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AGN science using surveys

Discovery of quasars :  N=526,356 in SDSS DR14 
(Pâris et al. 2017), z=7.5 quasar (Banados et al. 2017)
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Figure 1. Photometry and combined Magellan/FIRE and Gemini/GNIRS near-infrared spectrum of the
quasar J1342+0928 at z = 7.54. The FIRE data were taken on 11–12 March 2017 for a total integration time of 3.5
hr. We used the 0.6�� slit in the echellete mode, yielding a spectral resolution of R ∼ 6000 over the range
0.8−2.3 µm. The GNIRS spectrum was obtained on 31 March 2017 and 03 April 2017 with a total exposure time
of 4.7 hr. We used the 0.675�� slit in the cross-dispersion mode, yielding a spectral resolution of R ∼ 1800 over the
range 0.8−2.5 µm. The spectra are shown at the GNIRS resolution binned by a factor of two. The 1σ error is
shown in gray and the orange line represents the best-fit power-law continuum emission with fλ ∝ λ−1.58±0.02.
Regions with low sky transparency between the J/H and H/Ks bands are not shown. The red circles show the
follow-up photometry taken with the Magellan/Fourstar infrared camera. The inset shows a Gaussian fit to the Mg II
line, from which we derive a black hole mass of 7.8×108

M⊙. The bottom panel shows the transmission of the
Fourstar J1, J, H, Ks (red), and the DECam zDE (blue) filters, while the top panel shows 10�� ×10�� postage stamps
of the quasar in the same filters with their respective AB magnitudes.
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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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AGN science using surveys
AGN properties :  BH properties (mass, luminosity,..), 
AGN structure (spectral type, SED,..), coevolution (M-
sigma, feeding/feedback,..)

Woo et al. 2013 Treister et al. 2012
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BH mass for AGN

Reverberation mapping : time-lag 
btw UV/optical continuum and 
broad line emission

Peterson 1993 Bentz et al. 2009
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r=r(L5100) 
σ=σ(Hβ)

reverberation 
mapping, r-L relation

Bentz et al. 2013
Greene & Ho 2005

Single epoch MBH of AGNs

BH mass for AGN
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Obscuring structure

Dust reverberation mapping : time-lag btw UV/optical 
continuum and near-IR continuum

Koshida et al. 2014
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Network telescopes

Haleakala 2m, 
Spectroscopy

Siding Spring 2m, 
Spectroscopy

DOAO, 
LOAO 1m 
imaging

CTIO 0.6m
imaging

UKIRT 4m 
Hawaii, IR 
imaging

*several 2m, 
1m, 0.4m 
LCOGT imaging
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Objectives

N~5-10, ~5yr continuum (B, V-band)/broad-line (H-
beta) monitoring of luminous AGN : broad-line region 
size estimates for big BHs, better mass estimation

N~5-10, 1~5yr continuum (B, V-band)/dust heated 
emission (K-band) monitoring of bright/faint AGN : 
dusty structure size estimates for big/small BHs, 
better understanding of AGN torus geometry

Collaborations btw institutes (KIAS, SNU, KASI, ..)
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Other time-domain topics

Change in spectral appearance : changing look quasar

Unusual light curves : periodic quasar

LaMassa et al. 2015 Graham et al. 2015

2018년	 1월	 16일	 화요일



Survey synergies

Large area, short-cadence 
imaging (e.g., LSST)

near-IR wavelengths 
(e.g., SPHEREx)
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Summary

AGN reverberation mapping as a survey - targeted 
science - survey synergy case

Utilizing shorter cadence, better accessibility to dig 
into variability, time-domain sciences
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