel). These model grids are presented as
ets color-coded by both ionization parameter log US and metallicity
 , where our models assume a solar metallicity of Z � = 0 . 01524

Gutkin et al. 2016 ; Feltre et al. 2016 ). Despite the JADES star-
orming galaxies extending above the model grid, SMACS S06355
s in a region of low [Ne III ] λ3869/[O III ] λ5007 and has H II region
odel coverage. However, we caution that we expect there to be an
 II region and NLR contribution to all the emission lines present

n these line ratios, and so a direct comparison of the measured
ine ratios to the model grids is unhelpful. We therefore show the
odelled line rations for the H II region and NLR contributions

or the fiducial BEAGLE-AGN fit (which did not fit explicitly to
Ne III ] λ3869 for the reasons outlined previously) separately in
he corresponding figure panels. However, we are limited by the
overage of the underlying models and cannot determine whether the
rue [Ne III ] λ3869/[O III ] λ5007 ratio of H II region emission in this
alaxy is consistent with the models. None the less, we find that the
atio predicted from pure H II emission is significantly higher than the
easured value. 
For interest, we also display measured line ratios for a lo-

al sample of NLR AGN taken from the Siding Spring South-
rn Seyfert Spectroscopic Snapshot Survey (Dopita et al. 2015 )
n the left panel of Fig. 9 . We note that the ratios extend
o similarly high [Ne III ] λ3869/[O III ] λ5007 values as the high-
edshift star-forming galaxies shown in the right panel. There
s also a set of low [Ne III ] λ3869/[O III ] λ5007 ratios at high
O II ] λ3726 , λ3729/[O III ] λ5007 ratios that are not displayed by the
tar-forming galaxies, and that cannot be explained by the current
LR modelling. 
If this galaxy does have a higher Neon-to-Oxygen abundance in the

as-phase than local galaxies, then our NLR metallicity constraints
ould also likely be overestimated. We caution, therefore, that since
ur main anchor to the NLR contribution is given by [Ne IV ] λ2426,
ur NLR constraints are tied inextricably to the relative Neon
bundance in the NLR itself. Our high derived NLR metallicity
stimate may instead be a marker of a higher Neon-to-Oxygen
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Figure 9. An emission line ratio plot, with log([Ne III ] λ3869 /[O III ] λ5007 ) and log([O II ] λ3726 , λ3729 /[O III ] λ5007 ) on the vertical and horizontal axes 
respectively, split according to whether the emission lines are dominated by star-forming (right panel) or narrow-line region (left panel) contribution. The left 
panel shows the Feltre et al. ( 2016 ) NLR model coverage for αPL = −1.7, ξNLR 

d = 0.3, nNLR 
H = 1000 cm−3 as the dashed grid. The narrow lines are colour-coded 

by log UNLR 
S , as indicated in the upper colour-bar, and the thicker lines are colour-coded by Z 

NLR 
gas as indicated by the colour-bar on the right. Circular markers 

represent line ratios measured from the sample of Dopita et al. ( 2015 ) z < 0 . 02 NLR AGN from the Siding Spring Southern Seyfert Spectroscopic Snapshot 
Survey , with average errors indicated as the black marker in the bottom left. The square plus error bars (both panels) shows the line ratios measured for SMACS 
S06355 (corrected for dust using the measured H γ /H β ratio, and assuming an intrinsic, Case B ratio of 0.468). The diamond shows the modelled line ratios 
from the fiducial BEAGLE-AGN fit, after separating out the NLR component only . The right panel shows the model coverage from the Gutkin et al. ( 2016 ) H II 

model coverage for ξd = 0.3 and nH = 100−3 as the grid (same colour-coding as in the left panel). The light grey lines indicate the coverage of the NLR grid 
from the left panel for ease of comparison. Objects from the most recent JADES data release (DR3; D’Eugenio et al. 2024 ) are over-plotted for comparison as 
black crosses, with average errors indicated as the grey marker in the bottom left. These line measurements have been corrected for dust attenuation using the 
H α/H β Balmer decrement, assuming Case B recombination. Additionally, any JADES objects identified as AGN candidates from Scholtz et al. ( 2023 ) have 
been removed. The triangle shows modelled line ratios for the fidicual BEAGLE-AGN fit, after separating out the H II component. 

4

G
O
N
p

(  

g  

a  

fl  

e
D  

f
t
t

c

f  

1  

t  

g  

m  

b  

t
=  

(
 

A  

4 This was calculated by estimating the O2 + / H+ + O+ / H+ abundance from 

the NLR contributions to [O III ] λ4363 and [O III ] λ5007 line fluxes following 
the Dors et al. ( 2020 ) method, and comparing to the BEAGLE-AGN -derived 

NLR 
.6 Direct Neon and Oxygen abundance calculations 

iven the set of modelled emission lines, we can calculate ‘direct’ 
xygen and Neon abundances using calibrations appropriate for 
LR AGN, though caution that these methods do not consider 
ossible H II region contribution to the lines. 
We first calculate the Oxygen abundance following Dors et al. 

 2020 ). Essentially the electron temperature is estimated for the re-
ion containing the O2 + ions ( t3 ) by using the measured [O III ] λ4363
nd [O III ] λ5007 fluxes via their equation 1 . Since we do not have a
ux measurement for an auroral line for the O+ ion, we then must
stimate the electron temperature in the low-ionization region, and 
ors et al. ( 2020 ) provided the first NLR appropriate calibration

or this temperature estimate based on t3 (their equation 2 ). Then 
he O2 + /H+ and O+ /H+ ionic abundances are calculated employing 
3 and t2 (their equations 3 and 4). However, it is non-trival to 
alculate the ionization correction factor (ICF) required to account 
t
or higher ionization states of Oxygen. For an ICF of 1, we find
2 + log(O/H) = 8 . 31 ± 0 . 38 but we know from the presence of
he [Ne IV ] λ2426 line that the ICF(O) should be significant for this
alaxy. In the absence of other constraints, we resort to the maximum
easured ICF(O) from the sample in Dors et al. ( 2020 ) of 1.39 as a

aseline, finding 12 + log(O/H) = 8 . 45 ± 0 . 38. If we compare these
wo estimates to the BEAGLE-AGN -derived value, 12 + log(O/H)NLR 

 8 . 86+ 0 . 14 
−0 . 16 (akin to using ICF(O) = 1.40 4 ), we find best agreement

at ∼ 1 σ ) with the ICF(O) = 1 . 39 based calculation. 
To estimate the ‘direct’ Ne/H abundance we use the method of

rmah et al. ( 2021 ). They investigate the use of t3 , calculated via
MNRAS 541, 3822–3836 (2025)

otal Oxygen abundance, 12 + log(O/H) . 
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M

Table 4. Direct estimations of log(Ne / O) abundance based on the methods 
of Armah et al. ( 2021 ), explained further in text, using different ICFs (1, 1.39, 
1.40) and electron temperatures ( t3 and te (NeIII) ). The solar value is taken to 
be log(Ne / O) = −0 . 84 , calculated from table 1 of Gutkin et al. ( 2016 ). 

ICF(O) t3 te (Ne III ) 

1 −0 . 47 ± 0 . 04 −0 . 16 ± 0 . 03 
1.39 −0 . 62 ± 0 . 04 −0 . 31 ± 0 . 03 
1.40 −0 . 60+ 0 . 14 

−0 . 12 −0 . 29+ 0 . 08 
−0 . 07 
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he [O III ] λ4363 and [O III ] λ5007 lines, to estimate the Ne2 + /H+ 

bundance. Using CLOUDY modelling, they find a non-linear ratio
etween the average electron temperature in the region hosting the
e2 + ion, te (Ne III ), and t3 for the region hosting O2 + , where te (Ne III )

s lower than t3 . This is because the Ne2 + ion inhabits a much more
xtended region than O2 + (see their fig. 5), and we verified that
he Feltre et al. ( 2016 ) models showed the same behaviour. We use
heir Ne2 + ICF calibrated from measured lines in the infrared (their
quation 34) that accounts for Ne+ ions. We note, however, that
igher ionization states are not corrected for, suggesting that this
ethod will provide a lower limit to the Neon abundance in this

alaxy. Using t3 to estimate the electron temperature of the high
onization zone, we obtain 12 + log(Ne/H) = 7 . 84 ± 0 . 65, while
e (Ne III ) gives 12 + log(Ne/H) = 8 . 15 ± 0 . 51. 

We combine these O/H and Ne/H abundances to estimate Ne/O,
nd provide the range of estimates for different ICF(O) values and
lectron temperature estimates experienced by Ne2 + in Table 4 . The
arge range of values highlights the uncertainty in the Ne/O estimate.
ll values indicate super-solar Ne/O abundances, which in AGN

re not necessarily unusual; for instance, some of the AGN sources
tudied within Armah et al. ( 2021 ) also reached super-solar Ne/O. 

While Armah et al. ( 2021 ) suggest using te (Ne III ), we note that
attening of the relation between t3 and te (Ne III ) indicates that it is
ot optimal to use emission lines of Oxygen to estimate the elec-
ron temperature relevant for Ne2 + ions, contributing considerable
ncertainty to our results. Moreover, we are unable to correct for
onization states higher than Ne2 + , meaning that pairing the derived
e/H with our preferred total ‘direct’ oxygen abundance estimate

akin to ICF(O) = 1.40) may lead to an underestimated Ne/O
atio. 

Arellano-Córdova et al. ( 2022 ) also provided an estimate of
he Ne/O abundance for this galaxy, but they assumed it was
tar-forming. They estimated log(Ne / O) = −0 . 64 ± 0 . 17, which
s consistent with our estimates despite the different underlying
ssumptions of ionizing source. 

.7 Dependence of results on modelling of NLR dust 

n modelling the dust attenuation experienced by H II regions and
he NLR, we took the simplest approach that avoided adding an
dditional free parameter by allowing the NLR to only be attenuated
y the dust in the diffuse ISM (see description in Section 2.3 ).
owever, Fig. 3 shows that there is a clear degeneracy between

he V -band optical depth, ˆ τV and the accretion disc luminosity,
acc . The photometry should provide independent constraints on the
ust attenuation experienced by stars since it covers the UV slope.
owever, our simple model tied the attenuation of the NLR to that
f the stars. 
We tested how this introduced degeneracy might be affecting the

ther parameter constraints by setting up a fit with separate dust
NRAS 541, 3822–3836 (2025)
ttenuation curve for the NLR, parametrized as 

ˆ NLR 
λ = ˆ τNLR 

V 

(
λ

0 . 55μm 

)−nNLR 
V 

(2) 

This required introducing a further free parameter, ˆ τNLR 
V , which

s the V -band optical depth of the dust attenuation of the NLR.
hen setting nNLR 

V we chose two limiting values, a slope similar
o the stellar birth clouds (1.3) and one similar to the ISM (0.7)
nd compare the results. The fits show very poor constraints on the
xtra free parameter ˆ τNLR 

V in both scenarios while the constraints
n ˆ τV remain virtually unchanged, showing that the dust constraints
ave indeed been driven by the star-forming component via the
hotometry. Most parameters show no statistically significant
hanges with respect to the fiducial fit, though a possible trend of
ecreasing Z 

HII 
gas and log US are seen with increasing NLR dust slope.

he uncertainties on Lacc also increase significantly for dust slope of
.7 (log (Lacc /erg s−1 ) = 45 . 48+ 0 . 34 

−0 . 35 ), though are similar for slope of
.3 (45 . 44+ 0 . 15 

−0 . 15 ), showing that the bolometric luminosity constraints
re sensitive to the modelling of NLR dust. 

.8 Dependence of results on aperture corrections applied to 
mission line fluxes 

s mentioned in Section 2.1 , the method used to correct the measured
mission line fluxes to ‘total equivalent’ fluxes implicitly assumes
hat the morphology of the line-emitting gas follows that of the
ontinuum. This is a simplification that may be appropriate for small
alaxies that have a reasonable fraction of their flux captured by the
SA in order to estimate e.g. total H α-based SFRs. However, it is

learly inappropriate when there are contributions to the emission line
uxes from different morphological extents; in this case, extended
tar formation as well as an NLR contribution from a point-like nu-
lear region. It will likely result in overestimating the fractional AGN
ontribution to various emission lines as well as the AGN bolometric
uminosity. Though it may be possible to dis-entangle the nuclear and
xtended regions from the continuum light with image decomposi-
ion using tools such as e.g. FORCEPHO (Johnson et al. in preparation),
e lack the information of how the emission line fluxes should be

ttributed to the two components without integral-field spectroscopy.
We test the likely effects of the over-correction of NLR com-

onents by fitting using the un-corrected [Ne IV ] λ2426 flux, but
eaving unchanged the photometry and other line fluxes that were
sed in the fiducial fitting. We note that the NLR contribution to
ther emission line fluxes will likely still be overestimated, but
his test should be sufficient to provide an indication of how this
ight affect our results. We find minimal change in dust attenu-

tion ( ˆ τV = 0 . 63+ 0 . 12 
−0 . 12 ) and H II region metallicity (log (Z 

HII 
gas /Z �) =

0 . 64+ 0 . 17 
−0 . 15 ), which are comparable to the fiducial within the uncer-

ainties. There are much poorer constraints on the NLR metallicity,
og (Z 

NLR 
gas /Z �) = −0 . 04+ 0 . 27 

−0 . 39 , and lower accretion luminosity at the

2 σ level, log (Lacc /erg s−1 ) = 44 . 93+ 0 . 07 
−0 . 08 , but comparable SFR,

og (ψ / M�yr −1 ) = 1 . 70+ 0 . 04 
−0 . 05 . This indicates that the NLR metallicity

s indeed driven by the [Ne IV ] λ2426 flux estimate and is therefore
ependent on the chosen correction to total. 
In future work, we will improve the modelling of the fractional

ontribution of the NLR and H II region components. Though this
s beyond the scope of this paper, future work may include fitting
he aperture corrections themselves, such that the total photometry-
ensitive correction (like that described in Section 2.1 ) can be set as
n upper prior limit. This may mitigate some difficulty in ‘choosing’
hich emission lines are to be considered nuclear in distribution
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and therefore correction), which would allow flexibility especially 
or middle range ionizing potential lines. 

 SU M M A RY  A N D  C O N C L U S I O N S  

n this work, we presented a characterization of the Type-II AGN 

andidate SMACS S06355 at z ≈ 7.6643, employing BEAGLE-AGN 

Vidal-Garcı́a et al. 2024 ), the extension of BEAGLE (Chevallard & 

harlot 2016 ) which self-consistently incorporates a prescription 
or the AGN narrow-line region (Feltre et al. 2016 ) into the
 II region modelling. Using this, we fitted to the [Ne IV ] λ2426,

O II ] λ3726 , λ3729, H δ, H γ , [O III ] λ4363, H β, [O III ] λ4959, and
O III ] λ5007 emission line fluxes, themselves originating from the 
235M/F170LP and G395M/F290LP grating/filter configurations of 
RO NIRSpec MSA data from the SMACS 7327 cluster field, and 
orrected to their ‘total equivalent’ values. We also used the following 
IRCam filters in our fitting: F090W, F150W, F200W, F277W, 
356W, and F444W. With the [Ne IV ] λ2426 emission line requiring

onizing sources other than star formation, we were able to constrain 
GN related parameters by including it in our fitting, namely 

og(Z 

NLR 
gas /Z �), log( Lacc ), and log( UNLR 

s ). From our characterization 
f this galaxy, the key findings and interpretations are 

(i) Our independent measurement of the [Ne IV ] λ2426 flux, ex- 
racting from the G235M/F170LP NIRSpec MSA spectrum, yielded 
n observed value of 4 . 39 ± 0 . 42 × 10−19 erg s−1 cm−2 , uncorrecting 
or magnification. The extraction method was verified as being 
onsistent with those associated with the [O II ] λ3726 , λ3729, H δ,
 γ , [O III ] λ4363, H β, [O III ] λ4959, and [O III ] λ5007 fluxes from
urti et al. ( 2023b ), and so we could then convert all fluxes together

o forms consistent with the photometry based morphology. 
(ii) In comparison to previous studies of the same source, our 

haracterization presents a marginally higher SFR (log( ψ / M� yr−1 ) 
 1 . 70+ 0 . 10 

−0 . 09 ), driven by our higher derived ˆ τV , and perhaps also linking
o the use of ‘total equivalent’ fluxes as opposed to ones which
ssume point source corrections. Intuitively, this SFR decreases 
pon switching to an IMF with 300 M� as an upper mass limit. 
ur fiducial gas phase metallicity is also approximately 0 . 41 dex

ower than that presented in Curti et al. ( 2023b ). We attribute this to
 difference in methodology, namely the direct Te method used in 
urti et al. ( 2023b ) attributing total flux to star formation, whereas our
erived value being made through comparisons to photoionization 
odels within the SED fitting, whilst considering both SF and AGN 

omponents. 
(iii) The derived gas-phase metallicity for the NLR component, 

2 + log(O/H)NLR = 8 . 86+ 0 . 14 
−0 . 16 , is unconstrained in our fitting. The

5 per cent probability region of the metallicity posterior extends to 
ubsolar values, with the 68 per cent probability region gravitating 
owards solar values. These large uncertainties generally arise from 

here being just a single high-ionization line (uncontaminated by 
tar formation) available to constrain NLR related parameters in this 
ase. Additionally, the high derived metallicity is likely a result of
ur models’ current treatment of Neon abundances, in comparison 
o the emerging high [Ne III ] λ3869/O II ratios seen in high redshift
alaxies. 

(iv) Our fit to SMACS S06355 includes a significant AGN contri- 
ution to lines such as [O III ] λ5007 and H β; this is accompanied by a
oderate accretion disc luminosity log( Lacc / erg s−1 ) = 45 . 19+ 0 . 12 

−0 . 11 , 
hich we note is slightly higher than comparable Type-II AGN across 
 range of cosmic time, namely those in Scholtz et al. ( 2023 ). Our
olometric luminosity estimate calculated from the calibration of 
etzer ( 2009 ), log(Lbol / erg s−1 ) = 45 . 67 ± 0 . 33 , is either smaller 
han or comparable to other Type-I AGN studied throughout cosmic 
ime (Übler et al. 2023 ; Maiolino et al. 2023 ). 

(v) Whilst we present our characterization of SMACS S06355 as 
ncluding an AGN component, we simultaneously recognize the no- 
ion that high-ionization emission lines (such as [Ne IV ] λ2426) may
lso originate from alternate sources to AGN. Given the emission line
e are using to constrain AGN related parameters ([Ne IV ] λ2426)

equires the presence of high-energy photons ( ∼63 eV), we recog-
ize there may be typically less numerous alternative sources of 
onization, though we do not completely rule out alternative ionizing 
ources like X-ray binaries at this time. 

(vi) We calculate ‘direct’ estimates for Neon and Oxygen abun- 
ances using AGN-appropriate calibrations (Dors et al. 2020 ; Armah 
t al. 2021 ). Whilst demonstrating the large uncertainties involved 
ith poorly constrained ionization correction factors and electron 

emperatures, our estimates potentially indicate a super-solar Ne/O 

bundance in SMACS S06355. 
(vii) Through additional testing, we show NLR parameters like 

ccretion disc luminosity Lacc are sensitive to the modelling of the 
LR dust. This parameter, along with others such as dust attenuation
ptical depth ˆ τV and NLR metallicity Z 

NLR 
gas are also sensitive to the 

perture corrections performed, and hence the underlying physical 
ssumptions. This highlights the importance in considering different 
odelling approaches, especially when applying these to early 

pochs. 

This work has presented an instance of applying BEAGLE-AGN to 
 high redshift Type-II AGN candidate; despite there being only 
ne line free from SF contamination to constrain NLR related 
arameters within our SED fitting, we have been able to derive
ome constraints on accretion disc luminosity log(Lacc ), NLR metal- 
icity log(Z 

NLR 
gas /Z �), and NLR ionization parameter log( UNLR 

s ). With 
ew observations of obscured AGN enabled by JWST , it will be
ossible to apply BEAGLE-AGN in a similar manner, and characterise 
 larger number of Type-II AGN candidates; for example, those 
resented in Scholtz et al. ( 2023 ) (Silcock et al., in preparation).
uch objects with multiple high-ionization lines will also present 
pportunities to derive tighter constraints on both AGN contribution 
o galaxy SEDs and derived parameters. This work has highlighted 
ome necessary improvements to the modelling and treatment of 
bservables. Specifically: the NLR dust model; varying elemental 
bundances and uncertainties with spatial extent of emission lines if 
ncluding photometry. These efforts will be able to contribute to our
nderstanding of AGN demographics across cosmic time, including 
he comparisons to their hosts, general evolution and other items of
iscussion such as contributions to the Epoch of Reionization. 
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