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ABSTRACT

Context. A growing number of active galactic nuclei (AGNs) show dramatic changes in their spectral classification. The mechanisms
behind the appearance and disappearance of the optical broad emission lines, as well as the brightening or fading of AGNss, are still
elusive.

Aims. The goal of this study is to investigate this problem from a different angle by using the unique constraints that (spec-
tro)polarimetry can bring.

Methods. We acquired polarized spectra of five “changing-look” AGNs (CLAGNSs) using the VLT/FORS2 between July and Septem-
ber 2024, using the 300V grism and a 1” width slit. The sample consists of IRAS 23226-3843, NGC 1346, NGC 2617, NGC 7582,
and NGC 7603.

Results. Three of the five targets show newly re-emerged broad-line components associated with low-polarized, often wavelength-
independent continua, attributed to electron scattering in an equatorial region seen close to pole-on. Their associated broad Hp lines
are systematically blueshifted, while their Ha profiles are predominantly double-peaked around the central emission wavelength, in-
dicative of a kinematically disturbed or disk-dominated region responding to ionizing continuum changes. The remaining two objects
do not show clear evidence of any newly emerged polarized broadline emission.

Conclusions. Our findings are consistent with accretion-driven changes as the dominant driver of the observed spectral evolution in

CLAGN:Ss, with polarimetric properties that are broadly compatible with this interpretation for four out of the five sources.

Key words. polarization — instrumentation: polarimeters — methods: observational — galaxies: active — galaxies: evolution —

galaxies: Seyfert

1. Introduction

Since the pioneering work of Carl K. Seyfert in 1943, active
galactic nuclei (AGNs) have been classified according to their
extremely bright optical nuclear emission lines, which can
display broad and/or narrow components and high-ionization
species (Seyfert 1943). Based on their spectral appearance,
AGNS are labeled as type-1.0, 1.2, 1.5, 1.8, 1.9, or 2 (Osterbrock
1977). Although peculiar exceptions exist, what effectively sep-
arates the two main categories (1.X or 2) is the presence (in
the former case) or complete absence (in the latter case) of
broad optical emission lines with a full width at half maximum
(FWHM) >2000km !, in addition to narrow components and
a power-law continuum.

The usual optical broad lines detected in type-1.X AGN
spectra are the Balmer hydrogen series (especially Ha and
Hp, often Hy too), as well as strong permitted lines such as
Hel A5876 and Hell 14686. In the ultraviolet, broad CIV
A1549, Mgu 12798, and Lya are also typically observed
(Kollatschny & Zetzl 2013; Marziani et al. 2020). In the near-
infrared, type-1.X AGNs show broad permitted transitions
such as the Paschen and Brackett hydrogen series (Pa, Pag,
Bry), along with strong HeT lines (notably HeI 1.083 um and
2.058 um), see Landtetal. (2008). Additional broad compo-
nents can be detected in OT 1.1287 um and 1.3165 um, which
often arise from Bowen fluorescence or LySB pumping (ibid.).

* Corresponding author: frederic.marin@astro.unistra. fr

These near-infrared lines are particularly valuable for probing
the broad-line region (BLR) in obscured or reddened AGN:s, as
extinction decreases significantly with wavelength. Narrow-line
regions (NLRs), visible in both type-1 and type-2 AGNs, are
instead dominated by forbidden transitions such as [O TII] 15007,
[N1I] 216548,6583 and [S1I] A46717,6731 (Heckman et al.
1981).

When this classification was established, AGN types were
originally interpreted primarily in terms of orientation, implying
that changes in type were not expected, since such objects extend
over parsec-scale distances and had been expected to evolve on
timescales far exceeding a human lifetime. However, several
objects began to show transitions in their spectral appearance,
such as NGC 1566, whose nuclear HB and Ha emission line
profiles varied so much between December 1980 and January
1982 that its classification was changed from type-2 to type-1
(Alloin et al. 1985). Another example is NGC 7603, whose HB
emission line profile became much weaker between Novem-
ber 1974 and November 1975, and then it apparently increased
slightly by February 1976 (Tohline & Osterbrock 1976). Since
then, many “changing-look” AGNs (CLAGNSs) have been found,
although they do not make up the largest fraction of AGNs (see,
e.g., Dong et al. 2025).

The reason why some AGNSs transition from one spec-
tral type to another, sometimes within months or even weeks
(Tohline & Osterbrock 1976; Alloin et al. 1985; Risaliti et al.
2005), is still not fully understood. However, the most promising
explanation is that changes in the BLR, which is responsible for
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the Keplerian-broadened permitted lines, are directly connected
to these “changes in the look™ of these objects. The BLR typ-
ically spans light-days to light-weeks, corresponding to physi-
cal scales of about 1072-10~"! parsecs (Peterson 2006). Because
this region is “small”, highly dynamical, and responds quickly to
variations in ionizing flux, its observable properties can change
on timescales of days to years, making spectral-type transitions
entirely possible (Noda & Done 2018). Now, the key question is
related to which specific physical processes can alter the BLR
sufficiently to suppress, or temporarily extinguish, the produc-
tion of broad emission lines.

Changes in the accretion rate and ionizing continuum, vari-
ations in the BLR density or the ionization parameter, the
disappearance of high-velocity gas, and variable dust extinc-
tion on parsec or sub-parsec scales are all viable solutions
(Ricci & Trakhtenbrot 2023). Alternative explanations, linked
to case-specific CLAGNS, also include supernovae, which can
explain the appearance and sudden disappearance of a broad
line, but fails to explain the observed cases where the broad
line reappears several years later (Komossa et al. 2024). Fur-
thermore, luminous flares produced by the tidal disruption of a
supersolar mass star passing just a few gravitational radii out-
side the event horizon of the central supermassive black hole
might also provide a viable explanation (Campana et al. 2015;
Blanchard et al. 2017); however, this scenario implies a period-
icity that most CLAGNs lack.

Many observational techniques have been used to try to dis-
tinguish the different hypotheses: photometric monitoring, spec-
troscopic surveys, and imaging. However, polarimetry, the sole
method that reliably gives geometric information on a source
of polarized light, has scarcely been employed, despite promis-
ing attempts (Hutsemékers et al. 2017, 2019, 2020). It repre-
sents a lack of opportunity, since it was shown in Marin et al.
(2013) and in Marin (2017) that different changing-look sce-
narios produce different polarized signatures. In the obscuration
scenario, the direct emission is blocked, so the observed light
is likely to be dominated by photons scattered perpendicularly
in the polar winds. This naturally produces high polarization
degrees through the Malus law and a 90° rotation of the polariza-
tion angle between the type-1 and type-2 phases. In contrast, a
decrease in the ionizing continuum does not modify the scatter-
ing geometry, and therefore should leave the polarization degree
and angle that characterizes type-1 AGNs unchanged. Unfortu-
nately, we lack both archival and recent (spectro)polarimetric
data for most of the known CLAGNs, which complicates any
attempt to determine the dominant driver of the observed spec-
tral and polarimetric evolution.

For this reason, we applied for observing time with the Very
Large Telescope (VLT) FOcal Reducer/low dispersion Spec-
trograph 2 (FORS2) in spectropolarimetry and acquired the
spectrum of five know CLAGNs without previous known spec-
tropolarimetric data between July and September 2024. In
Sect. 2, we present the five CLAGNs we selected, the observa-
tional method and the data reduction pipeline, as well as our esti-
mates of the intervening (polluting) interstellar polarization. In
Sect. 3, we analyze each CLAGN individually before discussing
our results in Sect. 4. We conclude our paper in Sect. 5, where
we summarize our findings.

2. Observation

In the following, we present the five sources that we observed
during our spectropolarimetric campaign using the VLT/FORS2.
We review their basic properties (see Table 1) and latest spectral
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type prior to our observations. We also expose the data reduction
process and define the important quantities (polarization degree
and angle) to be used throughout this article.

2.1. The sample

The sample contains five CLAGNSs that had not previously been
observed in spectropolarimetry. They were selected on the basis
of their previously known spectral type and for their individual
brightness to ensure a detection of their polarized counterpart.

IRAS 23226-3843. The first object is IRAS 23226-3843,
also known as 2MASX J23252420-3826492. It is an AGN that
was classified as a type-1 object back in the beginning of the
1990’s (Allen et al. 1991), whose optical, ultraviolet, and X-
ray fluxes have shown a progressive dimming over the years
(Kollatschny et al. 2023). Most notably, its Ha emission line
profile displayed a blue-peaked structure between 1997 and
1999, which later evolved into a double-peaked profile in 2017.
Despite a strong multi-wavelength outburst observed in 2019,
the double-peaked structure remained largely unchanged but, by
2020 (after the outburst), the optical spectrum of IRAS 23226-
3843 no longer showed evidence for broad emission lines at
all. The source was (until today) classified as a type-2 AGN
(Kollatschny et al. 2023).

NGC 1346. The second CLAGN in our list is
NGC 1346. It was initially classified as a Seyfert-1 galaxy
(Véron-Cetty & Véron 2003) based on SDSS spectra from
2001, which displayed a broad He emission line component.
However, subsequent observations in 2004 (6dFGS, Jones et al.
2009) and later (S7 — Dopitaetal. 2015, and WiFeS 2018
— Senarath et al. 2019) revealed only narrow emission lines,
indicating that the galaxy transitioned from a type-1 AGN
to a type-2 between 2001 and 2004 (Senarathetal. 2021).
Infrared photometry (K, band) confirmed a significant fading
of 0.82 mag between 1998 (2MASS catalog) and 2018 (IRSF
catalog), at a time when the source was still in a type-2 phase
(Senarath et al. 2019, 2021).

NGC 2617. The third object, NGC 2617, was classified as a
Seyfert-1.8 galaxy in 1994 (Moran et al. 1996), namely, an AGN
with very weak broad emission lines that are potentially partially
obscured by intervening material. In 2013, Shappee et al. (2014)
reported a significant optical brightening of NGC 2617, lead-
ing to its transition to a Seyfert-1 galaxy until 2023. Following
this, the XMM-Newton and Swift telescopes conducted exten-
sive monitoring, revealing a notable increase in the galaxy’s 0.3—
10keV X-ray flux (Giustini et al. 2017). NGC 2617 has been
under heavy scrutiny since then (Oknyansky et al. 2017, 2023,
2025), showing a recent (2019-2021) dimming in continuum,
with a slow weakening of the broad Hp line, indicating that the
source was coming back to its type-1.8 classification. Between
October 2023 and January 2024, NGC 2617 appeared to be
in a type-1.9 state, but then seemed to evolve to a 1.5 clas-
sification on February 2024, a few months of our observation
(Oknyansky et al. 2025).

NGC 7582. The fourth object in our study, located at approx-
imately 20 Mpc, is one of the nearest starburst galaxies that har-
bors an obscured AGN. Indeed, NGC 7582 is classified as a type-2
AGN, in which no persistent broad lines, even in polarized spectra,
were detected in the 1980s or *90s (Ward et al. 1980; Heisler et al.
1997). However, in 1998, several permitted lines (Ha, HB, Na I,
and Fe II) suddenly broadened before disappearing after a few
weeks (Aretxaga et al. 1999). Because of the intense starburst
activity within the host galaxy, the reason behind this broaden-
ing was attributed to a supernova near the active nucleus, but an
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Table 1. Our CLAGN sample.

Name Coordinates z DHubble Date Time Airmass  Seeing
J2000) (Mpc)  (2024)  (seconds) (@)
IRAS 23226-3843  351.350833°, —38.446978° 0.036759 158.70 Aug. 1 4000 1.1 0.9
NGC 1346 52.555326°, -5.543323° 0.013539  57.61 Aug. 12 3200 1.4-1.1 1.0
- - - Sep. 4 3200 1.2-1.1 0.7
NGC 2617 128.911681°, —4.088316°  0.014213  67.10 Apr. 1 4000 1.1-1.2 1.0
NGC 7582 349.598450°, —42.370420°  0.005410  20.36 Jul. 31 3200 1.1 2.0
- - - Aug. 4 3200 1.2-1.1 1.5
- - - Aug. 5 3200 1.1 1.1
NGC 7603 349.736090°, 0.243980° 0.028762 121.74  Jul. 31 2000 1.3-1.4 2.0

Notes. The five CLAGNS studied in this paper, ordered by name. Celestial positions are given in J2000 equatorial coordinate, the redshifts are
heliocentric redshifts (i.e., the Earth’s rotational and orbital motions have been removed from the measured velocity), and the Hubble distances
use the standard ACDM cosmology. We indicate the observation date, the total integration time per target, the airmass at the beginning and end of
the observation, and the average seeing for each exposure. NGC 1346 has been observed twice and NGC 7582 thrice.

intrinsic flare from the accretion disk (e.g., via star capture)
remains equally possible. Since then, the AGN remained in a type-
2 state (Lefkir et al. 2023). It makes it a particularly interesting tar-
get, as the specific CLAGN in our sample that showed the swiftest
type transition; in addition, it is the most widely known CLAGN
to date to be associated with a potential tidal disruption event.

NGC 7603. The final CLAGN of our survey, occasionally
denoted as Mrk 530 or Arp 92, is a distorted spiral galaxy
that is interacting with a smaller, elliptical companion called
PGC 71041 (Arp 1980). When it was first observed in spec-
troscopy, it showed prominent, broad recombination H I emis-
sion lines and narrow forbidden emission lines of various
ions, the typical signatures of a type-1 nucleus (Arp 1971).
However, in 1975, all its broad components had vanished
(Tohline & Osterbrock 1976), although the broad emission par-
tially reappeared a year later. According to Jana et al. (2025),
NGC 7603 remained in a type-1 state between 1976 and 2009,
changed to a type-1.8 classification in 2012, and went back to a
type-1 state until 2019 (Koss et al. 2022).

2.2. Observation and data reduction

Spectropolarimetric observations were obtained using the
European Southern Observatory (ESO) VLT/FORS2 mounted at
the Cassegrain focus of Unit Telescope #1 (Antu). Linear spec-
tropolarimetry was performed by inserting a Wollaston prism in
the beam, which splits the incoming light rays into two orthog-
onally polarized beams separated by 22" on the CCD detector.
To derive the normalized Stokes parameters # and g, two con-
secutive series of frames were obtained at a given epoch with
the half-wave plate rotated at four different position angles: 0°,
22.5°, 45°, and 67.5°. This combination allowed us to remove
most of the instrumental polarization. The polarization data were
extracted independently for the two series of frames. Since they
did not show any significant difference, we only considered the
average of the derived Stokes parameters for each epoch.

The spectra were acquired with the grism 300V and the
order-sorting filter GG435 (4600-8650 A). The slit width was
1”” on the sky, providing us with an average resolving power of
R ~ 440 around 5849 A, which was enough to correctly sample
the broad emission lines. The slit was positioned along the north-
south direction. The CCD pixels were binned 2 X 2, which corre-
sponds to a spatial scale of 0.25” per binned pixel. Observational
circumstances are reported in Table 1. Polarized and unpolarized
standard stars (Fossati et al. 2007) were also observed: Velal-95

on April 1, Hiltner 652 on July 26, and August the 28, HD42078
on April 1, and WD 1620-391 on August 28. The instrumen-
tal polarization estimated from the unpolarized standard stars
is lower than 0.1%. This is compatible with the instrumental
polarization accurately measured by ESO!, P;, = 0.03%. Thus,
in addition to the formal statistical uncertainties derived from
photon noise, we adopted a conservative instrumental floor fol-
lowing Cikota et al. (2017) and imposed a minimum uncertainty
of 0.1% on the polarization degree and 0.3° on the polarization
angle, representative of the long-term stability of FORS2 spec-
tropolarimetry. We note that these systematic terms have been
added to the statistical errors throughout this paper.

Raw frames were first processed to remove cosmic-ray hits
using the Python implementation of the “lacosmic” package
(van Dokkum 2001; van Dokkum et al. 2012). The ESO FORS2
pipeline (Izzo et al. 2019) was then used to obtain images with
2D spectra that were flat-fielded, rectified, and calibrated in
wavelength. The 1D spectra were extracted using an aperture of
2.75"” (11 pixels) for all targets and epochs. This aperture corre-
sponds to 2.75 times the typical seeing value of 1”. It was chosen
as small as possible to minimize the host contamination, while
maintaining enough flux. The sky spectrum was estimated from
adjacent MOS strips and subtracted from the nucleus spectrum.
The normalized Stokes parameters u and ¢ were then computed
from the ordinary and extraordinary spectra according to the pro-
cedure described in the FORS2 manual® and corrected for the
half-wave plate chromatic dependence. The total flux was cor-
rected for the atmospheric extinction and calibrated using a mas-
ter response curve. Uncertainties were estimated by propagating
the photon and readout noises. The polarization degree P and
polarization angle 6 were finally computed using the standard
formulae,

P= ¢ +u% (1)

and
1 u

6= —arctan(—) + A, )
2 q

where A = 0° for u > 0 and g > 0; 90° for g < 0; and 180° for
u < 0 and g > 0, according to the usual north-south convention

' www.eso.org/sci/facilities/paranal/instruments/fors/

inst/pola.html
2 www.eso.org/sci.html
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Table 2. Interstellar polarization toward our targets.

Star AGN Distance Pisp Oisp
(arcminutes) (%) @)
Gaia DR2 6550573313998325632 IRAS 23226-3843 41.22 0.17+0.07 145.8+11.5
Gaia DR2 3244105248118361984 NGC 1346 136.02 0.25+0.10 39.1+11.3
BD-03 2409 NGC 2617 33.25 0.11+0.02 179+6
Gaia DR2 6548272173600449280 NGC 7582 72.70 0.09+0.04 27.1+11.0
Gaia DR2 2638707510140277632 NGC 7603 107.78 0.02+0.02 170.0+24.3

Notes. The five stars selected from the compilation of Panopoulou et al. (2025) were used to estimate the amount of interstellar polarization toward

our CLAGN:Ss.

(0° in the north, 90° in the east). The final uncertainties on P and
6 were propagated from the errors of the Stokes parameters. In
particular, the uncertainty on the polarization position angle is
obtained from standard error propagation of Eq. (2), yielding

_1 \/(UO'Q)2+(Q0'U)2.
S 2 Q%+ U?

However, because we are in the low-signal-to-noise ratio
(low-S/N) regime, the normalized Stokes parameters are only
estimates of their true values, and the derived polarization
degree ends up positively biased. To correct for this effect, we
adopted the debiased polarization degree as an improved estima-

3

o]

tor, defined in each spectral bin as Py = /PZ — o-f,, following
Simmons & Stewart (1985). This debiasing was applied inde-
pendently in every wavelength bin of the polarization spectra,
as well as to polarization values integrated over broader spectral

ranges. The polarization angle is unaffected by this correction.

2.3. Interstellar polarization

To check whether our data were contaminated by Milky Way’s
interstellar polarization (i.e., the effect of dust and magnetized
interstellar medium (ISM) on the observed polarization of our
CLAGNSs), we used the compilation of optical starlight polariza-
tion catalogs presented by Panopoulou et al. (2025). For each of
our sources, we selected the closest star with available polari-
metric measurement from the compilation and retrieved its g
and u Stokes parameters to compute Pisp and isp, which we
later compared to our polarization spectra. This is an approxima-
tion, since the interstellar polarization is wavelength-dependent
(Serkowski et al. 1975). Table 2 lists the different stars used in
our study and presents their observed optical linear polarization.

3. Case-by-case analysis
3.1. IRAS 23226-3843

The total flux spectrum of IRAS 23226-3843 is shown in Fig. 1
(top-left). The presence of a broad Ha emission line is strik-
ing, even if telluric absorption cuts off a part of its red wing.
The same applies to the HB emission line, which appears quite
broad. Additional broad blue absorption components near the
broad lines are also present, as it was already observed in the
Kollatschny et al. (2023) analysis of the past type-1 period of
IRAS 23226-3843. To estimate the full width at half maxi-
mums (FWHM) of the broad emission lines, we fit the total
flux spectrum using a power-law continuum and Lorentzian pro-
files, including the contribution of the narrow forbidden lines
that contaminate the Balmer profiles (e.g. [N II] around Ha)
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and removed them before estimating the properties of the broad
components. Out fits (see Appendix A) show a single emission
structure for HB with a FWHM on the order of 2700 km s~
while the He profiles needs three components, with FWHMs
between 2100 and 4000 km s~!, but form a double-peaked struc-
ture overall as the central Lorentzian has a smaller intensity peak
(see Table 3). In both cases, the broad lines are blueshifted.
The FWHMs we report are smaller than what was observed
previously (about 11 000km s~ before the 2019’s outburst) by
Kollatschny et al. (2023), likely indicating that the BLR is recov-
ering from the its 2020’s type-1 to type-2 spectral transition.

The debiased polarization from IRAS 23226-3843 is shown,
for the first time to date, in Fig. 1. The data were binned by
10 pixels to increase the S/N in polarization per spectral ele-
ment. The normalized Q and U Stokes fluxes show a rela-
tively low polarization, but with distinctive features. This trans-
lates into the debiased polarization degree spectrum where we
see that the Py integrated over the whole spectrum is low,
0.32% + 0.1%, but still significantly higher than the instrumen-
tal polarization and than the ISP (see Table 2). In addition, the
debiased polarization degree shows a mild but coherent decrease
toward longer wavelengths, while abrupt wavelength-dependent
features are observed in the vicinity of the Ha emission line (dis-
cussed separately later on in this work). This trend would sup-
port the notion of dust scattering, rather than electron scatter-
ing because the scattering efficiency and resulting polarization
induced by dust grains are intrinsically wavelength-dependent,
typically decreasing toward the red. On the other hand, elec-
tron (Thomson) scattering is achromatic and would produce a
nearly flat polarization spectrum (Kartje 1995). From the work
of Kollatschny et al. (2023), we know that the host starlight con-
tributes to approximately 50% of the light we collected with
the FORS2, so it means that the true, intrinsic AGN component
is polarized at about 0.64%, a value that is in agreement with
what is expected from type-1 AGNs (Marin 2014). The polariza-
tion angle, integrated over the whole waveband is 138.7° +0.9°
and shows no strong wavelength-dependence within the obser-
vational errors. It is, unfortunately, impossible to compare this
polarization position angle with the direction of the radio struc-
ture in IRAS 23226-3843, since there is no known measurement
of the jet direction in this source: the CLAGN appears as a point
source in the 1.4 GHz NRAO VLA Sky Survey (Condon et al.
1998).

The polarized flux spectrum of IRAS 23226-3843, that is the
multiplication of the total flux with Py shows the most inter-
esting features around the Ha emission line wavelength: we
observed indications of two maxima in polarized flux located
on either side of the nominal Balmer-line wavelength, although
the separation remains small and comparable to the spectral
binning. This suggests that the Balmer lines are intrinsically
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Fig. 1. VLT/FORS?2 spectropolarimetry of the CLAGN IRAS 23226-3843. The top-left figure shows the total flux spectrum (in arbitrary units).
The most prominent telluric absorption lines are indicated in purple. The middle- and bottom-left figures present the Q/I and U/I normalized Stokes
parameters. The top-right panel shows the polarized flux, that is the multiplication of the total flux with the polarization degree. The middle-right
panel presents the debiased linear polarization degree while the bottom-right panel shows the polarization position angle. Except for the total flux
panel, spectra were rebinned to 10 consecutive pixels. 1o~ observational errors are indicated for each spectral bin, as well as the main, prominent,

broad, and narrow emission lines.

polarized and is consistent with the reappearance of double-
peaked broad emission in IRAS 23226-3843, albeit at a lower
contrast than observed in 2017-2019. However, the substantially
smaller FWHM compared to 2017-2019 indicates that only the
outer parts of the disk are currently illuminated, pointing to
a partial (rather than a full) reactivation of the double-peaked
BLR. Broad, double-peaked Balmer lines have been observed in
polarization in the past (see, e.g., 3C 332, Corbett et al. 2000),
although the peak separation in IRAS 23226-3843 appears sig-
nificantly smaller. In addition, they are either associated with
scattering inside a disk-like, equatorial region or scattering by
particles situated above the poles of the torus (Corbett et al.
2000; Lee 2011). The presence of double-peaked, broad Ha
emission lines, supported by spectral decomposition in total flux
and visible in polarized flux, suggests a scattering-dominated
mechanism. This would likely involve a disk-like BLR config-
uration or material above the torus, but the lack of a detectable
radio jet direction prevents us from making any direct compar-
isons between the polarization and any large-scale AGN struc-
ture. Thus, determining which of the two mechanisms is the
correct one remains a challenge.

3.2. NGC 1346

The case of NGC 1346 is particularly interesting and since it
has been previou covered in another publication (Marin et al.
2025b), so we only summarize the major findings here, before
exploiting those results in a broader view presented in the sub-
sequent section. Two spectra were acquired almost a month
apart (August 12 and September 4, 2024) and they do show
signs of evolution, both in terms of total and polarized fluxes.
The spectra are shown in Fig. 2. While the total flux spec-
tra remain similar overall, the second observation exhibits a
slightly higher continuum flux and a newly emerged broad,
blueshifted component in the Ho and HB emission lines. As pre-
sented in Table 3, the FWHMs of both Ha and Hf are about
2100kms~!, associated with a strong blueshift. Our observa-
tion caught NGC 1346 during a transition between a type-2
phase, as classified in 2018 (Senarath et al. 2021), and a type-1
phase.

Polarimetric measurements (see Fig. 2) reveal a low debi-
ased polarization degree (0.27% +0.1%), likely affected by
host galaxy dilution. The observed debiased polarization is

A230, page 5 of 15



Marin, F, et al.: A&A, 709, A230 (2026)

T
Aug. 12, 2024 ——

0.05

Binning=4|0—
10 - Sep. 4, 2024 B
_ 0.04 -
- 8 1 g
Qo ©
& * 003}
=}
x L i = i
2 6 5 1 Tl
) N o002t .t L T T
e { 2 P T e s
o I — T jgu.] — I
\ 0.01 F = L i U
| i : LP : !
s N

I I I I 0
6000 7000

Rest wavelength (Angs.)

r;wmf_

0.1 + 4

5000 6000 7000

Rest wavelength (Angs.)

H *LMTT%

6000 7000 8000
Rest wavelength (Angs.)

8000

0.5

0.4

Q/l (%)

Polarization degree (%)
[debiased]

0.2 I I I I 0 I
6000 7000

Rest wavelength (Angs.)

0.5

90

0.3—’_L+|L’“ r‘h [ 714 “"I‘ i g L

ITH LT 1 L e

g ool L —T-*_j“l V-LJ 405

5 o[ I T | % ; 1 T - . t
of l ﬂf— Eowr JTL T T T ﬂh il
0.2 L L L L 0 L L L L 1

6000 7000
Rest wavelength (Angs.)

8000 5000 6000 7000

Rest wavelength (Angs.)

Fig. 2. VLT/FORS?2 spectropolarimetry of the CLAGN NGC 1346. Two observations, taken nearly a month apart, are shown. Except for the total
flux panel, spectra were rebinned to 40 consecutive pixels. The rest of the legend is the same as Fig. 1.

Table 3. Ho and Hp line widths, peak fluxes and velocity shifts in our CLAGN sample.

AGN Hp shift HB FWHM Hpflux peak  He shift Hao FWHM He flux peak
(kms™h) (kms™h) (arb. units) (kms™h) (kms™h) (arb. units)
IRAS 23226-3843  —680+8 836 +25 0.51+0.06 71+36 718 £26 2.46 +0.08
2949 £34 2743 +30 1.90+0.01 -3840+43 3998 £22 3.76 £0.05
—1212+42 2159164  2.39+0.05
262140 3550 +45 3.91+0.02
NGC 1346 (Aug.) 75+ 62 177+ 13 0.27 +£0.04 113+45 421 +4 4.44 +0.02
-3195+89 1969 +41 0.24 +0.01
NGC 1346 (Sept.) 58 +73 195 +102 0.41+0.27 112+43 431 +4 4.60+0.02
-3195+£89 1969 +41 0.24+0.01 -1697+55 2095+30 1.37 £0.02
-1985+64  1486+49 0.33+0.01
NGC 2617 22 +60 768 + 17 4.71+0.12 -13+36 713 £ 18 20.27 +£0.68
-1020+ 14 2757 +37 3.59 +0.06 -983+9 1680 + 82 13.87+0.38
2349 + 55 2591 £ 19 6.05+0.09
NGC 7582 96 + 61 502+6 20.24 +£0.02 8+43 4862 134.5+£0.56
NGC 7603 -49 +29 1014 +£8 5.29+0.05 76 +2 760 =57 9.84 +0.88
-1278+£39 3606 + 31 7.90 +£0.02 ~715+42 4380+5 44.11+1.04
2479 +5 2552 +13 18.49 + 1.02

Notes. A negative sign on the velocity shift indicates a blueshift. Inversely, a positive quantity traces a redshift.
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Fig. 3. VLT/FORS2 spectropolarimetry of the CLAGN NGC 2617. Except for the total flux panel, spectra were rebinned to 70 consecutive pixels.

The rest of the legend is the same as in Fig. 1.

higher than the instrumental polarization, but it does remain
comparable, both in terms of the degree and angle, to the
ISP (see Table 2), indicating that the true nuclear polarization
is even weaker and maybe even absent. After ISP correction,
Marin et al. (2025b) reported a decrease of the integrated polar-
ization from ~0.15% to ~0.09% within a month, accompanied
by a small rotation in position angle (~10°); however, the low
S/N of the polarization measurements limits the significance of
this apparent variability.

At least, the low debiased polarization degree is consistent
with type-1 AGN behavior, supporting the spectral classification
change. Alas, archives show no previous polarimetric measure-
ments of the same source and no radio maps are available to
determine the orientation of the measured polarization position
angle with respect to the direction of the radio axis in NGC 1346.
Therefore, drawing any further conclusions about the alignment
(or the lack of) of the small- and large-scale structures in this
CLAGN is not feasible at this time.

3.3. NGC 2617

The case of NGC 2617 is shown in Fig. 3. The total flux spec-
trum presents a rather flat continuum associated with strong,
broad emission lines. Line fitting requires a single, blueshifted

Hp Lorentzian profile with FWHM ~2700kms~!, and two Ha
Lorentzian profiles with FWHMs ~ 1700-2600 km s~!. One Ha
peak is blueshifted by the same velocity than the HS line (about
1000km =), while the other component is more strongly red-
shifted (see Table 3). We conclude that NGC 2617 is in a
type-1 spectral state, which implies a new changing-look event
since the 1.5 classification in February 2025 (Oknyansky et al.
2025).

The integrated debiased polarization is 0.11% +0.1% at
142.6° +£2.7°. It is at the same level than the instrumental polar-
ization and it appears to be ISP-dominated, as shown in Table 2.
There is, to our knowledge, only one past polarimetric obser-
vation of this source, taken in 1998 by the McDonald Obser-
vatory’s 2.1m Struve reflector and the Breger photopolarime-
ter (see Wills et al. (2011) and Marin et al. (2019)). The archival
polarization is P = 0.43% +0.15% at 16° £ 10°, in a 7.6” aper-
ture, but the measurements are dubious according to the note
accompanying the archival data remarking “no obv. nucl.” Inter-
estingly, however, NGC 2617’s polarization position angle (if
indeed trustworthy) appears parallel to the —35° +2.3° radio
position angle derived by Yang et al. (2021) using the very long
baseline interferometric (VLBI) observations with the European
VLBI Network at 1.7 and 5.0 GHz, confirming its type-1 spectral
classification (Antonucci 1993).
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Fig. 4. VLT/FORS2 spectropolarimetry of the CLAGN NGC 7582. Except for the total flux panel, spectra were rebinned to ten consecutive pixels.

The rest of the legend is the same as in Fig. 1.

3.4. NGC 7582

NGC 7582 was observed three times, a few days apart, in July
and August 2024. Because none of the individual spectra show
any statistically significant variation one from each other, we
took the median values of the Stokes parameters to improve
statistics and remove artifacts, since the median estimator is less
sensitive to outliers (cosmic rays, sky flare, tracking error, vari-
able instrumental effect, etc.). The resulting spectra are shown in
Fig. 4. The continuum flux of this CLAGN appears relatively
flat, with a hint of reddening, superimposed with bright, nar-
row emission lines. Fitting the Balmer lines with Lorentzian pro-
files confirms that the HS and Hoe FWHMs are narrow (~500—
700km ™), see Table 3. Such type-2 classification is consistent
with the decades old observation of Aretxaga et al. (1999) and
with the more recent ones from Lefkir et al. (2023).

The polarized spectra are much more interesting to consider.
First, we see that the polarized flux shows a blueing trend, influ-
enced by the strongly wavelength-dependent continuum and lin-
ear (debiased) polarization degree that increases from almost 0%
at 8500 A to 0.8% at 4500 A. This trend is confirmed by a rota-
tion of the polarization position angle with wavelength too, from
about 45° in the red to 0° in the blue. The continuous rotation of 6
between the two extremes of our spectrum points to the presence
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of two distinct, but superimposed, polaro-genesis components.
The rise in P4 toward the blue, coupled to the the apparently
high extinction along the line-of-sight (Ward et al. 1980), advo-
cates for dichroism absorption as the main polarization mecha-
nism, coupled to a weaker scattering component, most likely on
the NLR, as explained below. The variability in 6 is then directly
related to the wavelength-dependent importance of each compo-
nent.

The overall debiased polarization integrated over the full
waveband (0.24% +0.1% at 0.6° +£0.3°) is a crude approxi-
mation, as it does not reflect the strong wavelength depen-
dence of Py in NGC 7582. For this reason, we integrated the
polarization degree and angle in two synthetic Kron-Cousins
broad band filters: V (central wavelength 5500 A, spectral
width 890 A) and R (central wavelength 6500 A, spectral width
1000 A), which translates to Py =0.46% +0.1% at 0.3° +0.8°
and Pr =0.22% +0.1% at 1.9° +1.3°. The V- and R-band debi-
ased polarizations are significantly higher than the instrumen-
tal polarization and the ISP (see Table 2), indicating that the
observed polarization is predominantly originating from the
AGN itself, although it is certainly diluted by the host starlight.
Compared to the radio position angle of ~150°, as measured on
a 20 cm radio map by Ward et al. (1980) and Ulvestad & Wilson
(1984), further confirmed by the ATCA 6 cm image taken by



Marin, F,, et al.:

80 T T T T
No binning
s
2
)
x
=}
=4
z
e
0 | N N f
5000 6000 7000 8000
Rest wavelength (Angs.)
1 T T T T
0.8 4
S
=
o
0.4 4
-0.6 + 4
-0.8 - b
1 | | | |
5000 6000 7000 8000
Rest wavelength (Angs.)
1 T T T T
0.8 | 4
0.6 B
0.4 B
—_ 0.2 4
8
=
=)
1 | | | |

6000 7000
Rest wavelength (Angs.)

Fig. 5. VLT/FORS?2 spectropolarimetry of the CLAGN NGC 7603.
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(Forbes & Norris 1998), the red part of the polarized spectrum
tend to show some orthogonality, as expected from type-2 AGNs
(Antonucci 1993). Because of the wavelength dependence of Py
(and because past polarimetric data of this source were only
obtained in broadband filters), it is difficult to compare our
results to archival data. At least, the wavelength-dependence of
P4 was already noted by Brindle et al. (1990), who measured
a B-band polarization of 1.35% +0.25% and a V-band polar-
ization of 0.67% = 0.10%, which are rather close to our values.
Martin et al. (1983) reported a 1.03% =+ 0.12% polarization over
the 3800-5600 A waveband.

It is truly remarkable, in fact, to take note of the strong emis-
sion lines seen in polarization. They do not correspond to the
usual Balmer lines, but to the [OIII], [N II] and [S II] emis-
sion doublets instead. They are polarized above the linear contin-
uum, but they show the same polarization angle as the adjacent
spectral bins. Focusing on the brightest emission line detected
in the polarized flux (the [N II] doublet), we see that its intrin-
sic debiased polarization is about 0.32%; whereas the adjacent
continuum is polarized at ~0.15%. This is unusual, as narrow
emission lines are resulting from photo-ionization of a low-
density, extended medium that is generally thought to produce
negligible intrinsic polarization (Smith et al. 2002). To produce
a polarization higher than that of the continuum, part of the NLR
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Except for the total flux panel, the spectra were rebinned to ten consecutive

must be obscured, so that that the narrow line polarization is the
result of NLR emission scattering outside the obscuring region.
Marin et al. (2025a) have shown that Centaurus A shares sim-
ilar features and concluded that the base of the NLR must be
hidden by a torus that is larger than usual. Another example is
NGC 4258, as observed by Wilkes et al. (1995) and Barth et al.
(1999), for which a similar explanation was found. NGC 7582
likely belongs to this new class of partially hidden-NLR AGNs
(Marin et al. 2025a).

3.5. NGC 7603

NGC 7603 is the last of the five CLAGNs observed during
our campaign. Its total flux spectrum is shown in Fig. 5 (top-
left). The presence of broad emission lines superimposed on a
blue continuum is ubiquitous, especially at the location of HS.
The Ha line appears asymmetric. Lorentzian fitting indicates a
single-peaked, blueshifted Hg line with FWHM on the order of
3600 kms~!. Two broad components are required to fit the Ha
line: one redshifted and one blueshifted, with the former having
a FWHM of ~ 2500kms™" and 4400kms~! for the latter (see
Table 3). Thus, the AGN remains in its type-1 state.

The polarized flux spectrum confirms the fit achieved
in total flux: two individual broad Ha lines appear clearly
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separated due to their respective velocity shifts. The HS line,
even if it is less prominent, is also discernible in polarized flux.
The FWHMs of the broad polarized lines are comparable to their
total flux analogs, within uncertainties. The associated debi-
ased polarization degree is low, 0.45% = 0.1% integrated over
the whole waveband and appears wavelength-independent. It is
substantially higher than the instrumental polarization and the
ISP observed toward this object (see Table 2), leading us to con-
clude that we are indeed observing the intrinsic polarization of
the AGN, even if it is diluted by the light from the host galaxy.
The associated polarization angle is 150.5° +0.9° on average;
namely, it is parallel to the faint south-east radio extension that
highlight the jet position angle in the radio map presented by
Lal et al. (2004). In their 5 GHz VLA maps, the radio structure
is indeed seen to extend along a position angle of ~155°. Such
an alignment is in line with the prediction of the standard unified
model for Seyfert-1 AGNs (Antonucci 1993).

Compared to historical measurements (Marin et al. 2019),
NGC 7603 appears relatively stable. In 1976, the 3800-5600 A
polarization of the source was 0.32% =+ 0.28% at 127.0° +27.0°
in a 4" aperture (Martin et al. 1983). In 1987, Goodrich (1989)
measured a 4415-7186 A polarization of 0.42% +0.03% at
128.9°+1.8° using a 2.1” x5” (or 2.1” x7”, it is unclear)
slit. Smith et al. (2002) recorded a 6500-6980 A polarization
of 0.25% +0.04% at 132.7°+1.8° using a 1.2” slit width.
Finally, a measurement of P=0.42% +0.06% at 6=154° +5°
was obtained in April 2019 using the Intermediate-dispersion
Spectrograph and Imaging System (ISIS) mounted at the f/11
Cassegrain focus of the 4.2m William Herschel Telescope
(Agis-Gonzdlez et al., in prep.). Within the error bars and the
variable observing conditions, the continuum polarization of
NGC 7603 appears unchanged for half a century.

4. Discussion

We go on to further analyze our modest spectropolarimetric
sample of CLAGNS. First, we report in Table 4 the waveband-
integrated debiased polarization degree and angle of each source,
then compare them to the ISP. It becomes clear that both
NGC 1346 and NGC 2617 are ISP-dominated, so their con-
tinuum polarization cannot be trusted. Even subtracting the
dichroic component by fitting a Serkowski’s law on Q and U
(separately) does not provide more insightful information, as
ISP clearly dominates the continuum. We can scarcely glimpse
a continuum that appears to be wavelength-independent in both
AGNs. IRAS 23226-3843 and NGC 7603 are above the ISP by a
comfortable margin, so we can better analyze them. For the first
AGN, the linear polarization continuum appears wavelength-
dependent, while the second is achromatic within the uncertain-
ties. The case of NGC 7582 is similar to that of IRAS 23226-
3843, but its wavelength-dependent polarization is even more
pronounced, sharply rising in the blue. The gray polarization
degree of NGC 1346, NGC 2617 and NGC 7603 advocates, at
first order, for electron-scattering; whereas the strong rise of Py
in the blue band, a key signature of dust reprocessing by small
grains (Kartje 1995), advocates for Mie scattering for the other
two AGN:s. This, in fact, is coherent with the proposed dust ori-
gin of the strong polarization in NGC 7582’s narrow lines (see
Sect. 3.4).

In Table 5, we summarize the current spectral classifica-
tion of each of our five CLAGNs. IRAS 23226-3843, which
was previously classified as a type-2 AGN by Kollatschny et al.
(2023) in 2020, now shows unequivocally broad emission lines
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Table 4. Polarization of our CLAGNSs.

AGN Py (%) 0 (°) ISP?
IRAS 23226-3843  0.32+0.1 138.7+09 X
NGC 1346 027+0.1 29.1+13
NGC 2617 0.11+0.1 142.6+27
NGC 7582 (V) 046+0.1 03+08 X
NGC 7582 (R) 022+0.1 19+13 X
NGC 7603 045+0.1 150.5+09 X

Notes. Debiased polarization integrated over the whole waveband,
uncorrected for ISP and host galaxy dilution. In all but one case
(NGC 2617), the polarization is substantially higher than the instru-
mental polarization. The last column indicates if the signal appears ISP-
dominated. The V and R indicators for NGC 7582 refer to the two syn-
thetic Kron-Cousins broad band filters used to highlight the wavelength-
dependence of Py in this AGN.

Table 5. Current and most recent past spectral type classification of our
CLAGNSs.

AGN Spectral type  Spectral type
(past) (this paper)

IRAS 23226-3843 2 (2020) 1

NGC 1346 2 (2018) 1

NGC 2617 1.5 (2024) 1

NGC 7582 2 (2016) 2

NGC 7603 1(2019) 1

Notes. Reference for IRAS 23226-3843 (Kollatschny et al. 2023),
NGC 1346 (Senarath et al. 2019), NGC 2617 (Oknyansky et al. 2025),
NGC 7582 (Lefkir et al. 2023), NGC 7603 (Koss et al. 2022).

in both He and HB. A single broad Lorentzian is enough to fit
the HB feature but three broad lines, in addition to the usual cen-
tral narrow line, are required to fit the Ha feature. The same
applies to NGC 1346, an AGN classified as a type-2 source in
2018 by Senarath et al. (2019), which now shows broad Balmer
lines, with the subtlety that the August spectrum reveals only
a broad HB line. Meanwhile, the September spectrum has both
the Balmer lines with FWHMSs on the order of 2000kms~".
Our observation certainly caught the AGN during a transition
period. NGC 2617, classified as a type-1.8 object in 2022 by
Oknyansky et al. (2023) because of the lack of a broad HB com-
ponent and very shallow broad He wings, also recovered from
this status. Both lines have FWHMs superior to 2000 kms~!, the
Ha line even showing a double-peaked structure. This feature,
however, could not be observed in polarized flux as the source
is ISP-dominated. NGC 7582, a type-2 Seyfert galaxy in 2016
according to Lefkir et al. (2023), did not change its classifica-
tion. Finally, NGC 7603, another AGN that stayed for decades
in a type-1 state but occasionally showed type-1.8 phases, also
retained its type-1 spectral classification. Similarly to IRAS
23226-3843 and NGC 2617, a single broad HB component and a
double-peaked He line have appeared but, in addition compared
to the aforementioned AGNSs, these features appear very clearly
in the polarized flux spectrum thanks to the good observation
statistics. In total, over the five CLAGNSs observed in our cam-
paign, three show an indisputable change of look since their last
spectral classification and two retained their spectral classifica-
tion.

For all of those four CLAGNS, that are now belonging to
the type-1 class, double-peaked structures are revealed in their
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broad-line total flux profiles after spectral decomposition (see
Table 3), three times in the Ha line and once in the HB line. In
polarized fluxes, double-peaked Ha lines are reliably detected
for at least two AGNs. All broad Hf features are systemati-
cally blueshifted, while there is are no favorite velocity shift
“direction” for the He lines. It tends to suggest that double-
peaked broad lines are rather common in the “turned-on” state
of CLAGNSs, hinting toward the idea that the BLR is not sim-
ply reappearing, but reappearing in a kinematically disturbed,
disk-dominated configuration, possibly linked to (1) a temporar-
ily enhanced accretion episode (Noda & Done 2018); (2) fast
rearrangement of the BLR geometry (Rodriguez-Pascual et al.
1997); or (3) a preferential illumination of the near side of
the disk (explaining systematic HB blueshifts, Goosmann et al.
2014). The consistent blueshift of HB further hints at a strati-
fied or radius-dependent BLR response as the ionizing contin-
uum increases. This strongly support the idea that transitioning
CLAGNSs are predominantly accretion-driven.

5. Conclusion

We have observed, for the first time, a modest sample of five
CLAGN:Ss in spectropolarimetry. From object-to-object, our con-
clusion are as follows:

— IRAS 23226-3843. Spectroscopy reveals a re-emerging
BLR, with blueshifted Balmer lines of moderate width and
clear double-peaked Ha emission after spectral decomposi-
tion, characteristic of line emission in a disk. Polarization
shows a low but significant debiased intrinsic continuum
polarization (~0.6% after host correction), with a mild wave-
length dependence. The polarized flux also exhibits a double-
peaked Ha profile, indicating subsequent scattering of the
broad-line emission. The location of this reflector cannot be
determined due to the absence of radio structure to compare
the polarization angle to.

— NGC 1346. Spectroscopically, the source transitioned within
a month from a type-2-like appearance to a type-1 state,
showing the emergence of broad, blueshifted Ha and HS
components. Debiased polarization is intrinsically very low
(<0.15% after ISP correction), so the source lacks a signif-
icant polarization detection. If trustworthy, P is potentially
wavelength-independent, consistent with electron scattering
within a type-1 geometry.

— NGC 2617. The total flux spectrum displays strong, broad
Balmer lines with moderate blueshifts, confirming that the
object is in a type-1 state, in disagreement with recent
monitoring campaigns that classified the source as a type-
1.5 AGN. The observed debiased polarization degree is
extremely low (0.11%), likely dominated by interstellar
polarization and basically undetected.

— NGC 7582. From a spectroscopic point of view, the AGN
remains in a narrow-line (type-2) state with no broad Balmer
emission in total flux. Polarimetry reveals a significant
wavelength-dependent debiased continuum polarization (0—
0.8% from red to blue), with a rotation of 6, no broad lines
in polarized flux, and (most strikingly) forbidden lines ([O
III], [N II], and [S II]) that are more highly polarized than
their adjacent continuum. This behavior indicates a partially
obscured NLR, consistent with a “hidden-NLR” configura-
tion (Marin et al. 2025a).

— NGC 7603. The total flux spectrum shows strong broad
Balmer lines, including a double-component Ha. Polarized
flux cleanly reproduces the dual He components, confirm-
ing their intrinsic nature. The debiased continuum polariza-

tion (~0.4%) is wavelength-independent and aligned with

the radio jet axis, fully consistent with a regular type-1 clas-

sification. A comparison with historical data indicates that its

polarization has remained unchanged for nearly 50 years.
One of the most important discoveries is that three out of the five
AGNs have undergone a clear spectral transition, compared to
their previous classification in the literature (IRAS 23226-3843,
NGC 1346, NGC 2617). The AGNs that have “changed in look”
have transitioned toward the type-1 side, each now displaying
broad Balmer lines with FWHMSs >2000kms~!. This is a very
high transition rate for a sample that was only selected based
on the absence of past spectropolarimetric data for each source.
It tends to suggest that changing-look events are not that rare
among low-luminosity AGNs, but the low rate of periodic AGN
measurements in spectroscopy (and even more so in spectropo-
larimetry) hinders us from accurately probing the true cadence
of appearance and disappearance of broad emission lines. We
also note that most CLAGNSs in their turned-on state exhibit a
reactivated (or strengthened) BLR emission and disturbed, disk-
dominated BLR kinematics (as probed by the high frequency of
double peaks and the systematic blueshift of the HB lines). Their
observed low, debiased, intrinsic polarization is consistent with
direct AGN views and electron scattering is clearly the dominant
polarization mechanism for most of the sources.

In summary, the polarized data acquired with our modest
spectropolarimetric sample provide a model-independent view
of the inner geometry of CLAGNs and support an accretion-
driven origin as the primary mechanism behind the observed
changing-look transitions. These observations demonstrate that
optical spectropolarimetry is a particularly effective diagnostic
tool for identifying the physical mechanisms underlying these
appearance changes. These findings motivate further polarimet-
ric monitoring of these sources to improve our understanding of
the interplay between the accretion flow, the BLR, and the inner
parsec of AGNSs.

Acknowledgements. The authors would like to thank the anonymous referee for
her/his comments. FM and JB acknowledge financial support from the french
national space agency (CNES) and the Centre national de la recherche scien-
tifique (CNRS) Action Thématique Phénomenes Extrémes et Multi-messagers
(AT-PEM). DH is research director at the FR.S-FNRS, Belgium.

References

Allen, D. A., Norris, R. P,, Meadows, V. S., & Roche, P. F. 1991, MNRAS, 248,
528

Alloin, D., Pelat, D., Phillips, M., & Whittle, M. 1985, ApJ, 288, 205

Antonucci, R. 1993, ARA&A, 31, 473

Aretxaga, 1., Joguet, B., Kunth, D., Melnick, J., & Terlevich, R. J. 1999, ApJ,
519,L123

Arp, H. 1971, Astrophys. Lett., 7, 221

Arp, H. 1980, ApJ, 239, 469

Barth, A.J., Tran, H. D., Brotherton, M. S., et al. 1999, AJ, 118, 1609

Blanchard, P. K., Nicholl, M., Berger, E., et al. 2017, ApJ, 843, 106

Brindle, C., Hough, J. H., Bailey, J. A., et al. 1990, MNRAS, 244, 577

Campana, S., Mainetti, D., Colpi, M., et al. 2015, A&A, 581, A17

Cikota, A., Patat, F., Cikota, S., & Faran, T. 2017, MNRAS, 464, 4146

Condon, J. J., Cotton, W. D., Greisen, E. W, et al. 1998, AJ, 115, 1693

Corbett, E. A., Robinson, A., Axon, D. J., & Young, S. 2000, MNRAS, 319, 685

Dong, Q., Zhang, Z.-X., Gu, W.-M., Sun, M., & Zheng, Y.-G. 2025, ApJ, 986,
160

Dopita, M. A., Shastri, P., Scharwéchter, J., et al. 2015, IAU Symp., 309, 200

Forbes, D. A., & Norris, R. P. 1998, MNRAS, 300, 757

Fossati, L., Bagnulo, S., Mason, E., & Landi Degl’Innocenti, E. 2007, ASP Conf.
Ser., 364, 503

Giustini, M., Costantini, E., De Marco, B., et al. 2017, A&A, 597, A66

Goodrich, R. W. 1989, ApJ, 340, 190

Goosmann, R. W., Gaskell, C. M., & Marin, F. 2014, Adv. Space Res., 54, 1341

A230, page 11 of 15


http://linker.aanda.org/10.1051/0004-6361/202558303/1
http://linker.aanda.org/10.1051/0004-6361/202558303/1
http://linker.aanda.org/10.1051/0004-6361/202558303/2
http://linker.aanda.org/10.1051/0004-6361/202558303/3
http://linker.aanda.org/10.1051/0004-6361/202558303/4
http://linker.aanda.org/10.1051/0004-6361/202558303/4
http://linker.aanda.org/10.1051/0004-6361/202558303/5
http://linker.aanda.org/10.1051/0004-6361/202558303/6
http://linker.aanda.org/10.1051/0004-6361/202558303/7
http://linker.aanda.org/10.1051/0004-6361/202558303/8
http://linker.aanda.org/10.1051/0004-6361/202558303/9
http://linker.aanda.org/10.1051/0004-6361/202558303/10
http://linker.aanda.org/10.1051/0004-6361/202558303/11
http://linker.aanda.org/10.1051/0004-6361/202558303/12
http://linker.aanda.org/10.1051/0004-6361/202558303/13
http://linker.aanda.org/10.1051/0004-6361/202558303/14
http://linker.aanda.org/10.1051/0004-6361/202558303/14
http://linker.aanda.org/10.1051/0004-6361/202558303/15
http://linker.aanda.org/10.1051/0004-6361/202558303/16
http://linker.aanda.org/10.1051/0004-6361/202558303/17
http://linker.aanda.org/10.1051/0004-6361/202558303/17
http://linker.aanda.org/10.1051/0004-6361/202558303/18
http://linker.aanda.org/10.1051/0004-6361/202558303/19
http://linker.aanda.org/10.1051/0004-6361/202558303/20

Marin, F, et al.: A&A, 709, A230 (2026)

Heckman, T. M., Miley, G. K., van Breugel, W. J. M., & Butcher, H. R. 1981,
ApJ, 247, 403

Heisler, C. A., Lumsden, S. L., & Bailey, J. A. 1997, Nature, 385, 700

Hutsemékers, D., Agis Gonzilez, B., Sluse, D., Ramos Almeida, C., & Acosta
Pulido, J.-A. 2017, A&A, 604, L3

Hutsemékers, D., Agis Gonzdlez, B., Marin, F,, et al. 2019, A&A, 625, A54

Hutsemékers, D., Agis Gonzélez, B., Marin, F., & Sluse, D. 2020, A&A, 644,
L5

Izzo, C., de Bilbao, d. B., & Larsen, J. 2019, FORS Pipeline User Manual, VLT-
MAN-ESO-19500-4106

Jana, A., Ricci, C., Temple, M. J., et al. 2025, A&A, 693, A35

Jones, D. H., Read, M. A., Saunders, W., et al. 2009, MNRAS, 399, 683

Kartje, J. F. 1995, ApJ, 452, 565

Kollatschny, W., & Zetzl, M. 2013, A&A, 549, A100

Kollatschny, W., Grupe, D., Parker, M. L., et al. 2023, A&A, 670, A103

Komossa, S., Grupe, D., Marziani, P, et al. 2024, arXiv e-prints
[arXiv:2408.00089]

Koss, M. ], Ricci, C., Trakhtenbrot, B., et al. 2022, ApJS, 261, 2

Lal, D. V,, Shastri, P., & Gabuzda, D. C. 2004, A&A, 425, 99

Landt, H., Bentz, M. C., Ward, M. J., et al. 2008, ApJS, 174, 282

Lee, H.-W. 2011, J. Korean Astron. Soc., 44, 59

Lefkir, M., Kammoun, E., Barret, D., et al. 2023, MNRAS, 522, 1169

Marin, F. 2014, MNRAS, 441, 551

Marin, F. 2017, A&A, 607, A40

Marin, F., Porquet, D., Goosmann, R. W., et al. 2013, MNRAS, 436, 1615

Marin, F., Hutsemékers, D., & Agis Gonzilez, B. 2019, in SF2A-2019:
Proceedings of the Annual Meeting of the French Society of Astronomy and
Astrophysics, eds. P. Di Matteo, O. Creevey, A. Crida, et al., 509

Marin, F., Hutsemékers, D., Jiang, C.-Z., et al. 2025a, A&A, 695, A55

Marin, F., Hutsemékers, D., & Jorstad, S. 2025b, A&A, 700, A206

Martin, P. G., Thompson, I. B., Maza, J., & Angel, J. R. P. 1983, ApJ, 266, 470

Marziani, P., del Olmo, A., Perea, J., D’Onofrio, M., & Panda, S. 2020, Atoms,
8,94

Moran, E. C., Halpern, J. P, & Helfand, D. J. 1996, ApJS, 106, 341

A230, page 12 of 15

Noda, H., & Done, C. 2018, MNRAS, 480, 3898

Oknyansky, V. L., Gaskell, C. M., Huseynov, N. A., et al. 2017, MNRAS, 467,
1496

Oknyansky, V. L., Brotherton, M. S., Tsygankov, S. S., et al. 2023, MNRAS,
525,2571

Oknyansky, V. L., Brotherton, M. S., Tsygankov, S. S., et al. 2025, MNRAS,
536, 2089

Osterbrock, D. E. 1977, ApJ, 215, 733

Panopoulou, G. V., Markopoulioti, L., Bouzelou, F,, et al. 2025, ApJS, 276, 15

Peterson, B. M. 2006, in Physics of Active Galactic Nuclei at all Scales, ed. D.
Alloin, 693, 77

Ricci, C., & Trakhtenbrot, B. 2023, Nat. Astron., 7, 1282

Risaliti, G., Elvis, M., Fabbiano, G., Baldi, A., & Zezas, A. 2005, ApJ, 623, L93

Rodriguez-Pascual, P. M., Alloin, D., Clavel, J., et al. 1997, ApJS, 110, 9

Senarath, M. R., Brown, M. J. 1., Cluver, M. E., Jarrett, T. H., & Ross, N. P. 2019,
Res. Notes AAS, 3, 62

Senarath, M. R., Brown, M. J. I, Cluver, M. E., et al. 2021, MNRAS, 503, 2583

Serkowski, K., Mathewson, D. S., & Ford, V. L. 1975, ApJ, 196, 261

Seyfert, C. K. 1943, ApJ, 97, 28

Shappee, B. J., Prieto, J. L., Grupe, D., et al. 2014, ApJ, 788, 48

Simmons, J. F. L., & Stewart, B. G. 1985, A&A, 142, 100

Smith, J. E., Young, S., Robinson, A., et al. 2002, MNRAS, 335, 773

Tohline, J. E., & Osterbrock, D. E. 1976, ApJ, 210, L117

Ulvestad, J. S., & Wilson, A. S. 1984, ApJ, 285, 439

van Dokkum, P. G. 2001, PASP, 113, 1420

van Dokkum, P. G., Bloom, J., & Tewes, M. 2012, Astrophysics Source Code
Library [record ascl:1207.005]

Véron-Cetty, M. P., & Véron, P. 2003, A&A, 412, 399

Ward, M., Penston, M. V., Blades, J. C., & Turtle, A. J. 1980, MNRAS, 193,
563

Wilkes, B. J., Schmidt, G. D., Smith, P. S., Mathur, S., & McLeod, K. K. 1995,
AplJ, 455, L13

Wills, B. J., Wills, D., & Breger, M. 2011, ApJS, 194, 19

Yang, J., Paragi, Z., Beswick, R. J., et al. 2021, MNRAS, 503, 3886


http://linker.aanda.org/10.1051/0004-6361/202558303/21
http://linker.aanda.org/10.1051/0004-6361/202558303/22
http://linker.aanda.org/10.1051/0004-6361/202558303/23
http://linker.aanda.org/10.1051/0004-6361/202558303/24
http://linker.aanda.org/10.1051/0004-6361/202558303/25
http://linker.aanda.org/10.1051/0004-6361/202558303/25
http://linker.aanda.org/10.1051/0004-6361/202558303/26
http://linker.aanda.org/10.1051/0004-6361/202558303/27
http://linker.aanda.org/10.1051/0004-6361/202558303/28
http://linker.aanda.org/10.1051/0004-6361/202558303/29
http://linker.aanda.org/10.1051/0004-6361/202558303/30
http://linker.aanda.org/10.1051/0004-6361/202558303/31
https://arxiv.org/abs/2408.00089
http://linker.aanda.org/10.1051/0004-6361/202558303/33
http://linker.aanda.org/10.1051/0004-6361/202558303/34
http://linker.aanda.org/10.1051/0004-6361/202558303/35
http://linker.aanda.org/10.1051/0004-6361/202558303/36
http://linker.aanda.org/10.1051/0004-6361/202558303/37
http://linker.aanda.org/10.1051/0004-6361/202558303/38
http://linker.aanda.org/10.1051/0004-6361/202558303/39
http://linker.aanda.org/10.1051/0004-6361/202558303/40
http://linker.aanda.org/10.1051/0004-6361/202558303/41
http://linker.aanda.org/10.1051/0004-6361/202558303/41
http://linker.aanda.org/10.1051/0004-6361/202558303/41
http://linker.aanda.org/10.1051/0004-6361/202558303/42
http://linker.aanda.org/10.1051/0004-6361/202558303/43
http://linker.aanda.org/10.1051/0004-6361/202558303/44
http://linker.aanda.org/10.1051/0004-6361/202558303/45
http://linker.aanda.org/10.1051/0004-6361/202558303/45
http://linker.aanda.org/10.1051/0004-6361/202558303/46
http://linker.aanda.org/10.1051/0004-6361/202558303/47
http://linker.aanda.org/10.1051/0004-6361/202558303/48
http://linker.aanda.org/10.1051/0004-6361/202558303/48
http://linker.aanda.org/10.1051/0004-6361/202558303/49
http://linker.aanda.org/10.1051/0004-6361/202558303/49
http://linker.aanda.org/10.1051/0004-6361/202558303/50
http://linker.aanda.org/10.1051/0004-6361/202558303/50
http://linker.aanda.org/10.1051/0004-6361/202558303/51
http://linker.aanda.org/10.1051/0004-6361/202558303/52
http://linker.aanda.org/10.1051/0004-6361/202558303/53
http://linker.aanda.org/10.1051/0004-6361/202558303/54
http://linker.aanda.org/10.1051/0004-6361/202558303/55
http://linker.aanda.org/10.1051/0004-6361/202558303/56
http://linker.aanda.org/10.1051/0004-6361/202558303/57
http://linker.aanda.org/10.1051/0004-6361/202558303/58
http://linker.aanda.org/10.1051/0004-6361/202558303/59
http://linker.aanda.org/10.1051/0004-6361/202558303/60
http://linker.aanda.org/10.1051/0004-6361/202558303/61
http://linker.aanda.org/10.1051/0004-6361/202558303/62
http://linker.aanda.org/10.1051/0004-6361/202558303/63
http://linker.aanda.org/10.1051/0004-6361/202558303/64
http://linker.aanda.org/10.1051/0004-6361/202558303/65
http://linker.aanda.org/10.1051/0004-6361/202558303/66
http://ascl.net/1207.005
http://linker.aanda.org/10.1051/0004-6361/202558303/68
http://linker.aanda.org/10.1051/0004-6361/202558303/69
http://linker.aanda.org/10.1051/0004-6361/202558303/69
http://linker.aanda.org/10.1051/0004-6361/202558303/70
http://linker.aanda.org/10.1051/0004-6361/202558303/71
http://linker.aanda.org/10.1051/0004-6361/202558303/72

T ! I T —_ L T T T T T = 4 T T T
@ —— 2MASX 2335-HB = = 2 12- sz —— 2MASX 2325-Ha |
8 8 .
§ 1.2 HEA4813.5 A <@ o o = g =T = HaA6478.8 A
S —— model > HaA6536.3 A
g 10p 4 §F or Har662024 ]
E E —— model
2 2
S o8k 4 & 08F -
[} »
Z - 2
S
o5 0.6 v+ < 06F -
[ Q
N N
g o0a4r - é 0.4r -
£
=] =]
4 4
0.2 1 1 1 ] ] 1 - 0.2 1 1 1 1 1 1 ] '
1 1 1 LI I 1 I I st I I 1 1 1
= T R T 5 0025- X Ly .
2 0.00[ o PR S < L LT 8 e ¥ S X VLA YO 5 N, o
B * ~em « o . -2 0.000—- == .;‘:.'"-.;'r‘l; M ._;‘:’";( :-Ql\y;mﬂ——— -
2 s Y 18 ¥ .
& —0.05+ N . /% -0.025F . l
1 - o

Marin, F, et al.: A&A, 709, A230 (2026)

1
4600

4700

1
4800

1
4900

le
5000

Rest Wavelength Aest [A]

1
6100

1
6200

1
6300

1
6400

1
6500

1
6600

Rest Wavelength Aest [A]

1
6700

1
6800

1
6900

Fig. A.1. Best fit model of the spectroscopic observation of IRAS 23226-3843. The original spectrum is shown using a solid black line, the
underlying power-law continuum appears using a dashed black line and the model, that includes the most prominent narrow emission lines and —
potentially — broad Balmer lines (highlighted using various colors), is shown in red. The characteristics of the broad Lorentzian profiles used to fit
the data are listed in Table 3. On the left is the best-fit model for the HB line, while the Ha line model is shown on the right. The bottom panels
present the residuals (observed spectrum minus the model) for each of the two regions.

Appendix A: Fitting results

To analyze the line profiles and measure their FWHM, we carried out spectral decompositions of the optical spectra in the region
around the He and HB emission features. The continuum emission spectral shape was estimated first and it was modeled by fitting
a power-law function to the spectra shortward and longward of the strong emission lines, taking care to avoid their potentially
extended wings. After estimating the continuum contribution, each emission line profile was modeled as the sum of their individual
line components. Each emission line detected in the profile was fitted with a Lorentzian function, characterized by its central
wavelength, intensity, and FWHM.

In the Ha region, the model includes a Ha component, the [N II] 116548,6583 doublet, and Fe II emission when detected. In
the HB region, the model consists of a HB component, the [O III] 114959,5007 doublet, and additional emission lines (e.g. Fe II,
Fe IV, Fe VII) when detected. Additional broad Ha or HB component were included when required to account for asymmetric
or extended line wings. The total emission line model is obtained by summing all individual Lorentzian components. During
the emission line fitting process, the continuum is not considered as a free parameters. The model parameters were optimized
by minimizing the difference between the observed spectrum and the model following a y> minimization approach. The fitting
procedure simultaneously adjusts the line central wavelength, intensities, and FWHM of all emission components in the profile.

The parameter uncertainties were estimated by repeatedly perturbing the observed spectrum according to its errors and refit-
ting the model. This procedure is equivalent to a Monte Carlo error propagation. The fitting procedure was repeated 100 times,
each time perturbing the observed spectrum within its measurement uncertainties. Random Gaussian noise consistent with the flux
uncertainties was added to the observed flux, and small random shifts were applied to the wavelength grid within half a spectral
bin to account for sampling effects. By doing so, the model parameters are optimized to minimize the squared residual between the
observed spectrum and the model. The spectral best-fit of the Ha and HB region are shown by the red line in Figs. A.1-A.6, and the
best fit FWHM obtains for the He and HB component are displays in Table 3. The quality of the fit was assessed by inspecting the
residuals, defined as the difference between the observed flux and the best-fitting model. The residuals are shown in the lower panel
of each figure.
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Fig. A.2. Same as Fig. A.1, but for NGC 1346 (August observation).
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Fig. A.3. Same as Fig. A.1 but for NGC 1346 (September observation).
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Fig. A.4. Same as Fig. A.1, but for NGC 2617.
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Fig. A.5. Same as Fig. A.1, but for NGC 7582.
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Fig. A.6. Same as Fig. A.1, but for NGC 7603.
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