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ABSTRACT
We present the discovery with Keck of the extremely infrared (IR) luminous transient AT 2017gbl, coincident with the
Northern nucleus of the luminous infrared galaxy (LIRG) IRAS 23436+5257. Our extensive multiwavelength follow-up spans
∼900 d, including photometry and spectroscopy in the optical and IR, and (very long baseline interferometry) radio and X-ray
observations. Radiative transfer modelling of the host galaxy spectral energy distribution and long-term pre-outburst variability
in the mid-IR indicate the presence of a hitherto undetected dust obscured active galactic nucleus (AGN). The optical and
near-IR spectra show broad ∼2000 km s−1 hydrogen, He I, and O I emission features that decrease in flux over time. Radio
imaging shows a fast evolving compact source of synchrotron emission spatially coincident with AT 2017gbl. We infer a lower
limit for the radiated energy of 7.3 × 1050 erg from the IR photometry. An extremely energetic supernova would satisfy this
budget, but is ruled out by the radio counterpart evolution. Instead, we propose AT 2017gbl is related to an accretion event by
the central supermassive black hole, where the spectral signatures originate in the AGN broad line region and the IR photometry
is consistent with re-radiation by polar dust. Given the fast evolution of AT 2017gbl, we deem a tidal disruption event (TDE)
of a star a more plausible scenario than a dramatic change in the AGN accretion rate. This makes AT 2017gbl the third TDE
candidate to be hosted by a LIRG, in contrast to the so far considered TDE population discovered at optical wavelengths and
hosted preferably by post-starburst galaxies.
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1 INTRODUCTION

Nuclear variability in galaxies is often attributed to the presence of
an active galactic nucleus (AGN), where matter is accreted by a
central supermassive black hole (SMBH). AGNs are known to be
intrinsically variable, where the amplitude and time-scale depend on
the wavelength of observation. AGN typically show small-amplitude
stochastic variability in brightness of <40 per cent in the optical
(Kelly, Bechtold & Siemiginowska 2009), whereas in the mid-
infrared (IR) AGN show larger and smoother variability on longer
time-scales of years to decades (Kozłowski et al. 2016). However,
an increasing number of nuclear outbursts are being observed that
do not fit in this picture, showing large amplitude variability on a
short time-scale, both by galaxies with an AGN and by inactive
galaxies. The interpretations of these events have included a tidal
disruption event (TDE) of a star by a SMBH, or major changes
in the accretion rate of an SMBH that result in changes in AGN
spectra (changing look AGN, or CLAGN). Supernovae (SNe) have
also been suggested, since (core-collapse) SNe are expected in the
nuclear regions of starburst and luminous infrared galaxies (LIRGs;
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LIR > 1011 L�) at rates a couple of orders of magnitude higher than
in normal field galaxies (Pérez-Torres et al. 2009b; Kankare et al.
2012; Mattila et al. 2012; Kool et al. 2018).

TDEs were theoretically predicted over forty years ago (Hills
1975; Rees 1988), and are expected to give rise to a luminous flare
typically peaking in the X-ray/UV/optical. Over the past ten years a
number of optical TDE candidates have been discovered, often with
concurrent detections at X-ray, UV, or radio wavelengths (Bade,
Komossa & Dahlem 1996; Zauderer et al. 2011; Gezari et al. 2012;
van Velzen et al. 2020). van Velzen (2018) found a roughly constant
volumetric rate for these events for BHs with masses below 107.5 M�,
followed by a sharp drop for more massive black holes, which directly
capture stars without a luminous flare. One notable feature of the
population of optically discovered TDEs is that they seem to show a
preference for E+A galaxies (Arcavi et al. 2014; French, Arcavi &
Zabludoff 2016), a class of post-starburst galaxies that are thought
to be the result of a merger that occurred approximately 109 yr
previously (Dressler & Gunn 1983). It has been suggested, based
on simulations, that this overabundance is a result of the presence of
a secondary (in-spiralling) SMBH enhancing the TDE rate by several
orders of magnitude for a period of 104–105 yr (Chen et al. 2009;
Cen 2020) and as such is intrinsic to post-merger galaxies. However,
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based on a study of four TDE host galaxies, French et al. (2020)
suggested high central stellar densities are a more important driver
for increased TDE rates.

Most discovered TDEs seem to suffer from negligible host galaxy
extinction, which could suggest a selection bias in the predominantly
optical/UV discovered TDE sample. The discovery of (candidate)
TDEs in LIRGs, galaxies that exhibit high star formation (SF) rates,
and host copious amounts of dust, supports this suggested bias.
The transient Arp 299B-AT1 in the LIRG Arp 299 was shown to
have arisen from a TDE based on the detection of a resolved and
expanding off-axis radio jet (Mattila et al. 2018). The transient was
only marginally detected in the optical, and as such was missed by
optical surveys despite the distance of only ∼45 Mpc. Also, the
serendipitous discovery of a TDE candidate in the LIRG IRAS
F01004-2237 led Tadhunter et al. (2017) to suggest that LIRGs
may have an elevated TDE rate, although the TDE nature of this
transient is debated (Trakhtenbrot et al. 2019). Both of these events
showed prominent and long-lasting IR emission, attributed to the
absorption and re-radiation of the UV/optical light from the transient
by the surrounding dust, with total radiated energies in the IR
exceeding 1052 erg (Dou et al. 2017; Mattila et al. 2018). Although
less energetic, such IR echoes have also been observed for a number
of optically discovered TDEs (Dou et al. 2016; Jiang et al. 2016; van
Velzen et al. 2016b).

A second phenomenon involving accretion by an SMBH that can
result in large amplitude outbursts is observed in CLAGN. In the
unified model, AGN are classified based on the presence of emission
lines in their optical spectra, originating from the broad line region
(BLR) close to the SMBH and narrow line region (NLR) further
away. Type 1 AGN show both broad (typically full width at half-
maximum (FWHM) of a few thousand km s−1) and narrow (typically
FWHM of a few hundred km s−1) lines, whereas Type 2 show only
narrow lines. This dichotomy is interpreted as a result of viewing
angle, where in Type 2 the line of sight to the BLR is obscured
by a dusty torus surrounding the AGN. In the case of CLAGN, the
AGN type is observed to change between Type 1 and 2 or vice-
versa in optical spectra. This phenomenon is poorly understood,
but is commonly attributed to either a sudden change in accretion
by the SMBH ionizing the BLR (e.g. MacLeod et al. 2016; Sheng
et al. 2017), or variable obscuration, where dusty clouds passing
across our line of sight cause the disappearance or appearance of
broad emission lines (Goodrich 1989). The expected dynamical time-
scales associated with variable obscuration are of the order of 10–
70 yr (McElroy et al. 2016; Sheng et al. 2017), which excludes such
CLAGN as an explanation for events on time-scales of a few years.

As TDE and CLAGN are both related to accretion by a central
SMBH, there is a lack of clear observables to distinguish the two
scenarios. It is even argued that CLAGN may be the direct result
of TDEs (Eracleous et al. 1995; Merloni et al. 2015). Furthermore,
observational biases likely affect our current understanding of these
extreme and rare outbursts. Thus, careful study of individual nuclear
events across multiple wavelengths is required (e.g. Mattila et al.
2018) to constrain their nature and establish observational tracers to
aid future classification.

In this paper, we report the discovery and the multiwavelength
follow-up campaign of AT 2017gbl, an extremely IR-bright transient
coincident with the nucleus of the LIRG IRAS 23436+5257. The
paper is organized as follows: Section 2 describes the discovery and
follow-up campaign of AT 2017gbl, including the data reduction and
photometry. Section 3 reports the analysis of the observed properties
of AT 2017gbl and its host galaxy. This section includes SED fitting
of the photometric data on the host and the transient, fitting of the

Figure 1. AT 2017gbl coincident with the Northern nucleus of
IRAS 23436+5257, discovered with NIRC2. Left-hand panel shows a JHKs

colour composite from the NIRC2 template epoch in 2016 October. Right-
hand panel shows a JHKs colour-composite of the discovery epoch of
AT 2017gbl in 2017 July. Image cutouts are ∼7.5 arcsec across.

Figure 2. A gri-colour composite image of IRAS 23436+5257 as observed
with ACAM on the WHT on 2017 July 10, three days after the discovery
of AT 2017gbl. The transient was coincident with the Northern nucleus,
indicated by tick marks. The FOV of the Keck NIRC2 discovery image is
also shown. The ACAM image cutout shown here is 100 arcsec across.

spectral features, and analysis of the radio and X-ray properties.
In Section 4, we discuss the key observations of the transient in
the context of three different scenarios; an SN, a CLAGN, and a
TDE. Finally, in Section 5 we present a summary of our findings.
Throughout this paper we assume H0 = 70 km s−1 Mpc−1, �� = 0.7,
and �M = 0.3.

2 OBSERVATIONS AND RESULTS

2.1 Discovery

AT 2017gbl was discovered as part of a systematic search for
dust obscured SNe in the nuclear regions of LIRGs called project
SUNBIRD (Supernovae UNmasked By Infra-Red Detection; Kool
et al. 2018). The transient was discovered in IRAS 23436+5257
(z = 0.034134, Strauss et al. 1992, luminosity distance of 146 Mpc)
in the near-IR Ks-band using Laser Guide Star Adaptive Optics
(LGS-AO; Wizinowich et al. 2006) and the NIRC2 camera on the
Keck II telescope on 2017 July 8.5 UT (MJD 57942.5; Kool et al.
2017); see Figs 1 and 2. Follow-up in J- and H-band was obtained
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