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Hot DOGs and the Search for the 
Most Luminous Galaxies
• One of WISE main goals was to identify the most luminous IR 

galaxies in the Universe. 

• AllWISE catalog has >700M sources, so very stringent 
selection is needed
• We know we are looking for very red objects

• Solution: Require no detection in W1*, and very red W2-W3 
or W2-W4 colors.
• Exact selection in Eisenhardt et al. (2012)

• Total: 30 per sq. degree
• 1000 over the whole extragalactic sky
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Hot DOGs are Hyper-Luminous and at High-z

Almost all have LBol > 1013 L⊙
Since IR dominates, almost all 
qualify as HyLIRGs

10% have LBol > 1014 L⊙
Nicknamed ELIRGs by Tsai et al. 
(2015)

No lensing

All measurements have 
Herschel follow-up

All lower bounds lack far-IR 
follow-up
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Tsai et al. (2015, ApJ, 805, 90)
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First object studied in 

detail (Eisenhardt et al. 
2012, 755, 173)

Best fit SED model 

has 

• AGN with  A
V

~ 50 

mag

• Starburst with ~300 

M
sun

/yr SFR

• LBol = 9 x 1013 L⊙
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Adapted from Eisenhardt et al.(2012)
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Remarkably Similar SEDs

Tsai et al. (2015, ApJ, 805, 90)
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Hot DOGs and Host Galaxies

• Very luminous AGN, in ”not so” massive galaxies

• Somewhere between two limits (Assef et al. 2015) 
a) Very massive SMBHs  for their hosts

b) Very high Eddington ratios

• Regardless of which, these objects may be great pleases on 
which to observe feedback in progress
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Broad H! profiles – Black Hole Masses?

W1136+4236 W2136-1631
MOSFIRE MOSFIRE
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Broad H! profiles – Black Hole Masses?

W1136+4236 W2136-1631
MOSFIRE MOSFIREW2216+0723

Flamingos-2
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Fig. 3.— Black hole masses and Eddington ratios for the five Hot
DOGs reported in this paper, compared to typical values for z ⇠ 2
SMGs (Alexander et al. 2008), DOGs (Melbourne et al. 2011), and
quasars (Shen et al. 2011, Banerji et al. 2012, 2015). Note that the
Eddington ratios of Hot DOGs are likely 20% (0.08 dex) higher in
general due to our conservative method in calculating bolometric
luminosities. The uncertainties of Hot DOGs shown in the figure
only consider the measurement errors from the FWHM and the
AGN luminosity. An additional error of 0.16 dex on BH mass and
0.18 dex on Eddington ratio should be added if the systematic
errors from the f factor and the R� L relations are considered.

be very e�cient in selecting red quasars (e.g., Banerji
et al. 2013, 2015, Ross et al. 2015, Hamann et al.
2017). These red quasars normally have moderate ex-
tinctions (E(B � V ) < 1.5). We adopt the luminosi-
ties and Eddington ratios from the red quasar sample
of Banerji et al. (2012, 2015), the largest red quasar
sample (AV ⇠ 2� 6) at z ⇠ 2 that has BH masses mea-
sured using broad Balmer lines. Like Shen et al. (2011),
Banerji et al. scaled Type-1 AGN templates using UV
continuum measurements to derive bolometric luminos-
ity, but they have corrected the 5100Å luminosity using
the obscuration derived from SED fitting.
In Figure 3, we compare the BH masses and Eddington

ratios of Hot DOGs to two DOGs, quasars with moder-
ate obscuration, and Type-1 quasars. A median value
is given for each category of quasar. We also mark the
likely ranges of BH masses and Eddington ratios for gen-
eral SMGs reported in Alexander et al. (2008). The Hot
DOGs and comparison samples in Figure 3 have red-
shifts z ⇠ 2, and BH mass measurements obtained from
broad Balmer lines, except for the Type-1 SDSS quasars
from Shen et al. (2011). Figure 3 shows that the Hot
DOGs reported here have higher BH masses than general
SMGs or DOGs, based on the limited information avail-
able, and are comparable to quasars. The Hot DOGs
show systematically higher Eddington ratios than other
populations at z ⇠ 2, with values close to unity. Our
pilot project supports the idea that Hot DOGs are a
transitional, high accreting phase between obscured and
unobscured quasars.

5.2. Biases due to source selection and line fitting

5.2.1. Possible selection e↵ects for the pilot sample

Our pilot project to calculate BH masses and Edding-
ton ratios is based on five Hot DOGs. We did not impose
any selection criteria apart from redshift, but the small

Fig. 4.— The distribution of redshifts and luminosities of the
five Hot DOGs reported in this paper (red stars), compared to
the sample of Hot DOGs with Herschel measurements (black dots)
presented in Figure 1 of Tsai et al. (2015).

sample size raises the question of how well they represent
the BH masses and Eddington ratios for the whole Hot
DOG population.
In Figure 4 we compare the distribution of redshifts

and luminosities of the five Hot DOGs in this paper to
all Hot DOGs with redshifts and Herschelmeasurements.
Their luminosities are near or somewhat below the me-
dian values of Hot DOGs at similar redshifts, and are
lower than most Hot DOGs. Hence the Eddington ratios
of these five Hot DOGs may be somewhat lower than for
typical Hot DOGs with similar BH masses, and it is un-
likely there is a selection bias for a high-Eddington ratio
subsample because of higher luminosity.
Compared with the obscuration values reported in As-

sef et al. (2015), two of the five targets are close to the
lower limit of extinction values, two are close to the me-
dian value, and one is close to the upper limit. Overall,
there is no obvious bias in extinction.
Although we did not select targets to have broad UV

lines, two (W0904+3947 and W1136+4236) out of the
five targets do show broad rest-UV spectra features,
which may suggest the direct detection of the BLR in
the rest-UV. This 40% ratio is somewhat higher than
the 12%-16% fraction of Hot DOGs in general with broad
rest-UV lines (Eisenhardt et al. in prep). The relation-
ship between the detection of BLR in rest-optical and
rest-UV bands is not clear, but if we assume a higher
chance of detecting broad H↵ for sources with broad
rest-UV lines, our pilot sample may be biased against
Hot DOGs with narrower or less obvious broad UV-lines.
But for a fixed AGN continuum, this means a bias against
smaller FWHMs, lower BH masses, and higher Edding-
ton ratios.
In summary, the possible selection e↵ect of the five Hot

DOGs in this paper, including luminosities, obscurations,
and existing rest-UV spectra, either have little influence,
or suggest even higher Eddington ratios for typical Hot
DOGs. These considerations are unlikely to change our
conclusion that Hot DOGs represent a high-Eddington
ratio population.

5.2.2. Influence of di↵erent line fitting approaches

The SNR of our five spectra vary significantly. Our
line fitting strategy of using a consistent multi-Gaussian
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Extended [C ii] Emission in Local LIRGs 3

Fig. 2.— Left: Continuum-subtracted spectral profile of [C ii] line emission extracted from the ALMA image within a 1′′-diameter circular
aperture centered on W2246-0526 (red solid line), with a Gaussian fit shown by the dashed blue line. The red wing of the line lies partially
outside of the observed spectral window (see text for details). Middle and Right: Spectra of the NW and SE components, respectively. The
spectrum of the NW component was extracted with a rectangular aperture of 0.75′′ × 0.5′′ and that of the SE component with a circular
aperture of diameter 1′′.

ies most of the [C ii] emission arises from dense PDRs
close to massive stars, with a possible important contri-
bution from low-density, warm ionized gas heated by the
dissipation of turbulent energy in shocks (Appleton et al.
2013). In addition, although AGN emission is not ex-
pected to power [C ii] (Langer & Pineda 2015), AGN-
driven outflows are sometimes able to inject enough en-
ergy into the ISM to enhance the [C ii] emission and
drastically affect the kinematics of the gas in the host
galaxy (Guillard et al. 2015) (see section 4.3).
In order to study the underlying emission from the

host galaxy in W2246-0526, we used the clean beam of
the observations to subtract an unresolved central com-
ponent from both the [C ii] and dust continuum images.
This provides the first insight into the spatial distribution
of ionized gas in the host galaxy of an hyper-luminous
AGN (see Figure 4). The beam was scaled to minimize
the dispersion in the central 0.5′′ region of the residual
map, which required scaling factors of 79% and 89% of
the peak flux in the line and continuum, respectively.
Within a 2′′-diameter aperture, the subtracted images
retain 67% and 28% of the total luminosity in [C ii] and
the continuum respectively. Thus, most of the [C ii], and
around a quarter of the dust continuum emission origi-
nates several kpc away from the AGN. The residual ex-
tended emission structure is oriented consistently with
the mild velocity gradient discussed in section 4.2, and
with a surface brightness that varies by as much as a
factor of three across the galaxy. Figure 4 also shows
a resolved map of the [C ii] equivalent width from the
underlying host galaxy of W2246-0526. The values are
very uniform, between ∼ 1–2µm, similar to those found
in local IR-luminous galaxies (Dı́az-Santos et al. 2013),
consistent with the host being an actively star-forming
galaxy.

4. DISCUSSION

4.1. The [C ii]/FIR Deficit

The [C ii]/FIR emission ratio provides insight into the
physical state of the ISM in galaxies. In star-forming
galaxies, this ratio is sensitive to the average intensity
of the ionizing radiation field (Kaufman et al. 1999),
with pure star-forming systems having values an order
of magnitude greater than AGN hosts (Dı́az-Santos et al.

2013). The [C ii]/FIR ratio is reduced in the nuclei of
galaxies, in compact starbursts, and in general in re-
gions with greater luminosity surface densities, regardless
of the presecence of an AGN (Dı́az-Santos et al. 2014).
However, note that all galaxies harboring deeply ob-
scured AGN, like W2246-0526, show [C ii]/FIR ratios
less than ∼ 10−3 (Stacey et al. 2010; Wagg et al. 2010;
Dı́az-Santos et al. 2013; Carilli & Walter 2013).
The total [C ii] luminosity of W2246-0526 is

L[C II] =6.1 (± 0.4)× 109 L⊙, and a multi-wavelength fit
to its integrated SED yields a conservative estimate of
its IR luminosities LIR[8−1000µm] =2.2 (± 0.4)× 1014 L⊙,
and LFIR[42−122µm] =3.5 (± 0.4)× 1013 L⊙

3. This re-
sults in an integrated [C ii]/FIR ratio of ∼ 2 × 10−4,
which is likely an upper limit to the nuclear value since
the [C ii] emission is twice as extended as the dust con-
tinuum (section 3). Nevertheless, this ratio is still only
matched in the most obscured nuclei of local dusty IR-
luminous systems, like Mrk 231, the classical nearby
archetype of a dust-enshrouded AGN (see Figure 5). Yet,
the [C ii] luminosity of W2246-0526 is ∼ 7 times greater
than that of Mrk 231, and the velocity dispersion is ∼ 2
times larger, implying a much more massive and turbu-
lent environment.

4.2. The Strikingly Uniform Velocity Disperision of
W2246-0526

The spatially resolved velocity field of the [C ii] line
is shown in Figure 3 (top). The complex iso-velocity
contours indicate that the galaxy is neither dynamically
relaxed nor is there a cool disk present. There is a strik-
ingly uniform, broad velocity dispersion with FWHM
≃ 500 − 600 km s−1 (σ ∼ 210 − 250 km s−1) across
the entire [C ii] emitting region, coupled with a modest
shear, consistent with bulk rotation on several-kpc scales
with a maximum projected line-of-sight velocity of only
∼ 150 km s−1 (Figure 3, bottom and middle panels re-
spectively). In fact, following De Breuck et al. (2014),
we calculated that rotational shear can contaminate the

3 These luminosities were obtained by interpolating between the
photometric data points using power laws and integrating under
the curve. The resulting values are thus likely slightly underesti-
mated. See Eisenhardt et al. (2012) and Tsai et al. (2015) for more
details.

FWHM: 600 km/s

Tanio Diaz-Santos
Postdoc @ UDP

Are AGN Special? Durham, 2018 Roberto J. Assef - UDP 11

W2246-0526
z=4.601, LIR=2 x 1014 Lsun

Diaz-Santos et al. (2016, ApJL, 816, 6)



Extended [C ii] Emission in Local LIRGs 3

Fig. 2.— Left: Continuum-subtracted spectral profile of [C ii] line emission extracted from the ALMA image within a 1′′-diameter circular
aperture centered on W2246-0526 (red solid line), with a Gaussian fit shown by the dashed blue line. The red wing of the line lies partially
outside of the observed spectral window (see text for details). Middle and Right: Spectra of the NW and SE components, respectively. The
spectrum of the NW component was extracted with a rectangular aperture of 0.75′′ × 0.5′′ and that of the SE component with a circular
aperture of diameter 1′′.

ies most of the [C ii] emission arises from dense PDRs
close to massive stars, with a possible important contri-
bution from low-density, warm ionized gas heated by the
dissipation of turbulent energy in shocks (Appleton et al.
2013). In addition, although AGN emission is not ex-
pected to power [C ii] (Langer & Pineda 2015), AGN-
driven outflows are sometimes able to inject enough en-
ergy into the ISM to enhance the [C ii] emission and
drastically affect the kinematics of the gas in the host
galaxy (Guillard et al. 2015) (see section 4.3).
In order to study the underlying emission from the

host galaxy in W2246-0526, we used the clean beam of
the observations to subtract an unresolved central com-
ponent from both the [C ii] and dust continuum images.
This provides the first insight into the spatial distribution
of ionized gas in the host galaxy of an hyper-luminous
AGN (see Figure 4). The beam was scaled to minimize
the dispersion in the central 0.5′′ region of the residual
map, which required scaling factors of 79% and 89% of
the peak flux in the line and continuum, respectively.
Within a 2′′-diameter aperture, the subtracted images
retain 67% and 28% of the total luminosity in [C ii] and
the continuum respectively. Thus, most of the [C ii], and
around a quarter of the dust continuum emission origi-
nates several kpc away from the AGN. The residual ex-
tended emission structure is oriented consistently with
the mild velocity gradient discussed in section 4.2, and
with a surface brightness that varies by as much as a
factor of three across the galaxy. Figure 4 also shows
a resolved map of the [C ii] equivalent width from the
underlying host galaxy of W2246-0526. The values are
very uniform, between ∼ 1–2µm, similar to those found
in local IR-luminous galaxies (Dı́az-Santos et al. 2013),
consistent with the host being an actively star-forming
galaxy.

4. DISCUSSION

4.1. The [C ii]/FIR Deficit

The [C ii]/FIR emission ratio provides insight into the
physical state of the ISM in galaxies. In star-forming
galaxies, this ratio is sensitive to the average intensity
of the ionizing radiation field (Kaufman et al. 1999),
with pure star-forming systems having values an order
of magnitude greater than AGN hosts (Dı́az-Santos et al.

2013). The [C ii]/FIR ratio is reduced in the nuclei of
galaxies, in compact starbursts, and in general in re-
gions with greater luminosity surface densities, regardless
of the presecence of an AGN (Dı́az-Santos et al. 2014).
However, note that all galaxies harboring deeply ob-
scured AGN, like W2246-0526, show [C ii]/FIR ratios
less than ∼ 10−3 (Stacey et al. 2010; Wagg et al. 2010;
Dı́az-Santos et al. 2013; Carilli & Walter 2013).
The total [C ii] luminosity of W2246-0526 is

L[C II] =6.1 (± 0.4)× 109 L⊙, and a multi-wavelength fit
to its integrated SED yields a conservative estimate of
its IR luminosities LIR[8−1000µm] =2.2 (± 0.4)× 1014 L⊙,
and LFIR[42−122µm] =3.5 (± 0.4)× 1013 L⊙

3. This re-
sults in an integrated [C ii]/FIR ratio of ∼ 2 × 10−4,
which is likely an upper limit to the nuclear value since
the [C ii] emission is twice as extended as the dust con-
tinuum (section 3). Nevertheless, this ratio is still only
matched in the most obscured nuclei of local dusty IR-
luminous systems, like Mrk 231, the classical nearby
archetype of a dust-enshrouded AGN (see Figure 5). Yet,
the [C ii] luminosity of W2246-0526 is ∼ 7 times greater
than that of Mrk 231, and the velocity dispersion is ∼ 2
times larger, implying a much more massive and turbu-
lent environment.

4.2. The Strikingly Uniform Velocity Disperision of
W2246-0526

The spatially resolved velocity field of the [C ii] line
is shown in Figure 3 (top). The complex iso-velocity
contours indicate that the galaxy is neither dynamically
relaxed nor is there a cool disk present. There is a strik-
ingly uniform, broad velocity dispersion with FWHM
≃ 500 − 600 km s−1 (σ ∼ 210 − 250 km s−1) across
the entire [C ii] emitting region, coupled with a modest
shear, consistent with bulk rotation on several-kpc scales
with a maximum projected line-of-sight velocity of only
∼ 150 km s−1 (Figure 3, bottom and middle panels re-
spectively). In fact, following De Breuck et al. (2014),
we calculated that rotational shear can contaminate the

3 These luminosities were obtained by interpolating between the
photometric data points using power laws and integrating under
the curve. The resulting values are thus likely slightly underesti-
mated. See Eisenhardt et al. (2012) and Tsai et al. (2015) for more
details.
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Fig. 3.— Moment maps of the central region of W2246-0526
where the [C ii] S/N≥ 3: total intensity (top), projected veloc-
ity field (middle), and velocity dispersion (bottom). The con-
tours in the top panel are [4,10,20,30]×σ; in the middle panel
are [–200,–100,0,50,100] km s−1; and in the bottom panel are
[400,500,600] km s−1. The clean beam is shown at the bottom-left
corner of the images. The range of the projected radial velocity
across the galaxy is modest, ∼ 150 km s−1; a few hot-spots have
velocities up to +/ 200 km s−1 with respect to the dynamical cen-
ter of the system, defined by the [C ii] peak. The resolved velocity
dispersion is remarkably large and uniform across the whole sys-
tem, with FWHM ∼ 500− 600 km s−1 even at kpc distances from
the SMBH.

Fig. 4.— Residual underlying [C ii] line (top) and dust continuum
emission (middle) in W2246-0526 after subtracting a central point
source (see section 3) where emission is detected with a S/N≥ 3.
The clean beam is shown at the bottom-left corner of the images.
Both images display extended structure well aligned with the veloc-
ity gradient seen in Figure 3 (middle). The percentage of resolved
emission in each image is 67% and 28% in [C ii] and dust con-
tinuum emission respectively. The bottom panel shows the [C ii]
equivalent width in the underlying host galaxy, as measured using
the point-source-subtracted images. Values range between ∼ 1–2.

velocity dispersion by only < 10%. A few spots show
peak radial velocities of up to ± 200 km s−1 with respect



Extended [C ii] Emission in Local LIRGs 3

Fig. 2.— Left: Continuum-subtracted spectral profile of [C ii] line emission extracted from the ALMA image within a 1′′-diameter circular
aperture centered on W2246-0526 (red solid line), with a Gaussian fit shown by the dashed blue line. The red wing of the line lies partially
outside of the observed spectral window (see text for details). Middle and Right: Spectra of the NW and SE components, respectively. The
spectrum of the NW component was extracted with a rectangular aperture of 0.75′′ × 0.5′′ and that of the SE component with a circular
aperture of diameter 1′′.

ies most of the [C ii] emission arises from dense PDRs
close to massive stars, with a possible important contri-
bution from low-density, warm ionized gas heated by the
dissipation of turbulent energy in shocks (Appleton et al.
2013). In addition, although AGN emission is not ex-
pected to power [C ii] (Langer & Pineda 2015), AGN-
driven outflows are sometimes able to inject enough en-
ergy into the ISM to enhance the [C ii] emission and
drastically affect the kinematics of the gas in the host
galaxy (Guillard et al. 2015) (see section 4.3).
In order to study the underlying emission from the

host galaxy in W2246-0526, we used the clean beam of
the observations to subtract an unresolved central com-
ponent from both the [C ii] and dust continuum images.
This provides the first insight into the spatial distribution
of ionized gas in the host galaxy of an hyper-luminous
AGN (see Figure 4). The beam was scaled to minimize
the dispersion in the central 0.5′′ region of the residual
map, which required scaling factors of 79% and 89% of
the peak flux in the line and continuum, respectively.
Within a 2′′-diameter aperture, the subtracted images
retain 67% and 28% of the total luminosity in [C ii] and
the continuum respectively. Thus, most of the [C ii], and
around a quarter of the dust continuum emission origi-
nates several kpc away from the AGN. The residual ex-
tended emission structure is oriented consistently with
the mild velocity gradient discussed in section 4.2, and
with a surface brightness that varies by as much as a
factor of three across the galaxy. Figure 4 also shows
a resolved map of the [C ii] equivalent width from the
underlying host galaxy of W2246-0526. The values are
very uniform, between ∼ 1–2µm, similar to those found
in local IR-luminous galaxies (Dı́az-Santos et al. 2013),
consistent with the host being an actively star-forming
galaxy.

4. DISCUSSION

4.1. The [C ii]/FIR Deficit

The [C ii]/FIR emission ratio provides insight into the
physical state of the ISM in galaxies. In star-forming
galaxies, this ratio is sensitive to the average intensity
of the ionizing radiation field (Kaufman et al. 1999),
with pure star-forming systems having values an order
of magnitude greater than AGN hosts (Dı́az-Santos et al.

2013). The [C ii]/FIR ratio is reduced in the nuclei of
galaxies, in compact starbursts, and in general in re-
gions with greater luminosity surface densities, regardless
of the presecence of an AGN (Dı́az-Santos et al. 2014).
However, note that all galaxies harboring deeply ob-
scured AGN, like W2246-0526, show [C ii]/FIR ratios
less than ∼ 10−3 (Stacey et al. 2010; Wagg et al. 2010;
Dı́az-Santos et al. 2013; Carilli & Walter 2013).
The total [C ii] luminosity of W2246-0526 is

L[C II] =6.1 (± 0.4)× 109 L⊙, and a multi-wavelength fit
to its integrated SED yields a conservative estimate of
its IR luminosities LIR[8−1000µm] =2.2 (± 0.4)× 1014 L⊙,
and LFIR[42−122µm] =3.5 (± 0.4)× 1013 L⊙

3. This re-
sults in an integrated [C ii]/FIR ratio of ∼ 2 × 10−4,
which is likely an upper limit to the nuclear value since
the [C ii] emission is twice as extended as the dust con-
tinuum (section 3). Nevertheless, this ratio is still only
matched in the most obscured nuclei of local dusty IR-
luminous systems, like Mrk 231, the classical nearby
archetype of a dust-enshrouded AGN (see Figure 5). Yet,
the [C ii] luminosity of W2246-0526 is ∼ 7 times greater
than that of Mrk 231, and the velocity dispersion is ∼ 2
times larger, implying a much more massive and turbu-
lent environment.

4.2. The Strikingly Uniform Velocity Disperision of
W2246-0526

The spatially resolved velocity field of the [C ii] line
is shown in Figure 3 (top). The complex iso-velocity
contours indicate that the galaxy is neither dynamically
relaxed nor is there a cool disk present. There is a strik-
ingly uniform, broad velocity dispersion with FWHM
≃ 500 − 600 km s−1 (σ ∼ 210 − 250 km s−1) across
the entire [C ii] emitting region, coupled with a modest
shear, consistent with bulk rotation on several-kpc scales
with a maximum projected line-of-sight velocity of only
∼ 150 km s−1 (Figure 3, bottom and middle panels re-
spectively). In fact, following De Breuck et al. (2014),
we calculated that rotational shear can contaminate the

3 These luminosities were obtained by interpolating between the
photometric data points using power laws and integrating under
the curve. The resulting values are thus likely slightly underesti-
mated. See Eisenhardt et al. (2012) and Tsai et al. (2015) for more
details.
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Fig. 3.— Moment maps of the central region of W2246-0526
where the [C ii] S/N≥ 3: total intensity (top), projected veloc-
ity field (middle), and velocity dispersion (bottom). The con-
tours in the top panel are [4,10,20,30]×σ; in the middle panel
are [–200,–100,0,50,100] km s−1; and in the bottom panel are
[400,500,600] km s−1. The clean beam is shown at the bottom-left
corner of the images. The range of the projected radial velocity
across the galaxy is modest, ∼ 150 km s−1; a few hot-spots have
velocities up to +/ 200 km s−1 with respect to the dynamical cen-
ter of the system, defined by the [C ii] peak. The resolved velocity
dispersion is remarkably large and uniform across the whole sys-
tem, with FWHM ∼ 500− 600 km s−1 even at kpc distances from
the SMBH.

Fig. 4.— Residual underlying [C ii] line (top) and dust continuum
emission (middle) in W2246-0526 after subtracting a central point
source (see section 3) where emission is detected with a S/N≥ 3.
The clean beam is shown at the bottom-left corner of the images.
Both images display extended structure well aligned with the veloc-
ity gradient seen in Figure 3 (middle). The percentage of resolved
emission in each image is 67% and 28% in [C ii] and dust con-
tinuum emission respectively. The bottom panel shows the [C ii]
equivalent width in the underlying host galaxy, as measured using
the point-source-subtracted images. Values range between ∼ 1–2.

velocity dispersion by only < 10%. A few spots show
peak radial velocities of up to ± 200 km s−1 with respect
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emission in each image is 67% and 28% in [C ii] and dust con-
tinuum emission respectively. The bottom panel shows the [C ii]
equivalent width in the underlying host galaxy, as measured using
the point-source-subtracted images. Values range between ∼ 1–2.

velocity dispersion by only < 10%. A few spots show
peak radial velocities of up to ± 200 km s−1 with respect
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Figure	 1:	 ALMA	212μm	 continuum	emission	 of	 the	W2246–0526	merger	 system.	The	 angular	
resolution	 (beam	 size	 FWHM)	 of	 the	 observations	 is	 0.53”	 ×	 0.45”,	 or	 ~	 3.5	 ×	 3.0	 kpc	 at	 the	
redshift	 of	 W2246–0526,	 and	 it	 is	 shown	 at	 the	 bottom	 left.	 The	 relative	 velocities	 of	 three	
companion	 galaxies	 (C1,	 C2,	 C3)	 and	 the	 redshift	 of	W2246–0526	 are	measured	 via	 the	 [CII]	
emission	 line	(18),	 and	suggest	 that	W2246–0526	and	 its	 companions	could	be	gravitationally	
bound.	A	 stream	of	dusty	material	 resembling	a	 tidal	 tail	 connects	W2246–0526	with	C2,	 and	
bridges	join	it	with	C1	and	C3.	Three	sources	with	unknown	redshifts	(U1,	U2	and	U3),	and	the	
knot	K1,	~	1.5”	northwest	of	C2,	are	also	detected	 in	the	HST	image	(Figure	2).	Solid	contours	
represent	 levels	 of	 [2,	 2.5,	 3,	 4,	 5,	 7.5,	 10,	 15]	 ×	 σ,	 where	 σ	 is	 the	 measured	 r.m.s.	 of	 the	
background.	Dotted	contours	 indicate	 [-2.5,	 -3]	×	σ	negative	 flux.	Note	 that	while	 isolated	+2σ	
detections	of	unresolved	emission	are	probably	spurious,	like	for	instance	the	sources	appearing	
at	the	top	left,	the	extended	emission	detected	at	this	level	in	and	around	W2246–0526	and	its	
companion	galaxies	is	likely	significant.	
	 	

W2246 Dust Continuum 
Diaz-Santos et al. (2018, submitted)
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Assef et al. (in prep), 
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Are Hot DOGs Special?
• They are rare, but not that much
• As common as type 1 QSOs  of the same luminosity (Assef et al. 2015) 
• As common as red quasars at the same luminosity (Banerji et al. 2015)

• They seem to be affecting the galaxy around them
• Outflows observed

• Some of them display merger signs
• Although maybe only visible in the IR? 
• Farrah et al. (2017) found in the optical they do not have a higher than 

expected merger fraction. Although see Fan et al. (2016)

• Hot DOGs and ERQs may be related populations
• Maybe different stages of a same event? 
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