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SMBHs and AGNs

Supermassive black hole 
(SMBH) : center of stellar 
systems and galaxies

NASA/ESA and A. Feild (STScI)

Active Galactic Nuclei (AGN) : 
Galaxy centers where SMBH is 
accreting matter and shining
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AGN feedback

Quasar mode : accretion onto 
the SMBH produces radiative 
feedback 

Radio mode : accelerated jet 
produces kinetic feedback 

AGN feedback heats up and 
pushes away surrounding gas/
dust

NASA / SOFIA / Lynette Cook

NASA/Dana Berry, SkyWorks Digital

Accretion 
disk

Jet
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AGN feedback

Croton+2006

AGN feedback makes colors redder

AGN feedback reduces number of 
massive galaxies

color

mass

abs mag

number density
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Hopkins+2008

Starburst, 
AGN feeding AGN feedback
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Dust-obscured galaxies

Spitzer: Dey+2008
Dust-Obscured Galaxies

 z~2
composite SF and AGN
L(IR)~10^(12-13) L⦿

WISE: Eisenhardt+2012
W1W2 dropouts, or Hot DOGs,  

z~2-3
extremely red, luminous AGN

L(IR)~10^(13-14) L⦿

color

2018년	 11월	 6일	 화요일



Ionized gas outflows in Hot 
DOGs

distance from the center as ( )f f ed n
d D , where fn is an

arbitrary !ux value at the nucleus, and ! sets the shape of the
!ux pro"le. For example, if !!=!5, then the !ux at the end of
the cone (i.e., d!=!D) becomes 1/150 of the central value. We
use various !ux pro"les, using a range of ! values based on the
observations of local Seyfert galaxies (Fischer et al. 2013),
which showed the exponential decrease of the radial !ux
pro"les of (bi-)conical structures. For example, NGC 4051 has

about two orders of magnitude smaller !ux at the edge of
the!bicone structure than the !ux at the nucleus, which
corresponds to 5 in our models. For comparison, we
also use the case of a constant !ux along the cone (i.e., !!=!0).
Table 1 presents the summary of the model parameters.
Since the dust plane hides a part of the bicone, the relative

position of the dust plane with respect to the bicone can alter
the observed velocity pro"les integrated along the LOS. For

Figure 1. Dissection of the bicone combined with the thin dust plane (left), and examples of the different combinations of the bicone and dust-plane orientations
(right). The bicone consists of two identical cones whose apex is!located at the!nucleus, and the cones are axisymmetric with respect to the bicone axis. The bicone
extends with an outer half-opening angle and has an inner hollow region de"ned by an inner half-opening angle. The radial pro"les of velocity and !ux can be set
arbitrary (see the text for details). For a dust inclination of +60° (right panel), the approaching or the receding cone is obscured if the bicone inclination is +30° (top-
right) or !30° (bottom-right), respectively.

Figure 2. Rotational angles of (a) the bicone and (b) the dust plane in the body-"xed frame. The LOS is along the B2 (D2) axis when there is no rotation in the bicone
(dust plane). Both B3 and D2 are negligible due to the axisymmetric geometry of the bicone and the dust plane, respectively.
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redshifted, 
obscured

blueshifted, 
unobscured

Spatially extended, broad and 
blueshifted [OIII]λ5007 profiles, 
modeled as biconical outward 
motions

Jun+ in prep
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Observations

12 WISE Hot DOG 
spectra with 8m-10m 
telescopes

11/12 are luminous, 
obscured AGN with 
moderate SF

Model fits reveal 8/9 
[OIII]λ5007 profiles 
with σ>400km/s

S/N<5

S/N<3

S/N<5

Jun+ in prep
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Objective

Toba+2017

Most massive 
galaxy potential

Test if luminous AGN activity 
stops star formation in massive 
galaxies through radiative feedback
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