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ABSTRACT

We report the results of the optical follow-up of a sample of y-ray-emitting active galactic nuclei (AGNs). New high-quality optical
spectra were obtained using the Gran Telescopio Canarias with the Optical System for Imaging and low-Intermediate-Resolution
Integrated Spectroscopy and the European Southern Observatory’s Very Large Telescope Unit Telescope 1 with the FOcal Reducer
and low dispersion Spectrograph 2. From the analysis of these spectra, we confirmed the previous narrow-line Seyfert 1 (NLS1)
classification for four objects and discovered two new NLS1s, bringing the total number of optically confirmed y-NLS1s to 26. We
also identified two ambiguous cases between NLS1 and intermediate Seyfert (IS), three ISs, one broad-line Seyfert 1, and one Seyfert
2. Based on the new spectra, we calculated black hole masses ranging from 10%% to 10°3? M, and Eddington ratios spanning 0.05
to 2.07. This reclassification provides support for the scenario in which AGNs with relatively low black hole masses are capable of
launching powerful relativistic jets and contributes to our broader understanding of y-ray-emitting AGNs.

Key words. galaxies: active — galaxies: jets — quasars: emission lines — galaxies: Seyfert

1. Introduction

The active galactic nuclei (AGNSs) family is proving to be increas-
ingly complex and diverse. A classical distinction exists between
jetted and non-jetted AGNs (Padovani et al. 2017). We can further
divide the jetted class into three main categories: flat-spectrum
radio quasars (FSRQs), BL Lacertae objects (BL Lacs), and jetted
narrow-line Seyfert 1s (NLS1s), together with their misaligned
counterparts. Misaligned AGNs are characterized by large view-
ing angles, while the jet axes of FSRQs, BL Lacs, and NLS1s are
directed toward the Earth (for recent reviews, see, e.g., Foschini
2017 and Blandford et al. 2019).

The optical spectra of jetted AGNs display a wide range of
features, from prominent emission lines — as in the case of FSRQs
andy-ray NLS1s—to weak or absent lines, as observed in BL Lacs.
The same applies to misaligned AGNs. Of particular interest is the
distinction between FSRQs and y-ray NLS1s. Both can exhibit
Balmer and forbidden lines, but NLS1s are classically defined by
the presence of weak oxygen lines ([O III]J/HB < 3) and strong

* Corresponding author: benedetta.dallabarba@inaf.it

iron emission. The main discriminant between NLS1s and FSRQs
lies in the full width at half maximum (FWHM) of the HB line:
above 2000 km s~! for FSRQs and below 2000 km s~! for NLS1s
(Osterbrock & Pogge 1985; Goodrich 1989).

After the discovery of y-NLS1s, many open questions arose
or gained new relevance, such as what the role of y-NLS1s in
the blazar sequence is given their low black hole masses, and
whether y-NLS1s can help pinpoint the region where y-rays
are produced in AGNs. The answer to the first question came
in 2016, when Berton et al. (2016) suggested that y-ray NLS1s
represent the low-mass and low-luminosity tail of the blazar dis-
tribution. The answer to the second question is more complex,
and different studies have presented contrasting results. Some
support a central origin for the y-rays (in the broad-line region
or dusty torus; see, e.g., Marscher et al. 2008; Ghisellini et al.
2014), while others favor a more distant origin (in the narrow-
line region; see, e.g., Foschini et al. 2019; Dalla Barba et al.
2025). In both cases, y-NLS1s serve as a unique laboratory for
investigating the AGN jet phenomenon.

Our knowledge of the impact of NLS1s on the population
of y-ray sources is currently limited by the small number of
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known objects of this type. To address this, Foschini et al. (2022)
selected a sample of 2980 optically identified y-ray-emitting
sources from the fourth Fermi Gamma-ray Large Area Telescope
(Fermi-LAT) catalog (4FGL) and searched for available optical
spectra in the literature. This led to a reclassification of a signif-
icant portion of the sample. However, many of the public obser-
vations were carried out in the 1970s-1980s and suffer from low
spectral resolution and/or poor quality, which prevented a reli-
able classification. For these ambiguous (AMB) cases and for
the candidate NLS1 found by Foschini et al. (2022), we obtained
new optical spectra for a total of 22 objects, 6 in the Northern
Hemisphere and 17 in the Southern Hemisphere. We excluded
a few cases (see below) for a final sample of 18 objects (see
Table 1). These spectra allowed us to search for additional cases
of y-NLS1s and to increase the number of known sources in this
family.

At the same time, we identified some cases of interme-
diate Seyferts (ISs), a subclass of Seyfert galaxies charac-
terized by a peculiar spectral shape of the permitted lines
(Osterbrock & Koski 1976). Owing to the intermediate view-
ing angle, the observer can detect radiation from both narrow-
line regions (NLRs) and broad-line regions (BLRs), resulting
in a composite line profile with broad wings and a nar-
row core. These two contributions are usually modeled with
separate Gaussian components, referred to as the broad and
narrow components, whose combination reproduces the total
observed emission. Because of the peculiar spectral shape of
Hg, ISs are often misclassified as NLS1s, and vice versa (see,
e.g., Jarveld etal. 2020; Crepaldi et al. 2025). Disentangling
the two classes requires high-resolution spectra, as confirmed
by the borderline NLSI-IS cases found in our sample. More-
over, according to the unified model (Keel 1980; Antonucci
1993; Urry & Padovani 1995), the intermediate viewing angle
expected for ISs makes their y-ray detection particularly puz-
zling with respect to jet orientation. The inclusion of NLS1s and
ISs as y-ray-emitting AGNs will help us investigate the jetted
AGN phenomenon in greater detail, including classes of sources
that are often overlooked.

The structure of this paper is as follows. In Sect. 2 we
describe the observations and the data analysis. In Sect. 3 we
list the classification criteria. In Sect. 4 we explain how we esti-
mated the physical parameters, including the black hole mass
(Mpy) and the Eddington ratio (Rgqq). In Sect. 5 we provide
details of the individual analyzed objects. In Sect. 6 we discuss
the new classifications and present our conclusions. Throughout
this paper, we adopt a standard A Cold Dark Matter cosmology
with Hy = 73.3kms™! Mpc’l, Quatter = 0.3, and Qyacqum = 0.7
(Riess et al. 2022).

2. Observations and data analysis

From the original sample of nearly 3000 objects analyzed by
Foschini et al. (2022), we selected a subsample of 22 sources
for which we requested high-quality spectra. The subsample
is the result of the selection of those objects classified by
Foschini et al. (2022) as NLS1 or AMB in their paper, taking
also into account for the observability of the objects. The objects
are divided into two groups: those in the Northern Hemisphere
and those in the Southern Hemisphere.

The new data were collected using the Optical System
for Imaging and low-Intermediate-Resolution Integrated Spec-
troscopy (OSIRIS), mounted on the Gran Telescopio Canarias
(GTC) in the Northern Hemisphere (Program GTC33-22B, PI:
E. Jérveld), and the FOcal Reducer/low dispersion Spectro-
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graph 2 (FORS2), mounted on Unit Telescope 1 of the Very
Large Telescope (UT1/VLT) in the Southern Hemisphere (Pro-
grams 110.23UC.003, PI: C. Mazzucchelli; 111.24P0.002, PI:
M. Berton). The OSIRIS sample comprises 6 sources. The
FORS?2 sample initially included 17 objects as part of a filler pro-
gram designed for observations during nonoptimal conditions at
Paranal. The UT1 observations cover 12 of the 17 objects; one
spectrum corresponds to PKS 2004-447 (J2007-4432), which
was excluded from this analysis as it has already been studied
in detail by Berton et al. (2021), and the other four spectra show
only forbidden narrow lines with FWHM dominated by instru-
mental broadening. As such, they cannot be used to refine the
classification or to derive reliable physical parameters. The final
sample, consisting of 18 objects, is listed in Table 1.

The GTC observations were carried out with the following
setup: a 1” slit and the R1000R grism, yielding a spectral resolu-
tion of R = A/AA = 1122!. Standard stars were observed with a
2.52” slit. The OSIRIS spectral coverage is 3650—10 000 A. The
UT1/VLT setup was: a 1” slit and the 300V grism, resulting in
a spectral resolution of R = 440%. The FORS2 spectral coverage
is 3300—11 000 A. Further details are provided in Table 1.

The reduction of the GTC data was carried out with a stan-
dard procedure using IRAF (version 2.18; Tody 1986, 1993). For
VLT observations, we used the already reduced data that can be
found in the European Southern Observatory (ESO) archive?.

Due to the different slit apertures used for the sources and
the standard stars in the GTC observations, a flux correction was
applied to the final spectra. Next, for each spectrum, we cor-
rected for reddening and identified the main optical emission
lines to compute the redshift (z). The redshift was calculated
as the flux-weighted average of the individual z values derived
from the [O I1]43727, HB, and [O 111]2114959,5007 lines, when
present. In one case, J2354—-0958, the measured redshift dif-
fered significantly from the value reported in the literature;
see Sect. 5.18 for details. The resulting redshifts are listed in
Table A.1. Continuum subtraction was performed using the
dedicated IRAF function. Iron multiplets emission lines were
removed using the tool developed by Kovacevi¢ et al. (2010) and
Shapovalova et al. (2012), available through the Serbian Virtual
Observatory*. The iron fitting allows us to calculate the Rys7o
parameter, defined as the ratio between the flux of the blueward
iron bump (relative to HB) and the flux of the Hp3 line.

After these preprocessing steps, we fitted the HG—[O III]
complex, where feasible. In some spectra, the region around HB
and [O III] was too noisy (e.g., J0102+4214), or significantly
affected by atmospheric absorption (e.g., J0224+0700). In such
cases, we fitted only the [O I1I1]214959,5007 lines, or alterna-
tively the Mg II 212800 line. We did not perform a telluric correc-
tion because the resulting spectral profile cannot be completely
trusted to calculate the FWHM and to propose a reliable classi-
fication of the AGN.

The HB line was modeled using four alternative profiles:
three Gaussians, two Gaussians, one Gaussian, or a Lorentzian.
The first two profiles are typically attributed to IS, when the
broad and the narrow component are clearly separable, but
they can also fit NLS1 well in low- or intermediate-resolution
spectra (Dalla Barba et al. 2023). The single Gaussian with a

I https://www.gtc.iac.es/instruments/osiris+/osiris+
.php#Longslit_Spectroscopy

2 https://www.eso.org/sci/facilities/paranal/
instruments/fors/overview.html

3 https://archive.eso.org/scienceportal/home

4 http://servo.aob.rs/FeII_AGN/


https://www.gtc.iac.es/instruments/osiris+/osiris+.php#Longslit_Spectroscopy
https://www.gtc.iac.es/instruments/osiris+/osiris+.php#Longslit_Spectroscopy
https://www.eso.org/sci/facilities/paranal/instruments/fors/overview.html
https://www.eso.org/sci/facilities/paranal/instruments/fors/overview.html
https://archive.eso.org/scienceportal/home
http://servo.aob.rs/FeII_AGN/

Dalla Barba, B., et al.: A&A, 705, A122 (2026)

FWHM comparable to the one of narrow lines is typical of type
2 AGNs. The Lorentzian profile, instead, is typical of NLS1
(Sulentic et al. 2002, 2009; Goad et al. 2012; Cracco et al. 2016;
Berton et al. 2020).

For the [O II1]144959,5007 doublet, a single Gaussian was
sufficient in most cases; however, a two-Gaussian model was
adopted when required. This composite model includes a narrow
core component from the NLR and an additional outflow compo-
nent. The two [O III] lines were tied in terms of FWHM, central
wavelength, and flux, assuming the theoretical intensity ratio of
2.993 +0.014 (Dimitrijevi¢ et al. 2007). Parameter uncertainties
were estimated using a Monte Carlo method creating N = 1000
synthetic spectra. For each iteration, we added a Gaussian noise
to the line profile, proportional to the standard deviation of the
signal in the continuum between 5050 and 5150 A.

3. Classification criteria

As already introduced in Sect. 1, the optical classification of jet-
ted AGNs is not always straightforward, especially when deal-
ing with low-S/N spectra. This is particularly true for ISs and
NLS1s, which are often prone to misclassification. The diffi-
culty mainly arises from the similarity in the observed HS line
profiles when its FWHM is close to 2000 kms™!, the conven-
tional threshold adopted to distinguish NLS1s from broader-
lined sources (see, e.g., Fig. 2 in Dalla Barba et al. 2023).

Indeed, a Lorentzian profile — commonly used to model the
permitted lines in NLS1s — can resemble a composite of two
or more Gaussian components, typically employed for ISs (and
vice versa). This degeneracy in fitting can lead to AMB classi-
fications, particularly in low-resolution or noisy spectra. From
a physical standpoint, the Lorentzian shape is generally asso-
ciated with turbulent motions in the BLR, while the Gaussian
components are interpreted as arising from clouds in Keple-
rian motion within the BLR (e.g., Kollatschny & Zetzl 2011;
Goad et al. 2012). This highlights that the choice of model to
fit the Hp line is not merely a technical matter but reflects under-
lying physical conditions. Therefore, the distinction between ISs
and NLS1s is not only observational but also tied to the kinemat-
ics and structure of the BLR, and cannot be attributed solely to
orientation effects.

Furthermore, the HB line profile can exhibit marked asym-
metries. Such asymmetries can arise from a variety of phys-
ical processes. One possibility is the presence of an out-
flow, often modeled as a moving bubble of ionized gas,
which can produce blue- or red-asymmetric line wings (e.g.,
Boroson & Green 1992). Another potential explanation involves
double-peaked emission lines, which can originate from a
rotating Keplerian disk around the central black hole (e.g.,
Dumont & Collin-Souffrin 1990; Chen et al. 1989). Finally,
asymmetric and systematically shifted line profiles have been
proposed as possible signatures of close binary supermassive
black holes, where the orbital motion of the BLRs around the
two black holes induces observable Doppler shifts (e.g., Gaskell
1996). While these more complex scenarios are fascinating, they
typically manifest in distinctly double-peaked broad-line pro-
files, which are not observed in the present sample. Therefore,
such interpretations can be reasonably excluded in the context
of this work. Nonetheless, the variety of possible HS profiles
illustrates the necessity for careful spectral modeling and a mul-
tifaceted classification approach when dealing with jetted AGNs.

These considerations underscore the intrinsic challenges in
providing a conclusive optical classification for AGNs, particu-
larly when relying solely on spectral features that can be affected

by noise, resolution, and modeling degeneracies. Despite these
limitations, in the following we outline the empirical criteria
adopted to classify the objects in the present sample. These cri-
teria aim to balance the need for physical consistency with the
constraints imposed by the available data:

— NLSIs: Sources showing a Lorentzian HfS profile or a
multiple-Gaussian fit with smooth wings (i.e., no distinct
separation between the NLR and the BLR), with a total
FWHM < 2000km s~!. These spectra typically exhibit weak
[O III] lines, with [O IIT]/HB < 3, and often show the pres-
ence of optical Fe II multiplets.

— Broad-line Seyfert 1s (BLS1s): Classical type 1
AGNs characterized by a broad HB line with a total
FWHM > 2000km s~!. The HB profile can be fit by either a
single Gaussian or multiple components, but the broadness
is the defining feature.

— ISs: AGNs that show multiple-Gaussian HB profiles with a
clear separation between the NLR and BLR components.
Unlike NLS1s, no strict cut is imposed on the [O III]/HB flux
ratio or on the presence of Fe II lines. This class includes
Seyfert 1.2-1.9 types and generally exhibits intermediate
obscuration between type 1 and type 2 AGNs.

— Seyfert 2s (SY2s): Sources displaying only narrow emis-
sion lines, typically with FWHMs of ~1000kms~!. They
are associated with type 2 AGNs and are interpreted as
systems viewed edge on such that the BLR is obscured
or totally absent (see the case of true SY2, e.g. Pogge
2003; Bianchi et al. 2012; Miniutti et al. 2013 and references
therein).

— AMBs: A heterogeneous class reported by Foschini et al.
(2022), including objects for which no reliable classification
could be assigned. These cases lack crucial information such
as published optical spectra, measurable H3 FWHM, or reli-
able positional cross-identification. Furthermore, the view-
ing angle remains unconstrained.

4. Physical parameters
4.1. Black hole mass (Mgy)

To estimate the black hole mass, we adopted Eqgs. (38) and (40)
from Dalla Bonta et al. (2020), which relates Mgy to the lumi-
nosity and line width of HB — specifically, the second-order
moment (oyg) or the FWHM in the case of Lorentzian profiles.
As noted by Dalla Bonta et al. (2020), the second-order moment
is generally preferred over the FWHM as it yields tighter cor-
relations with black hole mass. Furthermore, these relations
avoid the intermediate step involving the continuum luminos-
ity at 5100 A, which is a significant advantage when analyzing
jetted sources. In such cases, jet emission can contaminate the
continuum, leading to an overestimation of the black hole mass.
The adopted equations are

M L
log (ﬂ) = log(f) + 7.530 + 0.703 x [log( Hﬁ"m‘;) — 42|+
Mg ergs
OHB
+2.183 x |log -|-35 (1)
kms™
MBH LHﬁbmad
log [ = | = log(f) + 7.015 +0.784 x | log [ —= | — 42 +
Mo ergs-
FWHM
+1.387 x 1og(—afﬁ)) - 3.5], 2)
km s~
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Table 1. Sources and their observation details.

Name Alias RA (J2000)  Dec (J2000) Zpub Tel. Obs. Date Exp. time Airmass Seeing
[h:m:s] [ [yyyy-mm-dd] [s] ["]
J0102+4214 GB6J0102+4214 01:02:27.1  +42:14:189 0.874 GTC 2022-09-04 600 1.35 -
J0224+0700 PKS 0221+067 02:24:284  +06:59:23.3 0.511 GTC 2022-09-04 600 1.08 -
J0422-0644 PMN J0422-0643 04:22:10.8 -06:43:45.3 0.242 UTI1 2023-01-25 1800 1.88 0.71
J0442-0017 PKS 0440-00 04:42:38.7 -00:17:434 0.844 UTI1 2023-07-19 1830 1.94 0.53
JO515-4556 PKS 0514-459 05:15:453 —45:56:43.2 0.194 UTI1 2022-11-25 1800 1.13 0.85
J0521-1734 TXS 0519-176 05:21:23.6 -17:37:30.1 0.347 UTI1 2022-12-03 1800 1.07 1.65
J0932+5306 S4 0929+53 09:32:41.2  +53:06:33.8 0.597 GTC 2022-10-30 300 1.30 -
J1048-1912 PKS 1045-18 10:48:06.6  —19:09:35.7 0.595 UTI 2022-12-17 1800 1.10 2.08
J1102+5251 GB6 J1102+5249 11:02:49.8  +52:50:12.7 0.690 GTC 2022-11-16 600 1.26 -
J1154+4037 B3 1151+408 11:53:54.7  +40:36:52.6  0.923 GTC 2022-11-24 600 1.35 -
J1202-0528 PKS 1200-051 12:02:34.2  -05:28:02.5 0.381 UTI1 2023-01-20 1800 1.17 0.55
J1246-2548 PKS 1244-255 12:46:46.8  —-25:47:49.3 0.638 UTI 2023-07-10 1830 1.64 1.77
J1310+5514 TXS 1308+554 13:11:03.2  +55:13:54.3 0.926 GTC 2022-11-28 900 1.57 -
J1331-1325 PMN J1331-1326 13:31:204  -13:26:05.6 0.250 UT1 2023-07-15 1830 1.26 0.66
J1818+0903 NVSS J181840+090346  18:18:40.1  +09:03:46.2 0.354 UTI1 2023-06-22 1830 1.20 0.58
J1902-6748 PMN J1903-6749 19:03:01.2 —-67:49:359 0.255 UTI 2023-06-19 1830 1.37 1.24
J2325-3559 CTS 0490 23:25:28.6 -35:57:542 0360 UTI1 2023-07-19 1830 1.04 1.72
J2354-0958 PMN J2354-0957 23:54:05.5 -09:57:48.8 0.272 UTI1 2023-06-28 1830 1.47 1.08

Notes. The seeing parameter is the average of the values recorded at the beginning and at the end of the observation. It is reported only for the
UT1/VLT observations, as it is not available in the headers of the GTC data.

where og is the second-order moment. The relations show a
scatter of 0.309 dex and 0.371 dex, respectively. The geometrical
factor adopted is the total value reported by Collin et al. (2006),
in order to avoid assumptions about the population nature of our
sample. It corresponds to f = (3.85 + 1.15). Lyg, ,, denotes the
luminosity of the broad component of the HS line.

For sources in which the HB line is not detected — due to
either absorption or spectral noise — we estimated the black hole
mass using the Mg 1142800 or [O IIIJA5007 lines. Relations
based on Mg [112800 suffer from the same issue as HS when the
continuum contribution at 3000 A is included. For this reason,
we adopted the relation from Trakhtenbrot & Netzer (2012):

M
log( MBH) = 6.83+ 0.5 log(#)
©
FWHM(Mg II)
+2 X log O kms 3)

which relies solely on the luminosity and FWHM of the Mg
1112800 line, thus avoiding the use of the continuum luminos-
ity. The scattering for this relation is of 0.13 dex.

The relations based on [O III], however, are known to pro-
vide less reliable results, and we therefore treated the corre-
sponding mass estimates as upper limits. The tendency of [O III]
to overestimate black hole masses in active galaxies has already
been discussed by Ho & Kim (2014). For these cases, we used
the revised M — o, relation from Ho & Kim (2014):

BH

oM
(0]
8\M

(0]

) = 8497005 + (4.38 £ 0.29) x log( . @

o)
200 kms™!

where o, = FWHM([O I]core)/2.35, and FWHM([O I]core)
is the width of the core component only. The limitation of this
method is evident in Fig. 4 of Greene & Ho (2005), where the
data show a significant scatter around the relation. The results
for all sources are reported in Table A.1.
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4.2. Eddington ratio (Rguq)
The Eddington ratio is calculated as

Lool _ Lol
LEdd 1.3 % 1038 (MBH/MO)‘

Rgaq = &)
The black hole mass used is the one derived in the previous para-
graph. The bolometric luminosity (Lye), on the other hand, can
be estimated using the classical relation Ly, = 9 X AL,(5100 A)

from Kaspi et al. (2000), or with a revised version from Netzer
(2019):

AL(5100 A)]7"*

Lol = kpot X ALA(5100A) 3 kpor = 40 - [I(Y‘Trgsl

(6)

where AL,(5100 A) is the continuum luminosity at 5100 A. The
bolometric correction factor (kyo) should also be adjusted for
source inclination. For type 1 AGNs (typical inclination of
~56°), the correction factor is ~1.4, while for face-on accretion
disks itis ~2.5 (Netzer 2019). Due to the lack of reliable inclina-
tion information, we adopted an average value of 2, as done by
Crepaldi et al. (2025).

To determine Ly, we first needed the continuum luminos-
ity at 5100 A. This parameter can be directly measured from the
spectrum in non-jetted sources; however, in jetted AGNs, the jet
contributes significantly to the continuum, making it difficult to
disentangle from the thermal emission of the accretion disk. In
such cases, line properties must instead be used. To this end, we
applied the relation from Dalla Bonta et al. (2020), which con-
nects AL,(5100 A) t0 LHg, broad:

log[ALx(5100 A)| = (43.396 + 0.018) + (1.003 + 0.022)

X

L
log (Hﬂ—bj) - 41.746] NG,
erg s
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This approach relies entirely on the properties of the HS line.
For objects in which Hg is undetected or affected by absorp-
tion, we used either the Mg II 12800 or [O III]A5007 lines.
For the Mg II line, we used an analogous procedure to that
applied for HB, calculating the expected continuum luminosity
at 3000 A, AL,(3000A), from the line properties. Combining
Egs. 8 and 7 from Trakhtenbrot & Netzer (2012), we obtain

| [/lLA(3OOO A) ®)

Wrgsl} =0.08 + 0.81 x IOg(

Mg 11
102 erg s~ )’
the result of which can be inserted in the corresponding relation
for the Eddington ratio of Netzer (2019):

!
. AL,(3000 A
Lol = kot X AL(3000A);  kpo = 19 [ Al )] .9

10*2 erg s~!
The adopted equation for the [O III] case, from
Zhang & Feng (2017), is
AL(5100 A L
log [”(—_1)} = (17.2810.98)-1og(&”j;*)ﬂo.@io.oz),
ergs erg s
(10)

where Lo 1., is the luminosity of the core component of the
[O IIT]A5007 line. As for the black hole mass, Eddington ratios
derived from the [O IITI]A5007 line should be considered as upper
limits. The results are summarized in Table A.1.

5. Notes on individual objects

In the following, we provide the emission lines fitting details for
each source, along with the explanation for the new classifica-
tion. The fitting parameters are reported in Table A.1, while the
spectra are plotted in Fig. B.1.

5.1. J0102+4214

The GTC spectrum is significantly affected by noise. The H5—[O
III] complex shows a prominent bump and is partially obscured
by telluric absorption, which may result from Fe II emission
or host-galaxy contamination. This prevents us from propos-
ing a definitive classification of the AGN. To extract physi-
cal parameters, we fitted the Mg 1142800 line, as reported in
Table A.1. A tentative fit of the HS line with a single Lorentzian
profile yields FWHM(Hp) = (2931 + 980) kms~!. This value is
consistent with the estimate reported by Shaw etal. (2012),
FWHM(Hp) ~ 1900 kms~!, but does not support a classifica-
tion as NLSI. The [O III]244959,5007 lines are severely
affected by telluric absorption and buried in the noise. Conse-
quently, we are unable to provide a revised classification for this
object and therefore adopt the NLS1 classification reported by
Foschini et al. (2022).

5.2. J0224+0700

The GTC spectrum reveals a few oxygen lines ([O I1]43727 and
[O 111]144959,5007), as well as Mg 1112800 emission. In this
case, telluric absorptions are prominent in both the H3 and Hy
regions, preventing us from characterizing the line profiles or
measuring their FWHM. On the other hand, the Mg II line is
relatively unaffected by atmospheric absorption, allowing us to
derive the black hole mass and the Eddington ratio. We report the
same classification proposed by Foschini et al. (2022): NLS1.

5.3. J0422-0644

The UT1 spectrum shows multiple emission lines, both permit-
ted (Ha, HB, and Hy) and forbidden ([O II1]2144363, 4959,
5007). The HB-[O III] region is characterized by prominent
Fe II emission, with Rss570 ~ 1.19. After subtracting the
Fe II contribution, we fitted the HB line using three Gaus-
sian components (two broad and one narrow), and modeled
the [O II] lines with single Gaussian profiles. The resulting
total FWHM(Hp) = (1940 + 119) km s~!, placing the object in
the classical NLS1 family. Finally, the [O III]/HB flux ratio is
approximately 0.22, confirming the relative faintness of the oxy-
gen lines compared to the hydrogen lines. From these parameters
we can propose a classification of NLS1.

5.4. J0442-0017

Luna-Cervantes et al. (2024) studied in detail the spectral energy
distribution of this AGN and proposed a hybrid nature, between
NLS1 and FSRQ. The UT1 spectrum is noisy and affected by
atmospheric absorption features; however, the H5—[O III] region
is only partially impacted. The Fe II emission contributes sig-
nificantly, with R4579 ~ 1.05, although the He 1124686 line is
also present in the same spectral region. The best fit for the
Hp line was obtained using a Lorentzian profile, while the [O
[I1]2114959,5007 lines were modeled with single Gaussians. The
resulting total FWHM(Hp) = (3518 + 1218) km ™!, outside the
range typically associated with NLS1s, although the large uncer-
tainty — mainly due to the noise level in the HB region — limits
the robustness of this measurement. The [O II]/HB flux ratio is
~0.90, consistent with type 1 AGN properties. Given the large
uncertainty on the FWHM(Hg), our results are consistent with
those of Shaw et al. (2012) and Foschini et al. (2022) while also
being compatible with a BLS1 classification. Considering the
central value of the HB width, we suggest a BLS1 classification,
although higher-resolution spectra are required to confirm this
result.

5.5. J0515-4556

The UT1 spectrum reveals all the main optical features, with
a not negligible Fe II contribution (Rs570 ~ 0.44). The [O
11]2144959,5007 lines display two peculiar characteristics: a
blueshift of the entire feature by approximately 132kms~!, and
a flux ratio of about 2, which deviates from the theoretical value
of ~3 (as can be seen from Fig. B.1). This can be the result of
a spurious spike under [O III]14959, or due to the very broad
component found in HB. The HB line was modeled with three
Gaussian components, and the resulting profile shows a red-
shifted very broad component (Av ~ 3700 km s~!). Furthermore,
the [O III]/HB flux ratio is ~0.77. The asymmetric profile of H3
can be the result of an NLS1 or and IS with a red wing. Given
the y-ray detection for this AGN, the orientation favor the type
1 classification for this object, but does not exclude the IS one.
The total FWHM(Hp) = (1534 + 85)kms~!. Due to these con-
siderations, we propose a classification in between NLS1 and IS,
to disentangle between the two, intermediate- or high-resolution
spectra are needed.

5.6. J0521-1734

The UTI1 spectrum shows a relatively noisy red part, but the
HpB-[O III] region is not affected by these fluctuations. The
best fit for HB was obtained with a single Gaussian component,
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with its FWHM tied to that of [O III], yielding FWHM([O
II1]) = (845 + 30) kms~!. The strength of the [O I1]A3727 line
suggests a possible low-ionization nuclear emission-line region
(LINER) nature for this AGN. However, a classification as a SY2
appears more likely, given the profiles of [O III]A5007 and HB. In
this scenario, J0521-1734 could be interpreted either as a mis-
aligned AGN or as a true SY2 lacking a BLR (e.g., Marin et al.
2025). Distinguishing between the LINER and SY2 scenar-
ios requires high- or intermediate-resolution spectroscopy with
broader spectral coverage, ideally including Ha to enable the
construction of diagnostic diagrams such as those developed by
Baldwin et al. (1981) and Veilleux & Osterbrock (1987). More-
over, to confirm a possible absence of the BLR, polarized-light
observations would be necessary.

5.7. J0932+5306

In the GTC spectrum, all the main optical features are clearly
detected. The iron emission is negligible, which leave space
to the detection of the He 1114686 line. The best fit for the
Hp line was obtained using a combination of Gaussian com-
ponents, yielding a total FWHM(Hp) = (1439 + 88) km s~!. Each
of the [O III] lines was modeled with a single Gaussian. The [O
IIT]/HB flux ratio is ~1.50, a value consistent with those typically
observed in NLS1 galaxies. The relatively narrow HB line width
and the weakness of the [O III] lines both support a classification
as NLS1, despite the absence of significant Fe II emission. Simi-
lar cases of NLS1s with faint or undetectable Fe II features have
been reported in the literature (e.g., Pogge 2011). We therefore
confirm the classification of NLS1 proposed by Foschini et al.
(2022).

5.8. J1048-1912

The UT1 spectrum shows fluctuations in the HB—[O III] region.
We fitted oxygen lines with a single Gaussian each and a com-
bination of two Gaussians for HB. The resulting HB profile is
typical of an IS object, where the narrow and the broad com-
ponents are clearly separable. The narrow component present a
FWHM(Hp) totally dominated by the instrumental broadening,
as the one of [O III]A5007. The HB broad component present
a FWHM(HB) = (6040 + 189) km s~ with a significant shift to
the red with Av ~ 1528 kms~!. The global FWHM(Hp) is con-
sistent with the value reported by Murdoch et al. (1984). The
iron contribution is negligible (R4579 ~ 0), and the [O III]/HB
ratio is approximately 0.81. This allows us to reclassify the
object as an IS, given the composite profile of HS. Following
the classification scheme proposed by Whittle (1992), the IS
type can be obtained calculating the ratio between the fluxes of
Rsy—iype = F([O III])/F(HP). In this case we obtain a Seyfert 1.5

type.

5.9. J1102+5251

The GTC spectrum shows a negligible iron contribution (R4s79 ~
0) and a peculiar HB profile, composed of a narrow core and
a prominent red wing. The FWHM of the [O III] lines and
of the narrow component of HB are entirely dominated by
instrumental broadening, whereas the broad component of HB
has FWHM = (3051 +296) kms~! and is redshifted by Av ~
590kms~!. This line shape can be interpreted as consistent with
an IS. The [O II]/HB flux ratio is ~1.32, which is compatible
with values observed in both classes. Based on these consid-
erations — particularly the limitations imposed by instrumental
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broadening — we propose this AGN be classified as an IS. Fur-
ther observations with higher spectral resolution are required to
confirm this scenario.

5.10. J1154+4037

The GTC spectrum is affected by several spurious peaks, which
were subsequently removed. The final spectrum shows a promi-
nent Mg 1142800 line with FWHM = (10098 +297)kms™!,
while the HB—[O III] region is completely buried in the noise,
preventing a definitive classification. Foschini et al. (2022)
reported an NLS1 classification, but given the broadness of the
Mg 1142800 line, this does not appear reliable. As a consequence
of the broad Mg 1142800 line, the calculated black hole mass
is the highest in the sample, with log(Mgy/Ms) = (9.32 £ 0.06).
This result highlights the need for further investigation into the
nature of the source, given that NLS1s are usually hosted in low-
mass galaxies. We therefore propose classifying it as AMB.

5.11. J1202-0528

The UT1 spectrum displays all the main optical features, includ-
ing both permitted and forbidden emission lines. The iron con-
tribution is estimated to be Rys790 ~ 1.22. The HB line was fit-
ted with a combination of two Gaussian components, result-
ing in a total FWHM(Hp) = (1445 +57)kms~!, while the [O
1111224959,5007 lines were modeled with two Gaussians each
(core and outflow components). The [O II]/HB ratio is ~0.83.
These properties support the classification of this object as an
NLSI.

5.12. J1246-2548

The Hp line is fitted with two Gaussian components, resulting
in a total FWHM(Hp) = (1430 +266) kms~!, which lies within
the typical range for NLS1s. The broad component appears red-
shifted by Av ~ 420km s~!. The [OII[]114959,5007 lines are
prominent, but their FWHM is completely dominated by the
instrumental broadening. The flux ratio [O III]/HB ~ 0.41 favor
the classification of NLS1. The iron emission is negligible, with
Rys70 ~ 0, but the prominent telluric absorption in the blue part
of the iron emission prevented us from properly fitting these
lines. Overall, we propose a classification of NLS1.

5.13. J1310+5514

In the GTC spectrum, the H3—[O III] region appears very noisy
due to its proximity to the grism efficiency drop’, and is there-
fore considered as an artifact. For this reason, we excluded it
from the final spectrum. The physical parameters were esti-
mated from the Mg 1142800 line, fitted with a Lorentzian pro-
file, which yields FWHM = (2271 +38)kms~'. New observa-
tions are required to establish a robust classification of this
source. We therefore maintain the NLS1 classification proposed
by Foschini et al. (2022).

5.14. J1331-1325

The UT1 spectrum displays all the main optical emission lines,
from [O I1]A3727 to [S I1]A26716,6731. The iron contribution is

> https://www.gtc.iac.es/instruments/osiris/media/
OSIRIS-R1000. jpg


https://www.gtc.iac.es/instruments/osiris/media/OSIRIS-R1000.jpg
https://www.gtc.iac.es/instruments/osiris/media/OSIRIS-R1000.jpg

Dalla Barba, B., et al.: A&A, 705, A122 (2026)

negligible (R4570 ~ 0). HB presents a peculiar profile with a red
bump (Av ~ 350kms™!), best fitted with three Gaussian pro-
files. The resulting total FWHM(Hg) = (575 £ 94) km s7!. The
[O 111]144959,5007 lines are fitted with a single Gaussian each,
and the [O III]/HB ratio is ~2.21. Considering the shape of the
Hp profile, we suggest an IS classification for this AGN.

5.15. J1818+0903

The UT1 spectrum displays all the main optical features, from [O
11]A3727 to [O II]A5007. The iron emission yields Rys79 ~ 0.97.
The Hp line was fitted using a Lorentzian component, resulting
in a FWHM(HB) = (1418 +335)kms~'. The [O III] lines were
fitted with a single Gaussian, but their FWHM is dominated
by the instrumental broadening. The [O III]/Hp ratio is ~0.98.
Based on these results, we suggest this AGN be classified as an
NLSI.

5.16. J1902-6748

The UT1 spectrum covers all the main optical features, includ-
ing Ha. The iron contribution is present with Rys79 ~ 0.79, and
blended also with the He 1114686 line. The best fit for the HB
line was obtained using a combination of three Gaussian com-
ponents: the FWHM of the narrow component was tied to that of
[O III], while the broad component is composed of two bumps,
the broadest of which is redshifted by Av ~ 2400kms~!. A
similarly asymmetric profile is also visible in the Ho line. The
total FWHM(Hp) = (1015 + 117)kms~!. The [O II]/HB flux
ratio is ~2.24. This case closely resembles the one discussed
in Sect. 5.5. For this reason, we propose a classification that
is intermediate between NLS1 and IS. Further investigations,
including higher-resolution spectroscopy, are needed to distin-
guish between the two scenarios.

5.17. J2325-3559

The UT1 spectrum displays the typical features of an NLS1:
faint [O 1I1]A44959,5007 lines with [O IIJ/HB ~ 0.58,
strong Fe II emission with R4s70 ~ 1.58, and a global
FWHM(HSB) = (971 + 75)kms~!. The Hp line was fitted using
a single Lorentzian profile, while the [O III] lines show a core
component and prominent blue wings with Av ~ 770kms~.
Based on these properties, we classify the object as an NLS1.

5.18. J2354—-0958

From the analysis of the UT1 optical spectrum, we conclude
that the previous identification of [O 11]A3727 (Drinkwater et al.
2018) was incorrect. In the revised interpretation, we identify
three lines: Mg 1112800, [O II]13727, and Hy. Based on these
features, we calculated a redshift of z = (0.9920+0.0023), which
is consistent with the value reported by Massaro et al. (2015).
The spectrum is relatively noisy, and Hy lies near the edge of the
spectral range, limiting its usefulness for classification purposes.
The Mg II line displays a broad profile, pointing toward the
BLS1 nature. Due to the absence of significant Balmer lines, we
do not propose a new classification for J2354—0958 and report
the one proposed by Foschini et al. (2022): AMB.

6. Discussion

In this work we analyzed the optical spectra of 18 sources
extracted from Foschini et al. (2022), which in turn are derived

from the 4FGL catalog compiled from observations by the
Fermi satellite. The 4FGL catalog is predominantly populated
by BL Lac objects, FSRQs, and unclassified sources. However,
it also includes other types of AGNs, such as misaligned AGNss,
NLS1s, Seyfert galaxies, and changing-look AGNs (CL-AGNs)
(Foschini et al. 2022).

6.1. Classes of y-ray-emitting AGNs

Our spectroscopic analysis confirms the presence of a vari-
ety of AGN types. Specifically, we identified two new
NLS1s (J0422-0644 and J2325-3559), three ISs (J1048—1912,
J1102+5252, and J1331-1325), two AMB cases show-
ing characteristics between NLS1s and ISs (JO515-4556
and J1902-6748), one BLS1 (J0442-0017), and one SY2
(JO521-1734). In addition, we confirmed the classification of
four previously known NLS1s. For the remaining five sources,
a reliable classification was not possible due to poor data qual-
ity or limited spectral coverage — as in the case of J2354—-0958,
where the available spectrum was insufficient for a robust anal-
ysis. Among these, J1154+4037 was reported as AMB because
the measured width of the Mg 1112800 line is no longer compat-
ible with the NLS1 class; however, a new solid classification is
still not possible.

When combined with the results of Foschini et al. (2022),
our findings confirm that different classes of AGNs are capable
of producing powerful jets detectable in y-rays. The separation
into classes of jetted AGNs, based on the Foschini et al. (2022)
sample together with three additional objects from Paliya et al.
(2024) and Lietal. (2023), some of which are reclassified
according to the analysis presented in this paper, is illustrated
in Fig. 1. From this plot, it is clear that the majority (about
40%) are BL Lacs, where the jet dominates the observed spec-
trum. Another large fraction (about 23%) consists of FSRQs,
y-ray sources characterized by strong optical lines and Balmer
lines with FWHM >2000km s~!. A further ~29% of the sample
remains unclassified.

Beyond these three dominant groups, several minority
classes are also represented. The most numerous are mis-
aligned AGNs, which include radio galaxies, soft-spectrum radio
quasars, and compact steep-spectrum quasars. Their classifica-
tion, based on radio properties and inherited from 4FGL and
Foschini et al. (2022), remains unchanged in this work.

Other small fractions include AMB objects (1.4%), Seyferts
(1.2%), NLS1s (1.1%), and CL-AGNs (1.1%). The presence of
v-NLS1s remains of particular interest, as it challenges the stan-
dard blazar sequence scenario. Their number is steadily increas-
ing, as confirmed by this study. Seyfert-type sources, on the
other hand, comprise Seyfert 1s (SY1s), SY2s, ISs, and LIN-
ERs. While Syl objects are compatible with the observed y-
ray emission, SY2 (e.g., J0521-1734) and IS (e.g., J1048—-1912,
J1102+5251, and J1331-1325) imply an orientation inconsistent
with the jet properties. This misalignment could be due to differ-
ent mechanisms, such as a recent merger (Olguin-Iglesias et al.
2020), jet instabilities causing a twist (Lalakos et al. 2024), or
obscuration by interstellar dust in the host galaxy. In the dust
case, the AGN may be misaligned with the galaxy disk (e.g.,
Schmitt et al. 2002; Hopkins et al. 2012), producing a partial
covering of the BLR, this misalignment is usually a consequence
of a recent merger. Alternatively, dust could have been redis-
tributed by jet-ISM interaction, introducing line-of-sight obscu-
ration. A variable line-of-sight obscuration could also explain
the CL-AGN phenomena (see Ricci & Trakhtenbrot 2023 for
a recent review). Finally, in J0521-1734, a true SY2 scenario
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Fig. 1. Distribution of different source classes in the 4FGL catalog. Per-
centages indicate the updated number of objects in each class, based on
Foschini et al. (2022) and revised according to the analysis presented
in this work and other recent studies. Specifically, 2980 sources are
from Foschini et al. (2022), 2 (JO105+1912 and J0933-0013) are from
Paliya et al. (2024), and 1 (J0959+4600) is from Li et al. (2023).

cannot be excluded. In this case, the BLR is intrinsically absent,
so that the AGN is observed face-on but does not display broad
permitted lines.

6.2. Physical parameters

The physical parameters derived for our sample span a wide
range. The black hole masses, derived by relations that take the
jet contribution to the continuum optical emission into account,
lie between log(Mpy/My) = (6.25 + 0.40) and (9.32 + 0.06),
with upper limits reaching up to log(Mgu/Ms) = 10.23. The
Eddington ratios, instead, range from Rgqq = (2.07 = 0.16) to
(0.05 + 0.03).

As expected, both the newly identified and the confirmed
NLS1s exhibit black hole masses on the lower end of the AGN
spectrum — typically within the range 10°~® My, compared to
1032 My, for other jetted AGNs. In our sample, the NLS1s show
a mean value of log(Mpy/My) = (7.36 = 0.68). If we include the
AMB objects with properties between NLS1s and ISs, the mean
becomes log(Mgy/Ms) = (7.33 + 0.62), which still falls within
the typical NLS1 mass range.

The ISs also exhibit black hole masses within this range.
However, it is important to note that in the ISs case the classi-
cal virial mass estimates are affected by partial obscuration of
the BLR. Since the black hole mass is computed from the broad
component of the HB emission line flux (see the Lyg, ,, term in
Eq. 4), any attenuation of this component can lead to an under-
estimation. Therefore, for these sources, the derived black hole
mass should be considered a lower limit to the actual value.

The Eddington ratio was calculated by accounting for
the possible contribution of the relativistic jet to the opti-
cal continuum, particularly when using HB- and Mg 1112800-
based estimates. The highest Rggqg in our sample are
observed in J0224+0700 and J2325-3559, as expected for
NLS1s. NLS1s are typically associated with slim accre-
tion disks, which are thought to be sustained by high,
or even super-Eddington, accretion rates (Shakura & Sunyaev
1973; Abramowicz et al. 1980, 1988; Balbus & Hawley 1991;
Wang et al. 1999; Mineshige et al. 2000; Sadowski et al. 2014).
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Fig. 2. FWHM(H0ad)—R4s70 plane that defines the quasar MS. Pop. A
and B are shown, together with their finer subdivisions. Shaded regions
indicate the areas populated by quasars, with the color intensity repre-
senting the source density in each region. The pink points represent the
objects in the current sample for which the FWHM(HBy0.a) and Rys7o
were measured.

These regimes are often interpreted as indicative of rapidly
growing black holes in AGNs at an early evolutionary stage.

6.3. The role of the R,57¢ index

A key diagnostic parameter in our analysis is the Rys79 index,
which quantifies the strength of the optical Fe II emission rel-
ative to the Hp line. This parameter plays a fundamental role
in the classification of AGNs along the so-called quasar main
sequence (MS). The MS represents the distribution of type 1
quasars in the FWHM(HBy0aa)—Ra570 plane, and is widely used
to investigate the diversity of quasar spectral properties. Within
this plane (see the example in Fig. 2), a grid of spectral types
has been defined: types Al through A4 correspond to increasing
Fe II emission, whereas B1, B1+, and B1++ indicate increasing
FWHM of the broad HB component. A horizontal threshold at
FWHM(HBproad) ~ 4000 km s~! separates Population A (pop. A)
from Population B (pop. B). These populations are believed to
group sources sharing broadly similar physical conditions and
BLR geometry.

Boroson & Green (1992) identified several physical drivers
that can influence the position of a quasar within the MS, includ-
ing: Rgqq, Mgy, the BLR cloud covering factor, the anisotropy of
the continuum emission, the viewing angle of the source with
respect to the observer, the velocity distribution of BLR clouds,
and the ionization parameter. These factors contribute to shaping
both the line widths and the strength of Fe II emission observed
in quasar spectra, and hence their location along the MS. The
R4s70 index therefore serves not only as a classification tool, but
also as a tracer of the physical conditions in the nuclear region
of AGNs (Marziani et al. 2018).

In this framework, NLS1s occupy the lower-right region of
the MS diagram, due to their relatively narrow HS lines and
typically strong Fe II emission. In other words, NLS1s belong
to pop. A, or even to the so-called extreme pop. A (defined
as sources with Rys70 > 1). As described by Marziani et al.
(2018), the differences between pop. A and B extend beyond
line widths: pop. A sources typically show symmetric, often
Lorentzian-shaped Balmer profiles, while pop. B sources exhibit
broader, multicomponent profiles with possible redward asym-
metries. Additionally, lines such as C IVA1549, Mg 1112800, and



Dalla Barba, B., et al.: A&A, 705, A122 (2026)

the [O 111]A14959,5007 doublet often show significant blueshifts
in pop. A sources. Other trends include a higher probability
of radio-loudness and a flatter soft X-ray slope among pop. B
objects (Grupe 2004; Zamfir et al. 2010).

Within our sample, all sources classified as NLS1 exhibit
symmetric HB profiles, fitted with either a single Lorentzian
or multiple Gaussians. Asymmetric Balmer lines, instead, are
found in sources classified as IS or in the AMB cases between
NLS1 and IS. All NLS1s in our sample belong to pop. A,
as expected by construction. The AMB cases also fall within
pop. A. One exception is the source J1048—1912, which dis-
plays a very broad HByo,q line (FWHM ~ 6101 km s™1) and lacks
detectable Fe II emission; it is therefore assigned to pop. B.
These considerations strength our classification, within the MS
framework.

7. Conclusions

We have increased the number of optically and spectroscopi-
cally confirmed NLS1s with y-ray emission to 26. This number
increases further to 36 — the 34 listed in Table C.1 and the 2 addi-
tional borderline NLS1-IS objects reported in this work — if we
include AMB cases. The complete list of y-ray-emitting NLS1s
is provided in Table C.1.

To resolve the ambiguous classification and to provide a
more robust characterization of those sources for which we
currently report only the classifications from Foschini et al.
(2022), higher-spectral-resolution datasets (e.g., as obtained by
VLT/X-shooter) are necessary. The X-shooter spectra could
allow us to perform a detailed optical analysis of the selected
sources, enabling accurate measurements of line profiles and
physical parameters. They could also facilitate the identifica-
tion of peculiar cases, similar to the one recently reported by
Dalla Barba et al. (2025), and ultimately improve our under-
standing of the diversity among y-ray-emitting AGNs.
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Appendix B: Plots

Flux x107Y7 [erg s™? cm=2 A~1]

Flux 1077 [erg s™1 cm=2 A-1]
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Appendix C: Optically confirmed y-ray detected NLS1s

Table C.1. y-NLS1s with the corresponding coordinates and the most recent reference for the classification.

Name Alias RA (J2000) Dec (J2000) z Classification
[h:m:s] [°2%] reference
JOOO1+2113  TXS 2358+209 00:01:32.4 +21:13:36.3 0438 a
J0010+2043  TXS 0007+205 00:10:28.7 +20:47:49.8 0.597 a
J0014-0500  WISE J001420.42—-045928.7 00:14:20.4 —04:59:28.8 0.790 a
J0038-0204" 3C 17 00:38:20.5 -02:07:40.5 0.220 a
J0102+4214  GB61J0102+4214 01:02:27.1 +42:14:189 0.877 b
J0105+19127  TXS 0103+189 01:05:55.2 +19:12:28.0 0.879 a
J0224+0700  PKS 0221+067 02:24:28.4 +06:59:23.3 0.512 b
J0324+3412  1H 0323+342 03:24:41.2 +34:10:45.9 0.063 b
J0422-0644  PMN J0422-0643 04:22:10.8 -06:43:453 0242 ¢
JO850+5108  SBS 0846+513 08:49:58.0 +51:08:29.0 0.584 a
J0932+5306  S4 0929+53 09:32:41.2 +53:06:33.8 0.597 ¢
J0933-0013" PMN J0933-0012 09:33:23.0 —00:10:51.6 0.796 a
J0948+0022  PMN J0948+0022 09:48:57.3 +00:22:25.6 0585 d
J0949+1749"  TXS 0946+181 09:49:39.8 +17:52:494 0.692 a
J0958+3222  3C 232 09:58:20.9 +32:24:02.2 0530 a
J0959+4600  SDSS J095909.51+460014.3  09:59:09.5 +46:00:14.3 0.399 e
J1127+3618"  MG2 J112758+3620 11:27:58.9 +36:20:284 0.884 a
J1202-0528  PKS 1200-051 12:02:34.2 -05:28:02.5 0.381 ¢
J1208+5441 TXS 1206+549 12:08:54.3 +54:41:582 134 b
J1214-1926  PKS B1211-190 12:14:03.4 -19:21:42.8 0.149 b
J1246-2548  PKS 1244-255 12:46:46.8 -25:47:49.3 0.637 ¢
J1305+5118  IERS B1303+515 13:05:22.8 +51:16:40.3 0.787 a
J1310+5514  TXS 1308+554 13:11:03.2 +55:13:54.3 0926 b
J1443+4728 B3 1441+476 14:43:18.6 +47:25:56.7 0.703 a
J1505+0326  PKS 1502+036 15:05:06.5 +03:26:30.8 0.407 a
J1520+42097 B3 1518+423 15:20:39.7 +42:11:11.5 0485 a
J1639+4129  MG4 J163918+4127 16:39:15.8 +41:28:33.7 0.690 a
J1644+42620 MG2 J164443+2618 16:44:42.5 +26:19:13.3 0.144 a
J1700+6830  TXS 1700+685 17:00:09.3 +68:30:07.0 0.301 b
J1818+0903  NVSS J181840+090346 18:18:40.1 +09:03:46.2 0.354 ¢
J1848+3217 B2 1846+32A 18:48:22.1 +32:19:02.6 0.798 b
J2118+00197 PMN J2118+0013 21:18:17.4 +00:13:16.8 0.463 a
J2118-0723" TXS 2116-077 21:18:53.0 -07:32:27.6 0260 a
J2325-3559  CTS 0490 23:25:28.6 -35:57:542 0367 ¢

Notes. References: (a) Paliya et al. (2024), (b) Foschini et al. (2022), (c) this work, (d) Dalla Barba et al. (2025), and (e) Li et al. (2023). Objects
marked with T were originally classified as y-NLS1s by Paliya et al. (2024), but after visual inspection of the SDSS spectra we suggest their
reclassification as AMB, due to spectral features or poor data quality. Additional support for this ambiguity comes from the case of J2118-0723,
which was reclassified from NLS1 to IS by Jarveld et al. (2020) after a detailed analysis.
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