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Figure 4. Infrared SED of Arp 299-B1 before and after the outburst. Best fit to the pre-outburst (A) 

and the post-outburst (734 days after the first mid-IR detection) SED (B) with the starburst model (23) 

in red, and the AGN tapered disc model (24) in blue, including a contribution from polar dust in 

orange. The sum of these components is shown as black line. In the latter fit most of the model 

parameters were fixed and the temperature of the polar dust was allowed to vary from 500 K in the 

pre-outburst case to 900 K in the post-outburst case. This yields a covering factor of the polar dust of 

23%-78%, implying that the total radiated energy is ~(1.9-6.5) x1052 erg. 

  





 
 
Figure 1. The transient Arp299B-AT1 and its host galaxy Arp 299. (A) A colour-combined optical 

image from the HST. Credit: NASA, ESA, the Hubble Heritage Team (STScI/AURA)-ESA/Hubble 

Collaboration and A. Evans (University of Virginia, Charlottesville/NRAO/Stony Brook University), 

with high resolution near-infrared images (inset) showing the brightening of the B1 nucleus. (B) The 

evolution of the radio morphology as imaged with VLBI at 8.4 GHz. The initially unresolved radio 

source develops into a resolved jet structure a few years after the explosion. The radio beam for each 

epoch is indicated in the lower-left corner.  
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•Luminous and ultraluminous (LIR > 1011 Lʘ) IR galaxies radiate the bulk of their 
energy in the IR as re-radiation by warm dust, heated by a starburst and/or AGN 

• High star formation rates => ~0.3-30 core-collapse SNe yr-1 not detectable by 
optical surveys due to extinction, need IR or radio to detect and study 
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•Luminous and ultraluminous (LIR > 1011 Lʘ) IR galaxies radiate the bulk of their 
energy in the IR as re-radiation by warm dust, heated by a starburst and/or AGN 

• High star formation rates => ~0.3-30 core-collapse SNe yr-1 not detectable by 
optical surveys due to extinction, need IR or radio to detect and study 

•  ~50% interacting/mergers: population of dust-obscured tidal disruption events?
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Figure S2. IR properties and evolution of Arp299B-AT1.  (A) Ks-band (2.2 µm) and Spitzer 3.6, 4.5 

and 8.0µm light curves (after removing the quiescent nuclear flux). The epoch when the mid-IR light 

curves were observed to start rising (2004 Dec. 21.6 corresponding to 2453361.1 JD) has been 

adopted as day 0. (B) The evolution of the derived blackbody radius, temperature, luminosity and 

total energy over time. Our fits (see Fig. 3) suggest that an expanding (from about 0.04 pc to 0.13 pc) 

and cooling (from about 1050 to 750K) source can account for the observed near- and mid-IR 

behavior. Integrating the blackbody luminosities to the current epoch yields a total radiated energy of 

about 1.5× 1052 erg.   
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Figure 4. Infrared SED of Arp 299-B1 before and after the outburst. Best fit to the pre-outburst (A) 

and the post-outburst (734 days after the first mid-IR detection) SED (B) with the starburst model (23) 

in red, and the AGN tapered disc model (24) in blue, including a contribution from polar dust in 

orange. The sum of these components is shown as black line. In the latter fit most of the model 

parameters were fixed and the temperature of the polar dust was allowed to vary from 500 K in the 

pre-outburst case to 900 K in the post-outburst case. This yields a covering factor of the polar dust of 

23%-78%, implying that the total radiated energy is ~(1.9-6.5) x1052 erg. 
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Figure S5. Schematic diagram (not to scale) showing the geometry of the emitting and absorbing 

regions. The polar dust re-radiates in the infrared a fraction of the total energy emitted by the event. 

The direct line-of-sight to the central black hole is obscured by the dusty torus, which is opaque from 

soft X-ray to infrared wavelengths. The transient radio emission originates from a relativistic jet 

launched by the tidal disruption of a star.  

 
 
 
 
 
 
 
 
 

 
 

  

Ramos Almeida & Ricci (2017)

T ~1000 K

obscured

• Observed IR emission re-radiation by optically thick dust clouds in the polar regions 
of the AGN, which suffer from a relatively low dust extinction in the foreground 

• Radio VLBI revealed a resolved, expanding jet with a viewing angle not consistent 
with the pre-existing AGN but likely powered by a tidally disrupted star by the SMBH

Arp 299-B

Mattila+2018

VLBI 8.4 GHz



 
Figure 3. Infrared properties of Arp299B-AT1. (A) The evolution of the observed infrared SED 

(points) shown together with blackbody fits between 136 and 4207 days since the first mid-IR 

detection of the outburst in December 2004. Over this period the blackbody temperature decreased 

from about 1050 to 750 K while the blackbody radius increased from 0.04 to 013 pc. (B) The 

evolution of the integrated blackbody luminosity (blue points connected with a line) and cumulative 

radiated energy (red squares and line). The observed radiated energy by 4207 days was about 1.5x1052 

erg.   
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Transient’s UV/optical radiation evaporates dust up 
to a radius determined by its luminosity and SED 
Dust outside this radius absorbs and re-radiates the 
energy in the IR, opt-IR delay from light travel time
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• Survey with NEOWISE: 6 month cadence at 3.4 and 4.6 µm from 2013 to 2020 

• 215 (U)LIRGs from the IRAS revised bright galaxy catalog of Sanders 
• Select nuclear transients with ΔL>1043 erg s-1  and filter out sources showing 

stochastic IR variability 
=> 5 smoothly evolving luminous transients incl. the dust-obscured Arp 299 TDE 

AGN

Reynolds,SM+2022

filtered out selected

Population of dust-obscured TDEs

NEOWISE



• Blackbody temperatures consistent with transient IR echoes but more energetic 
than SNe or optical TDEs, also different from changing-look AGN 

• Rate 10-(2.3-2.8) LIRG-1 year-1 over order of magnitude higher than the rates of optical 
TDEs or extremely variable AGN - population of dust obscured TDEs in (U)LIRGs?

Reynolds,SM+2022

Population of dust-obscured TDEs



Masterson+2024 Necker+2024

Population of dust-obscured TDEs
• Blackbody temperatures consistent with transient IR echoes but more energetic 

than SNe or optical TDEs, also different from changing-look AGN 
• Rate 10-(2.3-2.8) LIRG-1 year-1 over order of magnitude higher than the rates of optical 

TDEs or extremely variable AGN - population of dust obscured TDEs in (U)LIRGs? 
• Recent searches in NEOWISE data have identified large samples of candidate TDE 

IR echoes over the whole sky with rates comparable to the optical TDE rates

WISE WISE



• In Mattila+ White Paper we propose turning RST into an efficient discovery machine 
of dust-obscured transients thanks to wide FOV in the IR, spatial resolution, depth 

• Dividing High Latitude Wide Area Survey into separate epochs ~6-12 months 
apart in time would allow the detection of slowly evolving transients over 1700 deg2

 

  

• Including the F213 filter in the survey would allow more efficient characterisation 
of the detected transients using additional color information

Detectability of dust-obscured transients in HLWAS

 
 
Figure 1. The transient Arp299B-AT1 and its host galaxy Arp 299. (A) A colour-combined optical 

image from the HST. Credit: NASA, ESA, the Hubble Heritage Team (STScI/AURA)-ESA/Hubble 

Collaboration and A. Evans (University of Virginia, Charlottesville/NRAO/Stony Brook University), 

with high resolution near-infrared images (inset) showing the brightening of the B1 nucleus. (B) The 

evolution of the radio morphology as imaged with VLBI at 8.4 GHz. The initially unresolved radio 

source develops into a resolved jet structure a few years after the explosion. The radio beam for each 

epoch is indicated in the lower-left corner.  
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250 Mpc, AV ~ 10

150 Mpc, AV ~ 20

100 Mpc, AV ~ 30

F213F184F158F129

Detectability of dust-obscured transients in HLWAS
• RST can detect in several filters large numbers of dust-obscured (AV < 10 mag) 

core-collapse SNe up to 250 Mpc and some SNe with AV ~ 30 mag up to 100 Mpc 



• RST can detect in several filters large numbers of dust-obscured (AV < 10 mag) 
core-collapse SNe up to 250 Mpc and some SNe with AV ~ 30 mag up to 100 Mpc 

• IR luminous TDE candidates are detectable in several filters up to z ~ 0.5; HLWAS 
could allow the characterisation of several 100s if divided into >2 epochs

Arp 299 z=0.5

AT2017gbl z=0.5F213F184F158F129

Detectability of dust-obscured transients in HLWAS



Summary 
• Ground-based near-IR observations, Spitzer and WISE have revealed dust-obscured SNe 

and TDE candidates within the nuclear regions of nearby galaxies 

• Dividing the High Latitude Wide Area Survey into >2 epochs can allow characterisation 
of dust-obscured transients at a level not possible in any previous surveys 

• Important implications, e.g., for SNe as probes of the cosmic star formation history and 
via characterisation of the dust-obscured TDE population for feedings of the SMBHs





 
Figure 3. Infrared properties of Arp299B-AT1. (A) The evolution of the observed infrared SED 

(points) shown together with blackbody fits between 136 and 4207 days since the first mid-IR 

detection of the outburst in December 2004. Over this period the blackbody temperature decreased 

from about 1050 to 750 K while the blackbody radius increased from 0.04 to 013 pc. (B) The 

evolution of the integrated blackbody luminosity (blue points connected with a line) and cumulative 

radiated energy (red squares and line). The observed radiated energy by 4207 days was about 1.5x1052 
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