THE ASTROPHYSICAL JOURNAL LETTERS, 939:L16 (9pp), 2022 November 1 https: //doi.org/10.3847 /2041-8213 /ac9a47
© 2022. The Author(s). Published by the American Astronomical Society.

OPEN ACCESS
CrossMark

A Transient ‘“Changing-look’ Active Galactic Nucleus Resolved on Month Timescales
from First-year Sloan Digital Sky Survey V Data

Grisha Zeltyn1 , Benny Trakhtenbrot , Michael Eracleous’ , Jessie Runnoe’ , Jonathan R. Trump4 , Jonathan Stern’ s
Yue Shen™® , Lorena Herndndez-Garcia’*® , Franz E. Bauer>1? , Qian YangS’]l , Tom Dwelly12 , Claudio Ricci'>!# s
Paul Green'' , Scott F. Anderson '’ , Roberto J. Assef'? , Muryel Guolo'® , Chelsea MacLeod!” , Megan C. Davis* s
Logan Fries* , Suvi Gezari'® , Norman A. Grogin18 , David Homanlg, Anton M. Koekemoer'® , Mirko Krumpe19
Stephanie LaMassa'® , Xin Liu>® , Andrea Merloni'? , Mary Loli Martinez-Aldama®2° , Donald P. Schneider” s
Matthew J. Ternple13 , Joel R. Brownstein’! , Hector Ibarra-Medel>>? , Jamison Burke?*?* , Craig Pellegrin023’24 , and

25,26
Juna A. Kollmeier
!'School of Physics and Astronomy, Tel Aviv University, Tel Aviv 69978, Israel; grishazeltyn @tauex.tau.ac.il, benny @astro.tau.ac.il
Department of Astronomy & Astrophysics and Institute for Gravitation and the Cosmos, The Pennsylvania State University, 525 Davey Lab, University Park, PA
16802, USA
Department of Physics and Astronomy, Vanderbilt University, Nashville, TN 37235, USA
Depaltment of Physics, 196 Auditorium Road, Unit 3046, University of Connecticut, Storrs, CT 06269, USA
Department of Astronomy, University of Illinois at Urbana-Champaign, Urbana, IL 61801, USA
Natlonal Center for Supercomputing Applications, University of Illinois at Urbana-Champaign, Urbana, IL 61801, USA
7 Millennium Institute of Astrophysics (MAS), Nuncio Monseiior Sétero Sanz 100, Providencia, Santiago, Chile
Instituto de Fisica y Astronomia, Facultad de Ciencias, Universidad de Valparaiso, Gran Bretana 1111, Valparaiso, Chile
? Instituto de Astrofisica and Cen(tro de Astroingenieria, Facultad de Fisica, Pontificia Universidad Cat6lica de Chile, Casilla 306, Santiago 22, Chile
Space Science Institute, 4750 Walnut Street, Suite 205, Boulder, CO 80301, USA
Center for Astrophysics, Harvard & Smithsonian, 60 Garden Street, Cambridge, MA 02138, USA
2 Max-Planck-Institut fiir extraterrestrische Physik, Giessenbachstralle, D-85748 Garching, Germany
Nucleo de Astronomia de la Facultad de Ingenieria, Universidad Diego Portales, Av. Ejército Libertador 441, Santiago, Chile
4 Kavli Institute for Astronomy and Astrophysics, Peking University, Beijing 100871, People’s Republic of China
3 Astronomy Department, University of Washington, Box 351580, Seattle, WA 98195, USA
Department of Physics and Astronomy, Johns Hopkins University, 3400 North Charles Street, Baltimore, MD 21218, USA
17 BlackSky, 1505 Westlake Avenue North #600, Seattle, WA 98109, USA
Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA
Leibniz-Institut fiir Astrophysik Potsdam, An der Sternwarte 16, D-14482 Potsdam, Germany
Departamento de Astronomia, Universidad de Chile, Casilla 36D, Santiago, Chile
Depattment of Physics and Astronomy, University of Utah, 115 S. 1400 East, Salt Lake City, UT 84112, USA
Instltuto de Astronomia y Ciencias Planetarias, Universidad de Atacama, Copayapu 485, Copiap6, Chile
Las Cumbres Observatory, 6740 Cortona Drive, Suite 102, Goleta, CA 93117-5575, USA
4 Department of Physics, University of California, Santa Barbara, CA 93106-9530, USA
5 The Observatories of the Carnegie Institution for Science, 813 Santa Barbara Street, Pasadena, CA 91101, USA
26 Canadian Institute for Theoretical Astrophysics, 60 Saint George Street, Toronto, ON MS5S 3H8, Canada
Received 2022 August 15; revised 2022 October 13; accepted 2022 October 14; published 2022 October 31

Abstract

We report the discovery of a new “changing-look™ active galactic nucleus (CLAGN) event, in the quasar SDSS J162829.17
+432948.5 at z = 0.2603, identified through repeat spectroscopy from the fifth Sloan Digital Sky Survey (SDSS-V). Optical
photometry taken during 2020-2021 shows a dramatic dimming of Ag =1 mag, followed by a rapid recovery on a
timescale of several months, with the <2 month period of rebrightening captured in new SDSS-V and Las Cumbres
Observatory spectroscopy. This is one of the fastest CLAGN transitions observed to date. Archival observations suggest that
the object experienced a much more gradual dimming over the period of 2011-2013. Our spectroscopy shows that the
photometric changes were accompanied by dramatic variations in the quasar-like continuum and broad-line emission. The
excellent agreement between the pre- and postdip photometric and spectroscopic appearances of the source, as well as the
fact that the dimmest spectra can be reproduced by applying a single extinction law to the brighter spectral states, favor a
variable line-of-sight obscuration as the driver of the observed transitions. Such an interpretation faces several theoretical
challenges, and thus an alternative accretion-driven scenario cannot be excluded. The recent events observed in this quasar
highlight the importance of spectroscopic monitoring of large active galactic nucleus samples on weeks-to-months
timescales, which the SDSS-V is designed to achieve.

Unified Astronomy Thesaurus concepts: Supermassive black holes (1663); Quasars (1319); Active galactic nuclei
(16); Transient sources (1851)

1. Introduction

In recent years, optical time-domain photometric and
spectroscopic wide-area surveys have revealed a multitude of
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Figure 1. Multiepoch optical spectra of J1628+-4329. This AGN shows a gradual dimming of its quasar-like continuum and Balmer BELs across ~20 yr, through the
2001 bright-state Sloan Digital Sky Survey (SDSS) spectrum, the 2016 intermediate-state WHT spectrum (MacLeod et al. 2019), and the 2021 dim-state SDSS-V
spectra. Subsequent observations performed by Las Cumbres Observatory (LCO) revealed a brightening to an intermediate state in <2 months.

changes of the blue continuum and/or broad emission lines
(BELSs) that are typical of unobscured AGNSs, often resulting in a
transition between AGN-dominated and host-dominated spectral
appearances.”’ Over the past decade, many such transitions
have been discovered among highly luminous AGNs (i.e.,
quasars), starting from a few prototypical cases (e.g., LaMassa
et al. 2015; Runnoe et al. 2016), followed by more sizable
samples (e.g., Yang et al. 2018; MacLeod et al. 2019; Green
et al. 2022). The nature of the surveys used to identify these
events means that the extreme variability is typically traced
over timescales of years. To date, only a few examples clearly
show shorter timescale spectral transitions in the UV-optical
regime (Guo et al. 2016; Trakhtenbrot et al. 2019; Ross et al.
2020). In several more cases, photometric monitoring programs
imply that spectral transitions have in fact occurred over
timescales of <1 yr (e.g., Gezari et al. 2017; Yang et al. 2018;
Frederick et al. 2019; Yan et al. 2019; Green et al. 2022).
Identifying the physical mechanisms that drive the extreme
variability observed in CLAGNSs can provide information about
the structure and physics of the accretion flow, broad-line
region (BLR), and other key AGN components, and yield
insights into intermittent supermassive black hole (SMBH)
growth. The mechanisms driving UV-optical CLAGN transi-
tions, however, remain unclear, with most studies favoring
explanations related to changes in the (ionizing) continuum
radiation power due to variations in the accretion flow (e.g.,
LaMassa et al. 2015; Ruan et al. 2016; Runnoe et al. 2016;
Sheng et al. 2017; Rumbaugh et al. 2018; Stern et al. 2018;
Trakhtenbrot et al. 2019; Guolo et al. 2021). Alternatively,
some of the spectral transitions could result from changes in
obscuring dust/gas along our line of sight (LOS). Many studies

z Throughout this Letter, we use the term CLAGN to refer to all AGNs that
show such spectral transitions, regardless of the physical mechanisms driving
these changes.

of extremely variable AGNs identified in the X-rays have
shown decisive evidence for variable obscuration of the central
engines of some AGNs (e.g., Risaliti et al. 2005; Maiolino et al.
2010; Markowitz et al. 2014; Hernandez-Garcia et al. 2017;
Liu et al. 2022, and references therein). In addition, variations
to the LOS obscuration of the continuum source and the BLR
have been inferred from the variable optical spectra of a few
Seyfert 1.8 and 1.9 galaxies (e.g., Goodrich 1995; see also
Gaskell & Harrington 2018 and references therein).

In this Letter, we report a newly discovered CLAGN, SDSS
J162829.17+432948.5 (hereafter J16284-4329), which displays
recurring dramatic spectral changes over relatively short time-
scales, as well as transitions between seemingly distinct spectral
states. After describing the observations and spectral decom-
position methods (Section 2), we discuss several possible
physical interpretations of the observed changes and conclude
that the data may be better explained by variable obscuration
(Section 3). These observations may offer the best evidence to
date for variable obscuration driving a CLAGN transition in a
luminous quasar, and, more generally, one of the fastest CLAGN
transitions traced in both photometry and spectroscopy. A
summary of our results is presented in Section 4.

Throughout this work, we adopt a flat A cold dark matter
cosmology with Hy=70kms ' Mpc™' and Q,, =0.3.

2. Observations and Analysis
2.1. Multiepoch Optical Spectroscopy

Our key observational data set is multiepoch medium-
resolution optical spectroscopy of the AGN J1628+4329, at
7=10.2603 (at a luminosity distance of ~1320 Mpc and an
angular scale of ~4 kpc/”), collected over a span of over two
decades. The spectra used for our main analysis are shown in
Figure 1; details about the observations are provided in Table 1.



Table 1
Key Multiepoch Spectral Measurements for J1628+4329
Date MID Telescope & FWHMHa)  EW(Ha) F(Ha)/107" FWHMHBS  EWHG)  FHBH/107" log Lsigo F(o /107 State
(@) (kms™ ") (A) (ergs ! cm™2) (kms™") (A) (ergs™! cm?) (ergs ) (ergs ™! cm )
2001 May 28 52057 SDSS 2.5 m/SDSS 3 5011 £ 93 425 + 28 2770 + 180 5790 + 190 6342 6224+ 17 44.0 & 0.005 12613 “Bright”
2016 Feb 6 57424 WHT 4.2 m/ISIS 1 3750 £ 120 337+ 12 1157 + 41 5450 + 160 67+1 347 +7 43.7 4 0.004 130 +£3 “Intermediate”
2021 Apr 8 59312 SDSS 2.5 m/BOSS 2 4130 + 140 423+ 11 681 + 17 6700 + 1200 46 +5 93+ 10 43.3 +0.006 11743 “Dim”
2021 May 8 59342 SDSS 2.5 m/BOSS 2 4330 + 150 298 + 7 744 + 16 8800 + 980 71+£6 178 + 14 43.4 +0.008 12243
2021 May 17 59351 SDSS 2.5 m/BOSS 2 4250 + 140 32347 763 £ 15 6400 + 1200 43 +4 110 + 11 43.4 4 0.007 114 +£3
2021 Jun 5 59370 SDSS 2.5 m/BOSS 2 4140£ 110 369 +£7 791 + 16 5900 + 430 58+3 159 + 8 43.4 + 0.005 12142
2021 Aug 17 59443 FTN 2 m/FLOYDS 2 3920 +390 247 4 17 1248 + 87 4100 £ 1700 3247 204 + 42 43.8 + 0.009 130719 “Intermediate”
2022 Jan 22 59601 FTN 2 m/FLOYDS 2 3200 £ 460 269 + 44 1070 £ 170 4900 3600 36 + 13 217 + 81 43.8 £ 0.01 12072]
2022 Feb 26° 59636  ARC 3.5m/KOSMOS 2 3720+ 120 298 £ 13 8870 =+ 460 102 £ 4
2022 Mar 25 59663 FTN 2 m/FLOYDS 2 4040 £150 321 +13 1243 + 51 4500 + 300 5843 332+ 16 43.8 + 0.006 11073
2022 May 9° 59708 SDSS 2.5 m/BOSS 2 4380 +370 330430 4720 + 590 5543
2022 May 10° 59709 SDSS 2.5 m/BOSS 2 4170 £280 397 +24 4970 + 40 7144
2022 May 21 59720 HET 10 m/LRS-2 b 3680 280 299 =+ 44 4820 + 350 61+3

Notes.

4 Aperture size: slit width or fiber diameter.
® The spectrum was extracted from the integral field unit data cube after adopting a Gaussian point-spread function with a FWHM of 2/ 1. Approximately 75% of the light is enclosed in an aperture of diameter equal to
the FWHM and 94% of the light is enclosed in an aperture of diameter of 2x FWHM.
¢ These late spectra have large absolute flux calibration uncertainties and are not used for our main analysis. The corresponding FWHM and EW measurements are robust.
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Figure 2. Optical light curves of J1628+-4329 obtained from SDSS (left), Pan-STARRS (middle), and ZTF (right) imaging, in the g and r bands (open circles; see
legend) over a period of two decades. For clarity, only measurements with magnitude uncertainties less than 0.1 mag are displayed. Dashed vertical lines mark the
epochs of the spectra shown in Figure 1, and the corresponding synthetic photometry is marked with filled circles. Note the fast, <2 month transitions observed within
ZTF during 2021, and the slower dimming observed within Pan-STARRS, during 2012-2014. The middle and right panels also show light curves obtained from
WISE, in the W1 and W2 bands, where each data point shows the median magnitude at the given epoch. Note the vertical offset of the WISE data (for clarity; see

legend).

The first spectrum was obtained in 2001 May as part of the
legacy Sloan Digital Sky Survey (SDSS; York et al. 2000). This
spectrum shows a blue continuum and broad Balmer emission
lines typical of unobscured AGNs, with a quasar-like continuum
luminosity (1og(ALy[5100 A]/erg 57])244; see Section 2.3) In
what follows, we refer to this 2001 spectrum as the “bright state.”

The second spectrum was obtained following the identifica-
tion of J1628+4329 as a highly variable source based on SDSS
and Pan-STARRS1 (PS1; Chambers et al. 2016) photometry, as
part of the study by MacLeod et al. (2019) (see their Table 2).
The spectrum was acquired in 2016 February using the
Intermediate dispersion Spectrograph and Imaging System
(ISIS) mounted on the 4.2m William Herschel Telescope
(WHT) at the Roque de los Muchachos Observatory. While the
2016 spectrum showed a fainter continuum and broad Balmer-
line emission compared to the 2001 bright-state spectrum, the
analysis of MacLeod et al. (2019) found insignificant line
variability. We refer to this spectrum as the “intermediate state.”

During 2021 April-June, four more spectra were obtained as
part of the black hole Mapper program (S. F. Anderson et al. 2023,
in preparation) within the ongoing fifth generation of the SDSS
(SDSS-V; Kollmeier et al. 2017, J. A. Kollmeier et al. 2023, in
preparation) obtained with the plate-based fiber-fed BOSS
spectrograph (Smee et al. 2013) mounted on the SDSS 2.5m
Telescope (Gunn et al. 2006) at the Apache Point Observatory.
The four visits are part of a dedicated SDSS-V subprogram that
aims to monitor previously known quasars over timescales of
weeks to years. The four SDSS-V spectra, taken within a period of
~2 months, are all consistent with each other, but differ
dramatically from earlier spectra, suggesting the SDSS-V spectra
have captured a CLAGN event. Specifically, the quasar appeared
much fainter than the previous (2001 and 2016) observations,
showing an almost complete disappearance of the quasar-like blue
continuum and broad H@ line emission. We refer to the state
captured by these spectra as the “dim state.”

Following the identification of the spectral variability of
J1628+4-4329, three further spectra were acquired with the
FLOYDS spectrograph mounted on the 2 m Faulkes Telescope
North at Haleakala, Hawaii, which is a part of the Las Cumbres
Observatory network (LCO; Brown et al. 2013). The spectra
were obtained ~2, 8, and 10 months after the latest dim-state
SDSS-V spectrum. Surprisingly, these spectra revealed a
reappearance of the blue continuum and the prominent broad
H{ line emission, reverting to a state that closely resembles the
2016 intermediate-state spectrum.

Subsequent spectroscopy obtained with the Astrophysical
Research Consortium 3.5 m Telescope (Apache Point Obser-
vatory), the Hobby-Eberly Telescope (McDonald Observa-
tory), and the continuing SDSS-V program all confirm that
J1628+4329 indeed retains its intermediate-state spectral
appearance, as of 2022 May 21. The absolute flux calibration
of these spectra, however, has large uncertainties, and these
spectra are thus not included in our main analysis.

2.2. Multiepoch Imaging

Figure 2 shows g- and r-band photometry of J1628+4-4329. The
photometric measurements were obtained from publicly available
legacy SDSS, PS1 (Flewelling et al. 2020), and Zwicky Transient
Facility (ZTF; Masci et al. 2019) data.”® We also show synthetic
photometry derived from each of the J1628+4329 spectra, by
convolving the spectra with the respective filter curves. The
PS1 photometry reveals a steady dimming, of Ag= 1 mag,
between 2011 and 2013, consistent with the trend observed
between the 2001 and the 2016 spectra. In addition, the ZTF
(forced) photometry clearly confirms the rapid variations seen

3 We applied quality metrics following ZTF guidelines (https://irsa.
ipac.caltech.edu/data/ZTF/docs/ztf_forced_photometry.pdf) and using pro-
cedures developed by the ALeRCE team (Forster et al. 2021), which removes
bad weather data and applies a color correction.


https://irsa.ipac.caltech.edu/data/ZTF/docs/ztf_forced_photometry.pdf
https://irsa.ipac.caltech.edu/data/ZTF/docs/ztf_forced_photometry.pdf
https://irsa.ipac.caltech.edu/data/ZTF/docs/ztf_forced_photometry.pdf
https://irsa.ipac.caltech.edu/data/ZTF/docs/ztf_forced_photometry.pdf
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between the 2021 SDSS-V and LCO spectra, and clearly
demonstrates that J16284-4329 became fainter by another
Ag =~ 1 mag between 2021 March and June, following a period
of limited variability during 2018-2021. Such changes of
Ag~1 mag on a timescale of a few months are inconsistent
with observations of typical AGNs, which require much longer
timescales for similarly extreme variability to occur (see, e.g.,
Rumbaugh et al. 2018, and references therein).

In addition, Figure 2 displays mid-infrared photometry of
J1628+4-4329 obtained from the Wide-field Infrared Survey
Explorer (WISE; Wright et al. 2010), in the W1 and W2 bands
(~3.4 and 4.6 um, respectively). The WISE light curves reveal
a dimming of ~0.4 mag between 2011 and 2014 in both bands,
and may also show hints of a slightly weaker dimming in the
most recent epoch available at the time of writing, in 2021 July.

2.3. Spectral Analysis

We employed the PyQSOFit code (Guo et al. 2018; Shen
et al. 2019) to obtain key spectral measurements of J1628
44329, in each of the various epochs observed. We first
verified that the observed fluxes of the narrow [O III] AS007
line vary by less than ~15% between the different spectra (see
Table 1). Considering also the relatively small angular size of
J1628+4-4329 (compared with the apertures used; see Table 1),
and the consistency between the synthetic and imaging
photometry (Figure 2), we chose to analyze the spectra without
any additional scaling. In what follows, we briefly describe the
key steps of the PyQSOFit fitting process.

All spectra were shifted to the rest frame and corrected for
Galactic extinction using the Schlegel et al. (1998) dust maps
(Ay~0.02) and a Milky Way (MW) extinction law (see Salim &
Narayanan 2020, and references therein). The faintest, most host-
galaxy dominated, SDSS-V spectrum (taken in 2021 April) was
then decomposed to extract the host-galaxy spectrum, relying on
the template-based principal component analysis approach
implemented within PyQSOFit. We then subtracted this faint-
state-based host spectrum from all spectra of J1628+4329. We
verified that our spectral decomposition reproduces the stellar
absorption features observed in the dim- and intermediate-state
spectra. For the bright state, however, matching the host-galaxy
features is less robust, as expected given the quasar-dominated
continuum. We stress that our main analysis focuses on the
intermediate—dim—intermediate transition. The continuum of the
host-subtracted spectra was then modeled as a combination of a
simple power law, a Balmer continuum model, and an optical
Fe IT composite model. We did not add a polynomial component
to the continuum modeling, as it did not significantly affect our
result. We fitted all broad and narrow emission lines with one
Gaussian (each), except for the broad Ha line, which required two
Gaussians to produce an acceptable fit. We verified that fixing the
fit parameters of the narrow emission lines across all spectra did
not significantly affect our results.

PyQSOFit was used to obtain the FWHM, EW, and flux of
the broad Ha and I:IB emission loines, as well as the AGN-only
luminosity at 5100 A, AL,[5100A] (Ls;oo hereafter), for each of
the epochs. These quantities are listed in Table 1. The
uncertainties were obtained through a Monte Carlo refitting
approach, using 100 realizations for each spectrum, relying on the
corresponding error spectra. The best-fit spectral parameters
derived from the fit of the HZ complex in the (host-subtracted)
“bright-state” spectrum and the single-epoch prescription for
black hole masses imply log(Mpy/Ms) ~ 8.2 (see Mejia-
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Figure 3. The spectral ratio between the 2016 intermediate state and 2021 dim
state of J1628+44329 (black), smoothed over 7 pixels. The colored areas
indicate different extinction laws: Milky Way (MW)-like extinction with
Ry = 4.4 and LMC-like extinction (red and green, respectively; see Salim &
Narayanan 2020, and references therein), and “Maiolino-active-galactic-
nucleus” (AGN) extinction (blue; Maiolino et al. 2001; Li 2007). A range of
possible Ay values for each extinction law is shown. Steeper extinction laws,
e.g., MW-like with Ry, = 3.1, are not consistent with the spectral ratio (see
dashed line).

Restrepo et al. 2022, and references therein). Assuming an
optical-to-bolometric correction of Ly /Lsigo=9.3 (Shen et al.
2011) yields a mass accretion rate of M = Ly, / (nc?) ~
0.16 M, yr~! (assuming 77=0.1) and an Eddington ratio of
L/LEdd = Lbol/(l.S x 10° 8 X [MBH/MQ)]) ~(0.03. The (host-sub-
tracted) faintest SDSS-V spectrum leads to M ~ 0.033 M, yr~!
and L/Lg4q~0.007, under the same assumptions. All these
quantities carry significant systematic uncertainties, of 0.3 dex.
Figure 3 presents the spectral ratio between the 2016
intermediate-state and the 2021 dim-state spectra, calculated for
the host- and narrow-line-subtracted spectra (i.e., the quasar-like
continuum and Balmer BELs). The spectral ratio demonstrates
two key aspects of the changes seen in J1628+4329: (1) the
redder nature of the dim state (i.e., the ratio spectrum rises toward
shorter wavelengths); and (2) the overall smooth variation of the
spectral ratio across the entire wavelength range, particularly in
the spectral bands adjacent to the Balmer BELs (i.e., the ratio
spectrum itself shows only weak and noisy features coincident
with the Balmer-line wavelengths, and does not show features that
resemble the broad Balmer emission profiles themselves). The
implications of this figure are further explored in Section 3.

3. Discussion

The dramatic variability events observed in J1628+4329 are
intriguing because the source seems to transit between
relatively well-defined states, over merely a few months—
among the fastest CLAGN transitions seen to date (e.g., Guo
et al. 2016; Trakhtenbrot et al. 2019; Ross et al. 2020). These
events can be interpreted in several ways: (1) an intrinsic
change in the emission from the central engine and from the
BLR due to a variable accretion flow, (2) an apparent change
driven by variable obscuration along the LOS, or (3) a more
nuanced combination of the two, related to dust formation and
sublimation. We discuss these possibilities below.

3.1. Variable Accretion Flow

To test the possibility of a change to the accretion flow, we
consider the timescales associated with continuum variability
and with the BLR response to it.



THE ASTROPHYSICAL JOURNAL LETTERS, 939:1.16 (9pp), 2022 November 1

As discussed in detail in many previous studies (e.g.,
LaMassa et al. 2015; Stern et al. 2018), the relevant timescales
for drastic changes in thin, stable accretion disks are thought to
be much longer than what is observed in CLAGN transitions,
even for the case of years-timescale transitions. Even more
sophisticated models do not achieve coherent disk transitions
on intrayear timescales (see detailed discussion in, e.g.,
Shen 2021, and references therein). In addition, while novel
models involving magnetic flux inversion can explain rapid
UV-optical flares (Scepi et al. 2021), their relevance to the dip
seen in J1628+4329 is not yet clear. J1628+4-4329 challenges
common theoretical expectations even further, given the
detailed nature of its rapid (months-timescale) transitions.
Following the common calculations for other CLAGN, we note
that the disk material infall timescale for J1628+4329 is
~80 yr (following Equation (5) in LaMassa et al. 2015).
Observationally, however, changes to the accretion flow on
timescales of several months have been inferred for some
CLAGNSs events (e.g., Gezari et al. 2017; Trakhtenbrot et al.
2019). We thus cannot exclude an accretion-driven mechanism
to explain J1628+4-4329 based solely on timescale arguments.

As for the BLR response, its timescale is expected to be
dominated by the light-travel time between the ionizing source
and the BLR, #, = Rpir/c, where Rgiy is the characteristic
radius of the BLR. Using the Rg;r—L relation of Bentz et al.
(2013) and the measured Ls oy we infer Rgjr =~ 36 and 16 It-
day, for the brightest (SDSS; 2001) and faintest (SDSS-V;
2021) spectra, respectively. The corresponding light-travel
timescales could thus be accommodated within the observed
~60 days timescale of BLR variability of J1628+4-4329.

Another expectation that arises for BLR clouds moving at
Keplerian velocities that are responding to continuum variations
is that the typical BEL velocities would follow FWHM ~
Rg!'{® ~ L7174 (e.g., Barth et al. 2015; Wang et al. 2020).
Between the 2001 bright state and the 2016 intermediate state,
FWHM(Ha) decreased by a factor of 1.34 & 0.05 and FWHM
(HP) remained essentially constant (increased by a factor of
1.06 £ 0.05), while the expectation based on the luminosity—
scaling relation is for an increase by a factor of ~1.2. Between
the 2016 intermediate state and 2021 dim state, FWHM(Ha) and
FWHM(Hp) both increased, by factors of 1.12+0.04 and
1.3 £ 0.1, respectively, consistent with a similar expectation of a
uniform increase by a factor of ~1.2.

One significant challenge of the variable accretion flow
hypothesis is to account for the observed spectral ratio between
the intermediate and dim states, shown in Figure 3. The lack of
BLR-like features in the spectral ratio means that, for each of
the Balmer BELSs, the dimming factor is comparable to one of
the adjacent continua. This result is especially surprising
considering that the optical continuum is emitted from the outer
parts of the accretion disk, while the broad-line emission is
fundamentally driven by the ionizing (>13.6 eV) radiation,
which in turn originates from the inner parts of the disk. While
certainly these two forms of radiation are physically linked,
there is no a priori reason to expect that they would scale
linearly, as supported by the observed ‘“bluer-when-brighter”
trend (see, e.g., Rumbaugh et al. 2018, and references therein).
Specifically for J1628+4329, theoretical thin-disk spectral
energy distributions that are calculated based on the observed
Mgy and accretion rates for the intermediate—dim transition
imply a variation in L(>13.6eV) by a factor of ~3.6x,
compared to the observed factor of only ~2.4x in the optical
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regime. A similar analysis for the bright-to-dim transition
implies a variation by a factor of &9 x in L(>13.6 V), and by a
factor of ~5 x in the optical regime. Even if some of the optical
continuum originates from reprocessed UV light in the disk or
as diffuse continuum from the BLR (e.g., Chelouche et al.
2019), this cannot fully explain the interlinked continuum and
line variations we observe.

Finally—and most importantly—it is challenging to explain
how the variable accretion flow scenario would produce the
well-defined dip seen in J1628+4329 during 2021, and the
(spectral) recovery back to a state essentially identical to the
2016 one.

3.2. Variation Caused by a Crossing Cloud

A variable obscuration scenario invokes an obscuring cloud
intercepting the LOS at the end of 2020, and then going out of
the LOS between 2021 June and August (Figure 2). Another
obscuring cloud, which entered our LOS circa 2011, may
explain the more gradual dimming between 2011 and 2013.
This scenario is supported by the “dip” in the 2021 ZTF optical
light curve, and would naturally explain the similarity of the
2016 and most recent (LCO) spectra.

To quantitatively test the implications of this scenario, we
applied the “Maiolino AGN” extinction law (Maiolino et al.
2001; Li 2007), to the 2001 bright-state spectrum. This
relatively flat extinction law has been shown to be a good
description of reddening in AGNs (see, e.g., Maiolino et al.
2001; Xie et al. 2017, and references therein, but also Richards
et al. 2003). For J1628+-4329, this extinction law provides a
good agreement between the various epochs. A similarly
satisfactory agreement can also be achieved using a MW-like
extinction law with Ry, =4.4, or an LMC-like extinction law.
The top panel of Figure 4 shows representative host-galaxy-
and narrow-line-subtracted observed spectra of J1628+4-4329,
as well as those artificially reddened versions of the
intermediate- and bright-state spectra that best match the
dimmer states. Specifically, an intermediate-state spectrum
reddened by Ay =0.89 (black line) and/or a bright-state
spectrum reddened by Ay ~ 1.6 (light gray) match the dim-state
spectrum remarkably well. In addition, a bright-state spectrum
reddened by Ay~ 0.67 (dark gray) matches well the inter-
mediate-state one. Assuming a MW-like dust-to-gas ratio, this
analysis would imply that a dust cloud with Ny~1.6 x
10*" cm ™2 has entered and exited our LOS during the 2021
intermediate—dim—intermediate transition. Similarly, the bright-
to-intermediate and bright-to-dim transitions would imply
column densities of Ngy=1.2 and 2.8 x 10%! cmfz, respec-
tively.”” The bottom panels focus on the broad Balmer
emission lines (Ha, HB, Hv). The reddened spectra of the
bright state show a striking similarity to the intermediate- and
dim-state spectra, across the entire observed wavelength range,
which strongly supports the variable obscuration interpretation.
These similarities are further demonstrated by the nearly
uniform variations in line and continuum emission seen in
Figure 3, which also shows how the several extinction curves
considered here can reasonably explain the observed inter-
mediate-to-dim spectral ratio.

The main challenge to the transient obscuration scenario
relates to the observed and expected timescales. Specifically,

2 Note, however, that many AGNs are observed to have higher gas-to-dust
ratios (e.g., Maiolino et al. 2001).
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Figure 4. Representative host- and narrow-line-subtracted spectra of J1628+4329: 2001 bright state (blue), 2016 intermediate state (green), 2021 dim state (red;
SDSS-V), and 2021 intermediate state (purple; LCO). Along those, we plot reddened spectra of the bright state, obtained by applying the “Maiolino AGN” extinction
law. The appropriate Ay values were selected to best reproduce the intermediate (Ay = 0.67; black) and dim (Ay = 1.6; gray) states.

assuming an obscurer moving at Keplerian velocities within the
black hole sphere of influence, the appropriate dynamical
timescale is Tayn ~ (Rgoua/GMsn)'"/?, where Rgoua is the
distance of the obscuring cloud from the SMBH. Plugging in
the minimal value of R.oua = Rprr produces Tgy,~6yr, a
factor of ~35 longer than the observed shortest variability
timescale of J1628+4329. A more detailed derivation that
accounts for the projected LOS motion of the obscurer,
following LaMassa et al. (2015) (see their Equation (4)), yields
yet longer crossing timescales of 218 yr. This argument
becomes particularly relevant if the obscurer is part of the
(clumpy) torus, i.e., if R.ouqa =few X Rprr (e.g., Risaliti et al.
2002; Koshida et al. 2014, and references therein). More
generally, for an obscuring object in the AGN host galaxy to
“reveal” the BLR, the obscurer has to travel a physical distance
of Rprr 2 30 It-day within the <2 months span of the fastest
transition observed, and thus must move at an unreasonably
high (tangential) velocity of =0.5 c. Furthermore, an obscuring
cloud that covers a substantial portion of the BLR would have
to be of (at least) a comparable size (i.e., ~ Ry r), Which is
larger by at least an order of magnitude than the expected size
for clouds in the torus (Elitzur 2008). We note that the optical
variability in the spectra of some Seyfert 1.8 and 1.9 galaxies
has been reported to be best explained by variable obscuration
(e.g., Goodrich 1995). Those transitions, however, were
identified using spectra taken several years apart, and were
thus consistent with much slower obscurer velocities, of
~100-1000kms~'. In addition, the presence of obscuring
clouds moving in and out of the LOS toward some AGNs were

identified by several X-ray studies (e.g., Risaliti et al. 2005;
Maiolino et al. 2010; Markowitz et al. 2014). However, in such
cases the obscuring clouds must cover only the much more
compact X-ray emitting region, and can thus move at lower
velocities and have a smaller physical size, compared to the
obscurer discussed here. In fact, the obscurers in X-ray studies
are suspected to be BLR clouds (e.g., Maiolino et al. 2010),
while the obscurer in the case of J1628+4329 cannot be a BLR
cloud, as it is required to obscure a large part of the BLR itself.

In principle, the challenges posed by the BLR-obscuring
cloud velocity and size could be addressed by a very compact
BLR, or a configuration where only a small part of the BLR is
visible in our LOS, as Vcoug X Reloua X Rerr. We note,
however, that the observed broad Ha strength (i.e., L[b Ha])
does not support a particularly small BLR or one with a low
covering factor (see distributions in, e.g., Greene & Ho 2007 or
Stern & Laor 2012 for comparison).

An additional challenge to the variable obscuration inter-
pretation is posed by the WISE photometry (Figure 2), which
shows a clear dimming of ~0.4 mag in the W1 and W2 bands
sometime between 2011 and 2014—as expected for the
reverberation response from the dusty torus of the UV /optical
accretion disk continuum variability (e.g., Yang et al. 2020).
The WISE light curve also shows hints of a weaker dimming in
the most recent data point, in 2021 July, coincident with the
recovery seen in the optical (ZTF) light curve. The interpreta-
tion of this second WISE dimming is limited by large
uncertainties and the low cadence of measurements (6
months). If we assume that the dimmest WISE measurement
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is indeed associated with the rapid 2021 optical dip, it would be
inconsistent with a variable obscuration scenario, as the WISE
bands are not expected to be affected by (dust) obscuration.
Thus, the limited WISE data in hand favor variable accretion as
an explanation for the slow 2011 dimming, and perhaps also
for the rapid 2021 event.

3.3. Rapid Dust Formation and Sublimation

The rapid changes in J1628+4329, combined with the
similarity between the extinction-reddened “bright-state”
spectrum and the fainter spectra, raise the possibility of
variable obscuration occurring on the BLR light-travel time-
scale, rather than dynamical timescale. In such a scenario, the
rapid 2021 changes may be driven by a temporary decrease in
the UV emission from the central engine, which allowed the
formation of dust in the previously sublimated, innermost parts
of the dusty torus. After the UV emission reverted to its earlier
state, the dust sublimated to its previous levels. Since the
innermost part of the torus is thought to reside just outside the
(dust-free) BLR (e.g., Risaliti et al. 2002; Koshida et al. 2014),
the time required for the enhanced radiation to reach the torus is
only slightly longer than the BLR light-crossing time, i.e.,
few x #; pLr, Which is consistent with the fastest variability
seen in J1628+4329. The dust formation and sublimation
timescales themselves are sufficiently short for BLR-like gas
densities (i.e., up to ~1 month for n~~ 10° cm_3; e.g.,
Draine 2009; Baskin & Laor 2018).”

A key challenge for this scenario is that it necessitates a
considerable and rapid change in the UV continuum emission
that did not significantly and directly affect the observed optical
continuum and broad-line emission, as the spectral variations
are fully accounted for by varying obscuration effects
(Figure 4). This can be explained if the changes in the dust-
forming UV drop and its subsequent, direct effect on the BLR
emission occurred at a time unrelated to the observed
spectroscopic changes. However, we cannot find direct
evidence to support such a nuanced, highly interlinked, and
somewhat contrived scenario within the data in hand. More-
over, the dust formation and sublimation scenario fails to
explain the 2021 recovery of J1628+4329 to a spectral state
essentially indistinguishable from the predip one, in terms of
both continuum and broad-line emission (similarly to the
variable accretion scenario discussed in Section 3.1). All this
renders the dust formation and sublimation scenario rather
challenging for explaining the rapid dimming and recovery
observed during 2021.

4. Conclusions

We presented multiepoch optical spectroscopy of J1628
44329, a “changing-look” AGN identified in the recently
initiated SDSS-V project. J16284-4329 was observed in three
rather distinct spectral states, with the fastest transition
occurring within a timescale of less than 2 months—one of
the fastest significant spectral changes observed to date.

We explored several possible explanations for the observed
extreme variability of J1628+4329, driven by variations in
either the accretion flow and/or the LOS obscuration. The
observed variability timescale appears to be consistent with
changes in the radiation from the accretion flow impinging on

30 However, for lower gas densities the timescales could become challengingly
long, as t o< n! (e.g., Draine 2009).
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the BLR, and also with observations of other CLAGN events
driven by accretion variations (Section 3.1). This explanation is
further supported by the dimming in the WISE light curve
between 2011 and 2014 (Figure 2).

Nonetheless, the excellent agreement between the observed
dimmer spectra and the (artificially) dust-reddened bright
spectrum is more naturally explained by an obscuration-driven
scenario (Figure 4). Moreover—and perhaps most importantly
—the 2021 “dip” in the light curve of J1628+4-4329 (Figure 2),
which is also associated with a temporary transition to a
dimmer and redder spectral state, followed by a recovery to a
state essentially identical to that preceding the dip, is exactly
what one would expect from an event driven by variable LOS
obscuration. This explanation, however, implies exceptionally
high velocity and large size for the obscurer, or else a
challengingly compact BLR (Section 3.2).

The transitions observed in J1628+4-4329 demonstrate the
richness, potential, and challenges presented by CLAGNS, as
well as the importance of intrayear cadence spectroscopy for
large AGN samples. The discovery of this unusual event is an
early result of the SDSS-V black hole Mapper science program
—which is spectroscopically monitoring tens of 1000s of
AGNs on timescales of days to years, and is thus poised to
discover, monitor, and survey many more systems of this sort.
Responsive, multiwavelength follow-up observations can
greatly help to determine the physical drivers of these events.
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