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ABSTRACT

Aims. IRAS 23226-3843 has been identified as a highly variable Seyfert galaxy and even as a changing-look active galactic nucleus
based on optical spectra. Here we present follow-up observations – taken over the past five years – for examining the ongoing
photometric and spectral variations in this remarkable galaxy.
Methods. We carried out Swift observations of IRAS 23226-3843 together with new optical spectra taken in 2023 and 2024. In parallel
we investigate ASAS-SN photometric data from 2014 till 2025.
Results. IRAS 23226-3843 stayed on a high continuum flux level in the X-ray as well as in the optical since a historic outburst in
2019. However, it shows strong short-term variations on timescales of a few months. Densely sampled ASAS-SN V-band continuum
data from 2014 till 2025 confirm that behavior. IRAS 23226-3843 switched from a clear Seyfert 1 type in December 2019 to a Seyfert
1.9/2 type in July 2020 based on its optical spectra. Afterward, it again became a Seyfert 1 type with symmetric broad single-peaked
Balmer line profiles in January 2023. These spectra prove the repeating changing-look character of the galaxy. IRAS 23226-3843
exhibits extreme high Balmer decrements Hα/Hβ based on their broad line components. The Balmer decrement values are on the
order of 10. IRAS 23226-3843 successively showed all types of broad line Balmer profiles during the past 25 years over periods of
many years: asymmetric single-peaked, double-peaked, as well as single-peaked and symmetric profiles in addition to its Seyfert 1.9/2
transition. These variations are not clearly correlated with continuum and line intensity variations.

Key words. galaxies: active – galaxies: individual: IRAS23226-3843 – galaxies: nuclei – quasars: emission lines – galaxies: Seyfert –
X-rays: galaxies

1. Introduction

Seyfert 1 galaxies and quasars are known to be variable in all
frequency bands (from X-ray, UV, optical, to IR) on timescales
of hours to decades. They show typical root mean square (rms)
intensity variations of 10–20 percent in the optical spectral
range on timescales of years (Rumbaugh et al. 2018). Some
extreme active galactic nuclei (AGNs) even vary by a factor of
2 or more in their optical luminosities; for example, Mrk 110
(Bischoff & Kollatschny 1999; Kollatschny et al. 2001; Yin et al.
2025, and references therein). Some variable AGNs not only vary
in their continuum and broad emission line intensities but also
change their Seyfert type based on their varying (optical) spectral
profiles. These optical changing-look (CL) AGNs exhibit transi-
tions from type 1 to type 2 or vice versa on timescales of months
to years (Collin-Souffrin et al. 1973; Kollatschny & Fricke 1985;
LaMassa et al. 2015; Ricci & Trakhtenbrot 2023; Zeltyn et al.
2024).

More than 100 Seyfert galaxies and quasars are known to
have changed their optical spectral type. Examples include
NGC 1566 (Pastoriza & Gerola 1970; Oknyansky et al.
2019; Parker et al. 2019; Ochmann et al. 2024), NGC 3516
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(Collin-Souffrin et al. 1973; Mehdipour et al. 2022),
NGC 7603 (Tohline & Osterbrock 1976; Kollatschny et al.
2000), NGC 4151 (Penston & Perez 1984), Fairall 9
(Kollatschny & Fricke 1985), NGC 7582 (Aretxaga et al.
1999), NGC 2617 (Shappee et al. 2014), Mrk 590 (Denney et al.
2014), HE 1136-2304 (Parker et al. 2016; Zetzl et al. 2018;
Kollatschny et al. 2018), Mrk 1018 (McElroy et al. 2016;
Husemann et al. 2016; Kim et al. 2018; Lyu et al. 2021),
NGC 3516 (Popović et al. 2023), and 1ES 1927+654
(Trakhtenbrot et al. 2019; Ricci et al. 2020; Laha et al. 2022),
and references therein. Additional recent findings are based on
spectral variations detected in large-scale surveys, such as the
Sloan Digital Sky Survey (SDSS; e.g., Komossa et al. 2008;
LaMassa et al. 2015; Rumbaugh et al. 2018; MacLeod et al.
2019; Panda & Śniegowska 2024; Zeltyn et al. 2024), the
Catalina Real-time Transient Survey (Graham et al. 2020), or
the Wide-field Infrared Survey Explorer (Stern et al. 2018).
A few of these CL AGNs have been found to change from
Seyfert 1 type to Seyfert 1.9/2 type and back to Seyfert 1
type or vice versa. This happens on timescales of a few years.
Wang et al. (2024) and Wang et al. (2025) discuss investigations
of approximately ten known recurrent CL AGNs. For a recent
review see Komossa et al. (2024).
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Fig. 1. Integrated Swift image (25 ksec) in the UVOT-W2 band of
IRAS 23226-3843. North is to the top, east to the left. 20 arcsec cor-
respond to 13.7 kpc at the distance of IRAS 23226-3843.

IRAS 23226-3843 was registered as a galaxy in the IRAS
Faint Source Catalogue (Moshir et al. 1990) in 1990. Afterward
it was classified as a Seyfert type 1 object in a spectroscopic
survey in 1991 (Allen et al. 1991). An apparent magnitude of
13.68± 0.10 in the r band (Shectman et al. 1996) corresponds to
an absolute magnitude of Mr = −22.33±0.51 mag. IRAS 23226-
3843 has been detected with ROSAT. Originally it was clas-
sified as a bright X-ray source (ROSAT RASS catalog; e.g.,
Grupe et al. 2001). However, a very strong X-ray decline has
been noticed within the XMM-Newton slew survey in 2017. Sub-
sequently, deep follow-up Swift, XMM-Newton, and NuSTAR
observations in combination with optical spectra of IRAS 23226-
3843 taken in 2017 showed that IRAS 23226-3843 decreased in
X-rays by a factor of more than 30 with respect to ROSAT and
Swift data taken 10–27 years before (Kollatschny et al. 2020).

A strong re-brightening by a factor of about 10 has been
detected in the X-ray and UV continua of IRAS 23226-3843
with Swift in August 2019 (Grupe et al. 2019). We then took
follow-up X-ray observations together with optical spectroscopy
of this AGN from 2019 until 2021 (Kollatschny et al. 2023).
IRAS 23226-3843 varied in the X-ray continuum by a factor of
4 and in the optical continuum by a factor of 1.6 within two
months. The broad Balmer lines increased by similar ampli-
tudes during the outburst in 2019. The Hα and Hβ emission-lines
showed broad double-peaked profiles during the minimum state
in 2017. However, there were no major profile variations in the
broad double-peaked Balmer profiles despite the strong inten-
sity variations in 2019. One year after the outburst, IRAS 23226-
3843 changed its optical spectral type and became a Seyfert 1.9/2
object in 2020. Properties of IRAS 23226-3843 have been listed
in a recent overview of 20 changing-look AGNs with long-term
optical and X-ray observations (Jana et al. 2025).

Figure 1 displays the Swift image in the UVOT W2 band at
1928 Å (see Sect. 2.1) that was merged from all W2 data. This
image has a total exposure time of 25 ks. The projected angular
diameter of the galaxy is about 40 arcsec, which corresponds to
a physical size of 27 kpc.

The morphology of IRAS 23226-3843 has been classified to
be of the S0 type based on UKST sky survey images (Loveday
1996). Figure 2 displays a combined g, r, i, z-band DR10 image
of IRAS 23226-3843 based on the Legacy Survey (Dey et al.
2019). This image shows indications of weak outer spiral arms.

Fig. 2. DESI legacy image (g, r, i, z-band) of IRAS 23226-3843. North
is to the top, east to the left. This image shows the section from Fig. 1.

Here we present new optical spectra taken in 2023 and 2024
showing that IRAS 23226-3843 switched back to a Seyfert 1
type. In addition we discuss new optical, UV, and X-ray vari-
ations over the past years based on Swift and ASAS-SN photom-
etry.

Throughout this paper, we assume a lambda cold dark
matter (ΛCDM) cosmology with a Hubble constant of H0 =
73 km s−1 Mpc−1, ΩΛ = 0.72, and ΩM = 0.28. With a red-
shift of z = 0.0359, this results in a luminosity distance of
DL = 144 Mpc for IRAS 23226-3843 (α2000 = 23h 25m 24.2s,
δ = −38◦ 26′ 49.2′′) using the Cosmology Calculator developed
by Wright (2006).

2. Observations and data reduction

A dramatic increase in the X-ray and UV fluxes of IRAS 23226-
3843 was discovered with Swift on August 11, 2019. We carried
out follow-up continuum studies of IRAS 23226-3843 with Swift
since that time. Furthermore, we took additional optical spec-
tra with SALT as well as with the South African Astronomical
Observatory (SAAO) 1.9 m telescope to investigate the optical
spectral variations (Kollatschny et al. 2023).

2.1. X-ray, UV, and optical continuum observations with Swift

IRAS 23226-3843 has been observed with the NASA
Neil Gehrels Swift Gamma-Ray Burst Explorer Mission
(Gehrels et al. 2004) in the X-rays and UV/optical since 2007
at irregular intervals (see Fig. 3 and Table A.1). After the
detection of an increasing X-ray flux in August 2019, we started
a detailed monitoring campaign of IRAS 23226-3843 with Swift
in the X-rays and UV/optical from August 2019 until initially
January 2020 (Kollatschny et al. 2023). After that we observed
IRAS 23226-3843 with Swift at 19 epochs between April 2021
and August 2025. The Swift observing dates and exposure times
are listed in Table A.1.

All observations with Swift’s X-ray Telescope (XRT;
Burrows et al. 2005) were performed in the photon counting
mode (pc mode; Hill et al. 2004). XRT data were processed
using xrtpipeline 0.13.7, which is part of the HEARSOFT ver-
sion 6.35.1 software package. Spectra were extracted in a cir-
cular region with a radius of 15 pixel (equal to 35′′) for the
source region and 100 pixel (equal to 235′′) for the back-
ground region using the FTOOL XSELECT. Using xrtmkarf, an
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auxiliary response file (arf) was created and combined with
the XRT response file swxpc0to12s6_20210101v015.rmf, except
for the first two observations from 2007 that were performed
before the change in the substrate voltage in the XRT detector
in August 2007. For these two observations, the XRT response
file swxpc0to12s0_20070901v012.rmf was applied. Note that
these are new calibration files compared with Kollatschny et al.
(2023), and all data prior to that paper were reanalyzed. Due
to the low number of counts in each observation, generally
the spectra were not binned, and analyzed using w statistics
(Cash 1979) within XSPEC version 12.15.0 (Arnaud 1996).
The count rates, the hardness ratios, the photon index Γ, the
absorption-corrected 0.3–10 keV flux, and the goodness of the
fit are listed in Table A.1. We define the hardness ratio as HR =
H−S
H+S , where S are the counts in the 0.3–1.0 keV and H in the
1.0–10.0 keV bands. Hardness ratios were determined applying
Bayesian statistics with the program BEHR by Park et al. (2006).

UV and optical photometry was performed with Swift’s UV-
Optical Telescope (UVOT; Roming et al. 2005) in all six pho-
tometric filters1, except in some cases when the observations
were interrupted by a Swift-detected gamma ray burst or by a
high priority target-of-opportunity observation. Although most
observations were performed in a single orbit, in some cases
with a longer exposure time the observations had to be split over
multiple orbits. All snapshots were merged using the tool uvo-
timsum. Source counts were extracted with a standard circular
region with a radius of 5′′ and the background counts from a
nearby circular region with an extraction radius of 20′′. The mag-
nitudes listed in Table A.2 are in the Vega system. These as well
as the flux densities in each photometric filter were measured
with the UVOT tool uvotsource using the count rate conversion
and calibration, in the manner described in Poole et al. (2008)
and Breeveld et al. (2010).

The fluxes in each of the six UVOT filters are listed in
Table A.2 and were corrected for Galactic reddening. We deter-
mined the Galactic reddening correction for each filter by apply-
ing Eq. (2) in Roming et al. (2005), who used the reddening
curves published by Cardelli et al. (1989). The attenuation
in the direction of IRAS 23226-3843 is EB−V = 0.021
(Schlafly & Finkbeiner 2011). This results in the following mag-
nitude corrections: UVW2corr = 0.20, UVM2corr = 0.244,
UVW1corr = 0.177, Ucorr = 0.136, Bcorr = 0.177, and Vcorr =
0.083.

2.2. Continuum observations based on the All Sky
Automated Survey for SuperNovae (ASAS-SN)
photometry

We created another optical light curve of IRAS 23226-3843
using the All Sky Automated Survey for SuperNovae (ASAS-
SN2; Henden et al. 2012) photometry from 2014 to 2025. ASAS-
SN is a project designed to monitor the entire extragalactic sky
with a mean cadence of 2–3 days to search for transient events
(Shappee et al. 2014; Kochanek et al. 2017; Jayasinghe et al.
2018). From the total light curve, we excluded epochs for which
the source was not detected at a 5σ confidence level. Subse-
quently, we removed outliers from the light curve by computing
the rolling mean (∆t = 30 days), discarding points outside of the
±1σ interval in each bin. Our aim was to ensure an appropriate
balance between noise suppression and signal preservation for

1 UVW2 (1928 Å), UVM2(2246 Å), UVW1 (2600 Å), U (3465 Å), B
(4392 Å), and V (5468 Å).
2 https://www.astronomy.ohio-state.edu/asassn/

Table 1. Log of spectroscopic observations of IRAS 23226-3843.

MJD UT-Date Exp. time Tel. Obs. cond.
[s]

50724 1997-10-03 1800 SAAO 1.9 m clear; 1′′.8
51350 1999-06-21 600 Cerro-Tol. 4 m clouds; –
57883 2017-05-10 900 SALT clear; 1′′.5
57916 2017-06-12 900 SALT clear; 2′′.0
58727 2019-09-01 2400 SAAO 1.9 m clear; 1′′.8
58736 2019-09-10 1200 SALT clouds; 2′′.0
58750 2019-09-24 900 SALT clear; 1′′.5
58794 2019-11-07 900 SALT clear; 1′′.4
58823 2019-12-06 900 SALT clear; 1′′.3
59053 2020-07-23 2400 SAAO 1.9 m clear; 1′′.8
59951 2023-01-06 2400 SAAO 1.9 m clear; 1′′.8
60635 2024-11-20 2400 SAAO 1.9 m clear; 1′′.7

Notes. The new observations have been taken with the SAAO 1.9 m
telescope in 2023 and 2024. In addition, we give the former observing
dates already presented in Kollatschny et al. (2023). We list the modi-
fied Julian date, the UT date, the exposure time, the telescope, and the
observing conditions, including the seeing.

every interval of the light curve. Altogether, we removed ∼20%
of the original measurements.

Because the ASAS-SN project employed both V-band and
g-band filters, transitioning from V to g in 2017, there is a sys-
tematic offset between V-band and g-band observations of the
source. In order to create a combined V-band + g-band light
curve, we applied a flux shift to the g-band light curve to
match the V-band light curve in the overlapping epochs (see,
e.g., Kollatschny & Chelouche 2024). To obtain the optimal shift
parameter, we used the von Neumann algorithm (von Neumann
1941) as a measure of noise for the combined light curve and
chose the shift that minimized the noise in the overlapping
epochs.

Our combined optical light curve of IRAS 23226-3843 is
shown in Fig. 4 lasting from April 30, 2014 (MJD 56777) until
September 1, 2025 (MJD 60919). Altogether, we used photomet-
ric data for 4443 epochs. The gaps in the light curve are caused
by the annual observing break due to the object’s position in the
sky being too close to that of the Sun.

2.3. Optical spectroscopy with the SAAO 1.9 m telescope

We took new optical spectra of IRAS 23226-3843 with the 1.9 m
telescope at the SAAO in Sutherland (South Africa) on January
6, 2023, and November 20, 2024. We present the log of our spec-
troscopic observations in Table 1 together with former observ-
ing dates (1997–2000) already presented in Kollatschny et al.
(2023). Seeing was better than 2′′ and weather conditions were
good.

We used the SpUpNIC spectrograph (Crause et al. 2019)
with the low-resolution grating (300 lines/mm, dispersion of
2.7 Å/pixel) set at an angle to record the full optical range and
with a slit width corresponding to 2′′.7 on the sky. The spectra
were extracted over 10′′. The spectra were reduced in a homo-
geneous way with IRAF reduction packages. The wavelength
was determined by means of the emission spectrum of an argon
lamp. The flux calibration was achieved through observations
on the same night of spectrophotometric standard stars from the
compilation of Hamuy et al. (1994, LTT 9491, LTT 7379, and
LTT 377). The internal flux calibration was later adjusted so
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Fig. 3. Combined X-ray, UV, and optical light curves taken with the
Swift satellite for the years 2007 until 2025. The fluxes are given in
units of 10−12 ergs s−1 cm−2. Γ is the X-ray photon index.

that the [O iii] emission line strengths corresponded to the same
absolute [O iii] λ5007 flux of 9.27× 10−15 erg s−1 cm−2 as is pre-
sented in Kollatschny et al. (2023).

3. Results

3.1. X-ray, UV, and optical continuum band variations based
on Swift

We show in Fig. 3 the Swift 0.3–10 keV flux and the X-ray pho-
ton index, as well as the UV and optical continuum light curves
for the years 2007–2025. All of these measurements are listed in
Tables A.1 and A.2. A zoom-in of the light curves is presented
in Fig. A.1 for the years 2019–2025.

Table 2 gives the variability statistics based on the Swift con-
tinua (XRT, W2, M2, W1, U, B, and V). We give the minimum
and maximum fluxes, Fmin and Fmax, the peak-to-peak ampli-
tudes, Rmax = Fmax/Fmin, the mean flux, 〈F〉 = 1

N
∑N

i=1 Fi, the
standard deviation, σF, with σF

2 = 1
N−1
∑N

i=1(Fi − 〈F〉)2, and
the fractional variation, Fvar =

√
σ2 − δ2/〈F〉, as defined by

Rodríguez-Pascual et al. (1997). δ is the mean square value of
the uncertainties with each flux measurement: δ2 = 1

N
∑N

i=1 δ
2
i .

The Fvar uncertainties are defined in Edelson et al. (2002) as

σFvar = 1
Fvar

√
1

2N
σ2

〈F〉2
. We present the variability statistics for the

whole observing period from 2007 until 2025 (Table 2) as well
as separately for the period before the outburst (2007–2017) and
after the outburst (2019–2025).

We observe a clear decrease in the peak-to-peak amplitude
and the fractional variation with increasing wavelength. The
AGN has increased its X-ray flux by a factor of about 10 com-
pared to the low-state observations. In the optical V band it was
only a factor of 1.9. The UV and optical Swift bands closely fol-
low the X-ray light curve. There were no major changes in the
X-ray photon index over the years despite the strong variations.
The mean fluxes in the individual bands and the standard devia-

Table 2. Variability statistics of the Swift continua XRT, W2, M2,
W1, U, B, and V (and their central wavelengths in Å) for the years
2007–2025, 2007–2017, and 2019–2025: minimum flux, maximum
flux, peak-to-peak ratio, mean flux, standard deviation, fractional varia-
tion, and their uncertainty.

Cont. Fmin Fmax Rmax 〈F〉 σF Fvar σFvar
’07–’25

XRT 2.22 23.96 10.79 9.71 4.71 0.47 0.05
W2–1928 2.29 20.39 8.90 7.83 4.59 0.58 0.06
M2–2246 1.98 19.63 9.91 7.82 4.54 0.58 0.06
W1–2600 2.31 19.10 8.27 8.11 4.23 0.52 0.05
U–3464 4.69 19.95 4.25 10.60 4.13 0.39 0.04
B–4392 4.68 26.22 5.60 16.55 4.49 0.27 0.03
V–5468 15.7 29.32 1.87 21.56 3.83 0.17 0.02
’07–’17
XRT 2.22 12.71 5.73 7.04 3.93 0.55 0.13
W2 2.29 9.85 4.30 3.39 2.05 0.60 0.10
M2 1.98 9.92 5.01 3.09 1.75 0.56 0.10
W1 2.31 9.57 4.14 3.55 1.64 0.46 0.08
U 4.69 11.80 2.52 6.10 1.98 0.32 0.05
B 4.68 17.32 3.70 11.95 2.26 0.18 0.03
V 15.7 22.44 1.43 17.64 1.45 0.06 0.02
’19–’25
XRT 3.30 23.96 7.26 10.34 4.65 0.44 0.05
W2 4.62 20.39 4.41 10.24 3.72 0.36 0.04
M2 5.40 19.63 3.64 10.40 3.36 0.32 0.04
W1 5.26 19.10 3.63 10.46 3.07 0.29 0.04
U 7.44 19.95 2.68 12.98 2.76 0.21 0.03
B 10.4 26.22 2.51 18.99 3.32 0.17 0.02
V 19.4 29.32 1.51 23.76 2.88 0.11 0.02

Notes. In units of 10−12 erg cm−2 s−1.

tions, σF , were larger by a factor of 1.5 after the outburst in 2019
in comparison to the values obtained before.

3.2. Optical continuum band variations based on ASAS-SN

Figure 4 shows the optical light curve of IRAS 23226-3843
based on ASAS-SN data for the years 2014 to 2025. The ASAS-
SN fluxes have been inter-calibrated with respect to the V-band
Swift fluxes. In addition we show the inter-calibrated contin-
uum fluxes at 5050 Å based on our optical spectra. The con-
tinuum flux remained relatively constant on a low level for
the time period from 2014 up to January 2019. After that, the
galaxy was not visible for about four months because of the
annual observing break due to the object’s position in the sky
being too close to that of the Sun. After that gap – until May
2019 – we see that the continuum flux increased by a factor
of about 1.5 until August 2019. After that the mean contin-
uum flux remained more or less constant on this high level
until August 2025. However, there were strong flux variations
on timescales of months to years. We present the variability
statistics of the V band ASAS-SN light curve from 2014 until
2025, as well as for the subdivisions from 2014 to March 2019
before the outburst and March 2019–2025 after the outburst
in Table 3.

3.3. Continuum and spectral line variations based on optical
spectra

The optical spectra of IRAS 23226-3843 were taken with dif-
ferent telescopes (see Table 1), different spectrographs, and dif-
ferent apertures. We recalibrated our spectra in a homogeneous
way. First we inter-calibrated the spectral series taken with the
two different apertures (SALT, SAAO). The calibration was
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Fig. 4. Optical light curve of IRAS 23226-3843 based on ASAS-SN data for the years 2014–2025. In addition we show the Swift V-band fluxes
(red crosses) as well as the continuum fluxes at 5050 Å based on our optical spectra (orange crosses).

Table 3. Variability statistics of the V band ASAS-SN light curve from
2014 until 2025, as well as for the subdivisions from 2014 to March
2019 before the outburst and March 2019–2025 after the outburst.

ASAS V band Fmin Fmax Rmax 〈F〉 σF Fvar
(1) (2) (3) (4) (5) (6) (7)

2014–2025 1.27 3.41 2.67 2.23 0.33 0.11
2014–2019 1.29 2.42 1.87 1.86 0.16 nan
2019–2025 1.27 3.41 2.67 2.39 0.25 0.07

Notes. Given are the minimum (2) and maximum flux density or inte-
grated flux (3), peak-to-peak ratio (4), mean (5), standard deviation (6),
and fractional variation (7). Continuum flux densities are in units of
10−11 erg cm−2 s−1 Å−1.

carried out with respect to the [O iii] λ4959,5007 lines, as well
as with respect to the narrow Hα, [N ii], and [S ii] line com-
plex. The flux of the narrow emission lines is considered to
be constant on timescales of years to decades. Afterward we
inter-calibrated these two series with respect to the spectra that
were taken nearly simultaneously in September 2019. Finally,
the spectra were calibrated to the same absolute [O iii] λ5007
flux of 9.27 × 10−15 erg s−1 cm−2 taken on May 10, 2017, under
clear conditions.

The optical spectra of IRAS 23226-3843, taken at differ-
ent epochs between 1997 and 2024, are presented in Fig. 5.
The spectra that were taken from 1997 until 2017 and showing
decreasing continuum flux are presented in cyan. The spectra
taken during the outburst in 2019 are shown in black. The most
recent spectra are presented in red (2020), blue (2023), and green
(2024).

The obtained spectra contain a significant contribution from
the underlying host galaxy, as is indicated by the Mg and NaD
absorption lines. We carried out a spectral synthesis of the
galaxy spectra using the penalized pixel-fitting method (pPXF;
Cappellari & Emsellem 2004; Cappellari 2017) as is discussed

Table 4. Wavelength ranges for deriving the optical continuum, the
Balmer lines, and Fe ii blends in the rest frame.

Continuum, line Wavelength range
[Å]

Cont 5050 5040–5060

Hβbroad 4770–5040
Fe ii(42,48,49) 5230–5520
Hαbroad 6240–6900

in Kollatschny et al. (2023). In this way we derived clean emis-
sion line fluxes and profiles after subtraction of the host galaxy
contribution.

The broad emission line spectra are dominated by broad Hβ
and Hα emission lines, as well as permitted broad Fe ii blends
of the multiplets 37, 38 and 42, 48, 49. The wavelength ranges
we used for the integration of the broad emission lines, as well
as of the optical continuum at 5050Å, are given in Table 4.
The Fe ii emission blend of the multiplets 42, 48, 49 begins at
∼5050 Å. However, we start our flux measurements at 5230 Å
because there is a gap in the SALT spectra and we want to derive
the relative intensity variations. We list in Table 5 the contin-
uum flux at 5050 ± 20 Å, as well as the broad-line fluxes of
Hα and Hβ and the Fe ii blend (42, 48, and 49). The broad
Hβ line has been corrected for the contribution of the narrow
line fluxes of Hβ and [O iii]λ 4959, 5007. The broad Hα line
has been corrected for the contribution of the narrow line fluxes
of Hα, [O i]λ 6300, [N ii]λλ 6548, 6584, and [S ii]λλ 6716, 6731.
We present the long-term light curves of the continuum flux at
5050 Å, as well as of the line fluxes of Hα, Hβ, Fe ii(42,48,49),
and the Balmer decrement (BD) Hα/Hβ for the epochs from
1997 until 2024 in Fig. 6. The second panel shows the variations
2017 to 2025 in more detail.
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Fig. 5. Optical spectra of IRAS 23226-3843 for the years 1997 until 2024. The decreasing spectra from 1997 until 2017 are shown in cyan. The
spectra taken during the outburst in 2019 are shown in black. The latest spectra are shown in red (2020), blue (2023), and green (2024).

Table 5. Fluxes of the optical continuum at 5050 ± 10 Å, the broad-line intensities of Hα and Hβ after subtraction of the narrow line components,
as well as the flux of the Fe ii blend (42, 48, and 49) for λ≥ 5230 Å, and the BD Hα/Hβ.

UT-Date Cont5050 Hβ Fe ii Hα Hα/Hβ

1997-10-03 1.72± .28 27.2± 4. 7.8± 4. 161.5± 17. 5.9± 1.1
1999-06-21 1.38± .25 16.6± 3. 13.6± 4. 128.3± 15. 7.7± 1.7
2017-05-11 1.26± .19 11.3± 3. 4.2± 2. 121.8± 14. 10.8± 3.2
2017-06-13 1.40± .17 14.5± 3. 4.6± 2. 118.8± 14. 8.2± 2.0
2019-09-01 2.19± .35 15.9± 4. 10.4± 3. 134.0± 19. 8.4± 2.5
2019-09-10 2.26± .40 19.2± 6. 21.1± 5. 142.8± 27. 7.4± 2.8
2019-09-24 2.42± .18 18.7± 3. 23.9± 5. 213.6± 12. 11.4± 2.0
2019-11-07 2.46± .16 23.7± 3. 31.0± 5. 242.1± 12. 10.2± 1.4
2019-12-06 2.03± .14 12.7± 3. 19.7± 4. 231.4± 12. 18.2± 4.5
2020-07-23 1.99± .35 5.0± 6. 9.9± 6. 20.4± 25. 4.1± 7.0
2023-01-06 2.24± .24 11.7± 4. 12.3± 4. 165.3± 17. 14.1± 5.1
2024-11-20 2.10± .20 10.0± 3. 9.9± 4. 129.3± 15. 12.9± 4.2

Notes. Continuum flux densities are in units of 10−15 erg s−1 cm−2 Å−1. Line fluxes are in units of 10−15 erg s−1 cm−2.

The Hα and Hβ emission-line profiles and their variations
in velocity space are presented in Fig. 7 for the epochs 1997
until 2024. The early spectra taken in 1997 and 1999 show an
asymmetrical profile where the blue wing is stronger than the
red wing. Double-peaked profiles are present for the minimum
continuum states from 2017 up to the maximum states in 2019.
The galaxy changed its type in 2020 when it became a Seyfert
1.9/2 type. The galaxy switched back to a Seyfert 1 type with
symmetrical broad profiles for the years 2023 and 2024.

4. Discussion

4.1. Optical, UV, and X-ray continuum variations based on
Swift and optical variations based on ASAS-SN

The observed continuum variations taken with Swift show the
same trend in all frequency bands (X-ray, UV, optical) from
2007 until 2025 (see Figs. 3 and A.1). There was a slow grad-

ual decline of the X-ray and UV continuum fluxes by a factor of
about five from 2007 until 2017. In 2019 an outburst occurred
in all frequency bands: in the X-rays by a factor of about 5 and
in the UV bands by a factor of about 4. Afterward we observe
strong short-term variations by more than a factor of two on
timescales of months. However, the average level – over one to
two years – remained the same since the outburst in 2019 until
the end of our campaign in September 2025. The variations in
the optical U, B, and V bands were by a factor of 3–5 lower in
comparison to the UV, X-ray variations. Here one must take into
account that these bands were not corrected for the contribution
of the host galaxy.

We calculated the mean fluxes, 〈F〉, and their standard devia-
tions, σF , as well as the fractional variations, Fvar, for each Swift
band in order to quantify the variability strengths. The results
are presented in Table 2. The fractional variations deduced from
the Swift observations for the year 2007 until 2025 as well as for
the periods 2007–2017 and 2019–2025 follow the same trend:
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Fig. 6. Long-term light curves of the continuum flux density at 5050 Å (in units of 10−15 erg s−1 cm−2 Å−1), as well as of the line fluxes of Hα, Hβ,
Fe ii(42,48,49) (in units 10−15 erg s−1 cm−2), and the BD for the years 1997 until 2024. The right panel shows the observations from 2017 to 2024
in more detail.

the fractional variations decrease by a factor of about five from
the X-ray to the optical bands. However, there were no major
changes in the X-ray photon index – despite the strong varia-
tions – over all the years from 2007 until 2025.

We present in Fig. 4 the denser sampled V-band varia-
tions based on ASAS-SN data for the years 2014 to 2025.
They confirm the observed variations based on Swift. There
were minor variations until the end of 2018. However, then
the outburst happened in May 2019 with subsequent strong
short-term variations on timescales of one to six months. The

average flux value remained the same from 2019 until 2025
with 〈F〉 = 2.4 × 10−11 ergs s−1 cm−2. The amplitudes of the
short-term outbursts (30–150 days) had typical values of ∆F =
1 × 10−11 ergs s−1 cm−2. The variability statistics of the V-band
ASAS-SN data is given in Table 3. The V-band variability statis-
tics (peak-to-peak ratio, standard deviation with regard to the
mean, fractional variation) are similar for the Swift data and
for the denser sampled ASAS-SN flux values. It has already
been mentioned in Kollatschny et al. (2023) that the fractional
variations in IRAS 23226-3843 are stronger by a factor of 2
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Fig. 7. Line profiles of Hα and Hβ in velocity space after subtraction of
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the Balmer lines (i.e., flux below zero) are shaded in green.

in comparison to other highly variable changing-look AGNs
such as HE 1136-2304 (Zetzl et al. 2018) or the variable AGN
NGC 5548 (Edelson et al. 2015; Fausnaugh et al. 2016).

4.2. The Eddington ratio

Changing-look galaxies are known to often show low Eddington
ratios, as Mrk 1018 does for example (Lu et al. 2025). We want
to test whether this also applies to IRAS 23226-3843. We cal-
culated the Eddington ratio based on the Balmer lines obtained
for the years 2023 and 2024 when the AGN was in a high state
as well as based on the observed optical continuum intensi-
ties. The Hα and Hβ lines exhibit equal broad line widths of
11 000± 300 km s−1 (full width at half maximum, FWHM). This
results in a central black hole mass of M = 2.93×108 M� – based
on formulas given in Trakhtenbrot & Netzer (2012) – and an
Eddington luminosity of LEdd = 4.39×1046 erg s−1. Furthermore,
we measure a flux of 2.20 × 10−15 erg s−1 cm−2 Å−1 at 5100 Å,
corresponding to a luminosity, L5100, of 3.03× 1043 erg s−1. With
a bolometric correction (BC) according to Netzer (2019) (where
kBOL = c × [L(observed)/1042 erg s−1]d and c = 40, d = –0.2), we
derive a bolometric luminosity of Lbol = 6.13×1044 erg s−1. This
ultimately results in a low Eddington ratio of L/Ledd = 0.014
for the years 2023 and 2024. The continuum flux was 70 per-

cent lower before the outburst in 2019. This gives an Edding-
ton ratio of L/Ledd = 0.010 for the time period from 1997
till 2017.

This finding confirms that IRAS 23226-3843 belongs to the
class of low Eddington AGNs. In addition, it is consistent with
the median Eddington ratio, 0.01, of a sample of 20 nearby opti-
cally identified changing-look AGNs (Jana et al. 2025). Further-
more, Rumbaugh et al. (2018) found a trend based on SDSS
spectra that the Eddington ratio decreases in the case the maxi-
mum g-band variability increases.

4.3. Continuum variability in IRAS 23226-3843

We observe a slow long-term continuum decrease in the optical,
UV, and X-ray over many years from 1997 until 2019 based on
the spectral and Swift continua, as well as on ASAS-SN data.
The continuum flux remained more or less constant on a low
level for the period 2014 to January 2019. The galaxy was not
visible for about four months after that period – until May 2019
– because of the annual observing break due to the object’s posi-
tion in the sky being too close to that of the Sun. After that
gap we see an increase in the optical continuum flux by a fac-
tor of about 1.5 until August 2019. Since that outburst in 2019
the average flux remained more or less constant on its high level
until the end of our campaign in August 2025. However, there
were strong flux variations on timescales of months to years
during that period. We see increasing or decreasing phases of
the continuum flux on the order of 50 percent on short peri-
ods of 33–217 days (e.g., for the intervals MJD 58830 – 58863
( ∆ = 33 d), MJD 59745 – 59884 (∆ = 139 d), MJD 60096 –
60173 (∆ = 77 d), and MJD 60626 – 60843 (∆ = 217 d)). These
repeated short-time variations are different from tidal disruption
events (TDEs). The majority of TDEs show single sharp flares
(e.g., van Velzen et al. 2021). Only some of them show repeated
high-amplitude flaring (tidal stripping events), and essentially
only the jetted events show additional rapid fluctuations (e.g.,
Komossa 2015; Grupe et al. 2024). In any case, IRAS 23226-
3843 is a classical AGN with a long-lived accretion disk and
narrow-line region (NLR), with no need to invoke a TDE in the
first place.

Furthermore, the strong short-term variations on timescales
of months also exclude variable dust obscuration as their funda-
mental cause of variability. In addition, the X-ray hardness ratio
remained more or less constant throughout the 18 years despite
strong X-ray flux variations during that period. This is also an
indication of no major dust absorption variability. With a similar
argument, Lusso et al. (2025) rule out that their observed vari-
ability behavior in the changing-look AGN NGC 4614 is due to
obscuration effects. The different timescales to explain variabil-
ity phenomena in AGNs have been listed and discussed in, for
example, (Stern et al. 2018). This indicates that the general vari-
ability behavior in the continuum in IRAS 23226-3843 is very
likely caused by varying accretion rates. It can explain the short-
term variations on timescales of months. The observed strong
X-ray and optical continuum variations in IRAS 23226-3843 are
also similar to those in the changing-look AGN HE 1136-2304
(Zetzl et al. 2018).

4.4. Emission line intensity and profile variations

The broad Balmer line intensity variations generally follow
the continuum variations (see Fig. 6). The Balmer line fluxes
slightly decreased from the year 1997 until 2017. The fluxes
increased by a factor of about two during the outburst in
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November 2019. Afterward they decreased again to a flux level
before the outburst in 2019 and remained more or less con-
stant until the end of 2024. However, the final decreasing phase
went into a lower state in the Balmer lines in comparison to the
continuum.

In addition to the intensity variations, IRAS 23226-3843 also
showed line profile variations independent of the line and con-
tinuum fluxes over our observing period from 1997 to 2024 (see
Fig. 7). These line profile variations are more clearly visible
in Hα in comparison to Hβ. This is because of the far higher
signal-to-noise ratios in the Hα lines and the clearer host-galaxy
subtraction for that line. We observe three different line pro-
file shapes, namely a blue asymmetry at the beginning, after-
ward double-peaked profiles independent of the continuum and
line intensity fluxes, and finally symmetric emission line pro-
files. IRAS 23226-3843 was an obvious Seyfert 1 type for the
years 1997 and 1999. However, the profiles were asymmetric,
with a stronger blue peak originating at a velocity of −3100 ±
500 km s−1. It showed almost symmetrical double-peaked pro-
files with maxima at ±3100 ± 300 km s−1 when it was observed
in a low state in 2017. Additional spectra taken in 2019 again
show similar double-peaked profiles with maxima at ±3100 ±
300 km s−1. However the line fluxes were significantly stronger
in 2019 in comparison to 2017 (see Fig. 6). The Balmer line
intensities increased by factors of two at that time. Afterward, the
spectral type suddenly changed to that of a Seyfert 1.9/2 type in
2020. This transition to a Seyfert 1.9/2 type happened without an
observed major continuum decline. Subsequently, IRAS 23226-
3843 again became a clear Seyfert 1 with single-peaked sym-
metrical line profiles over the period from January 2023 until
November 2024.

IRAS 23226-3843 always showed very broad Hα and Hβ
emission lines with quite similar line widths (FWHM) of
11 000± 300 km s−1 independent of the profile shape – except
for the short intermezzo when it became a Seyfert 1.9/2 type. The
existence of very broad line widths in this highly variable AGN
is consistent with the general finding that there is a correlation
between emission line widths and the strength of their optical
continuum variability amplitudes in AGNs (Kollatschny et al.
2006).

IRAS 23226-3843 exhibits extreme high BDs Hα/Hβ based
on their broad line components. The BD values are on the order
of 10 (between 5.9 and 18.2; see Table 5). We show the variation
of the BD in Fig. 6. It closely follows the Hα flux variations. Rel-
atively high BD values are related to lower continuum intensity
phases in variable AGNs (Kollatschny et al. 2000, 2018, 2022).
Typical BD values are between 3.2 and 4.2 in variable AGNs
such as Mrk 110 (Bischoff & Kollatschny 1999) and Mrk 926
(Kollatschny et al. 2022). However, the BDs reach high values
of up to 6.9 in low-intensity phases of highly variable AGNs
such as NGC 7603 (Kollatschny et al. 2000) or even 7.4 in the
changing-look AGN HE1136-2304. These high BD values are
probably caused by optical depth effects (Korista & Goad 2004)
in the inner emission line clouds.

IRAS 23226-3843 is a repeating changing-look AGN based
on its emission line profile variations. It varied from a clear
Seyfert 1 type to a Seyfert 1.9/2 type and back to a clear Seyfert 1
type. Only a few other AGNs such as Mrk 1018 (Lu et al. 2025)
are known to be repeating changing-look AGNs (Jana et al.
2025; Lusso et al. 2025; Ward et al. 2025). The line profiles in
IRAS 23226-3843 varied independently of the continuum and
line intensity fluxes and their variations. Such a behavior has
been observed before in the highly variable changing-look AGN
HE 1136-2304 (Kollatschny et al. 2018).

The variations in the ionizing continuum flux can explain the
variations in the broad line intensities. However, we see indepen-
dent variations in the line profiles. These line profile variations
might be caused by variations in the accretion disk geometry
or the accretion disk orientation (e.g., Storchi-Bergmann et al.
1997; Kaaz et al. 2023, and references therein). In addition the
emission line cloud distribution or their shapes might have
changed on timescales of years. Furthermore, variable dust
obscuration might have been taken on different timescales. The
profiles varied on timescales of several years, while the line
intensities varied over shorter timescales for the years 2017 until
2024. We do not observe a straightforward correlation between
an increasing or decreasing continuum flux and line profile vari-
ations.

5. Summary

We present results on long- and short-term variations of the
continuum in the X-rays, UV, and optical as well as spec-
tral line-profile variations of the repeating changing-look AGN
IRAS 23226-3843. Our findings are summarized below.
(1) IRAS 23226-3843 showed strong X-ray, UV, and optical

continuum variations based on Swift observations taken
between 2007 and 2025. The light curves in the different
bands show a similar variability pattern: There was a slow
gradual decline of the X-ray and UV continuum fluxes by
about a factor of about five from 2007 until 2017. In 2019 an
outburst occurred in all frequency bands: in the X-rays by a
factor of about 6 and in the UV bands by a factor of about 4.
Afterward we observe strong short term variations by more
than a factor of two on timescales of months. The variations
in the optical U, B, and V bands were lower by a factor of 3
to 5.

(2) However, the average flux level – over periods of one to five
years – remained constant in the X-rays, as well as UV and
optical bands, from the outburst in 2019 until the prelimi-
nary end of our campaign in September 2025. Denser sam-
pled ASAS-SN V-band continuum observations from 2014
till 2025 confirm the Swift results.

(3) The Balmer emission line profiles of IRAS 23226-3843 var-
ied from single blue-peaked profiles in the years 1997 and
1999 to double-peaked profiles for the years 2017–2019. The
profiles of the double-peaked emission lines remained con-
stant independently of line flux and continuum variations.
IRAS 23226-3843 suddenly changed from a Seyfert type 1 to
a Seyfert 1.9/2 object in 2022. Afterward it again became a
Seyfert 1 type with symmetric broad emission profiles. This
demonstrates that IRAS 23226-3843 is a repeating changing-
look AGN.

(4) IRAS 23226-3843 exhibits extreme high BDs Hα/Hβ based
on their broad line components. These BD values are on the
order of 10.

(5) The continuum and their related emission line intensity vari-
ations in IRAS 23226-3843 are most probably caused by
changes in the accretion rate. That is based on the observed
short-term variations on timescales of weeks to months. Fur-
thermore, we observe line-profile variations on timescales
of several years that are not unambiguously correlated with
increasing or decreasing continuum flux variations. These
changes might be explained by changes in the accretion disk
structure, their orientation, variable absorption, and/or the
emission line cloud shapes or their distribution.

IRAS 23226-3843 is an interesting repeating changing-look
AGN due to its strong variations in the optical and X-ray
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continuum, as well as its clear transitions from a single-peaked
to a double-peaked Seyfert 1 type object, to a Seyfert 1.9/2 type,
and finally to a symmetric Seyfert 1 type.
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Appendix A: Additional tables and figures
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Fig. A.1. Combined X-ray, UV, and optical light curves taken with the Swift satellite for the years 2019 to 2025. The fluxes are given in units of
10−12 ergs s−1 cm−2. HR is the X-ray hardness ratio.
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Table A.1. Swift monitoring: MJD, UT date, XRT 0.3–10 keV count rates (CR), hardness ratios (HR1), X-ray photon index Γ, the absorption
corrected 0.3–10 keV X-ray flux in units of 10−12 erg s−1 cm−2, Cash Statistic (CSTAT), and degree of freedom (dof).

MJD UT date CR HR1 Γpl XRT Flux CSTAT dofmiddle of the exposure

54266.1750 2007-06-15 04:12 0.286±0.011 +0.208±0.024 1.76±0.07 11.54±0.47 363.17 373
54312.4792 2007-07-31 11:30 0.238±0.008 +0.178±0.028 1.85±0.07 8.26±0.30 276.78 341
54362.5389 2007-09-19 12:56 0.086±0.004 +0.386±0.051 1.51±0.12 3.80±0.33 172.71 234
54363.6139 2007-09-20 14:44 0.079±0.003 +0.255±0.044 1.70±0.11 3.15±0.18 240.75 246
54676.2875 2008-07-29 06:54 0.288±0.020 +0.311±0.055 1.57±0.16 12.71±1.25 136.61 161
55092.4722 2009-09-18 11:20 0.340±0.007 +0.138±0.015 1.81±0.04 11.82±0.28 535.02 541
56492.4166 2013-07-20 10:13 0.073±0.008 +0.305±0.096 1.55±0.27 3.42±0.30 65.79 74
56555.8861 2013-09-20 21:16 0.149±0.018 +0.241±0.127 1.64±0.34 6.40±1.02 50.82 53
57577.5396 2016-07-08 12:57 0.051±0.003 +0.345±0.056 1.61±0.16 2.22±0.34 161.54 151
57855.7061 2017-04-12 16:56 0.037±0.009 +0.212±0.240 —- —- 12.77 13
57855.8778 2017-04-12 21:04 0.045±0.010 +0.367±0.210 —- —- 18.92 16
57864.5097 2017-04-21 12:14 0.045±0.010 +0.057±0.177 —- —- 19.66 23
57880.2952 2017-05-07 07:05 0.040±0.008 +0.562±0.136 —- —- —- 27
57891.1903 2017-05-18 04:34 0.029±0.010 +0.383±0.232 — —- —- 10
57894.6028 2017-05-21 14:28 0.032±0.008 +0.554±0.153 —- —- 16.55 23
57895.0243 2017-05-23 00:35 0.024±0.006 -0.224±0.241 —- —- 13.85 14
57902.3451 2017-05-29 08:17 0.018±0.007 +0.348±0.310 — —– 9.25 4
57912.7708 2017-06-08 18:30 0.030±0.007 -0.002±0.220 —- —- 12.48 15
57915.9201 2017-06-11 22:06 0.018±0.004 +0.028±0.200 —- —- 18.40 26
57922.9986 2017-06-18 23:59 0.016±0.005 -0.211±0.310 — —- 6.61 10
57930.7806 2017-06-26 18:44 0.014±0.007 —- — —- 6.61 10
57937.6931 2017-07-03 16:37 0.021±0.006 +0.056±0.190 — —- 4.65 8
57944.0639 2017-07-10 01:32 0.022±0.006 +0.435±0.221 — —- 8.69 11
58705.4279 2019-08-11 10:16 0.403±0.033 +0.137±0.074 1.89±0.16 13.20±0.81 109.19 148
58740.6404 2019-09-14 15:22 0.200±0.018 +0.133±0.079 1.94±0.23 7.23±0.87 81.11 93
58746.2726 2019-09-20 06:32 0.355±0.042 +0.073±0.053 2.05±0.22 11.88±0.60 59.61 96
58759.5462 2019-10-03 13:06 0.298±0.030 +0.219±0.073 1.83±0.17 11.34±1.20 123.86 135
58761.9466 2019-10-05 22:43 0.400±0.048 +0.186±0.083 1.96±0.21 16.21±1.66 66.44 102
58769.3119 2019-10-13 07:29 0.161±0.014 +0.160±0.058 1.95±0.25 4.86±0.63 62.77 82
58769.4993 2019-10-13 11:59 0.179±0.014 +0.000±0.190 1.71±0.20 8.16±0.95 86.33 116
58770.7026 2019-10-14 16:51 0.148±0.013 +0.056±0.094 2.04±0.25 4.05±0.50 64.34 78
58779.6649 2019-10-23 15:57 0.303±0.028 +0.257±0.093 1.96±0.24 10.74±1.33 75.31 84
58782.0028 2019-10-26 00:04 0.337±0.049 +0.355±0.135 1.41±0.44 19.04±3.43 26.61 35
58792.7181 2019-11-05 17:14 0.265±0.016 +0.095±0.064 1.90±0.14 9.37±0.85 157.88 179
58793.4931 2019-11-06 11:50 0.266±0.016 +0.108±0.099 1.82±0.24 18.47±1.29 64.24 81
58796.5980 2019-11-09 14:21 0.306±0.022 +0.198±0.049 1.73±0.16 10.84±0.99 120.29 145
58804.5670 2019-11-17 13:36 0.154±0.015 +0.091±0.076 1.98±0.25 5.59±0.58 50.00 75
58823.3669 2019-12-06 08:48 0.127±0.015 +0.062±0.125 1.84±0.30 4.46±0.59 40.26 60
58830.8669 2019-12-13 20:48 0.152±0.014 +0.362±0.081 1.67±0.22 5.99±0.79 79.51 87
58837.5791 2019-12-20 13:53 0.291±0.033 +0.070±0.087 1.87±0.23 9.82±0.49 58.68 83
58851.0457 2020-01-03 01:05 0.233±0.018 +0.247±0.072 1.71±0.17 9.78±0.52 104.34 142
58858.2817 2020-01-10 06:45 0.308±0.023 +0.168±0.071 1.92±0.17 9.32±0.96 114.75 151
59312.1285 2021-04-08 03:05 0.085±0.013 +0.121±0.150 1.95±0.40 3.30±0.65 33.05 32
59313.2613 2021-04-09 06:16 0.138±0.014 +0.341±0.088 1.61±0.25 5.89±0.67 63.70 76
59758.5143 2022-06-28 12:20 0.567±0.033 +0.081±0.041 1.94±0.11 16.74±1.01 213.27 238
59855.6494 2022-10-03 15:35 0.412±0.035 +0.173±0.067 1.73±0.16 14.83±1.62 115.57 158
59859.3600 2022-10-07 08:38 0.228±0.032 +0.231±0.131 1.78±0.35 8.86±1.26 48.10 41
59918.0988 2022-12-05 02:22 0.161±0.010 +0.108±0.054 1.77±0.14 6.65±0.45 139.92 142
60042.2293 2023-04-08 05:30 0.397±0.023 +0.169±0.047 1.82±0.12 13.56±0.72 190.73 225
60046.5968 2023-04-12 14:19 0.275±0.015 +0.117±0.101 1.84±0.12 10.61±0.66 203.92 212
60047.2907 2023-04-13 06:58 0.265±0.018 +0.397±0.065 1.53±0.17 12.84±1.09 123.22 147
60051.1603 2023-04-17 03:50 0.343±0.019 +0.184±0.051 1.84±0.13 12.66±0.60 159.68 215
60052.3498 2023-04-18 08:23 0.287±0.015 +0.145±0.094 1.86±0.12 11.22±0.77 185.55 214
60063.6655 2023-04-29 15:58 0.142±0.012 +0.232±0.092 1.74±0.21 5.45±0.49 90.23 102
60770.7224 2025-04-05 17:20 0.205±0.011 +0.219±0.056 1.70±0.14 7.92±0.48 159.37 198
60772.1852 2025-04-07 04:26 0.149±0.007 +0.253±0.052 1.75±0.12 5.88±0.46 168.79 234
60773.2583 2025-04-08 06:11 0.218±0.020 +0.282±0.102 1.71±0.23 8.61±0.96 72.17 90
60834.9438 2025-06-08 22:39 0.737±0.047 +0.275±0.049 1.77±0.12 23.96±1.45 217.09 228
60846.8062 2025-06-20 19:20 0.404±0.029 +0.274±0.053 1.66±0.13 16.31±1.27 180.34 204
60860.2544 2025-07-04 06:06 0.136±0.012 +0.179±0.089 1.78±0.23 5.33±0.58 77.74 94
60874.9277 2025-07-18 22:15 0.396±0.033 +0.093±0.067 2.02±0.17 12.13±0.98 119.12 144

Notes. 1 The hardness ratio is defined as HR =
hard−so f t
hard+so f t , where soft and hard are the background-corrected counts in the 0.3–1.0 keV and 1.0–10.0

keV bands, respectively
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Table A.2. Swift monitoring: V, B, U, UVOT W1, M2, and W2 reddening-corrected flux in units of 10−15W m−2(10−12 ergs s−1 cm−2).

MJD V B U UVW1 UVM2 UVW2
(1) (2) (3) (4) (5) (6) (7)

54266.1750 — — — — — 9.85±0.14
54312.4792 — — 11.16±0.52 — — —
54362.5389 — — — — — —
54363.6139 — — — — — —
54676.2875 22.44±1.05 17.32±0.81 11.80±0.55 9.57±0.54 9.92±0.65 8.42±0.55
55092.4722 — — — — — —
56492.9166 17.50±0.82 12.66±0.59 6.79±0.38 4.62±0.30 3.47±0.23 3.47±0.23
56555.8861 19.73±1.30 14.40±0.81 7.72±0.51 5.61±0.42 4.70±0.45 4.58±0.39
57577.5396 17.02±1.12 4.68±0.31 5.75±0.38 3.63±0.27 2.88±0.24 2.68±0.15
57855.2061 17.82±1.18 11.23±0.74 5.24±0.39 2.71±0.28 2.70±0.31 2.49±0.23
57855.5423 17.50±1.15 12.09±0.80 5.05±0.38 2.97±0.31 2.65±0.30 2.73±0.26
57864.5097 16.26±0.91 11.76±0.55 5.10±0.33 3.19±0.24 2.58±0.22 2.78±0.21
57880.2952 17.18±0.97 11.98±0.56 5.91±0.39 2.99±0.22 2.47±0.23 2.61±0.22
57891.1903 17.34±1.14 12.89±0.72 5.15±0.39 3.14±0.30 2.53±0.26 2.59±0.24
57894.6028 17.82±1.00 10.82±0.61 5.19±0.34 2.31±0.22 2.51±0.24 2.63±0.22
57895.5243 16.71±0.94 11.87±0.55 5.64±0.37 2.99±0.22 2.33±0.22 2.47±0.21
57902.3451 17.82±1.00 11.76±0.55 5.19±0.34 2.86±0.24 2.86±0.24 2.29±0.19
57912.7708 18.16±1.02 11.87±0.55 4.78±0.31 2.78±0.23 2.49±0.23 2.47±0.21
57915.9201 15.67±0.73 11.23±0.52 5.29±0.29 2.89±0.19 2.44±0.18 2.38±0.18
57922.9986 17.50±0.98 11.65±0.54 5.24±0.34 2.86±0.21 2.49±0.23 2.49±0.21
57930.7806 16.41±1.24 12.09±0.80 5.49±0.47 2.89±0.30 2.40±0.35 2.54±0.26
57937.6931 17.99±1.01 12.66±0.71 4.69±0.35 2.94±0.25 2.19±0.23 2.34±0.20
57944.0639 16.56±0.93 12.20±0.57 4.78±0.31 2.89±0.21 1.98±0.37 2.68±0.20
58705.9279 23.07±1.30 18.99±0.89 14.18±0.80 11.83±0.78 13.20±0.87 13.72±1.04
58740.6404 20.47±1.15 15.94±0.74 12.13±0.68 8.49±0.56 9.05±0.68 9.15±0.69
58746.2726 22.03±1.45 18.99±0.10 14.18±0.80 11.50±0.87 12.96±0.98 13.72±1.04
58759.5462 23.07±1.30 18.13±0.85 13.80±0.77 10.11±0.67 9.92±0.75 10.90±0.72
58761.9466 — 17.64±0.82 13.54±0.76 11.29±0.74 — 12.63±0.96
58769.3119 23.07±1.08 17.32±0.81 12.70±0.71 9.84±0.65 9.92±0.65 9.49±0.62
58769.5091 — — — — 8.41±0.55 —
58770.7026 — — — — — 9.76±0.83
58779.6649 22.23±1.47 18.81±1.08 13.42±0.88 10.99±0.73 10.88±0.83 10.12±0.87
58782.0028 — — 14.45±0.95 11.50±0.65 — —
58792.7181 — — 11.69±0.43 — — —
58793.4931 24.16±1.36 17.16±0.96 12.47±0.70 9.75±0.64 10.58±0.70 10.03±0.66
58796.5980 22.23±1.04 17.64±0.82 12.24±0.69 10.30±0.58 10.78±0.60 10.60±0.70
58804.5670 19.91±1.12 17.00±0.79 11.16±0.63 8.81±0.49 7.32±0.48 7.40±0.49
58823.3669 21.04±1.18 16.38±0.76 9.54±0.53 7.32±0.48 7.53±0.49 6.38±0.42
58830.8669 20.28±1.14 16.38±0.76 10.46±0.59 7.67±0.50 7.67±0.50 6.94±0.45
58837.5791 — 10.43±0.58 7.44±0.49 7.39±0.48 — 7.54±0.49
58851.0457 23.50±1.10 18.81±0.88 15.13±0.70 12.05±0.79 13.08±0.86 12.98±0.86
58858.2817 24.38±1.14 19.16±0.89 15.84±0.74 14.22±0.94 14.48±0.95 15.04±0.99
59312.1285 19.54±1.29 14.14±0.79 8.62±0.57 5.26±0.40 6.26±0.47 4.98±0.37
59313.2613 19.37±1.09 15.08±0.70 8.08±0.45 5.98±0.39 5.40±0.41 4.62±0.35
59758.5143 24.83±1.16 20.26±0.76 17.86±1.01 15.89±0.90 17.41±1.15 17.60±1.17
59855.6494 21.04±1.19 16.54±0.78 10.96±0.62 8.26±0.63 7.67±0.58 7.07±0.54
59859.3600 20.85±1.38 15.51±0.88 11.06±0.73 7.89±0.60 6.44±0.55 6.16±0.47
59918.0988 19.37±0.91 15.65±0.58 9.64±0.45 6.50±0.37 6.09±0.40 5.27±0.40
60042.2293 29.05±1.36 22.42±0.84 15.41±0.57 12.28±0.46 12.16±0.60 12.87±0.48
60046.5968 27.74±1.04 22.62±0.84 14.19±0.53 11.83±0.44 11.50±0.54 11.00±0.41
60047.2907 26.74±0.99 22.01±0.82 14.58±0.68 11.72±0.55 11.83±0.67 11.31±0.42
60051.1603 25.77±0.96 21.81±0.81 13.80±0.52 11.40±0.43 11.40±0.43 11.21±0.42
60052.3498 26.49±0.99 21.81±0.81 13.80±0.52 11.09±0.41 10.99±0.52 10.70±0.40
60063.6655 25.30±0.94 21.21±0.79 11.58±0.54 7.82±0.37 7.13±0.40 6.16±0.29
60770.7224 23.94±0.67 20.07±0.75 10.66±0.40 7.82±0.29 6.74±0.32 6.82±0.25
60772.1852 24.84±0.69 20.26±0.56 11.27±0.42 8.19±0.31 7.53±0.35 7.01±0.26
60773.2583 26.01±1.22 18.82±0.88 12.02±0.68 8.26±0.47 8.18±0.62 7.68±0.36
60834.9438 28.26±1.05 26.22±0.98 19.95±0.74 19.10±0.71 19.63±0.90 20.39±0.76
60846.8062 29.32±1.09 25.50±0.95 18.70±0.70 17.26±0.64 15.73±0.74 17.12±0.64
60860.2544 26.49±0.99 22.62±0.84 15.27±0.57 12.39±0.58 11.83±0.78 10.90±0.41
60874.9277 26.01±0.97 24.35±0.91 15.41±0.58 14.22±0.67 13.45±0.76 13.11±0.49
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