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What are Hot Dust 
Obscured Galaxies? 

Ø  Hot DOGs are a newly discovered population of galaxies detected by WISE, selected to be 
strong W3 and W4 emitters, but undetected or very faint in W1 and W2.

Ø  There are ~1000 such objects in the entire extragalactic sky, around z ~1 - 3.5

W1814+3412 - Eisenhardt et al.(2012)

Assef et al. (2015)

Hot DOGs



Luminosity Distribution 

Ø  Herschel photometry has been obtained for ~ 200 Hot DOGs (Tsai et al in prep.). Almost all 
have Lbol > 1013 L¤, and since IR dominates the power, almost all qualify as HyLIRGs

Ø  10% have Lbol > 1014 L¤, mostly at z > 2.5

Tsai et al. (2015)



Typical Hot DOG SED 

Ø  Dust temperatures as high as ~500 K

Ø  All display a remarkably similar SED, dominated by AGN, even at > 100μm

Tsai et al.  in prep.



Radiating At their Limit 

Ø  Pilot survey to measure the SMBH masses of five z ∼ 2 Hot DOGs via broad Hα emission 
lines, using Keck/MOSFIRE and Gemini/FLAMINGOS- 2. 

Ø  SMBH masses on the order of ∼ 109M⊙. Most luminous AGNs at given BH masses, 
suggesting they are accreting at the maximum rates for their BHs (Eddington ratios close 
to unity).

Wu et al. 2017



Observations 

Ø  ALMA cycle-2/3/4 campaign (PI: R. Assef) 
aimed at studying the ionized gas in the most 
luminous Hot DOGs.

Ø  Awarded 8.1h in bands 7 and 8 to observe [CII] 
and the underlying dust continuum emission at 
158μm.

Ø  Sample of 7 Hot DOGs, of which W2246-0526, 
the most luminous galaxy known, was the first 
to be observed.





Why The 
[CII] Line? 

Ø  The [CII] 158μm line can 
account for up to 1-2% of the 
bolometric luminosity of a 
galaxy.

Ø  Can be observed at z > 2 with 
ALMA, allowing us to study the 
ISM in galaxies at the time when 
the star formation and black hole 
accretion in the Universe were 
ramping up to the peak activity.

Ø  Also to study the kinematics of 
the gas



Results: W2246-0526 

Ø  L[CII] ~ 6 x 109 L¤. Dust continuum: 1.3 +/- 0.5 kpc. [CII] emission: 2.5 +/- 0.3 kpc.

Ø  Small velocity shear. Δv ≈ 200 km/s. Smooth rotation.

Ø  Strikingly uniform velocity dispersion. FWHM ~ 600 km/s. Highly turbulent ISM across the 
entire galaxy.

Ø  W2246 is beyond stability thresholds limiting the energy deposition and radiation pressure 
that the AGN can inject into the ISM before disrupting it. This requires an nearly isotropic 
blow out of the gas from the system.

Ø  Feedback from the buried quasar likely causing uniform, several kpc-scale gas outflows. 
Critical evolutionary stage. Large-scale quenching of star formation in the host?

Diaz-Santos et al. (2016)



158 μm Dust Continuum Emission 

Ø  All Hot DOGs are detected in dust continuum emission, showing compact morphologies, except 
for two cases, where emission is detected on large scales, up to 10 kpc.



[CII] Intensity 

Ø  Luminosities between 109 – 1010 L¤.
Ø  Sizes between 2.5 – 5 kpc (convolved).

Ø  In some cases, [CII] sizes are smaller than the dust 
continuum, contrary to high-z optical QSOs (e.g., 
Kimball et al. 2015, Venemans et al. 2016, 2017).



[CII] Velocity Fields 

Ø  Hot DOGs present a variety of velocity fields



Velocity Dispersion 

Ø  Disturbed/turbulent ISM, likely the consequence 
of the powerful AGN feedback. But, in some cases, 
could be also merger driven?



Ø  There is statistical evidence that Hot DOGs live in large over-densities (Jones et al. 2014, 
Assef et al. 2015, Fan et al. 2017)

Ø  ALMA allows to search for other [CII] emitting objects at the same redshifts, and for 
continuum detections in the FOV

Environment: W2246 

Ø  W2246 has 3 galaxy 
companions detected 
in [CII] (1” to NW, 5” 
to SE, and 3” NE)



Ø  Several Hot DOGs show neighbor galaxies, and those who not, tend to show complex 
morphologies, which could indicate late stage merger systems.

       

Environment 



Conclusions 

Ø  ALMA [CII] and 158μm continuum observations of a sample of 7 Hot DOGs, including 
W2246, the most luminous galaxy known, to study their gas content and kinematics.

Ø  W2246: Small velocity gradient. Line FWHM ~ 500-600 km/s. Turbulent ISM across 
the entire galaxy, over about 2.5 kpc. System unstable due to the injection of energy 
and momentum from the AGN into the ISM. Isotropic outflow.

Ø  Sample: Dust continuum detected in all galaxies, which tends to be compact except 
for two sources. Variety of kinematic properties.

Ø  High velocity dispersions of at least 500 km/s in some regions, if not over the entire 
galaxies. AGN feedback.

Ø  Hot DOGs are thought to be in a critical, probably short-lived phase of its evolution, 
before expelling their dusty cocoon and becoming optical QSOs. 


