
The most obscured and 
unobscured quasars

Hyunsung Jun (KIAS)

2019년	 2월	 22일	 금요일



AGN science using surveys

N=526,356 spectroscopically confirmed quasars in SDSS 
(DR14, Pâris et al. 2017), N=4,543,530 (R90), 20,907,127 (C75) 
WISE 3.4-4.6um color selected (Assef et al. 2018)Isabelle Pâris et al.: The Sloan Digital Sky Survey Quasar Catalog: Fourteenth Data Release

Fig. 7. Density map of the DR14Q quasars in the L− z plane. The color
map indicates the number of DR14Q quasars in bins of ∆z = 0.1 and
∆Mi [z = 2] = 0.1. Colored contours correspond to the envelope in the
L−z plane for each iteration of SDSS. The absolute magnitudes assume
H0 = 70 km s−1 Mpc−1 and the K-correction is given by Richards et al.
(2006), who define K (z = 2) = 0.

match. A total of 8 655 quasars are detected in one of the RASS
catalogs. As for the cross-correlations described above, we esti-
mate that 2.1% of the RASS-DR14Q matches are due to chance
superposition.

7.7. XMM-Newton

DR14Q was cross-correlated with the seventh data release of
the Third XMM-Newton Serendipitous Source Catalog (Rosen
et al. 2016)7 (3XMM-DR7) using a standard 5.0�� matching ra-
dius. For each of the 14 736 DR14Q quasars with XMM-Newton
counterparts, we report the soft (0.2–2 keV), hard (4.5–12 keV)
and total (0.2–12 keV) fluxes, and associated errors, that were
computed as the weighted average of all the detections in the
three XMM-Newton cameras (MOS1, MOS2, PN). Correspond-
ing observed X-ray luminosities are computed in each band and
are not absorption corrected. All fluxes and errors are expressed
in erg cm−2 s−1 and luminosities are computed using the redshift
value Z from the present catalog.

8. Description of the DR14Q catalog

The DR14Q catalog is publicly available on the SDSS public
website8 as a binary FITS table file. All the required documen-
tation (format, name, unit for each column) is provided in the
FITS header. It is also summarized in Table 5.

Notes on the catalog columns:
1. The DR14 object designation, given by the format
SDSS Jhhmmss.ss+ddmmss.s; only the final 18 characters are
listed in the catalog (i.e., the character string "SDSS J" is
dropped). The coordinates in the object name follow IAU con-
vention and are truncated, not rounded.
7 http://xmmssc.irap.omp.eu/Catalogue/3XMM-
DR7/3XMM_DR7.html
8 http://www.sdss.org/dr14/algorithms/qso_catalog

2-3. The J2000 coordinates (Right Ascension and Declination) in
decimal degrees. The astrometry is from SDSS-DR14 (Abolfathi
et al. 2017).
4. The 64-bit integer that uniquely describes the objects that
are listed in the SDSS (photometric and spectroscopic) catalogs
(THING_ID).
5-7. Information about the spectroscopic observation (Spectro-
scopic plate number, Modified Julian Date, and spectroscopic
fiber number) used to determine the characteristics of the spec-
trum. These three numbers are unique for each spectrum, and
can be used to retrieve the digital spectra from the public SDSS
database. When an object has been observed more than once,
we selected the best quality spectrum as defined by the SDSS
pipeline (Bolton et al. 2012), i.e. with SPECPRIMARY = 1.
8. DR14Q compiles all spectroscopic observations of quasars,
including SDSS-I/II spectra taken with a different spectrograph.
For spectra taken with the SDSS spectrographs, i.e. spectra re-
leased prior to SDSS-DR8 (Aihara et al. 2011), SPECTRO is set to
”SDSS”. For spectra taken with the BOSS spectrographs (Smee
et al. 2013), SPECTRO is set to ”BOSS”.
9-11. Quasar redshift (col. #9) and associated error (col. #10).
This redshift estimate is the most robust for quasar cataloging
purposes and it is used as a prior for refined redshift measure-
ments. Values reported in col. #9 are from different sources: the
outcome of the automated procedure described in Section 3.2,
visual inspection or the BOSS pipeline (Bolton et al. 2012). The
origin of the redshift value is given in col. #11 (AUTO, VI and
PIPE respectively).
12. Redshift from the visual inspection, Z_VI, when available.
All SDSS-I/II/III quasars have been visually inspected. About
7% of SDSS-IV quasars have been through this process (see Sec-
tion 3.2 for more details).
13-15. Redshift (Z_PIPE, col. #13), associated error
(Z_PIPE_ERR, col. #14) and quality flag (ZWARNING, col.
#15) from the BOSS pipeline (Bolton et al. 2012). ZWARN-
ING > 0 indicates uncertain results in the redshift-fitting
code.
16-17. Automatic redshift estimate (Z_PCA, col. #16) and asso-
ciated error (Z_PCA_ERR, col. #17) using a linear combination
of four principal components (see Section 4 for details). When
the velocity difference between the automatic PCA and visual in-
spection redshift estimates is larger than 5 000 km s−1, this PCA
redshift and error are set to −1.
18. Redshifts measured from the Mg ii emission line from a lin-
ear combination of five principal components (see Pâris et al.
2012). The line redshift is estimated using the position of the
maximum of each emission line, contrary to Z_PCA (column
#16) which is a global estimate using all the information avail-
able in a given spectrum.
19-24. The main target selection information for SDSS-
III/BOSS quasars is tracked with the BOSS_TARGET1 flag bits
(col #19; see Table 2 in Ross et al. 2012, for a full descrip-
tion). SDSS-III ancillary program target selection is tracked with
the ANCILLARY_TARGET1 (col. #20) and ANCILLARY_TARGET2
(col. #21) flag bits. The bit values and the corresponding pro-
gram names are listed in Dawson et al. (2013), and Alam
et al. (2015). Target selection information for the SDSS-IV pi-
lot survey (SEQUELS; Dawson et al. 2016; Myers et al. 2015)
is tracked with the EBOSS_TARGET0 flag bits (col. #22). Fi-
nally, target selection information for SDSS-IV/eBOSS, SDSS-
IV/TDSS and SDSS-IV/SPIDERS quasars is tracked with the
EBOSS_TARGET1 and EBOSS_TARGET2 flag bits. All the target
selection bits, program names and associated references are sum-
marized in Table 1.
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Geometry: AGN unification

Type 1/2 AGN could be divided 
upon different orientation of the 
observer to the obscuring torus

Urry & Padovani 1995 : 
Unified model of AGN

pages.astronomy.ua.edu/keel/
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Challenges: dust-poor AGN
3/21 (15%) z~6 quasars found 
to be hot dust-poor

233/40805 (0.6%) z=0-5

Jiang et al. 2010 Jun & Im 2013
wavelength

flux
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Challenges: dust-poor AGN
More dust-poor AGN at higher luminosity : geometry 
(receding dust torus, Lawrence 1991)

More dust-poor AGN at higher redshift : evolution (less 
dust in host galaxy, or merger driven mechanism)

Jun & Im 2013

dust-poor 
fraction
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Challenges: dust-poor AGN

More dust-poor AGN at higher accretion rate : could be 
explained by either face-on geometry, or intrinsically 
narrower broad line widths (from rest-UV observations)

Jun et al. 2015Jun & Im 2013

broad 
line 
width

2019년	 2월	 22일	 금요일



Evolution: AGN feeding/feedback

Treister et al. 
2012

luminosity

merger 
fraction

Hopkins et al. 
2005

Merger driven AGN activity will power 
luminous, obscured quasars, when they 
will heat/push surrounding gas/dust
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Hot Dust-Obscured galaxies

wavelength

flux

Vernet et al. 2011
2.3um0.3um

W1W2 dropouts (Eisenhardt+2012), 
or Hot dust-obscured galaxies (Hot 
DOGs): z~2-3, extremely red, 
luminous AGN, L(IR)~10^(13-14) L⦿ VLT X-shooter 

observations (2015A)
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distance from the center as ( )f f ed n
d D , where fn is an

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

about two orders of magnitude smaller flux at the edge of
thebicone structure than the flux at the nucleus, which
corresponds to 5 in our models. For comparison, we
also use the case of a constant flux along the cone (i.e., τ=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 profiles 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 defined by an inner half-opening angle. The radial profiles of velocity and flux 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-fixed 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.

3
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Bae et al. 
2016

redshifted, 
obscured

blueshifted, 
unobscured

Broad and blueshifted [OIII]
λ5007 profiles, modeled as 
biconical outward motions

Often extends over kpc scales, 
sign of radiative feedback from 
the AGN

Ionized gas outflows

Liu et al. 
2014
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Model fits reveal 8/9 
[OIII]λ5007 profiles 
with σ>400km/s 

Consistent with higher 
outflow fraction at 
high-L AGN (e.g, 
Rakshit et al. 2018)

Mass outflow rate 
greater than star 
formation rate

S/N<5

S/N<3

S/N<5

Ionized gas outflows

Jun et al. in prep
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SPHEREx: R~40 spectroscopy of millions of AGN (big data)

Selection of dust-poor/obscured AGN, feeding environment, 
feedback in quasar mode (synergy with simulations)

AGN science from upcoming 
surveys

spherex.caltech.edu
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LSST: Long term, faint changes in spectroscopic appearance 
(e.g., changing look quasars), unusual light curves (e.g., 
periodic quasars, flaring AGN, tidal disruption events)

LaMassa et al. 2015 Graham et al. 2015

AGN science from upcoming 
surveys
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Summary

With large area, multi-wavelength surveys we can 
select the most obscured and unobscured AGN - 
placing evolutionary constraints in addition to the 
simplest geometric explanation

Upcoming surveys will provide large number of 
infrared, time-domain information (observation) and 
mock galaxies with gas physics (simulation)
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