
A&A, 709, A46 (2026)
https://doi.org/10.1051/0004-6361/202558652
c© The Authors 2026

Astronomy
&Astrophysics

The AGN nature of strong C iii] emitters in the early Universe
with JWST

F. Arevalo-Gonzalez1,2,3,? , R. Tripodi1 , M. Llerena1 , L. Pentericci1 , A. Plat4, G. Barro5, R. O. Amorín6 ,
B. Backhaus7, A. Calabrò1 , N. J. Cleri8,9,10 , M. Dickinson11 , J. S. Dunlop12 , S. L. Finkelstein13,14,

M. Giavalisco15 , M. Hirschmann4 , J. Kartaltepe16 , A. M. Koekemoer17 , R. A. Lucas17 , L. Napolitano1 ,
E. Piconcelli1 , A. J. Taylor13,14 , F. Tombesi3,1,18 , J. R. Trump19 , and X. Wang20,21,22

(Affiliations can be found after the references)

Received 18 December 2025 / Accepted 9 March 2026

ABSTRACT

The semi-forbidden C iii] λλ1907,1909 doublet is a key tracer of high-ionisation emission in the early Universe. We present a study of C iii]
emission in galaxies at z = 5−7, using publicly available JWST/NIRSpec prism data from programmes including CEERS, JADES, and RUBIES,
along with data from the ongoing CAPERS survey. We built a sample of 61 C iii]-emitting galaxies, and we classified them as star-forming galaxies
(SFGs) or active galactic nucleus (AGN) host galaxies using (1) rest-frame UV and optical emission-line diagnostic diagrams, and (2) the presence
or absence of broad Balmer emission lines. The UV diagnostics are based on the combination of the rest-frame equivalent width (EW) of C iii]
versus the ratio C iii]/He ii λ1640, and the EW of C iv versus the ratio C iv/He ii λ1640. For optical diagnostics, we used the OHNO diagram,
which combines four optical emission lines that span a range in ionization potential: [O iii] λ5008, Hβ, [Ne iii] λ3869, and [O ii] λλ3726,3729.
We find that it separates AGNs from SFGs with low efficiency. Half of the sources in our sample (29 out of 61 galaxies) exhibit at least one secure
indication of AGN activity, while 13 are potential AGNs based on the C iii] diagnostic. We derived physical properties, including stellar mass and
star formation rate, through spectral energy distribution modelling with Bagpipes. Our analysis shows that JWST is uncovering a population of
strong C iii] emitters at high redshift (5 < z < 7) with a median EW of 22.8 Å (16th–84th percentile: 12.5–51.5 Å). This EW exceeds than that of a
control sample of C iii] emitters at intermediate redshift (3 < z < 4), which have a median EW of 4.7 Å. For the same range of MUV, the C iii] EW
increases by ∼0.67 dex from 3 < z < 4 to 5 < z < 7, indicating strong redshift evolution in the line strength. We also find that C iii] emitters span
the full range of the star-forming main sequence, where the majority of galaxies below the sequence have a high C iii] EW. Finally, we identify
five sources in our sample as little red dots (LRDs) according to the selection criteria in the literature; four of these have already been identified as
LRDs, while one is presented here for the first time.
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1. Introduction

The epoch of reionization (EoR) represents a pivotal phase
in cosmic history, following the initial ‘cosmic dawn’. Dur-
ing this era, ionising radiation from the first stars and galaxies,
and potentially from the earliest active galactic nuclei, ended
the cosmic dark ages and drove the transition of the inter-
galactic medium (IGM) from neutral to ionised at z & 5.3
(e.g. Bosman et al. 2022; Spina et al. 2024; Becker et al. 2015).
Studying the sources responsible for this process – whether pri-
mordial starbursts or active galactic nuclei (AGNs) – is crucial
to understanding the drivers of reionization (e.g. Hegde et al.
2024). However, observing these distant sources presents sig-
nificant challenges. Emission lines provide a powerful window
into the physical conditions of galaxies, encoding information
about their ionisation state, gas density, metallicity, and radia-
tion field. During the EoR, observational access is largely lim-
ited to rest-frame UV diagnostics, which makes the choice of
emission lines particularly important. Although Lyα is often the
brightest UV line, its resonant nature causes it to be heavily
attenuated and scattered by neutral hydrogen in the IGM, com-
plicating its interpretation as a probe of intrinsic galaxy proper-
ties. We therefore focus on alternative UV lines such as C iii]
λλ1907,1909, which arise from nebular gas and provide more
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direct constraints on the physical conditions within high-redshift
galaxies (e.g. Le Fèvre et al. 2019).

The semi-forbidden doublet of doubly-ionised carbon, C iii]
λλ1907,1909 (hereafter C iii]), offers a powerful opportunity to
reveal AGN hosts and star-forming galaxies (SFGs) at high-z.
It is typically the second-brightest UV emission line after Lyα,
which makes it readily observable. Additionally, C iii] traces the
gas with high-energy radiation, since it requires photons with
energies between ∼24.4 eV and 47.9 eV (the range needed to cre-
ate and excite C2+). Such energies arise from intense radiation
fields typically associated with either AGNs or young, metal-
poor starburst galaxies.

Extensive pre-James Webb Space Telescope (JWST;
Gardner et al. 2023) observations of galaxies at z ∼ 2−4,
using both ground-based spectroscopy and Hubble Space
Telescope observations at low redshift, have established the
diagnostic power of rest-frame UV emission lines for iden-
tifying ionisation sources and constraining galaxy physical
conditions. Studies have shown that C iii] is sensitive to
metallicity, ionisation parameter, and the hardness of the ion-
ising radiation field in SFGs, with particularly strong emis-
sion observed in young, metal-poor systems (e.g. Stark et al.
2014; Nakajima et al. 2018). Recently Cunningham et al. (2024)
analysed a sample of 62 sources showing C iii] emission (as
well as Lyα) at 3 < z < 4 from the VIMOS survey of
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the CANDELS fields (VANDELS). These sources have rest-
frame (C iii]) equivalent widths (EWs) between '1–15 Å, with
a median value of 4.7 Å. Only a small fraction of the sources
(10 out of 62, i.e. around 14) were identified as AGNs,
with the remainder dominated by star formation (see also
Le Fèvre et al. 2019).

These pre-JWST results demonstrate that UV emission-line
diagnostics provide a robust framework for distinguishing star
formation from AGN ionisation, motivating their application to
JWST observations of galaxies in the reionization era.

The JWST has fundamentally transformed our ability to
study these C iii] emitters at high-z. For the first time, we have
access to a powerful, sensitive infrared instrument capable of
efficiently observing the rest-frame UV and optical spectra of
high-redshift galaxies simultaneously. Because the C iii] fea-
ture is redshifted into the near-infrared for objects during the
EoR, JWST instruments are ideally suited for its detection and
characterisation. The JWST not only detects faint C iii] emis-
sion but also measures it alongside other key UV lines. These
include C iv λλ1548,1551, He ii λ1640, O iii] λλ1661, 1666, and
[Nev] λ3426 (hereafter C iv, He ii, O iii], and [Nev], respec-
tively). These lines are key for robust diagnostic analyses (e.g.
Hirschmann et al. 2019, 2023; Feltre et al. 2016; Gutkin et al.
2016; Nakajima & Maiolino 2022). A central challenge, even
with JWST capabilities, is distinguishing the nature of the
ionising sources in C iii] emitters. At high redshifts, classi-
cal optical diagnostic diagrams such as the BPT (Baldwin,
Phillips & Terlevich 1981) and VO87 (Veilleux & Osterbrock
1987) (Baldwin et al. 1981; Veilleux & Osterbrock 1987) dia-
grams become less efficient due to a combination of factors,
including different physical conditions such as low metallic-
ity (e.g. Übler et al. 2023) and the shifting of key optical lines
out of the observable spectral range of the telescope. Further-
more, applying these diagnostics often requires high spectral
resolution that is not always available for deep, large-scale spec-
troscopic surveys. We therefore investigated the utility and lim-
itations of the OHNO diagram for our sample (see Section 4.3),
noting that recent studies show that the chosen line ratios
are largely degenerate with respect to the ionisation parameter
(Cleri et al. 2025).

In this work, we use JWST data to advance the study of
galaxies during the EoR by focusing on the properties of C iii]-
emitting galaxies. Given the challenges of distinguishing AGNs
and star-formation origins at high redshift, a primary goal of our
work is to apply optical and UV diagnostics to identify and dis-
tinguish these sources. We perform spectral energy distribution
(SED) fitting to estimate physical properties such as stellar mass.
Finally, we examine the connection between C iii] emitters and
a newly discovered population known as little red dots (LRDs).

The structure of this paper is as follows. Section 2 describes
the observational data and sample selection and outlines the
spectroscopic and photometric analysis methodology, including
the use of LiMe for emission-line fitting and Bagpipes for SED
modelling. We present our main results, as well as the stacking
procedure, in Section 3, with the application of AGN diagnostics
detailed in Section 4. Section 5 explores the relationship between
C iii] emitters and LRDs, and Section 6 discusses the nature of
the C iii] emitters. We summarise our findings and discuss poten-
tial extensions in Section 7.

Throughout this work, we assume a ΛCDM (Lambda-Cold
Dark Matter) cosmological model with the parameters H0 =
70 km s−1 Mpc−1, Ωm = 0.3, and ΩΛ = 0.7. Magnitudes are
expressed in the AB system (Oke & Gunn 1983), and EWs are
reported in the rest frame.

2. Sample selection and data analysis

2.1. Spectroscopic data

For our analysis, we used JWST-NIRSpec prism data. The
prism, unlike the gratings, provides continuous, wide wave-
length coverage (0.6–5.3 µm) in a single exposure, which is
essential for capturing the full suite of diagnostic lines across
our redshift range. The trade-off for this extensive coverage is the
low and strongly wavelength-dependent spectral resolution: the
resolving power increases nearly linearly from R ∼ 30 at 0.6 µm
to R ∼ 300 at 5.3 µm. Across our redshift range (5 < z < 7), this
corresponds to a velocity width of ∼5000–6000 km s−1 at rest-
frame UV wavelengths and ∼1000–1400 km s−1 at rest-frame
optical wavelengths. Although this resolution limits detailed
kinematic measurements and measurements of closely spaced
lines, it is suited for detecting and measuring integrated emis-
sion line fluxes for AGN diagnostics and population studies, as
performed here.

The tail end of the EoR, concluding around z & 5.3 (e.g.
Bosman et al. 2022), provides a crucial window to study the
galaxies responsible for the cosmic transition. The redshift range
5 < z < 7 targeted in this work was strategically chosen because
it probes this final phase of reionization and offers a key observa-
tional advantage: it allows the simultaneous observation of both
rest-frame UV emission lines (such as C iii] and He ii) and opti-
cal lines (such as Hβ and [O iii] λ5008, hereafter [O iii]) required
for our AGN diagnostic diagrams, as well as Hα for investigating
broad-line AGN components. We used publicly available JWST-
NIRSpec-prism data from the CANDELS-Area Prism Epoch of
Reionization Survey (CAPERS; GO-6368; PI: Mark Dickinson),
an ongoing Cycle 3 JWST programme that observes up to 10000
high-redshift galaxies split across the Cosmic Evolution Survey
(COSMOS), the Ultra-deep Survey (UDS), and the Extended
Groth Strip (EGS) fields in the PRISM/CLEAR configuration.
In this work, we focus on sources with 5 < z < 7 from all three
fields and identify a total of 549 galaxies.

To complement the CAPERS data1, we collected all pub-
licly available JWST spectroscopic observations in the UDS,
EGS, COSMOS, Goods North, Goods South, and A2744 fields
from v3 of the DAWN JWST archive (DJA, Heintz et al. 2024;
de Graaff et al. 2025a) up to 24 February 2025. We limited our
selection to robust (grade = 3) spectroscopically identified galax-
ies at 5 < z < 7, to match the CAPERS redshift range. We iden-
tified a total of 1307 galaxies (corrected for duplicates).

Combining the DJA and CAPERS samples, we find a total
of 1856 unique galaxies.

2.2. Emission line measurements with L iMe

To identify C iii] emitters in the CAPERS and DJA par-
ent samples, we used the A LIne MEasuring library (LiMe;
Fernández et al. 2024), following a multi-step process. As a first
step, we processed all galaxies using the spectroscopic redshifts
provided by the DJA and CAPERS catalogues. The LiMe library
defines rest-frame spectral windows for each emission feature,
including the line region and adjacent continuum bands. The
software models emission lines using Gaussian profiles, each
described by three free parameters: amplitude, central wave-
length, and velocity dispersion (σ). For closely spaced emis-
sion lines, such as the [O iii] λλ4960,5008 doublet, LiMe can
account for blending by performing a multi-component Gaussian

1 At the time of the analysis, the reduced CAPERS data from COS-
MOS and EGS were not in DJA.
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fit when specified. This initial analysis yields key measurements,
including fluxes, equivalent widths, velocity dispersions, and
line-based redshifts for various rest-UV and optical emission
lines, such as C iii] and [O iii].

We then refined the DJA and CAPERS redshifts using the
values from LiMe, ensuring that the new redshifts did not devi-
ate excessively from the original values by requiring a difference
of less than 0.016 (corresponding to a maximum velocity off-
set of 600–800 km/s for C iii]). We also verified that the lines
used to define the redshift were consistent with the instrumental
resolution by comparing the measured full width at half max-
imum (FWHM) of the line with the instrumental resolution2

(FWHMinst).
We required S/N> 23 on the flux of C iii] and identified a

sample of 61 C iii] emitters (which will be presented in more
detail in Section 3). We then corrected the absolute flux calibra-
tion of the C iii] emitter spectra for potential slit losses by com-
paring them with the broad-band photometry from Merlin et al.
(2024). We generated synthetic photometry by integrating each
spectrum over standard NIRCam filter bandpasses of F090W,
F115W, F150W, F200W, F277W, F356W, and F444W. We com-
puted a single, wavelength-independent correction factor – the
weighted average of all available filters – by comparing syn-
thetic and observed fluxes. We then applied this correction factor
to the entire spectrum and its uncertainties. This process cor-
rects the absolute flux scale without affecting spectral features
such as EWs or the UV β slope. We provide additional details in
Appendix A.

2.3. Measurement of broad Hα

We used a Markov chain Monte Carlo (MCMC) approach to
compare models with and without a broad Hα Gaussian compo-
nent and to establish which model best reproduces the observed
data. We did not include the Hβ line in this modelling because
it is fainter and observed at lower spectral resolution, so we
expected any broad component to be undetectable there if it
was absent in Hα. The first model fits the total observed Hα
emission line with a single Gaussian, described by three free
parameters (peak flux, central wavelength, and FWHM) and a
power-law continuum, described by its slope and a normalisa-
tion coefficient; this results in a total of five free parameters.
We set uniform priors for the peak flux, FWHM, and continuum
parameters and adopted a Gaussian prior for the central wave-
length, centred on the source redshift with dispersion equal to
the redshift uncertainty. The second model adds a second Gaus-
sian component to model the broad emission, characterised by
its own amplitude and velocity dispersion and sharing the cen-
tral wavelength as the narrow line. This results in seven free
parameters: the amplitudes and velocity dispersions of the nar-
row and broad components, the common central wavelength, and
the two continuum parameters (slope and normalisation coef-
ficient). We set analogous priors as fin the first model, except
for the FWHM prior of the narrow component, FWHMprior

narrowline.
This prior spans a continuous interval of one to two spectral
resolution elements. We computed the size of a spectral reso-
lution element at the line’s central wavelength by accounting

2 https://jwst-docs.stsci.edu/jwst-near-infrared-
spectrograph/nirspec-instrumentation/nirspec-
dispersers-and-filters#gsc.tab=0
3 We adopted this threshold because LiMe tends to slightly underesti-
mate the S/N compared to a direct integration approach. This is because
the noise in LiMe combines the real noise level of the spectrum and the
uncertainty of the fit.

for the wavelength-dependent variation of the prism resolution,
i.e. converting R to FWHM at a given wavelength using the R–
λ relation from Jakobsen et al. (2022). At the Hα wavelength,
the prism spectral resolution corresponds to a velocity width
of ∼1000–1400 km s−1 across our redshift range (5 < z < 7).
We derived the best-fitting values and associated errors from the
50th, 16th, and 84th percentiles of the posterior distributions,
respectively.

We calculated the Bayesian information criterion (BIC), cal-
culated from the χ2 values of each fit and used it as our primary
diagnostic. A ∆BIC = BICnarrow − BICbroad > 6 indicates strong
evidence for a broad component, while ∆BIC > 2 suggests tenta-
tive evidence (e.g. Juodžbalis et al. 2026). As a secondary check,
we compared the reduced χ2 values, favouring the model with
the lower value. We also visually inspected the residuals and line
profiles to ensure consistency.

2.4. Physical properties with Bagpipes

We estimated galaxy physical properties using the Bayesian
Analysis of Galaxies for Physical Inference and Parameter ESti-
mation (Bagpipes; Carnall et al. 2018) code to fit photomet-
ric data. Our analysis uses the photometric catalogue presented
by Merlin et al. (2024), comprising 16 bands from the HST
and JWST, drawn from large public surveys including CAN-
DELS (Grogin et al. 2011; Koekemoer et al. 2011) and CEERS
(Bagley et al. 2023; Finkelstein et al. 2025), which provide con-
tinuous wavelength coverage from 0.44 to 4.44 µm. The filter
set includes HST/ACS optical bands (F435W, F606W, F775W,
F814W), HST/WFC3 near-infrared bands (F105W, F125W,
F140W, F160W), and JWST/NIRCam bands (F090W, F115W,
F150W, F200W, F277W, F356W, F410M, F444W). These data
cover the same fields as our spectroscopic sample and enables
robust SED fitting across the rest-frame UV to optical for 55 of
the 61 galaxies in our z = 5−7 sample. The catalogue provides
total flux measurements and associated uncertainties in micro-
Janskys (µJy).

We performed SED fitting with Bagpipes, assuming a
delayed-τ star formation history, characterised by galaxy age
(0.001 Gyr up to the Universe’s age at the observed redshift)
and the τ parameter (0.1–10 Gyr), which controls the star forma-
tion timescale. We allowed the total stellar mass formed to vary
between 101 and 1015 M�, and we explored the metallicity within
0–0.5 times the solar value. We modelled dust attenuation using
a Calzetti law (e.g. Calzetti et al. 2000), with AV ranging from
0 to 2 magnitudes (e.g. Markov et al. 2025). We also included
nebular emission, with the ionisation parameter log U varying
from –4 to 0. Fitting this model to the observed data, Bagpipes
infers the best-fitting set of physical parameters that describe the
galaxy’s evolution and current state.

To account for potential AGN activity, we expanded the base
model by adding the AGN model described in Carnall et al.
(2023), which includes a continuum component modelled as a
broken power law with a break at 5100 Å and broad Hα and Hβ
emission. Free parameters included the Hα flux and line width,
the continuum flux at 5100 Å, and the power-law slopes. We
derived the broad Hβ flux from Hα assuming case B recom-
bination and the same line width. In this expanded model, the
parameter space for the stellar and nebular components remained
the same as in the base model, and we applied dust attenuation
exclusively to these components.

We estimated the UV absolute magnitude for each galaxy
from the best-fitting SED template using a top-hat filter centred
on λrest = 1500 Å with a width of 100 Å. We then converted this
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to an absolute magnitude using

MUV = m1500 − 5(log(DL) − 1) + 2.5 log(1 + z), (1)

where m1500 is the apparent magnitude at λrest = 1500 Å and DL
is the luminosity distance in parsecs. We estimated the uncer-
tainty on MUV by simple error propagation on the flux following
the approach of Llerena et al. (2025), Pahl et al. (2025).

We derived Hα-based star-formation rates (SFRs) by esti-
mating the Hα emission line flux, applying dust corrections
using the AV values estimated by Bagpipes SED fitting, convert-
ing to Hα luminosity LHα, and then to SFR using the calibration
from Reddy et al. (2022):

SFR = LHα × 10−41.67 M� yr−1. (2)

Finally, we used Bagpipes best-fitting models to derive the
stellar mass of our sources. For each galaxy, we compared
reduced χ2 (χ2red) values derived for fits performed with and
without an AGN component, and adopted the stellar mass from
the fit with the lowest χ2red (see Sect. 4.4 for details).

Since no photometry is available for CEERS-1324, we per-
formed a spectroscopic fit with Bagpipes. We included a sec-
ond order polynomial with Gaussian priors on its coefficients
to correct for potential flux calibration mismatches between the
model and the observed spectrum, and a white-noise scaling
model to represent wavelength-independent uncertainties. We
also included the instrumental resolution curve extracted from
the JWST/NIRSpec prism dispersion file to convolve the spec-
tral model to the appropriate resolving power across the fitted
wavelength range. To promote fast convergence, we fixed log U
to a value of −2, which is close to the average ionisation parame-
ter derived from the photometric SED fitting of the other sources
in our sample.

3. C iii] emitter sample

We identified 61 C iii] emitters out of 1896 galaxies analysed
with LiMe. Fig. 1 shows two examples of our spectra.

Our sample comprises galaxies spanning z = 5−7, with the
distribution peaking around z = 5.25 (Figure 2). The sample
includes 24 galaxies with z > 6 and 37 galaxies with z ≤ 6,
yielding a median redshift of 5.87.

The EW(C iii]) values in our sample span nearly two orders
of magnitude, from 2.5 Å to 284.2 Å. The distribution has a
median EW of 22.8 Å (16th–84th percentile: 12.5–51.5 Å) and
a mean of 39.2 Å. We compared the rest-frame EW(C iii]) val-
ues of our 5 < z < 7 galaxies against lower-redshift (3 <
z < 4) emitters from the VANDELS survey (Cunningham et al.
2024). At fixed MUV, our sample exhibits systematically stronger
EW(C iii]) than the lower-redshift analogues (see Figure 3). The
median EW for the combined 3 < z < 4 sample is 4.7 Å com-
pared to 22.8 Å for our sample, corresponding to an increase of
∼0.67 dex in the C iii] EW from z = 3−4 to z = 5−7, indicating
strong redshift evolution in the line strength.

This enhancement could be due to several factors. Obser-
vational biases may contribute, because JWST/NIRSpec prism
spectroscopy lacks the sensitivity to detect C iii] emission with
low EWs (EW≤ 5–10 Å) at these redshifts, potentially lead-
ing to incomplete sampling of the low-EW population. In fact,
the EW(C iii]) measured from the stacked spectrum of non-
detections in our sample (Table C.2) is 5.7 ± 0.3 Å, consistent
with the typical values at lower redshifts. This confirms that
the low-EW population is likely undersampled due to observa-
tional limitations. From the completeness analysis, we estimate

(a) COSMOS-67506 (z = 5.8666) in the COSMOS field with EW(C iii])
= 21.9 ± 8.3 Å.

(b) CAPERS-9244 (z = 5.203) in the EGS field, with EW(C iii]) = 24.2
± 9.3 Å.

Fig. 1. Rest-frame spectra of C iii]-emitters from different surveys. Both
panels show the rest-frame wavelength in Ångströms on the x axis and
flux density in units of 10−21 erg s−1 cm−2 Å−1 on the y axis.

Fig. 2. Redshift distribution of the galaxy sample. The histogram shows
the number of galaxies as a function of redshift between z = 5 and z = 7,
with a pronounced peak at z = 5.25.

a detection limit of 8.1 Å, below which the number counts drop
to 50% of the maximum frequency. This selection bias means
that we are incompletely sampling the low-EW population at
z = 5−7.
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Fig. 3. Rest-frame C iii] EW (in Å) versus absolute UV magnitude
(MUV; AB mag). Blue points show the sample of C iii] emitters at
z = 5−7. Red points show the VANDELS sample compiled by
Cunningham et al. (2024) at z = 3−4. Contour plots and linear regres-
sion fits are also shown.

Nevertheless, the absence of similarly high EW values at
lower redshifts may indicate a genuine evolutionary trend. The
systematically elevated EWs in our high-redshift sample sug-
gest that galaxies at z = 5−7 inherently produce stronger C iii]
emission.

This evolutionary trend aligns with the results from
Roberts-Borsani et al. (2024), and may reflect harder radiation
fields, lower metallicities, and/or higher ionisation parameters
in the early Universe (e.g. Llerena et al. 2022; Nakajima et al.
2018, 2023; Trump et al. 2023; Sanders et al. 2023, 2024;
Curti et al. 2023; Cameron et al. 2023).

Alternatively, the different distribution of EW(C iii]) might
arise because the JWST sample is actually dominated by AGNs
rather than SFGs. Indeed, JWST has revealed the existence of
a much larger population of high-redshift AGNs than previ-
ously expected (e.g. Juodžbalis et al. 2026; Scholtz et al. 2025;
Treiber et al. 2025). Our analysis of the C iii] properties will help
discriminate between the two possibilities.

We also find a significant correlation between EW(C iii])
and MUV in our sample, with a slope of 0.126 ± 0.039. This
indicates that fainter galaxies (higher MUV values) exhibit
stronger C iii] emission relative to their continuum, consistent
with the behaviour observed in lower-redshift samples. The
Cunningham et al. (2024) sample shows a similar positive cor-
relation, with a slope of 0.109 ± 0.039.

Figure 4 shows the star formation mass sequence diagram
(SFR vs. stellar mass; Speagle et al. 2014), illustrating where
our C iii] emitters lie relative to the general population. We
colour-coded our galaxies by the EW(C iii]) value. We excluded
the C iii] emitters without available photometry as SED fitting
cannot be performed, and we also excluded our LRD sample
(Section 5). In the background, a reference sample of spectro-
scopic galaxies from the same surveys with 5 < z < 7 represents
the general parent population. We also show the main sequence
line from Calabrò et al. (2024) derived with Hα-based SFRs for
a similar spectroscopic sample. Our C iii] emitters are distributed
across the entire main sequence, showing no strong systematic
trend. However, galaxies lying below the Calabrò et al. (2024)
line are more likely to exhibit strong EWs, although such emit-
ters are not restricted to this region.

To characterise the global spectral features of the C iii] emit-
ters, we performed a stacking analysis, binning the sample by
their EW(C iii]). This allowed us to increase the S/N of the

Fig. 4. Star formation rate (SFR) versus stellar mass from our sample
compared to the star formation of field galaxies at z = 5−7. Our sample
is colour-coded by the rest-frame C iii] EW. The general parent popu-
lation in the same redshift range appears as grey circles. The blue line
represents the relationship found by Calabrò et al. (2024), derived with
SFR based on Hα for a similar spectroscopic sample.

final spectra. We separated the galaxies into two EW(C iii]) bins.
Since the median EW in the sample is 23 Å, we performed
a stack of weak emitters (EW≤ 22.8 Å) and strong emitters
(EW> 22.8 Å), populated by 31 and 30 galaxies, respectively.

The stacking uses a non-weighted scheme. We first shifted
individual spectra into the rest-frame using the systemic redshift
based on [OIII] and then resampled them onto a common grid.
To define a common wavelength grid for the stacking, we first
computed the minimum spectral sampling (∆λ) of each individ-
ual spectrum in the observed frame >1400 (1 + z) Å, which cor-
responds to 70.54 Å. We then divided by (1 + zmean) to obtain
the characteristic rest-frame wavelength spacing, where zmean is
the mean redshift of the stacked galaxies in each bin. This sam-
pling provides a representative dispersion for the sample and
ensures a consistent grid when resampling spectra obtained with
the NIRSpec/prism, whose wavelength dispersion varies with
wavelength and redshift. The mean systemic redshift of the sam-
ple is zmean ∼ 6.06 for the strong emitters and zmean ∼ 5.71 for
the weak emitters. We then normalised the spectra to the median
flux between 2700 and 2800 Å, a wavelength range that is free of
bright emission lines in the individual spectra. We took the final
flux at each wavelength as the median of all the individual flux
densities. We estimated the 1-σ error spectrum by a bootstrap
re-sampling of the individual flux densities for each wavelength
and calculating the standard deviation of the resulting median-
stacked spectra. Fig. 5 shows the stacked spectra.

We also stacked the spectra of non-C iii] emitters (those
galaxies from our parent sample with S/N< 2 on the flux of
C iii]). This subset includes 1795 galaxies with a mean redshift
zmean = 5.8, after excluding overlapping sources from multiple
surveys. We followed the same methodology as for C iii] emit-
ters; the resulting stacked spectrum is shown in the top panel in
Fig. 5.

We applied the same methodology as for individual galaxies,
using LiMe (Fernández et al. 2024) to measure the fluxes and
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Fig. 5. Stacked spectra for non-C iii] emitters (top panel), weak (mid-
dle panel), and strong (bottom panel) C iii] emitters. In all panels, the
shaded regions represent the 1σ uncertainty of the stacking. The dashed
vertical black line indicates the position of the rest-frame UV emission
lines.

EWs of the UV and optical emission lines. For the considered
emission lines, we assumed a single-Gaussian model.

4. AGN diagnostics

Understanding whether C iii] emission in galaxies is powered
by star formation or AGNs is crucial to interpreting their phys-
ical conditions. AGNs can significantly enhance high-ionisation
emission lines, including C iii], because of their hard ionising
spectra, while SFGs produce these lines through stellar processes
such as massive young stars and shocks. Without distinguishing
AGNs from SFGs, studies of C iii] emitters risk misattribut-
ing the ionisation source, leading to incorrect estimates of
stellar masses and SFRs. Therefore, robust AGN diagnostics are
essential.

4.1. Broad emission lines and black hole mass estimates

Broad Hα emission is a classic signature of an AGN (where the
broad-line region is unobscured), originating from high-velocity
gas in the vicinity of the central supermassive black hole (e.g.
Vanden Berk et al. 2001; Lynden-Bell 1969). A broad compo-
nent, typically with a FWHM of several thousand km/s, indi-
cates gas motions governed by the black hole (BH) gravitational
potential and provides strong evidence for AGN activity distinct
from star formation. Detecting such broad lines, even in low-
resolution spectra, provides strong evidence for AGN activity
and is a key diagnostic in distinguishing AGNs from SFGs.

Fig. 6. Example of a galaxy with a significant broad Hα component:
GDS-13704 at z = 5.93. The black line shows the observed spectrum.
The blue line represents the best-fit model using a double Gaussian pro-
file. The red line shows the narrow component, while the green line
corresponds to the broad component. The x axis shows the rest-frame
wavelength in Angstroms, and the y axis shows the flux density in units
of 10−21 erg s−1 cm−2 Å−1. This source has a ∆BIC = 34.5, providing
strong evidence for the presence of broad-line emission.

Detecting broad emission is particularly challenging with the
NIRSpec prism because of its lower spectral resolution, which
can blur broad and narrow features together. Despite this limita-
tion, our three-tier approach (Section 2.3) allows us to robustly
identify broad Hα emission in 15 out of 60 galaxies, including
five LRDs (see Section 5).

When assessing the presence of a broad Hα component, we
additionally verified that the apparent line broadening was not
driven by contamination from the merged [N ii] λ6585 (hereafter
[N ii]) emission. Among the 15 sources exhibiting a broad Hα
component, three have FWHM values below 2000 km s−1, while
the remaining sources show FWHM> 2000 km s−1, which can-
not be reproduced by [N ii] emission alone. For the three lower-
FWHM sources, we performed an additional fit that included
only a narrow Hα component and the [N ii] doublet and com-
pared it with a model that included both narrow and broad Hα
components following the same procedure as above. We find that
only GDS-202208 is better described by the [N ii] model, and
we therefore exclude it from the broad Hα galaxy sample. We
detect no comparable broad component in the [O iii] emission
line, making an origin from outflows or complex narrow-line
region kinematics unlikely.

An example of a galaxy exhibiting a broad Hα component
is shown in Figure 6, which presents the source GDS-13704
from the GOODS-South field at a z = 5.93. This source has a
∆BIC = 34.5, indicating strong evidence for the presence of a
broad component.

Based on the detected broad Hα emission, we derive BH
masses for our 14 galaxies by adopting the relation from Equa-
tion (1) of Reines & Volonteri (2015). From the BH mass mea-
surements, we calculate the Eddington luminosity as LEdd =
1.3 × 1038 (MBH,Hα/M�) erg s−1. We also derive the bolometric
luminosity (Lbol) of the AGNs using the continuum luminos-
ity at 3000 Å and the bolometric correction from Richards et al.
(2009). From the LEdd and Lbol, we infer the corresponding
Eddington ratios λEdd = Lbol/LEdd. We report the results in
Table 1. The last five galaxies correspond to LRDs (Section 5),
and we omit their stellar masses due to the large uncertainties in
the estimates.

Figure 7 shows our sample of C iii] emitters in the MBH −
M∗ diagram, compared with other known AGNs at 4 < z <
11 (Juodžbalis et al. 2026; Übler et al. 2023; Maiolino et al.
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Table 1. Properties of the C iii] emitters with a broad Hα component.

ID LHα,BLR log(MBH/M�)Hα log(LEdd/erg s−1) log(Lbol/erg s−1) λEdd log(M∗/M�)
[1042 erg s−1] [dex] [dex] [dex] [dex]

CEERS-397 3.31+2.20
−1.03 7.18 45.29 43.67 ± 0.05 0.024 8.3 ± 0.1

JADES-38147 7.17+0.63
−0.66 7.84 45.96 43.0 ± 0.2 0.001 7.9+0.5

−0.1

JADES-167639 0.95+0.14
−0.14 7.70 45.82 43.1 ± 0.1 0.002 8.28 ± 0.04

RUBIES-16915 1.44+0.48
−0.42 7.13 45.24 43.85 ± 0.04 0.04 8.95 ± 0.02

RUBIES-174752 1.67+0.48
−0.35 7.43 45.54 43.2 ± 0.1 0.005 8.2+0.2

−0.3

RUBIES-37427 2.00+0.38
−0.43 7.42 45.53 43.2 ± 0.2 0.004 8.5+0.2

−0.1

CAPERS-52661 8.78+0.53
−0.52 7.81 45.92 43.2 ± 0.1 0.002 9.2 ± 0.1

CAPERS-9244 0.93+0.20
−0.15 7.42 45.54 42.91 ± 0.05 0.002 7.8 ± 0.1

CEERS-1334 4.07+0.38
−0.36 7.76 45.88 43.2 ± 0.1 0.002 8.42 ± 0.1

COSMOS-61234 11.45+0.23
−0.24 8.03 46.15 43.27 ± 0.05 0.001 N/A

GDS-13704 1.14+0.06
−0.06 7.46 45.57 42.6 ± 0.1 0.001 N/A

RUBIES-49140 59.24+0.75
−0.71 8.50 46.62 43.1 ± 0.1 0.0003 N/A

UNCOVER-41225 2.18+0.23
−0.23 7.51 45.63 43.2 ± 0.1 0.003 N/A

CAPERS-35805 10.53+0.30
−0.30 8.13 46.25 43.2 ± 0.1 0.001 N/A

Notes. Hα luminosity, BH mass, Eddington luminosity, bolometric luminosity, Eddington ratio, and stellar mass for the 14 galaxies exhibiting
broad Hα emission. We adopt a typical 0.3 dex uncertainty for BH masses and Eddington luminosities, accounting for calibration systematics. The
five galaxies below the dashed line are classified as LRDs, and their stellar masses are not reported.

2025; Marshall et al. 2025; Parlanti et al. 2024; Rinaldi et al.
2025; Übler et al. 2025; Fei et al. 2025; Bogdán et al. 2024;
Larson et al. 2023; Akins et al. 2025; Harikane et al. 2023;
Kocevski et al. 2023; Kokorev et al. 2024; Tripodi et al. 2025;
Ding et al. 2023; Harikane et al. 2023; Wang et al. 2024;
Übler et al. 2024; Maiolino et al. 2024) and a compilation of
quasars (QSOs) at 2 < z < 7 (Tripodi et al. 2024, and refer-
ences therein). For hosts, we adopted the dynamical mass as an
upper limit for the stellar mass, since stellar masses are not yet
available for these sources. We excluded the five LRDs from the
plot because of the significant uncertainty in deriving their stel-
lar mass (see Section 5). Similarly to the majority high-z AGNs,
our C iii] emitters lies above the local relations (Kormendy & Ho
2013; Reines & Volonteri 2015; Greene et al. 2020), indicating a
more rapid evolution of BHs relative to their hosts in this early
phase of their evolution. We also tested for a possible relation
between the ratio of log(MBH,Hα/M∗) and the EW(C iii]) and find
no significant correlation.

4.2. UV diagnostics

Other reliable AGN diagnostics rely on UV lines. Specifically,
diagnostics involving the He ii and [Nev] lines show an effective
discriminating power (e.g. Feltre et al. 2016; Gutkin et al. 2016).
Unfortunately, these lines are not easily detected individually.
For He ii, the prism resolution is insufficient to separate it from
O iii] in most cases, especially at low S/N.

We employed two AGN diagnostics based on the He ii emis-
sion line: EW(C iii]) versus C iii]/He ii and EW(C iv]) versus
C iv/He ii (Nakajima et al. 2018). We adopted model grids for
SFGs and AGNs that are an extended version of the models from
Nakajima & Maiolino (2022). We generated SFG models using
CLOUDY with BPASS v2.2.1 stellar populations Eldridge et al.
(2017), Stanway & Eldridge (2018) covering a range of metal-

licities (Z≈ 0.0007–1 Z�), ionisation parameters (log U≈ –3 to
–1), and stellar ages (1–10 Myr). The AGN models employ the
CLOUDY AGN continuum, including the big bump and power-
law components, with metallicities Z≈ 0.0007–2 Z� and log U≈
–2.5 to –0.5. These extended models are described in detail in
Arevalo-Gonzalez et al. (2025). To constrain the He ii flux, we
measured the merged flux of the (He ii+ O iii]) feature and then
estimated the He ii contribution alone, based on the O iii]/He ii
ratio measured in the stacked spectra (Appendix B). Specifically,
we used the derived O iii]/He ii ratio of 0.87± 0.38. This value
is similar to the ratios previously found in both star-forming and
AGN host galaxies at intermediate redshift (e.g. Amorín et al.
2017; Llerena et al. 2022).

Figure 8 shows EW(C iii]) versus C iii]/He ii. Of our 39
galaxies, four have S/N> 2 for the He ii line, while the remain-
der show upper limits of the He ii λ1640 line. The figure also
includes results for the stacks. Using the commonly employed
demarcation lines from Nakajima et al. (2018), we find that one
galaxy resides in the star-forming region. Twenty-two additional
galaxies occupy the AGN region. Even accounting for poten-
tial shifts to higher x-axis values due to their upper limits, their
high EW(C iii]) values would maintain their classification as
AGNs. Four of these galaxies fall outside the plotted range of
the diagram. They have upper limits for the He ii line and are
positioned on the left side of the plot. For clarity, we set axis
limits to exclude these points from the displayed range. Addi-
tionally, we identify 16 galaxies currently located in the AGN
region that could potentially shift into the SFG region. For the
purposes of this analysis, we classify them as potential AGN.
Red markers highlight C iii] emitters that exhibit a broad Hα
component. We plotted ten out of 14 sources, where seven are
AGNs and three are potential AGNs according to the UV dia-
gram. This demonstrates a good agreement between the two
diagnostics.
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Fig. 7. Black hole mass versus stellar mass. Blue stars show our nine
C iii] emitters with broad Hα emission, compared with 4 < z <
10 AGNs (grey squares; Harikane et al. 2023; Kocevski et al. 2023;
Juodžbalis et al. 2026; Wang et al. 2024; Übler et al. 2024; Akins et al.
2025; Kokorev et al. 2023; Larson et al. 2023; Bogdán et al. 2024;
Maiolino et al. 2024, full references in the text), a compilation of 2 <
z < 7 QSOs (grey cross; treated as upper limits; Tripodi et al. 2024, see
references therein), and local scaling relations (dashed grey, solid red
and dotted yellow lines, respectively from refs. Kormendy & Ho 2013;
Reines & Volonteri 2015; Greene et al. 2020).

An examination of the stacked spectra reveals that the strong
C iii] stack clearly resides in the AGN region, while the weak
C iii] stack lies within the SFG region, near the demarcation
line. The stack of non-C iii] emitters lie in the SFG region, very
close to the stacked spectra of lower-redshift galaxies presented
in Llerena et al. (2022).

Figure 9 presents an alternative UV diagnostic, showing
EW(C iv) versus C iv/He ii ratio. In the six galaxies showing
C iv emission, He ii remains undetected, providing lower lim-
its on the C iv/He ii ratios. Although these six galaxies lie in the
AGN region of the diagram, their lower limits on the x axis mean
they could shift into the mixed, SF dominated region, and they
also exhibit large uncertainties on the y axis. Overall, we con-
sider this analysis inconclusive for individual sources. We also
include the results from the stacks, as in previous analyses. The
strong stack again falls well within the AGN region, while the
weak stack occupies a mixed region containing both AGN and
SFG models. The non-C iii] stack is also located in this mixed
region, although the C iv line remains undetected.

4.3. OHNO diagram

The OHNO diagram (Backhaus et al. 2022) has been pro-
posed as a potential AGN diagnostic, using the ratios [Ne iii]
λ3869/[O ii] λλ3726,3729 and [O iii]/Hβ. These ratios rely on
four rest-optical emission lines that are relatively accessible at
high redshift. A key advantage of the OHNO diagram over the
traditional BPT diagram (Baldwin et al. 1981) is that it does not
rely on Hα and [N ii], which can blend together in low-resolution
spectra and fall outside the observable range of JWST at z > 7.

Fig. 8. UV-diagnostic diagram showing the EW of C iii] versus the ratio
C iii]/He ii. The SFG and AGN models are from Nakajima & Maiolino
(2022), while the dashed black line is from Nakajima et al. (2018).
Values measured from the stacked spectra are shown as purple (weak
stack), light green (strong stack), and pink (no C iii] stack) points,
with lower-redshift stacks (darker green) from Llerena et al. (2022).
The C iii] emitters with a broad Hα are plotted as red diamonds. Four
galaxies that lie outside the range of the plot and have upper limits on
He ii emission are GDS-5093, RUBIES-49140, CAPERS-101195, and
CAPERS-9244, with C iii]/He ii values of 0.04, 0.09, 0.02, and 0.01,
respectively; the EWs of C iii] are listed in Table C.1.

Fig. 9. UV-diagnostic diagram showing the EW of C iv versus the
ratio C iv/He ii. The demarcation lines are given by Hirschmann et al.
(2019). Models and stacks are the same as in Figure 8.

Although useful, the OHNO diagram is more sensitive to the
gas-phase metallicity and ionisation parameter than to the funda-
mental source of the ionising spectrum itself, since the selected
line ratios are largely degenerate in their ionisation potential
(Cleri et al. 2025). Therefore, although we used it for compar-
ison, we place greater diagnostic weight to UV line ratios in our
analysis. To assess systematic uncertainties in this diagnostic,
we examined how our results changed under different AGN and
SFG models.

For 41 sources in our sample, we can measure or place
meaningful limits on both line ratios; we present the results
in Figure 10. One galaxy falls outside the plotted range of the
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Fig. 10. Star-forming galaxy (SFG) models from Gutkin et al. (2016)
and AGN models from Plat et al. (in prep.) in the OHNO diagram. The
dashed black demarcation line is from Feuillet et al. (2024), while the
solid black line is from Arevalo-Gonzalez et al. (2025). Stacked mea-
surements are shown as purple (weak stack), light green (strong stack),
and pink (no C iii] stack) points. The C iii] emitters with a broad Hα are
plotted as red diamonds. The values for RUBIES-15072 (outside the
plot range) are log10 ([Ne iii] λ3869/[O ii] λλ3726, 3729) = 2.22 and
log10 ([O iii]/Hβ) = 0.83 ± 0.08.

diagram; it is an upper limit positioned on the right side of the
graph. For clarity, we set axis limits that exclude this point from
the displayed range.

We first plotted the separation lines from Feuillet et al.
(2024), derived empirically from SDSS spectroscopic data,
and from Arevalo-Gonzalez et al. (2025), which is based
on the previously mentioned photoionisation models of
Nakajima & Maiolino (2022). We also plotted SFG models from
Gutkin et al. (2016) and, for AGN, a new set of models from
Plat et al. (in prep.), which are based on the recent AGN spec-
tra of Kubota & Done (2018) and incorporate dependencies on
BH mass and Eddington ratio. For both sets of models, we used
an ionisation parameter range of −4 < log U < −2. The metal-
licity ranges are 0.0001 < Z < 0.03 for the Plat et al. mod-
els and 0.0002 < Z < 0.03 for the Gutkin et al. models. We
assumed ranges of 3 < log(MBH/M�) < 9 for the BH mass and
−1.5 < log(λEdd) < 2 for the Eddington ratio. The Gutkin et
al. models additionally assume an initial mass function (IMF)
with an upper mass cutoff of 300 M�, a constant SFR, and stellar
population ages of 3 Myr and 10 Myr.

As shown in Figure 10, we identify 20 AGNs (using
the Feuillet et al. (2024) line) or 22 AGNs (using the
Arevalo-Gonzalez et al. (2025) line): according to these diag-
nostics, sources above the line are classified as AGNs, while
sources below the line could originate from SFGs or AGNs.

When comparing our sources with the Plat and Gutkin mod-
els, the situation is less clear: only two sources fall in the AGN-
only region, while the remaining sources occupy the mixed
region containing both AGN and SFG models. This discrepancy
highlights that the OHNO diagram is less efficient at identifying
AGNs than UV diagrams because the results depend strongly on
the adopted models or demarcation lines.

We also highlight in red the C iii] emitters that show a broad
Hα component. Of the 12 sources that can be placed on the dia-

gram, four fall in the AGN region, while the remaining eight lie
in the mixed region. All 12 lie in the mixed region when com-
pared with the Plat and Gutkin photoionisation models.

Examination of the stacked spectra shows that the three
stacks fall below both diagnostic lines, placing them close
together in the mixed region. This again demonstrates the lower
efficiency of the OHNO diagram compared to the UV diagrams,
which separate the stacks into distinct regions.

4.4. AGN component from SED fitting

An additional diagnostics for characterising our sources comes
from SED fitting. Specifically, we compared the quality of the
best-fit SED photometric models with and without an AGN
component, using their reduced χ2 values. Photometric data
were unavailable for six sources, leaving 55 sources for this
comparison.

For 13 sources, the fit including an AGN component yielded
a lower reduced χ2 value, indicating that this component is nec-
essary to reproduce the photometry. Amongst those 13 sources,
11 show additional secure AGN indicators, either from the pres-
ence of a broad emission line component, from the UV diagram,
or both. This set includes the five identified LRDs (see the next
section). The remaining two sources, namely GDS-210003 and
CAPERS-41455, are also classified as potential AGNs based on
the UV diagram.

For this set, we calculated the fractional contribution of the
AGN component to the optical rest-frame continuum for eight
of the 13 cases (excluding the LRDs, for which a reliable AGN
model has not been established). The AGN fraction is measured
from the photometric spectrum at a rest-frame wavelength of
5500 Å, chosen to avoid contamination from emission lines. We
find an average AGN fraction of 62.3%, with a standard devia-
tion of 26.3%.

For the other 42 sources, the SED fitting without the AGN
component is preferred. Within this group, 25 have previous
AGN indications (15 confirmed AGNs and ten potential AGNs).
For most of these (14 confirmed AGNs and seven potential
AGNs), the difference in the reduced χ2 between the two fits is
small, indicating that the SED fitting does not strongly favour
either model. In contrast, for the only galaxy classified as a
secure SFG in the UV diagram, GDS-202208, shows a very large
reduced χ2 difference of 160, strongly favouring the model with-
out an AGN component, consistent with the emission line diag-
nostics. Finally, the galaxy RUBIES-127820, which could not
be placed on previous diagnostic plots, is also best fit by a model
without an AGN, although the χ2 difference is small.

We conclude that SED fitting based on photometry alone
securely identifies approximately one third of our AGN popu-
lation. This fraction could be significantly improved by incorpo-
rating spectro-photometric SED fitting. Based on our analysis,
when a source is classified as an AGN by SED fitting, the iden-
tification is reliable, and no SFGs are misclassified as AGNs.

5. LRDs amongst C iii] emitters

In under three years of operation, the JWST has delivered numer-
ous surprises. Amongst these is the discovery of a completely
new population of red, compact sources that are unexpectedly
abundant in the early phase of our Universe, the so-called little
red dots (e.g. Matthee et al. 2024; Pérez-González et al. 2024).
These galaxies are very compact sources, exhibiting a character-
istic V-shaped SED and, in most cases, broad hydrogen emission
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Fig. 11. Rest-frame spectra of the five little red dots identified in our sample. From left to right, top to bottom: COSMOS-61234, CAPERS-35805,
RUBIES-49140, GDS-13704, and UNCOVER-41225.

lines with FWHM≈ 2–3 103 km s−1, interpreted as evidence of
AGN activity (see e.g. Kocevski et al. 2025).

Current analyses (e.g. Kocevski et al. 2025) reveal that over
80% of LRDs exhibit broad-line features when brown dwarf con-
taminants are excluded. A recent model that reproduces most of
the observed spectro-photometric features proposes a BH star
(BH∗) scenario as the engine of LRDs, in which a BH is embed-
ded in a thick, dense gas envelope that produces the Balmer
break and associated absorption features (Inayoshi & Maiolino
2025; Naidu et al. 2025; de Graaff et al. 2025b). Despite these
advances, fundamental questions persist regarding the physical
nature of their obscuring material and the role of LRDs in cos-
mic evolution.

Using the classification criteria of Kocevski et al. (2025) and
Barro et al. (2026), which rely on photometric data to identify
LRD candidates, we examined our sample of C iii] emitters for
LRDs. Nine sources satisfy this photometric selection. To con-
firm the LRD nature, we also used available spectroscopic data to
estimate both the UV and optical slopes, masking emission lines.
We fitted the slopes as power laws using an MCMC approach.

We confirm that five of the nine LRD candidates met the
colour requirements spectroscopically, with UV slopes −2.8 <
βUV < −0.37 and optical slopes βopt > 0. Four were previously
identified as LRDs in the literature, and one is a new identifi-
cation from the CAPERS survey. Figure 11 shows the spectra of
these candidates. Standard SED fitting with Bagpipes using pho-
tometric data alone fails to accurately reproduce the observed
photometry for these LRDs. Although spectrophotometric fit-
ting improves the fit, purely stellar models remain inadequate.
Despite ongoing effort to characterise LRDs (e.g. Inayoshi et al.
2025), current SED fitting tools (e.g. Bagpipes, Prospector, Bea-
gle, and Galfit) lack appropriate AGN models tailored for LRDs,
preventing reliable mass estimates. Consequently, we exclude

these sources from the Main Sequence diagram, as their derived
stellar masses remain uncertain.

Among the known LRDs at z > 7 in the literature, two show
C iii] emission (e.g. Jones et al. 2026; Morishita et al. 2026).
Additionally, new spectroscopic observations of the Bullet Clus-
ter have identified an LRD at z = 5.3 with C iii] emission (e.g.
Tripodi et al. 2025). These data became available after we began
our analysis.

Overall the fraction of LRDs in our sample of C iii] emit-
ters is low (less than 10%). Together with the relatively sparse
detection of C iii] in LRD spectroscopic samples (around 20%
and primarily in redder LRDs; Barro et al. (2026)), confirms that
although the C iii] emitters and LRDs are both AGN-dominated,
they trace distinct populations.

6. The nature of C iii] emitters

To assess the presence of AGNs within our sample of C iii]
emitters, we combined the complementary diagnostics described
in the previous sections. We detect broad Hα emission in 14
sources; this represents a lower limit because we used prism
spectroscopic observations. These 14 sources are considered
secure AGNs. From the UV diagnostics involving C iii], we
securely classify 22 galaxies as AGNs, out of 39 galaxies that
can be meaningfully placed on the diagram, with additional 16
identified as potential AGNs. All sources with broad Hα that
could be included in the C iii] diagnostic show a consistent
AGN classification. The C iv-based diagnostic is limited by the
small number of detections; however, all fall within the AGN-
dominated region. Importantly, the C iv-based classification is
in agreement with the C iii]-based diagnostic.

Combining all diagnostics, we find that roughly half of
the sources in our sample – 29 out of 61 galaxies – exhibit
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at least one secure indication of AGN activity, with an addi-
tional 13 classified as potential AGNs, based on the C iii]
diagnostic. These factions are significantly higher than the typ-
ical AGN fraction in the general population at similar redshift
(Juodžbalis et al. 2026).

Table C.1 summarises the diagnostic results. This group
also includes the five sources identified as LRDs, all of which
exhibit broad-line components. Although we demonstrate that
the OHNO diagram is highly unreliable, most of the sources
classified as AGNs by the Arevalo-Gonzalez et al. (2025) demar-
cation line are also confirmed as AGNs by more robust
diagnostics.

Examining the stacked spectra, the OHNO diagram places
all three stacks slightly below both demarcation lines, within
the mixed region and very close to each other. As expected, the
UV diagnostics display more distinct behaviour. Figure 8 shows
that the strong C iii] stack clearly lies within the AGN region,
while the weak C iii] stack occupies the star-forming region
but remains close to the demarcation line. The stack of non-
C iii] emitters is located well within the star-forming region, in
good agreement with the stacked spectra of lower-redshift galax-
ies from Llerena et al. (2022). Similarly, in Figure 9, the strong
stack is again within the AGN region, the weak stack occupies
a mixed zone containing both AGN and SFG models, and the
non-C iii] emitters remain consistent with SFGs, plotted as upper
limits due to the non-detection of the C iv line.

Sect. 4.4 demonstrates that SED fitting using photometry
alone robustly identifies roughly one third of the AGN that are
identified spectroscopically. This result could likely be improved
through spectro-photometric analysis.

Overall, our C iii]–emitting sources are predominantly
AGNs. This explains the observed EWs compared to those of
cosmic noon galaxies with similar MUV in the VANDELS sur-
vey (Cunningham et al. 2024; Llerena et al. 2022), where star-
forming systems dominate. A VANDELS-like population of
galaxies with modest C iii] emission likely exists at high red-
shift; indeed, the stacked spectrum of galaxies without individ-
ual line detections shows weak C iii] emission (EW(C iii]) '5 Å)
and lies consistently within the star-forming regions of all diag-
nostic diagrams.

Our JWST high-redshift sample also contains a subset of
SFGs with high EW(C iii]) that are absent in the VANDELS
sample. This discrepancy may reflect differences in ISM con-
ditions at very high redshift, such as harder ionising radia-
tion fields, lower metallicities, or higher electron densities (e.g.
Llerena et al. 2022; Nakajima et al. 2018).

7. Summary and conclusions

We present a systematic study of C iii] emission in 5 < z < 7
galaxies, using JWST/NIRSpec prism spectroscopy. From a par-
ent sample of 1896 galaxies, we identify 61 robust C iii] emit-
ters. We measured emission line fluxes and equivalent widths
using LiMe, and derived physical properties (e.g. stellar masses
and star formation rates) through SED fitting with Bagpipes.
Our approach reveals a sample of high-z C iii] emitters that show
significantly higher rest-frame equivalent widths than C iii] emit-
ters at lower redshifts with a similar MUV range (see Figure 3).
Although the prism resolution limited our ability to probe low-
EW emission lines, none of the intermediate redshift VANDELS
sources exhibit EWs above '10−15 Å. This results in a small
overlap between the two samples.

The C iii] emitters span the full range of the star-forming
main sequence, showing no substantial differences in position
from the parent population.

To understand the nature of our C iii] emitters, particu-
larly relative to the lower redshift sample, we employed mul-
tiple AGN diagnostics, including optical and UV emission
lines. These diagnostics indicate that AGN activity is com-
mon in our C iii] emitters. We detect broad emission lines in
14 objects; however, the limited spectral resolution of NIR-
Spec/prism reduces sensitivity, making this a lower limit on the
true number of broad-line sources. The C iii] diagnostics classify
22 sources as secure AGNs and 13 additional sources as potential
AGNs. The C iv diagnostic, although limited to a few sources,
identifies six potential AGNs. We also employed the OHNO dia-
gram, based on optical lines; however, it proved highly unreli-
able, with models providing inconsistent classifications. Finally,
SED fitting using photometry alone robustly identifies roughly a
third of the AGNs confirmed spectroscopically. Overall, at least
half of our sample shows one or more AGN signature, includ-
ing the potential AGNs. Stacked spectra support these trends:
the strong C iii] stack occupies the AGN region of the UV diag-
nostics, while the weak and non-C iii] stacks align with SFG
models.

These results suggest that the difference in EWs between the
lower redshift sample from Cunningham et al. (2024) and the
higher redshift samples from our work may reflect the presence
of AGNs in the majority of our sample.

Higher-resolution and/or deeper follow-up observations are
therefore crucial to robustly disentangle the two populations.
Such data would enable the detection of broad components in
additional Balmer lines and fainter AGNs, improve the com-
pleteness limit of C iii], and resolve the He ii–O iii] blend,
thereby strengthening the reliability of UV diagnostic meth-
ods. Moreover, these observations would allow us to probe the
physical nature of galaxies not currently classified as AGNs but
exhibiting high EWs, helping determine whether their proper-
ties arise from harder ionising spectra, lower metallicities, higher
electron densities, and/or elevated ionisation parameters – sce-
narios that can be tested through targeted follow-up.
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Fig. A.1. The correction factor versus observed wavelength for the sam-
ple of C iii] emitters. The median correction of 1.15 is shown by the
dashed red line

Appendix A: Slit loss corrections

In Figure A.1 we show the correction factor calculated for sev-
eral filters as explained in 2.2.

On average, there is a slit-loss factor of around 1.1-1.2, and it
is wavelength-independent i.e. on average, we find the same cor-
rection factor across all filters although the scatter is large. For
the galaxies where we find an average correction factor >1 (33
sources in total), the correction is made by multiplying the flux
densities of the spectrum by the average factor for each galaxy.
For galaxies with an average correction factor < 1, no correction
is applied (meaning a correction factor = 1 is assumed) because
in those cases there are no slit-losses.

Appendix B: The O iii] / He ii ratio

To obtain a reliable measure of the He ii that we employ in
the UV diagnostic diagrams, we calculate the O iii] / He ii line
ratio from stacked spectra of our C iii] emitters. Following the
methodology described in Sec. 3, we stacked the spectra of
the entire sample of selected C iii] emitters. Due to the low-
resolution of the prism spectrum, the two lines are blended.
However, the high SN of the stack allows up to model the two
components separately and infer their relative contribution to
the blend. For the modeling, we assumed two blended Gaussian
components with fixed central wavelength for each line and a
local continuum. In the top panel of Fig. B.1 we show the results
of the Gaussian modeling and the continuum-subtracted stacked
spectra: clearly two Gaussians can fit the line blend much better
than one component alone. We measure a ratio of 0.87±0.38 in
the entire stack of C iii] emitters and we thus apply this value to
individual emitting galaxies. We repeated the exercise for stack
of the non-C iii] emitters and the ratio derived is slightly higher
but still well within the uncertainty. As shown in bottom panel
in Fig. B.1, these empirically derived values fall within the range
observed for SFGs in the VANDELS survey, showing particular
consistency with the most extreme C iii] emitters (EW ∼5–10 Å)
in that sample. Furthermore, the ratio ares consistent with the
value derived from the stack presented in Amorín et al. (2017),
which itself occupies the AGN region of standard UV diagnos-
tic diagrams. Finally very similar O iii] / He ii ratios are found
when stacking galaxies at z ∼ 5.6 − 9 using NIRSpec medium
resolution spectra (Hu et al. 2024).

Fig. B.1. Top panel: continuum-subtracted stacked spectrum of C iii] in
the sample (blue line) and the corresponding uncertainty (blue shaded
region). The dashed red and green lines represent the best-Gaussian fit
of O iii] and He ii, respectively, while the dashed black line represents
the total fit of the blend lines. The vertical gray line indicates the posi-
tion of C iv. Bottom panel: the O iii] / He ii line ratio as a function of
C iii] equivalent width. The blue square represents the O iii] / He ii ratio
measured in the stack, yielding a value of 0.87±0.38. This value is com-
pared to measurements from Amorín et al. (2017), Llerena et al. (2022)
and Hu et al. (2024).

Appendix C: Properties of the C iii] emitters sample

In Table C.1, we present the properties of the C iii] emitter sam-
ple, including coordinates, redshift, and the results of our AGN
diagnostics. It also includes the EW values and the UV β slopes.

Table C.2 shows the values of the line ratios and EWs used
for our three stacks.
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Table C.1. Properties of the C iii] emitter sample

ID RA [deg] Dec [deg] zspec Broad UV diagnostic EWCIII] [Å] βUV

CAPERS-121916 34.23591 -5.08822 6.011 Not broad AGN 73.7 ± 43.8 −1.36
−0.98
+0.96

CEERS-397 214.8362 52.88269 6.007 AGN Potential AGN 5.5 ± 2.5 −1.75
−0.08
+0.07

COSMOS-61234 150.1069 2.360046 6.996 AGN – 28.7 ± 8.0 −1.16
−0.22
+0.22

COSMOS-67506 150.1266 2.39305 5.867 Not broad AGN 21.9 ± 8.3 −1.59
−0.10
+0.10

GDS-7807 53.10476 -27.8323 5.396 Not broad AGN 35.3 ± 10.2 −2.16
−0.20
+0.20

GDS-13176 53.12176 -27.7976 5.941 Not broad – 15.1 ± 6.1 −2.13
−0.06
+0.06

GDS-13197 53.13492 -27.7727 6.342 Not broad Potential AGN 9.6 ± 3.0 −2.10
−0.06
+0.05

GDS-13704 53.12654 -27.8181 5.930 AGN AGN 14.7 ± 6.9 −2.68
−0.13
+0.13

GDS-113719 53.12429 -27.7974 5.445 Not broad Potential AGN 2.5 ± 1.5 −2.38
−0.12
+0.11

GDS-202208 53.16407 -27.7997 5.449 Not broad SFG 10.1 ± 2.3 −1.98
−0.03
+0.04

GDS-210003 53.13184 -27.7738 5.784 Not broad Potential AGN 16.3 ± 3.3 −2.41
−0.13
+0.12

GDS-212506 53.15584 -27.7667 5.350 Not broad Potential AGN 16.3 ± 8.3 −1.64
−0.16
+0.16

GDS-30080593 53.14885 -27.8097 5.960 Not broad – 50.2 ± 25.2 −1.99
−0.55
+0.52

JADES-9104 189.2453 62.25253 6.820 Not broad – 26.7 ± 13.5 −3.12
−0.39
+0.36

JADES-721 189.1153 62.2341 5.180 Not broad – 21.2 ± 18.5 −2.49
−0.26
+0.25

JADES-38147 189.2707 62.14842 5.878 AGN – 22.8 ± 11.0 −1.07
−0.33
+0.32

JADES-167639 53.09188 -27.8807 5.555 AGN – 19.4 ± 11.2 −2.14
−0.31
+0.29

RUBIES-16915 215.0796 52.93826 5.06 AGN AGN 13.2 ± 3.3 −1.78
−0.11
+0.11

RUBIES-45472 214.791 52.79478 5.285 Not broad – 28.0 ± 16.2 −1.62
−0.30
+0.30

RUBIES-64705 214.9143 52.92779 5.296 Not broad – 140.6 ± 46.5 −0.89
−0.87
+0.88

RUBIES-46803 214.868 52.85372 5.187 Not broad Potential AGN 17.2 ± 8.1 −1.21
−0.29
+0.29

RUBIES-49140 214.8922 52.87741 6.683 AGN AGN 26.0 ± 12.0 −1.79
−0.25
+0.26

RUBIES-970128 214.881 52.89121 6.486 Not broad AGN 26.1 ± 12.4 −2.30
−0.24
+0.24

RUBIES-15072 34.26858 -5.28956 5.195 Not broad AGN 32.4 ± 13.0 −2.35
−0.37
+0.37

RUBIES-174752 34.20581 -5.1005 6.043 AGN AGN 23.4 ± 10.5 −2.06
−0.13
+0.12

RUBIES-127820 34.30157 -5.16619 6.992 No Halpha – 121.3 ± 113.9 −3.47
−0.62
+0.76

RUBIES-125637 34.27878 -5.16912 6.419 Not broad – 45.1 ± 27.7 −1.49
−0.31
+0.34

RUBIES-146730 34.32501 -5.14008 5.224 Not broad Potential AGN 12.1 ± 5.7 −2.23
−0.18
+0.18

RUBIES-35376 34.26532 -5.2541 5.316 Not broad – 16.7 ± 8.0 −2.18
−0.26
+0.26

RUBIES-174222 34.4277 -5.10124 6.08 Not broad – 284.2 ± 223.7 −0.35
−2.43
+2.72

RUBIES-37427 34.50494 -5.25798 6.958 AGN – 40.8 ± 20.2 −1.01
−0.52
+0.53

UNCOVER-11254 3.580446 -30.405 6.873 Not broad Potential AGN 11.6 ± 5.4 −2.62
−0.11
+0.11

UNCOVER-33673 3.600114 -30.3658 6.773 Not broad AGN 53.0 ± 31.8 −2.05
−0.93
+0.95

UNCOVER-41225 3.533996 -30.3533 6.770 AGN AGN 21.4 ± 9.5 −2.61
−0.51
+0.51

UNCOVER-51076 3.553695 -30.3301 5.929 Not broad Potential AGN 13.0 ± 2.1 −1.13
−0.38
+0.38

CAPERS-35805 150.0554 2.291588 6.532 AGN Potential AGN 18.0 ± 8.3 −2.16
−0.10
+0.10

CAPERS-52661 150.1418 2.193836 6.764 AGN AGN 31.1 ± 12.2 −1.623
−0.16
+0.15

CAPERS-17158 150.1453 2.384542 5.355 Not broad Potential AGN 9.8 ± 4.7 −2.21
−0.15
+0.15

CAPERS-39643 150.1077 2.271908 6.047 Not broad – 23.8 ± 11.5 −2.38
−0.27
+0.26

CAPERS-49388 150.1393 2.214673 5.507 Not broad AGN 7.2 ± 2.1 −2.21
−0.05
+0.05

CAPERS-39948 150.1043 2.270252 5.298 Not broad AGN 34.9 ± 16.3 −1.79
−0.42
+0.42

CAPERS-49845 150.1399 2.212099 5.126 Not broad AGN 20.4 ± 7.0 −2.17
−0.15
+0.15

CAPERS-11227 150.1195 2.418575 5.24 Not broad – 48.0 ± 16.1 −2.96
−0.53
+0.52

CAPERS-101195 150.0616 2.269404 5.989 Not broad AGN 51.6 ± 22.3 −3.02
−0.63
+0.65

CAPERS-9244 214.9857 52.95623 5.203 AGN AGN 24.2 ± 9.3 −2.17
−0.10
+0.10

CAPERS-19346 214.8868 52.82463 6.193 Not broad AGN 22.2 ± 7.9 −2.22
−0.16
+0.16

CAPERS-21137 214.8773 52.80983 5.679 Not broad – 22.8 ± 10.2 −2.08
−0.25
+0.23

CAPERS-80959 214.935 52.9326 6.517 Not broad AGN 162.3 ± 106.7 −3.33
−0.96
+1.43

CAPERS-22908 214.8713 52.79732 5.687 Not broad – 18.1 ± 6.8 −2.81
−0.49
+0.47

CAPERS-206147 214.8607 52.78599 5.68 Not broad Potential AGN 13.7 ± 4.8 −2.03
−0.15
+0.15

CAPERS-12328 214.813 52.81698 5.276 Not broad – 23.7 ± 12.0 −1.96
−0.21
+0.22

CAPERS-27271 214.8782 52.78325 5.283 Not broad Potential AGN 16.0 ± 3.9 −2.41
−0.14
+0.14

CAPERS-62484 214.8562 52.81844 6.281 Not broad – 82.4 ± 54.9 −1.08
−1.45
+1.50

CAPERS-22230 214.99 52.88462 5.088 Not broad AGN 19.7 ± 9.1 −2.35
−0.19
+0.20

CAPERS-41455 215.0059 52.8749 6.913 Not broad Potential AGN 51.3 ± 25.6 −2.42
−0.33
+0.32
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Table C.1. continued from previous page

ID RA [deg] Dec [deg] zspec Broad UV diagnostic EWCIII] [Å] βUV

CEERS-1334 214.7684 52.71764 5.498 AGN Potential AGN 17.2 ± 4.7 −1.67
−0.14
+0.14

GDS-5093 53.12417 -27.8745 5.398 Not broad Potential AGN 13.5 ± 3.1 −2.10
−0.10
+0.10

j0252m0503-376 43.06545 -5.01028 6.711 Not broad AGN 33.4 ± 21.4 −2.62
−0.49
+0.49

macsj0647-1120 101.9015 70.19888 5.236 Not broad – 24.1 ± 12.7 −2.26
−0.31
+0.30

PEARLS-184 265.0099 69.01782 6.277 Not broad – 4.1 ± 1.4 −2.12
−0.04
+0.04

RUBIES-157664 34.20792 -5.12481 5.312 Not broad AGN 282.4 ± 266.2 −1.35
−0.82
+0.90

Notes. This table catalogs the properties of the C iii] emitter sample, including AGN diagnostics, emission-line equivalent widths and UV β slopes.
The zspec uncertainties range between 0.001 and 0.007. The galaxies below the dotted line are those for which we do not have the photometry. A –
means that the galaxy could not be placed on the plot.

Table C.2. UV and optical emission-line ratios and equivalent widths for stacked samples.

Weak stack Strong stack No C iii] stack

Flux ratios
C iv/He ii 0.403 ± 0.400 2.6 ± 0.8 < 1.14
C iii]/He ii 4.4 ± 1.4 5.6 ± 1.6 4.6 ± 1.6
[Ne iii]/[O ii] 1.3 ± 0.1 1.0 ± 0.1 0.90 ± 0.07
[O iii]/Hβ 6.6 ± 0.4 5.9 ± 0.3 5.3 ± 0.1
Equivalent width
C iv λλ1548, 1551 0.81 ± 0.77 12.6 ± 1.7 < 0.92
C iii] λλ1907,1909 13.5 ± 0.6 43.5 ± 3.6 5.7 ± 0.3
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