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ABSTRACT

We provide a catalog of 391 mid-infrared-selected (MIR,u24) broad-emission-line
(BEL, type 1) quasars in the 22 de@WIRE Lockman Hole field. This quasar sample is
selected in the MIR from Spitzer MIPS wit,4 > 400uJy, jointly with an optical magnitude
limit of r (AB) < 22.5 for broad line identification. The catalog is based on Mahd SDSS
spectroscopy to select BEL quasars, extends the SDSS gevertainter magnitudes and lower
redshifts, and recovers a more complete quasar populafiba.MIR-selected quasar sample
peaks arz ~1.4, and recovers a significant and constant (20%) fractiextended objects with
SDSS photometry across magnitudes, which was not includdgekiSDSS quasar survey dom-
inated by point sources. This sample also recovers a signtffgpopulation oz < 3 quasars at
i > 19.1. We then investigate the continuum luminosity and lindif@® of these MIR quasars,
and estimate their virial black hole masses and the Eddingtbos. The SMBH mass shows
evidence of downsizing, though the Eddington ratios remsaimstant at k z < 4. Compared
to point sources in the same redshift range, extended soatze: 1 show systematically lower
Eddington ratios. The catalog and spectra are publiclyiabai online.
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1. INTRODUCTION

The apparent connection between supermassive black IB¥BHs) and their host galaxies has been
explained by a variety of theories. In the merger driven maitie collision of dust-rich galaxies drives
gas inflows, fueling both starbursts and buried quasars$ feetiback disperses the gas and dust, allowing
the quasar to be briefly visible as a bright optical sourcg. (Banders et al. 1988; Hopkins etlal. 2006).
Instead of physical coupling between the BH and host galtbey,central-limit-theorem can be used to
explain the linear SMBH mass and bulge mass correlation éyhtbrarchical assembly of BH and stel-
lar mass|(Peng 200F7; Jahnke & Maccio 2011). Alternativiilg, cold flow model (e.d. Dekel etial. 2009;
Bournaud et al. 2011; Di Matteo et/al. 2012) introduces infitgrcosmological cold gas streams rather than
collisions to fuel the star formation and quasar, and betkgiains the clumpy disks observed for high-
z galaxies. Observationally, a SMBH-host connection is sujgol by the discovery of correlations of the
SMBH mass with bulge luminosity, mass, and velocity disipersespecially with bulges and ellipticals (e.g.
Kormendy & Richstone 1995; Ferrarese & Melritt 2000; Kormhe® Hal2013). However, despite tremen-
dous progress on the demographic studies of SMBHSs, whethsove the SMBH regulates the formation
and evolution of their hosts via the possible ‘feedback’cpss is still under debate. One sign of such
feedback may be the ongoing star formation observed for drsixies of active galactic nuclei (AGNS)
and quasars, and vice versa, starbursts are found to hast AGNs (Kauffmann et al. 2003; Shi et al.
2009; Dai et al. 2012). Based on the similar star formatide (8FR) observed for galaxies with and with-
out an active galactic nucleus (AGN), recent studies sugpas the SMBH-host correlation results from
the gas availability, instead of major interaction betw#sn SMBH growth and host star formation (e.qg.
Goulding et all 2014; Lilly et al. 2013). In this paper, we ggat a mid-infrared (MIR) selection to effec-
tively select guasar candidates with dusty nuclear maiaradisk/wind or torus geometry (elg. Elvis 2000;
Antonucdi 1993, ‘torus’ hereafter). This selection is tiekely unaffected by obscuration.

In the high redshift£ > 0.5) universe, it is hard to observe both broad-line (type Bsaus and their
host galaxies simultaneously. The quasar glare usualghmés the host galaxy at optical wavelengths,
and the host has a small angular size. In large optical ssnwbe focus has been on broad-emission-
line (BEL) quasars (e.g. Richards etlal. 2006a; Shen|et 411,2811), or ‘blue’ quasars, which are biased
towards optically-unobscured (Type 1) objects with lirdit@formation about the host galaxy. Studies
on the cosmic history of quasars show an evolution over ifgdsiwith a quasar peak appearing zat
1.5 (e.gl Hasinger et al. 2005; Silverman et al. 2008). Agérinfrared (IR) wavelengths, where thermal
emission from dust is dominant, quasars have charactepstver-law shaped MIR SEDs, and are selected
by different color wedges in the Spitzer IRAC (Fazio etlal.02Dand Wide-field Infrared Survey Explorer
(Wright et al./l 2010, WISE) bands (Lacy etlal. 2004; Sajind.eP805%; Stern et al. 2005; Stern etlal. 2012;
Donley et all 2012).

Recent surveys in the IR have detected optically obscuype @), dust-reddened quasars (e.g. Richards et al.
2003, 2009; Polletta et al. 2006; Glikman et al. 2012; | acy1€P013). These quasars are marked by hav-
ing reddened UV-optical SEDs resulting from dust absomtiat different redshift and luminosity ranges,
guasars are reported to have an obscuration fraction fr@mt@@ver 50%l(Lacy et al. 2002; Glikman et al.
2004,/ 2007} Urrutia et al. 2009; Juneau et al. 2013; Lacy/&2G@l3). In the merger-driven model, these
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guasars are in an early transitional phase, and are in tlhegg®f expelling their dusty environment before
becoming ‘normal’ blue quasars (type 1). This IR-luminolmge also evolves with time, and was more
common at higlz (e.g..Caputi et al. 2007; Serjeant et al. 2010). Opticalistudf quasar and host systems
are challenged by the high contrast between the bright {soinice quasar and starlight. Infrared-selected
guasars are good candidates to study the SMBH-host coangat they are not biased against dusty hosts.

In this paper, we present a catalog of 391 MIR-selected BEeavd in the~22 ded Lockman Hole
- Spitzer Wide-area InfraRed Extragalactic Survey (LH®IdF(SWIRE/ Lonsdale et al. 2003). As will be
pointed out ing2.8, since all of the objects have BEL features, and the ntyjalso qualify the classical
Seyfert / quasar luminosity separatidvig < —23), hereafter we will simply refer to these BEL objects as
guasars. Combining the mid-IR (MIR) 24m flux-limit and optical identification has been demonstiate
to be an effective way of selecting quasars (with a 13% detectte in Papovich et al. (2006)). This
MIR selection was designed to be biased towards dusty sgstehere ample hot dust exists in the nuclear
region with higher likelihood of tracing remnant or ongoistar formation (cool dust). The spectroscopic
sample used in this work comprises new observations takdmtixé Hectospec at the MMT of the wide-
angle SWIRE field and of a smaller MIPS GTO field, and specttained by the Sloan Digital Sky Survey
(SDSS) within the Lockman Hole footprint. We hope that tlasmple will provide a new test bed to study
the SMBH self-regulation or AGN feedback when the systemnudselaxed to equilibrium, if such effects
do exist. In§2 we review the sample selection and introduce the specpasdata and the MIR additions
to the SDSS quasar catalog; followed by the spectral measnts ing3; in §4 and§5, we describe the
virial black hole mass and bolometric luminosity estimates then follow with the spectral catalogg),
discussion {7)) and the summang@). Throughout the paper, we assume a concordance cosmeitdgy
Ho=70 km/s Mpc ™1, Qu=0.3, andQ,=0.7. All magnitudes are in AB system except where otherwiged.

2. THE SAMPLE
2.1. MIR MIPS 24 um Selection

The combined MIR 24im and optical selection for this survey was designed to tetgiects with
luminous torus / nucleus and not biased against dusty hdsts. MIR selection allows detection of hot
dust (a few hundred K) at the redshifts .5; while optical follow-up spectroscopically identifitte BEL
objects , confirming their unobscured (type 1) quasar natlires MIR selection also allows far-infrared
(FIR) cross-match to look for cool dust for SMBH-host stigglias demonstrated|in Dai et al. (2012).

We select Spitzer MIPS (Rieke et al. 2004) @¢h sources from the SWIRE survey in the22 ded
Lockman Hole - SWIRE (LHS) field centered at RA0:46:48, DEG=57:54:00|(Lonsdale et al. 2003). The
SDSS imaging also covers the LHS regiorm te 22.2 at 95 % detection repeatability, but can go as deep as
r = 23. All magnitudes are taken from the SDSS photoObj cataldgR7, already corrected for Galactic
extinction according to Schlegel, Finkbeiner, & Davis (8R9They are the SDSS approximate AB system
(Oke & Gunn 1983; Fukugita et al. 1996; Smith et al. 2002). SIb&@s astrometric uncertainties0.1” on



—4-

averag@. In Fig.[1 we show the SWIRE and SDSS coverages in the LHS field.

We first apply a 24um flux limit of 400 uJy (~ 8 g), which yields a sample of 23, 402 objects. The
completeness at 4Q0QJy for SWIRE-MIPS catalog is- 90% (Shupe et al. 2008). The confusion limit due
to extragalactic sources for MIPS p4n band is 5:Jy (Dole et all 2004), so source confusion is not an
issue in this sample. The errors in position for these seuace between 0720.4’, and the effective beam
size (FWHM) of MIPS at 24im is ~ 6" i

We then match the 24m flux limited sources to the SDSS DR7 catalog. We determingsanciation
radius of 2.3’ to maximize the matching number counts while at the same timimémizing the cases of
random association (Figl 2). We first match the SWIRE and 8Sr band catalogs. Then we offset the
SWIRE position by a random number within 4@adius, and match them to the SDSS r band catalog. The
association radius is determined by comparing the rand@mcagion rate at different radii. The random
association rate within’sis ~18% (2,467 out of 14,069 matches), but declines®% within 2.5”. Beyond
2.5” radius there are- 50% random associations. The estimated total number & &asociations within
2.5” is 868 (6%). Adopting the association radius of 2v8e find 14,069 matches. Of these 87% (12,255)
24 um sources also satisty< 22.5. This r limit allows follow-up optical spectroscopibservations with
the MMT.

The optical spectroscopic survey consists of four partg. (8 Table[11): (1) SDSS DR7; (2) MMT
2009 survey (MMTQ09); and (3) MMT 2005 bright targets (MMTQ50[ hese three subsamples include the
MIR-selected targets as described above. A fourth subgagghes from MMT 2005 observations for
MIPS deep targetsfP.4): (4) MMT 2005 faint targets (MMTO5f) (60Jy < S4 < 400uJy), kept only for
comparison purpose. Talile 2 summarizes the MMT coverechadigms.

2.2. SDSS spectroscopy

In order to minimize the need for new spectroscopy, we doaddd and analyzed the existing SDSS
spectroscopy of LHS MIPS 24m targets directly from the SDSS DR7 SkySeH/é'rhe SDSS spectra have
a resolving power of R-1800-2200, with a wavelength coverage of 3800-9R0M this study, we use the
‘1d’ calibrated spectra from the DR7 Data Archive Seﬁvstored in logarithmic pixel scale of 16. The
redshifts given in SDSS DR7 SpecObj catalog were deterntigatiespectrdd package (Stoughton etlal.
2002). We made a SQL search (with a 5 degree radius,22.5) in the SDSS DR7 SpecObj cat@og
and found 2,978 objects. Spectra for all SDSS objects witlshifts in the LHS field were downloaded,

2http:/lwww.sdss.org/dr7
Shttp://irsa.ipac.caltech.edu/data/SPITZER/docs/mijssinstrumenthandbook/
4http://cas.sdss.org/dr7

Shttp://das.sdss.org/spectro

bhttp://cas.sdss.org/astrodr7/en/tools/search/syl.as
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irrespective of their SDSS classification. We matched tkeseces with the SWIRE MIPS 24m catalog,
and excluded 2,019 SDSS targets not detected by SWIRE, aB®S8& targets witls4 <400uJy. Within
the remaining 921 qualified spectra, we only retain, for B&éntification, the 854 objects (93 %) with a
redshift confidence> 0.9.

2.3. MMT 2009 Spectroscopy

Hectospec is a 300 fiber spectrometer with*aliameter field of view (FOV) mounted on the MMT
(Fabricant et al. 2005; Mink et dl. 2007). The combinationaofvide field with a large aperture makes
Hectospec well-suited to cover extended areas such as tBe Hekctospec covers a wavelength range of
3650-92004 with a 6A resolution (1.2 pixel~t, R=600-1500). The primary spectroscopic data specific
to this study were taken in 2009 (MMTO09, PI: Huang) over 1lkdamotometric nights with good seeing
(< 2") with 12 FOVs. The MMT data cover a total area-ofl2 ded (50% of LHS field). An ongoing
MMT project (PI: Dai) is complementing the 2009 observagidny targeting unobserved areas within the
LHS. But the new project adopts a different selection thablessizes Herschel (Pilbratt et lal. 2010) targets,
to favor objects with cool dust( 60K) that traces the host star formation. These data will beigiudd
in a forthcoming paper (Dai et al., in preparation). In Higthe spectroscopic targets in the 12 fields
observed in 2009 are marked as blue pluses. At the centecbfMBT FOV, an area with fewer targets
can be noticed. This is due to the spacing limitations of bigméc, whose 300 fibers cannot be crossed or
placed less than 50from one another. The- 3000 spectroscopic targets were selected from the 11, 401
MIPS and r-band flux limited catalog frof2.1 (after excluding the 854 SDSS objects fr§Zd). Brighter
24 um sources were given higher priority (See [Eip. 3), and fiberseveonfigured to cover as much of the
LHS field as possible. Hectospec gives a clear BEL detectived{an S/N per pixeb 5) for ar = 224
guasar in a 1.5 hour exposure (e.g. Fig. 4, LHS-2009.022-23ence 1.5 hour exposures were used as
the standard. Spectra for 2913 objects were recorded in. ZDB8 optical spectroscopic completeness in
the 12 MMTO9 Fields is 33% foB4 > 400 uJy objects, with an average overlap of 0.08 dbgtween
different configurations. After taking into account the atig missing due to fiber placement limitations,
the completeness of MMT09 sample drops80%, and will be used in the following discussions (& P

2.4. MMT 2005 MIPS-deep Spectroscopy

This spectroscopic sample is extended to include 273 MMTtspdrom an earlier 2005 deep survey
(MMTO5) across eight, highly overlapping FOVs in the LHS.€T2005 data cover a much smalley 0.5
ded) region (PI: Papovich). The MMT 2005 survey applied a de@derm flux limit of S4 > 60 pJy, near
to the MIPS confusion limit (Rieke et al. 2004). Onlyr22 targets were selected in the 2005 observations.
MMTOS5 recorded 1,481 spectra. Of these, 273 objects alsgfys#ie bright MMTO9 limit &4 > 400 uJy)
and are included in this sample. We call this the MMTO05b (igample. The remaining 1,208 objects
with fainter flux (60< S4 < 400 uJy) were also kept for comparison purposes. This samplesigmnizted
MMTO5f (faint).
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The highly overlapped MMTO5 FOVs lead to an optical speciopy completeness of 66% for 24m
bright targets %4 > 400 uJy) in the 0.5 de§jarea. This higher completeness comes at the cost of lower
efficiency, with an average overlap of 0.94 éeand a drop from 242 targets per FOV in MMT09 to 185
targets per FOV in MMTO5 observations, which encouragedtaption of the MMTO09 strategy.

2.5. Spectral Data Reduction

The SDSS spectra and redshifts are used directly from the 83¢O0bj catalog without further re-
duction. The MMT Hectospec data (MMT09, MMT05b and MMTO5fere reduced using the HSRED
pipeline (Cool et al. 2008, http://mmto.orgrcool/hsred/index.html), which is based on the SDSS pipeli
HSRED extracts one dimensional (1d) spectra, subtractskiyh@and then flux-calibrates the spectra. The
flux-calibration is done using spectra of 6-10 stars setetdiave SDSS colors of F stars that are observed
simultaneously with the main galaxy and quasar sample. Tixecllibration correction is obtained com-
bining the extinction-corrected SDSS photometry of theaessvith Kurucz (1993) model fits (Cool et/ al.
2008). These stellar spectra are also used to remove theiddihes. The spectral range covered by
Hectospec allows detecting one or more typical emissiaslpresent in the spectra of quasars and galaxies
(CIV, Mgll, HB, [Oy ], Ha) for galaxies t ~ 1, and quasars o~4.5. The redshifts measured by HSRED
also use code adapted from SDSS and use the same templai2SasAl spectra were visually inspected
for validation as described below.

A redshift quality flag is assigned to each spectrum, follmhe same procedure used for the DEEP2
survey (Willmer et al. 2006; Newman et al. 2013), where rddsjualities range from Q= 4 (probability
P > 95% of being correct), 3 (90% P < 95%), 2 (P< 90%) and 1 (no features recognized). =2
spectra are assigned to objects for which only a single feasudetected, but cannot be identified without
ambiguity. The Q= 3 spectra have more than one spectral feature identifiedehdtto have low S/N;
typical confidence levels for these objects{i90% for the DEEP2 galaxies. Finally, © 4 objects have
2 or more spectral features with reasonable to high S/N. ©hédence level of these redshifts is typically
> 95%. Because of the larger spectral range covered by HECEOS’QEBOO—QSOO&) relative to DEEP2
(5000—950@), we expect that the quoted confidence levels are the camtser limits for our spectra.

Fig.[4 shows examples of objects in each redshift qualitggmty. In this study, as for the 854 SDSS
spectra, only spectra of Q = 3 and 4 were used. This yieldsahdb®,485 MMTQ9 spectra~90% of all
the recorded spectra); and 1,175 MMTO5 spectr80%). All of the 273 MMTO05b subsample satisfy the
redshift quality filter.

To summarize, we have a total of 3612 spectra of MIR-selecotgdcts with r< 22.5 observed by
MMT-Hectospec or chosen from the SDSS SpecObj catalog wigdshift confidence of 90% (Tablé11).


http://mmto.org/~rcool/hsred/index.html

Table 1: Optical spectroscopic sample summary.

Source kB Spa(pdy) Nspec Nquasar Covered de§ Detection rate
() SDSS <« 225 >400 854*  138* 22 16.2%
(2) MMT09 <225 >400 2485 226 11 9.1%
(3) MMTO5b <22 >400 273 27 0.5 9.9%

Total <225 >400 3612 391 22 10.8%
(4) MMTO5f <22 60<S4<400 902 17 0.5 1.9%

*: In the full ~ 22 ded LHS field. The numbers of spectra and quasars in<hE2 deg MMT-covered
regions are 622 and 96, respectively.

Table 2: Observation log for MMT spectroscopic survey.

Instrument Telescope RA Dec Exposure Observation Date
(J2000) (J2000) hours
Hectospec MMT Observatory +10:39:483 +59:16:56 1.5 2009.0319
Hectospec MMT Observatory +10:48:489 +58:31:58 1.5 2009.0318
Hectospec MMT Observatory +10:33:262 +57:55:05 1.5 2009.0317
Hectospec MMT Observatory +10:45:216 +57:53:55 1.5 2009.0301
Hectospec MMT Observatory +10:37:351 +57:32:53 1.2 2009.0228
Hectospec MMT Observatory +10:39:483 +59:16:56 15 2009.0227
Hectospec MMT Observatory +10:42:204 +57:05:15 15 2009.0226
Hectospec MMT Observatory +10:37:125 +58:38:24 15 2009.0223
Hectospec MMT Observatory +10:54:131 +57:03:57 1.5 2009.0222
Hectospec MMT Observatory +10:57:455 +57:34:04 1.5 2009.0222
Hectospec MMT Observatory +10:44:312 +58:46:14 1.5 2009.0220
Hectospec MMT Observatory +10:48:293 +59:22:27 1.5 2009.0131
Hectospec MMT Observatory +10:52:313 +57:24:15 1.3 2005.0410
Hectospec MMT Observatory +10:51:029 +57:22:17 0.6 2005.0409
Hectospec MMT Observatory +10:51:461 +57:26:32 0.3 2005.0408
Hectospec MMT Observatory +10:51:029 +57:22:17 1.7 2005.0405
Hectospec MMT Observatory +10:52:097 +57:27:49 1.0 2005.0310
Hectospec MMT Observatory +10:51:422 +57:28:01 1.0 2005.0308
Hectospec MMT Observatory +10:51:422 +57:28:01 1.0 2005.0304
Hectospec MMT Observatory +10:52:038 +57:26:22 1.0 2005.0308
Hectospec MMT Observatory +10:52:188 +57:21:53 1.0 2005.0308
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2.6. Broad Line Object Identification

The 3612 reduced 1d SDSS and Hectospec spectra were ficstiBiteg our IDL program adopted from
the S11 procedure. This program fits a polynomial continu8gshfruum= Ay X (%O)O’A) and a Gaussian
around the redshifted CIV, Mgll, andfHregions based on the HSRED or SpecObj redshifts (Se&{d)so
Objects are kept as quasar candidates if they have at lea&Ein(FWHM > 1000km s!,/Schneider et al.
(2007)) in the secure spectral ranges with limited atmaosphextinction and instrument errors: 3850-—
8400A (Fabricant et al. 2008) for MMT targets, and 3850980 toughton et al. 2002) for SDSS targets.
Outside of these ranges the spectra start to be bounded fsubkyaction errors and therefore not reliable.
The MMT range is from_Fabricant etlal. (2008), chosen to betmossistent € 5%) with SDSS, after
comparing the optical spectra taken from SDSS and MMT of #imeestargets. The IDL program identifies
236 MMTQ09, 28 MMTO05b, and 132 SDSS BEL objects, all of whickdian emission line equivalent width
(EW) greater than 6. Given our flux limit & 22.5), the majority of the BEL quasars (83% withi < —23)
also satisfy thég < —23, the quasar definition in Schmidt & Green (1983) (Eig. 9 c8the SDSS quasar
definition is also based on the BEL features (Schneider ¢2@07)) in the following text we will simply
refer to these BEL objects as quasars.

As a check, we visually examined all 3,612 spectra from bbthMMT and SDSS surveys. This
process removes 22 MMTQ09, 1 MMTO05b, and 5 SDSS objects thed emoneously identified as quasar
due to bad fits. This process also adds 12 MMTO09 and 11 SDS8tepfaut no MMTO5b objects were
missed due to a poor fit by the IDL program. Of the 11 SDSS objé&civere not included in the SDSS DR7
guasar catalog. All of the 6 new objects are confirmed as geagith a broad H8 emission line (Figl 16
shows one example). We will explore the possible reasonsthywere missed in the SDSS DR7 catalog
in §[2.7.2. Special objects with interesting features — broabition Line (BAL) and narrow absorption
line (NAL) quasars — are also flagged (See Secfibn. 7).

Combining the IDL fit and eye check, we identify 226 quasasafthe MMTQ9, 27 from the MMTO5Db,
and 138 from the SDSS DR7 SpecObj catalogs. This adds up talaf891 MIR-selected quasars in the
LHS field. For comparison, we also scanned the 902 fai®gy,, < 400uJy) objects from MMTO5f survey
and identified 17 BEL objects (one was added after eye ch@ekle[l summarizes the quasar numbers in
each subsample. The fraction of MIR quasars in the MMT09amuipée is 9.1%, and 9.9% in the MMTO05b
subsample, yielding an average detection rate of 9.2%r Afttuding the SDSS quasars selected through
color-color selection, the total detection rate for thisRMjuasar sample in LHS field is 10.8%. If only
considering the MMT and SDSS overlapping area, the quagactiten rate is an almost identical 10.9%.
These detection rates are marginally lower than the- B% reported in_Papovich etlal. (2006), where a
higher 24pm flux limit (S4,m > 1 mJy) was applied.

To study the overall properties of the MIR-selected quasaesplot the redshift4 top), r band mag-
nitude ¢, middle), and 24um flux ([S4], bottom) distributions (Fid.]7). The sample has a redghifige
of 0.07 < z < 3.93, with a median redshift of 1.3. A K-S test shows significdifference (p< 0.1) be-
tween the SDSS and MMT subsamples in all three paramete®Bs( andr). The SDSS quasars have two
z peaks at & z<2 and atz ~ 3.2, with an overall mediaiz = 1.5. The reason for the double peaks is
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because of the two main color selection critetigr{ & griz) applied in SDSS for lowz(z < 2.9) and highz
(z> 2.9) quasars§2.7.1). The MMT, on the other hand, has a roughly Gaussisshidlistribution with a
peak atz ~1.3. The MIR-selected quasars are clearly not homogenedisttibuted across redshifts. The
SDSS subsample has overall brighteand $4 than the MMT subsample, and overlaps significantly with
the bright end of the MMT quasars. These differences areatleetSDSS quasar algorithm, which has a
limit at i = 20.2, about 2 magnitudes brighter than the MMT selectioa: QZ.E@). The MMT-Hectospec
survey intentionally dropped SDSS targets with existingcs@, leaving the MMT targets biased towards
the faint end. The combination of the MMT and SDSS providestteb way to examine the completeness
of MIR-selected quasars &, > 400uJy.

In Fig.[8 we compare the optical to MIR colors againshagnitude for the MMT and SDSS subsam-
ples. The MIR-selected MMT subsamples are reddar-nSy4] colors than the SDSS subsample, with
median[r — [S4]] values of 4.0 for MMT09, 3.9 for MMTO05b, and 3.3 for SDSS. Tgbwseparable b$4
flux, the 17 MMTO5f quasars (6@ S$4 < 400uJy) show similar — [S4] colors to the SDSS subsample, but
are bluer (median — [S4] = 3.4) than the MMT subsamples. A K-S test gives a probability 878 of the
MMTO5f and SDSS objects, indicating identical distribatio Instead, the K-S test probability4s0.001
between MMTO5f and the brighter MMT subsamples (MMTQ09, MNBBY, indicating significant difference
in the optical-IR color — [Sy4]. Atr > 20, we also notice a very red populatian—[S4] > 4.8) of MIR-
selected quasars (inside the dashed line,[Fig. 8). The enoéguch population may simply be a result of
the fainter magnitudes MMT sample covers, though this rgaufadion is still rare, which comprises 14%
of ther > 20 MIR-selected quasars (32 out of 218). The absolute i baaghitude ;) for the red objects
has a meaiv; of -23.6, one dex lower than the mean for the whole MIR-sekkgiopulation ¥, = —24.7).

We further examine the SDSS and MMT subsamples in the luntyaedshift space (Fid.]5). The
majority (66%) of the newly identified MMT quasars are fairttean the SDSS magnitude cutief 20.2. A
total of 93 MMT quasars also meet the SDSS magnitude limitZ0.2), which almost doubles the number
of SDSS quasars in this region. One MMT source (2009.01&)-26z = 3.537 has an extremely high
luminosity atM; = —29.97. Such high luminosity is also rare in the SDSS catalog;, 82lquasars (0.078%)
in the 105, 783 SDSS DR7 quasars ardabrighter than -29.9. This quasar has consistent magnitatles
i =17.5 in modeled, fiber- and Petrosian SDSS magnitudes, but wesethin the SDSS DR7 quasar catalog
for unknown reasons. The number densitieg af3 quasars is- 10 deg? ati < 19.1, slightly higher than
the ~9deg? at 191 < i < 20.2. The majority (78) of the new quasars are atl19i < 20.2 andz < 3, a
region the SDSS selection deliberately avoided to ens@radlection of higlz targets in theigriz colors
selection. At first glance this appears to be a major chaléaghe SDSS’s claim of 90% completeness to
iag = 20.2. In the following section we will explore the reasons fastimconsistency.

"Using Richards et al. (2006b) mean SDSS quasar templat@25 is equivalent té = 22.4 atz~ 1.5.
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2.7. MIR Additions to the SDSS Quasar Selection

The MIR-selected quasars are BEL (type 1) objects satigfthe joint limits ofr < 22.5 in the optical
andS4 > 400udy in the MIR. The limit ofr < 225 is roughly equivalent to< 22.4 atz~ 1.5 according
to thel Richards et al. (2006b) SED template. In Elg. 5, 93 neasgrs have been identified by the MMT
spectroscopy above the SDSS DR7 quasar sample limit20.2), of which 87 also satisfy the SDSS
magnitude limit of M < —22. Another 6 quasars are identified by re-examining the S§@8tra. In this
section we study why these objects were missed by the SDSAgcatalog, and which additional objects
the MIR selection is adding to the overall quasar population

2.7.1. Comparing the Selection Criteria

The SDSS spectroscopic targets are selected primarilyolta-selection with the SDSS photometry
(Richards et al. 2002a, R02), which includes the two mainzougri, highz griz color selections, and a
few other selections in the color-color or color-magnitsece: a mid: (2.5 < z <3), two highz, UVX,
andugr outlier inclusion regions. The 2 main uniform color selen# correspond to the two magnitude
cuts ati < 19.1(ugri) and 191 < i < 20.2(griz), with the latter designed to recover higliz > 3) targets
only —certain conditions are set to exclude lawbjects. In both magnitude bins, SDSS rejected targets
that fell in the color boxes of white dwarfs, A stars, M stad avhite dwarf pairs. The SDSS selection also
excludes objects in the @ wide region around the stellar locus, with an exceptiondar-k resolved AGNs
(Schneider et al. 2010). Therefore only in the brighter 19.1 bin would extended sources be included,
while at fainter magnitudes & 19.1), all SDSS targets are point sources. Secondary SDSSdarame
from the FIRST radio source catalog (White et al. 1997) an@ROX-ray sources (Anderson et/al. 2003).
Color-color selected SDSS targets were qualified as qu#stimsy were spectroscopically confirmed as
BEL objects or have interesting absorption features (Sdenet al| 2010).

The exclusion of extended sources in the highgriz color selection was achieved via the SDSS star-
galaxy morphology separation. This separation is basedmparing the small point-spread function (PSF)
magnitude and the larger exponential or de Vaucouleurs ituagnresulting from their different apertures.
Objects for which the difference between the point-spresdtion (PSF) and the modeled (exponential or
de Vaucouleurs profiles) magnitudes is greater than 0.14pameaclassified as extended (‘galaxy-like’, type
= 3, R02); otherwise they are classified as point-sourcer{fii&, type = 6, R02) .

The MMT targets in the MIR quasar sample, on the other hamdpaly selected based on thel2d
flux limit and r band magnitude cuts, before they are optjcaléntified as BEL objects. The SDSS quasar
selection criteria, are necessarily much more complicgteen the large sky density af< 20.2 objects
(§[2.8). As a result, the quasar detection rate is higher foilSIB8S spectra~{ 16%), than in the MMT
spectra £10%, Table[11).

Table[3 summarizes the number counts in 3 differenagnitude bins and SDSS photometric types for
the SDSS and MMT quasatrs in this sample. We found a constantidn of 20% of ‘extended’ MIR-selected
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MMT quasars in all magnitude bins, with the majority 80%)) at lowerz (< 1) and luminosity (lod-po <
455 erg st, see alsd; B)). These extended objects were automatically rejectederSDSS selection at
i >19.1. A second significant MIR addition comes from the faintasrses in the MMT surveys: a total of
160 objects are found at> 20.2, which SDSS did not cover.

2.7.2. MIR Additions to the SDSS Completeness

In this section we compare the colors and photometric madogfies of the SDSS and MMT identified
quasars in the 3 different magnitude bins.

The SDSS uniform color selections have an estimated coer@es based on simulated quasars, to
be over 90% at &< z < 5.3 down toi = 20.2 (See also Table 6 in R02). This is an average complete-
ness for previously known quasars, and applies<t019.1 quasars at < 2.5, and toi < 20.2 quasars at
3.5 <z« 5.3. Alater calibration of the completeness of the SDSS DRSgusurvey gives an end-to-end
completeness 0£89% (Vanden Berk et dl. 2005), which was confirmed in the SD8S Quasar paper as
“close to complete” for 0.Z z< 1.0 and 19 < z< 2.1 atlog (pol)(erg s1) >45.9 and>46.6, respectively
(Richards et al. 2006a; Shen et al. 2008).

The distribution of quasars in the 22 ded LHS field is plotted in Figl®. For a fair comparison, we
focus only on the-12 ded MMT covered region (within the circles and black polygonheFe are a total
of 96 SDSS quasars in the overlapping region (Table 3). Gfthél are uniformly color selected (uniform
flag = 1), and 29 by considering radio, X-ray, or other inclusioitecta (uniform flag= 0). None of the
SDSS quasars fall into the higtselected SDSS “QSMHiZ” branch (uniform flag= 2). As mentioned in
§2.4, after re-inspecting of SDSS spectra we identified 6teaidil quasars not included in the SDSS DR7
guasar catalog. They are represented as dark blue squdiigst There are 62 SDSS quasarsdat19.1,

27 quasars at 19<i < 20.2, and 1 at > 20.2. MMT observations identify an additional 13 MMTQ09 and
6 SDSS quasars aK 19.1, of which 10 MMTO09 and 4 SDSS objects qualify the SDSSM-22 limit.
At191<i< 202,73 MMTO09 and 7 MMTO05b quasars are added, of which 70 MMTQ® aiMMTO5b
also satisfy M < —22 (Fig.[ and Tablgl3).

We first examine the bright magnitude binief 19.1, where the SDSE&gri color selection is optimized
for low z (z < 2.9) quasar selection and includes both extended and pointesuAti < 19.1, 15% of the
SDSS quasars are extended (‘galaxy-like’, §84.1), while in the MMT additions;~50% are extended
(Table[3). In Figure_10, we compare the MIR-selected MMT SBX5S quasars at 19.1 in the 4 color-
color and color-magnitude spaces. The majority of both MM@ 8DSS samples fall inside the contours of
100 or more (thick curve) SDSS DR7 quasars per 0.1 magnitud€dnly 4 of the 62 previously-identified
SDSS quasars are extended (‘SDSS-g’, marked as open bimemiia in Fig[ 1ID). All of the 6 newly
identified SDSS BEL objects (blue filled square) are extenddtky were possibly rejected in the SDSS
selection for being extended with blue- g colors (as indicated by vectors in Fig.4 of R02).

In the brighti < 19.1 bin, 9 of the 13 new MMTQ9 detections satisfy the SDSS selest including 4
point sources and 5 extended sources<aR.6 (Figure[ 10, Tablel3). The remaining 4 MMT quasars would
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have been rejected in the SDSS selection, since 3 are féatell; = —22, and one point source falls in the
SDSS M star- white dwarf exclusion region (marked by magenta dashed im€ig.[10, See also Tallé 4).
Despite lying at the edge of the bulk of the SDSS contoursfadiie 9 new MMT objects have photometries
that meet the & and error< 0.2 requirement of the SDSS selection (R02). After adjustomttie MMT
optical spectroscopy completeness (30% for MMTQ9, 66% fMT@5b), the overall completeness of the
SDSS selection at< 19.1 is (67+ 8)% (Fig.[13), about 20% lower than the simulated 90% from RO02.
Errors are Poisson estimates based on the inverse squad# total number of objects.

In the fainter 191 < i < 20.2 bin, SDSS applied differemjriz color cuts to select high(> 2.9), point
source targets. In this magnitude bin, MMT discovered 80 abjects (73 MMT09 and 7 MMTO05b), the
majority of which are azr < 2.9, and are outside of the SDSS sele@eegions (R02). Of the 2 MMT objects
that qualify the SDS& cut, only one is a point source and could have be added to tI8SRIDmpleteness
analysis. Therefore, it is still valid to consider the SD®f&stion complete te-90% atz > 2.9 (Table[3).
Most (>90%) of the lowz MMT quasars lie within the contours defined by the SDSS DR&gtsgand
satisfy the SDSS color-color selections, thougB0% of them are extended and would have been rejected
had SDSS explored this loswregime (Fig[11L).

In the faintest endi(> 20.2), which is below the SDSS quasar selection magnitude, liomity one
SDSS quasar was included in the DR7 catalog (‘52411-0947-5®t color-color selected, uniform flag
='0"). All of the 160 MMT quasars are newly identified object§compared to SDSS quasars at brighter
ends { < 20.2), the fainter targets show a large scatter in all colorg.(ER), including 25 MMT sources
in the SDSS exclusion zones (marked by dashed lines in th&firanels of Fig_12, Tablg 4): 13 in the M
star+ white dwarf exclusion region, of which 9 are extended sajr&en the A star exclusion zone, and
all are point sources; 2 in the white dwarf exclusion zonel laoth are point sources; and 1 point source
in the white dwarf and A star overlapped exclusion region.o bther extended objects failed th cut.

All of the remaining 133 targets satisfy the SDSS magnituai @iz or ugri color selections but not the
z or point-source constraints (Talble 3). As at brighter miagieis, a significant fraction (22%) of the MIR
guasars are extended, of whish70% (25/36) lie az < 1.

In Fig.[13, we present the measured completeness of the SD&®&mselections as a function of
redshift, only taking into consideration the MMT objectaitlivould otherwise satisfy the SDSS magnitude
(M; < —22), redshift £ <2.9 ati < 19.1, andz>2.9 at 191 < i < 20.2), color (gri atz <2.9 andgriz
atz >2.9), and morphology (point source onlyiat 19.1) requirements: 9 at< 19.1 and one at 19 <
i <202 (Table[3). SDSS quasar selection is close to complete .4t<19 < 20.2 andz > 2.9, but is
overestimated by 20% ati < 19.1 andz< 2.9. The modified SDSS completeness is summarized in Table 5.
These values are corrected for the spectroscopic compkstast the MMT survey —numbers of MMTQ09
guasars are multiplied by 3.3, and by 1.5 for MMTO05b obje€tse corrections could be overestimated given
the higher priority assigned to brighter g#n objects, though unlikely by a significant number, as simila
detection rates are found between MMTO09 (30% complete, Ya&féction rate) and the more complete
MMTO5b survey (66% complete, 9.9% detection rate).
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Table 3: Number counts of MIR-selected quasars identifigetgu8DSS and MMT spectra in the overlapping
regions. Second line in each magnitude bin shows the nunflbeeveo objects that also satisfy the SDSS

selections (see algd2.7.2).

magnitude Nspss ext point NpmmT ext point total ext

i <191 (62+6)* (4+6)* (15%) 58 13 7 (54%) 6 17 (21%)
9) (5) (4)

191<i<202 27 0 27 80 22 (28%) 58 22 (20%)
1) (0) 1)

i >20.2 1 0 1 160 36 (23%) 124 36 (22%)

(A33)t (25) (108)
Total 96 10* (10%) 86 (90%) 253 65(24%) 188 (76%) 75 (21%)

Notes: Classification of the ‘extended’ (ext) and ‘pointss®’ (point) morphological types are based on
the SDSS photometry 2.7.1). Throughout all magnitude bins, a constant 20% of\Mitie quasars are
extended sources. *: Six (6) are the newly-identified BELeoty with SDSS spectra not in the SDSS DR7
quasar catalog, all of which are extended. t: For the objghish would satisfy the SDSS selection at
brighter magnitudes, no redshifts or point-source cut vppdied.

Table 4: Number counts of MIR-selected MMT quasars thatifithe SDSS exclusion zone.

SDSS Exclusion Nt point  ext
M star+White Dwarf 20 13 7
A star 14 0 14
White Dwarf 3 0 3

Notes: Numbers are accumulated values, for break-downdh seagnitude bins, see figure captions of
Fig.[IO T, IP. ‘Point’ and ‘Ext’ referred to point-like smes and extended sources, respectively.
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2.7.3. What makes a complete quasar sample?

Several factors contribute to the MIR additions to the quasgulation and the biases in the SDSS
guasar selection. Tablé 3 summarizes the number countg i thagnitude bins in which SDSS carried
out their completeness analysis. IAX 19.1, and 191 < i < 20.2, the MMT surveys add 13 and 80 ad-
ditional quasars to the SDSS quasar catalog. Careful casopareduces the numbers to 9 and 1 quasars
that also qualify the SDSS selection (Table 3). If we assurheraogeneous number density across all
redshifts (R02), we find the SDSS completeness is overdstiiiay an average 20% in< 19.1 quasars
atz < 2.9 (reported to be> 90% in R02), but is comparable to the reported 90%i for20.2 quasars at
3.5 < z< 5.3 (Fig.[13). This completeness assumption is however naosipaly given the known cosmic
evolution of quasar number density (Hasinger et al. 200yeB8han et al. 2008), and therefore should be
used with caution. Other MIR selected samples, e.g. Laclk ¢€2@13), did not show the completeness
mismatch found in this paper. This is because color selexiio wedges, both in optical and MIR, favor the
power-law shaped SEDSs (Vanden Berk et al. 2001; Richards20@2a| Lacy et al. 2004; Stern etlal. 2005;
Donley et al. 2012), and are biased against significant ladakg contributions, the presence of strong emis-
sion lines (e.g. PAH), and other factors such as accreti@s (@gle et al. 2006) and LINERs (Sturm et al.
2006). In contrast, the MIR flux limit applied in this samp#glects everything above the corresponding
luminosity, and therefore is not biased against dusty halsixies or other above mentioned factors. In the
whole 22 ded LHS field, only 6 quasars in the SDSS catalog were rejectedusecof fainter MIR fluxes.
The MIR flux-limited sample provides a complementary wayxamine the quasar population as a whole,
being more complete than the color selections. Of the MIR-lilmited quasars presented in this paper,
the SDSS selection only recovers 58% and 10% of the totallpopa ati < 19.1 and 191 < i < 20.2,
respectively.

A significant fraction (50% at < 19.1, and 28% at 19 < i < 20.2) of the newly identified MMT
quasars are extended sources (Table. 3). SDSS chose ndutieiextended sourcesiat 19.1 to avoid the
contamination of very red, extended objects. Their choias based on the observation that &t 0.6, the
majority of quasars are point sources. This point-sourdg sglection turns out to be conservative as 70%
of extended targets at> 19.1 have a redshift higher than 0.6. Regardless of apparemtitadg, a constant
fraction of 20% MIR quasars turn out to be extended sourcabl€éT3), though the majority (80%) are of
relatively lowz and luminosities{ < 1.5, log(Lyo) < 45.5 erg s?, Fig.[8, see also Sec 5, Fig.124).

Another MIR addition to the sample arises from the SDSS cilwfz sources in the 12 < i < 20.2
bin (Fig.[8). Because of this redshift cut, a significant nemtif quasars are missed from the sample, as the
number density of < 3 quasars at 18 < i < 20.2 is~ 24 deg 2 (corrected for spectroscopic completeness),
more than doubles the 10 deg? found ati < 19.1. Since the MMTO09 survey is 30% complef®3) and
MMTO5 66% complete §2.4), on top of the 80 newly identified MMT quasars, roughly Ljlasars may
remain undetected at 1I9< i < 20.2. The majority (90%) of the MMT quasars that fall in tlzis: 3 region
also satisfy the SDSS color selections.

The third MIR addition is the extension to faint targeits>(20.2) (Table[8). The faint MIR quasars
almost doubled the number of known quasars in this field, hadrajority (80%) also satisfy the SDSS
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color selections. The completeness corrected numbertgerisi < 3 quasars &t> 20.2 is ~ 45 deg2.

Finally, since the MIR selection does not avoid specific caleas, such as the SDSS exclusion regions
of white dwarfs, M stars, and A stars, a total of 37 MMT quadaage been recovered (Talle 4). They
contribute to~10% of the total MIR quasar population. This is the fourth Mi€Rlition to the SDSS quasar
selection criteria.

Table 5: Observed SDSS completeness of MIR-selected guasar

Apparent magnitude Redshifts
0-05 051 1-15 1.5-2 2-25 25-3 335 354
i<191 100.0 100.0 72.8 77.8 59.1 26.8
(100.0 100.0 100.0 100.0 96.3 57.2 89.9 99.8)
191 <i<202 62.3 100.0
(0.0 0.0 0.0 0.0 00 114 742 98.4)

Notes: Numbers are in percentage. In parenthesis is the Sib@fated completeness from Table 6 in
Richards et all (2002a).

Table 6: Number of Gaussians used in fits with and without &esE-

Emission line Ngaussian Nob; Nob;
without F-test  with F-test
1 30 (21%) 34 (24%)
2 33 (23%) 66 (46%)
3 80 (56%) 43 (30%)
Mgll 1 75 (26%) 201 (71%)
(285) 2 50 (18%) 77 (27%)
3
1
2
3

Clv
(143)

160 (56%) 7 (2%)
8 (10%) 70 (94%)
66 (88%) 4 (5%)

1 (2%) 1 (1%)

HB
(75)

3. MEASUREMENTS of SPECTRA

Different virial SMBH mass (N)) estimators have used different line width parameters) wither
FWHM (‘full-width-half-maximum’, in km s71) or line dispersion, i.e., the second moment of the emission
line profile. FWHM is easier and more straightforward to nueas but can be easily overestimated in
cases of line blending or extended wings. Line dispersmi, ©n the other hand, has relatively lower
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Table 7: Wavelength ranges used for spectral measurenmergstiframe.

Emission line  redshift range Continuuri\)( Fe Template Emissiorf\ﬂ

Civ 1.63<2z<4.39 [1445, 1465] & [1700, 1705] [1500,1600]
Magll 0.43<z<2.10 [2200, 2700] & [2900, 3090] VW01 [2700, 2900]
HpB z<0.76 [4435, 4700] & [5100, 5535] BG92 [4700, 5100]

Notes: The redshift ranges are the MMT & SDSS accessibleesabgsed on their secure spectral ranges
(See§[2.8). VW01, Vestergaard & Wilkes (2001); BG92, Boroson & &1€1992).

uncertainties, but may be overestimated for specific lioélps. Unfortunately, both parameters are affected
by measurement errors, and can provide unreliable essrf@ateow S/N «10) spectra (Denney etlal. 2013).
This problem can be circumvented via model fits, and Gaugaiaetions are widely used to fit the BELSs.
All the BH mass estimators we use later (MC04, VP06, VOO09, ahil) are based on either one or both
the FWHM andg; of the emission line. The line dispersian is arguably more reliable, given its better
consistency between different lineés (Park et al. 2013; Bermh all 2013), and its better scaling to the widely
used empirical M — g, relation (Tremaine et al. 2002). Because the line broadecam be due to several
components, a straightforward measurement;dé complicated, and for this work we decided to use the
FWHM of the continuum subtracted emission line as the lindthvproxy. For a Gaussian, the FWHM has a
simple correlation witto, as FWHM= 2v/2In2aj, or 2.35¢. If only one Gaussian is used then the FWHM
andgj will be linearly correlated. If multiple Gaussians are uysibe oj will give a higher equivalent value
than the dominant FWHM. We do provide tbemeasurements in the machine-readable table.

We wrote an IDL procedure that first measures and subtragtsahtinuum, and then fits one or more
Gaussian profiless to the emission line. The procedure idbas the code used for the SDSS quasar cat-
alog (S11), but includes more generality. In the cases whaiagle Gaussian is not a good fit to the line
profile, up to 3 Gaussian components are allowed. An F-testad to evaluate the need for each additional
component. The F-test is widely used to compare the bestffdgferent models based on least squares
comparison and the F distribution. The F value is computed as

F— X2 B Xr%ew Xr%ew ’ (1)
DOF— DOFyew' DOFew
where DOF is the number of degrees of freedom for the variéiidemerical Recipes”, Second Editian,
1992). We compute the F-test values using the IDL mpftesgnanﬁ. In each case, we allow up to 3
Gaussians for the BEL and use an F-test confidence level 89@8 the threshold. Only in cases where
the F-test threshold is met, which means the new fit is sigmiflg different from the old one, will the extra
broad component be kept. Fig.]14 shows the fitting resulth@fame object with and without an F-test.
This procedure differs from the SDSS approach, where as dsnthe newy? is smaller, an additional
Gaussian component is added. Since the use of Gaussiar{®ofias no physical basis, we argue that the

8http://cow.physics.wisc.edu/ craigm/idlfidl.html
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number of Gaussians should be minimized except in specako®BALs & NALS, see Sectiohl 7).

The introduction of an F-test significantly decreases thmelyer of Gaussian components needed for the
emission line fits (Tablel6). The percentage of objects teatirmore than one Gaussian component drops
significantly from 94% to 6% for I8; and from 74% to 29% for Mgll. However, for CIV, this percegeéa
remains high at 76%, partly due to the frequently observgthasetry in the highly ionized CIV BELSs.

We measure the FWHMSs in the quasar optical spectra for the BfalLs: H3, Mgll, and CIV. First, the
continuum is fitted with a power-law to the emission lineefregion (Tabl€]7). Fell can be strong and broad
due to many multiplets, especially in the vicinity of Mgll&HR lines. Therefore the Fell emission template
is also used in the continuum fit for Mgll and3d The continuum fit wavelength windows are chosen such
that there is no contamination from the tail of the BEL comgran We adopt the optical Fell template from
Boroson & Green (1992) for B, and the UV Fell & Felll templates from Vestergaard & Wilk2901) for
Mgll. No iron template is used for CIV, since the iron emissis generally weak in the CIV band. Foi3H
and Mgll, the continuum and iron removal could be S/N depetde cases where the S/N of the spectra
is limited (average S/N per pixel4), the iron line removal is not feasible, and for these dkjee only fit
a power-law continuum. This affects only 3% of the objectgwai Mgl fit, and 8% of the objects with an
Hp fit.

Up to 5 parameters are fitted simultaneously for the contimuaontinuum normalization (A and
continuum sloped, ); for HB and Mgll, Fell template normalization @), Fell Gaussian line-widthdge),
and Fell velocity offset (y) relative to the redshift. We then fit up to 3 Gaussians to thession lines
allowing for velocity offsets (BEL central wavelength)ndéwidth (FWHM & g;), and equivalent width
(EW) measurements. Each Gaussian is fitted with 3 parameteagimum value (factor), mean value
(centralA), and standard deviatiorw]. In the case of broad or asymmetric emission lines whereipheil
Gaussian components are used, we provide two sets of littewithe ‘dominant’ FWHM — associated
with the major component with the highest intensity; and'tiom-parametric’ FWHM — of the composite
line profile. The dominant FWHM increases by an avera@®% after introducing the F-test, since fewer
Gaussian components are used to reconstruct the emissmprbfile — this will increase the derived,M
(See§ [d). Yet the shift is usually within or aroundolof the FWHM error, and therefore the dominant
FWHM after F-test is in general consistent with the valuethauit the test.

Both narrow absorption line (NAL) and broad absorption $ifBAL, FWHM > 1000 km s?) are
commonly observed in the CIV and Mgll BELs for MIR-selectegiagars. NALs and BALs can affect
the standard multiple Gaussian fitting algorithm and treeeheed to be treated separately. If absorp-
tion features—NALs and BALs—are observed, the spectra amually fit individually. This approach is
adopted to retrieve as accurately as possible the line widthsurement. Fig. 115 shows an example with
absorption feature before and after the manual fit. Sincd-WN&IMs of the emission lines are manually
measured after subtracting the absorption features, #dudydrror bars. They will be used for Mnalysis
but are flagged in the catalog. More discussion can be fouf8id ands[7, and in a forthcoming paper on
the absorption features in MIR quasars (Dai et al., in prajar).
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3.1. CIv

The CIV line is fitted for the 143 objects with@3 < z < 4.40. Iron contamination is not significant
for CIV, hence, only a two parameter (Aa;, ) power-law continuum fit is used. We subtract the continuum
fit to the line-free regions, and then fit the CIV emission I{fiable[T). We did not subtract a narrow CIV
from the line profile because it is still debated whether aavarCIV component is present (Wills etlal.
1993; Marziani et al. 1996; Sulentic et al. 2007), and to bmmarable with other studies (e.g.VP06, S11,
Assef et al. 2011 ; Park etial. 2013). For the same reason,daeotifit the 1600 feature, either (Laor et al.
1994 Fine et al. 2010). It is commor{0% ) that more than one Gaussian component is requirede(@bl
to fit the CIV BEL profile in each of the subsamples: 48/61 forSH) 56/75 for MMTO09, and 5/7 for
MMTO5b. In ~ 40% of the CIV emission lines, NALs or BALs are seen in or adjgdo the BEL profile.
Fig.[16 shows an example of a typical CIV fit.

3.2. Mgll

The Mgll line is fitted for the 285 objects with.4B < z < 2.10. We adopt the iron template from
Vestergaard & Wilkes (2001) and fit the continuum plus irompéate to the emission-line free region (Ta-
ble[?). In 9 sources with Mgll coverage, the iron templateasaonstrained due to low spectra quality (S/N
per pixel< 4), in which only power-law continuum was subtracted. WhHenNgll emission line is fit, the
Mgll 2796, 2803A doublet ¢ 750km s! at rest-frame) is not taken into account given the much great
FWHM of the Mgll emission line in all cases. As it is still debble whether a narrow Mglicomponent
should be removed from the BEL profile (McLure & Dunlop 2004stergaard & Osmer 2009; Wang et al.
2009), we provide two sets of measurements, (1) with and ({@jowt a single Gaussian for the narrow
component £ 1200km s1). Objects that need multiple broad components~a®0% (Tablé ) in each of
the subsamples: 25/81 for SDSS, 53/183 for MMTO09, and 6/2MiMdTO5b. NALs are seen in- 8% of
the objects. Fid. 17 shows an example of a typical Mgl! fit.

3.3. HB

The HB line is fitted for the 75 objects with< 0.76. We adopt the iron template from Boroson & Green
(1992) and fit the continuum plus iron template in the dediphapectral windows (Tablé 7). In 4 objects
with HB coverage, the iron template is not constrained due to theaylmadity of the spectra (S/N per pixel
< 4), and only a power-law continuum was subtracted. Aftetrsgting the continuum and iron emission
lines, we fit the [OIII]AA4959, 5007 doublets together with thg8ldomponent. For the Bl components,
we allow up to 3 Gaussians to fit the BEL, and use a single Gassiaccount for each of the narrow3H
and [Olll] emission lines. We require the narroyBldomponent and the [Olll] doublets to have the same
velocity shift and broadening, and constrained their FWH\Nbé¢ < 1200 km st Only in < 5% cases do
we need multiple Gaussians (Table 6) in each of the subsan®@8 for SDSS, 2/31 for MMTQ9, and 0/6
for MMTO5b. Fig.[18 shows an example of a typicgBHit.
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Table 8: Average FWHM uncertainties in our sample and corsparto literature.

Emission line ThisWork S11 VO09 VP06 P13

Clv 26% 21% 6% 9% 6%
Mall 20% 27% 10%
HpA 25% 27% 12% 10%

Notes: VPO6, | Vestergaard & Peterson_(2006), 28 quasarserfresation mapping, RM); VOO09,
Vestergaard & Osmer (2009), 34 SDSS quasars and 978 LBQargu@ngle-epoch spectra, SE); S11,
Shen et al.[(2011), of 105,783 SDSS selected quasars (SE)PBdk et al.[(2013), of 39 AGNs (RM). The
uncertainty differences arise from spectral quality areddifferent methods used to measure th§i4).

3.4. Uncertainties of Spectral measurements and Error Esthates

The uncertainties in the spectral measurement arise froee timain sources: (1) the quality of the
spectra and instrument errors; (2) the adopted fitting m®ees.g. ambiguity introduced from using certain
line profiles, and from using one or multiple components; &)dspecial features that could affect the
algorithm — in particular, a narrow line component, esgcfar Mgll and CIV (cf. S11); instrumental
broadening with BEL,; or strong NALSs or BALSs.

The fitting errors based on S/N are automatically accourdedhfough our IDL program using the
IDL programmpfit fun prcﬁ. This program returns thed errors of each parameter from the covariance
matrix. The quality of the spectra directly affects thefiigtiresults. We observed similar S/N dependences
as in S11. The uncertainty in the FWHM and EW measurementsadses as the S/N in the line-fitting
region decreases (Fig.]19, top). Little or no influence frwn ¢ontinuum S/N is found for the continuum
fitting results (Figl 1B, bottom).

Instrumental broadening is not a problem for the BEL. Hgmboshas a spectral resolution of 170 -
380 km s! at the redshifts (G< z < 4) for the sample| (Fabricant et al. 2008). The SDSS has a-125
times higher resolution (Abazajian ef al. 2009). For the BEL 99% have FWHM> 2000km s, so
the instrumental resolution correction is negligible. Hwoer, the instrument resolution is comparable to
the NAL widths observed (a few hundred km'}, so that instrumental broadening must be removed. We
used the formulaFWHMZ ¢ red™ FWHM2, i ic + FWHM2 menitO COITECE the observed line-width for
narrow absorption lines. The non-Gaussian flat-topped fibefile of MMT Hectospec| (Fabricant et/al.

2008) renders this correction imperfect, and will be disedsin the absorption paper (Dai et al., 2014).

We adopt the Monte Carlo flux randomization method as in th&Sboutine (S11). This approach
provides a more reasonable estimate than from the prograofiie, as it also smoothes out the ambiguity
of whether or not to subtract a narrow line for CIV or Mgll BEL/e generate 50 mock spectra with the
same wavelength and flux density error arrays as the origpwdtrum, and randomly scatter the flux values

Shttp://www.physics.wisc.edu/ craigm/idl/down/mpfitfpno
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with Gaussian noise (allowing negative values) based oorigeal errors. We then apply the same fitting
procedure described if[3. The measurement uncertainties are defined as the stade\aedion of the
measured parameters in the 50 mock spectra. This uncgriaiah average 2.1, 2.9, and 3.6 times larger
than the fitting errors in FWHM for B , Mgll , and CIV, respectively. The average FWHM uncertasti
are summarized in Tablé 8. The uncertainties given in VPO w&dopted as the largest fitting error from
their five continuum settings and could be underestimatetheasingle fitting error is on average 2-3 times
lower than using the Monte Carlo method. The average scédictgr between single fit and Monte Carlo
uncertainties is then used to scale the uncertainties of PNahd EW in~100 lines with strong absorption
features.

The errors in FWHM and continuum measurements will direaffgct the final SMBH mass;{d). A
50% uncertainty in FWHM translates to a 25% uncertainty inBbMmass. In general, the flux density and
spectral measurement errors are in the range ef3806. For the SDSS subsample, our error estimates in
general agree with the SDSS results.

Table 9: Frequently Used Virial Black Hole Mass Estimators.

Emission Line  Continuum (A) a b  Reference
HB 5100 0.672 0.61 MDO04
0.910 0.50  VPO6
Mgll 3000 0.505 0.62 MDO04

0.860 0.50 VOO09
0.740 0.62 S11
Civ 1350 0.660 0.53 VP06

Notes: MDO04: [ MclLure & Dunlop [(2004); VPO06: | Vestergaard & &sbn [(2006); VOO09:
Vestergaard & Osmern (2009); S11: Shenetal. (2011). In bolusf are the sets of estimators we
used for the fiducial SMBH mass.

4. Virial Black Hole Masses

The SMBH mass is one key property in studying the SMBH-hosinection. Among the various
M, estimators (e.g. Kormendy & Richstone 1995; Gebhardt é2G0); Marconi & Hunt 2003), the virial
mass estimate is one of the simplest and most adopted_(eswi &tzal.l 2000;_McLure & Dunlop 2004;
Vestergaard & Osmer 2009). The virial method is a powerfal &specially in the absence of host galaxy
information, where stellar velocity dispersion or bulgminosity is missing. The virial method is based on
the assumption that the dynamics in the vicinity of the nuglehe ‘Broad-Emission-Line-Region’ (BLR),
is dominated by the gravity of the SMBH, so that the mass ofttmral SMBH can be estimated from the
virialized velocity of the line-emitting gas. The virial tied based on the emission lines are calibrated
by reverberation mapping (RM) results, which use time delayeasured from the BEL variability (e.g.
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Vestergaard & Peterson 2006; Wang et al. 2009; Park et aB)204 the RM method, the BLR radius can
be measured via the light travel time delayed response oémfission line flux to continuum variation.
However, only a few dozen objects have reliable RM masseddaltiee demanding exposure and signal-
to-noise (S/N) requirements (Denney et al. 2013). Thelvinethod is more commonly used as it requires
only single-epoch (SE) spectra. For SE spectra, the BERMiigh is used as direct proxy for the SMBH
mass, based on the assumption that the BLR radius is propaltio the luminosity—the observed R-L
relationship (VPO06;_Collin et al. 2006; Bentz eilal. 2009)+ddhe BEL line-width is proportional to the
Keplerian velocity of the accreting gas.

The virial mass estimators for SMBH based on SE spectra aidlyexpressed as:

M. AL, FWHM
Iog(m) —a+blog(m)+clog(m) 2

©

where M, is the solar mass. The teriil, is the continuum luminosity, a proxy for the BLR radius
(Kaspi et al. 2000; Bentz etlal. 2006, 2013). They are medsiioen chosen wavelengths close to each
BEL (Table[9). The coefficienta andb are empirical values based on the SMBH masses from RM and
comparison among different lines.normally has a fixed value of 2. Since the BEL line-width (FWHM
represents the virial velocity, this 2 factor exemplifies tirial nature of the BLR (M0 Gv?R™1). Recently

a few papers have suggested using other values li@sed on comparison of SE and RM results. For in-
stance, Wang et al. (2009) used 1.09 and 1.56 in front of {hiamtl Mgll FWHMSs, respectively. Park etlal.
(2013) used 0.56 in front of the CIV FWHMSs. Ifa 2 factor is adopted, the resulting SMBH mass estimate
will be smaller accordingly. Here we stick to the- 2 value to be consistent with the SDSS quasar catalog
(S11).

The CIV, Mgll, and H3 BELSs are widely used as virial black hole mass calibratags/(dcLure & Dunlop
2004 Vestergaard & Peterson 2006; Vestergaard & Osmer; E)h et al. 2011). We summarize the most
frequently used virial estimators in Table 9. If multiplel@aian components are used, in the catalog we pro-
vide both the dominant and the non-parametricddrived from the dominant and non-parametric FWHM.
In the following analysis of N properties, for the Mgll and B, we use the M derived from the non-
parametric FWHM to be consistent with the literature defini. This choice of non-parametric FWHM in
general provides lower Mestimates than from dominant FWHM, and may underestimatdithfor BELs
if the emitting gas is in Keplerian motion.

For the CIV calibrator, the line-width definition in litetakes is also the same as the non-parametric
FWHM (VPO06, see also Peterson etlal. 2004). However, it imtebas to whether it provides a reliable
M, estimate due to the large scatter between the generallystemsCIV and H8 derived M, (Netzer et all.
2007; Assef et al. 2011). This scatter may result from neiavcomponents from outflows or winds in
the CIV BLR (e.g._Richards et al. 2011). For this MIR-seldctgiasar sample, we find a marginally better
correlation between the dominant CIV FWHM and the non-patam Mgll FWHM (Figure.[20, left).
Better consistency is also found between thg dérived from the dominant CIV component and Mgll
BELs (Figure[ 2D, right), indicating a non-virial contriimn in the non-parametric BEL profile. Based on
the correlation results, we choose to use the dominant CI\HF\or M, estimates. We will discuss the
choice and its implications i§[Z.
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In our catalog, if applicable, we present multiple, Mising MD04 (H3, Mgll), VP06 (HB, CIV),
VOO09 (Mgll), and S11 (Mgll) estimators. We attribute the Klom MDO04 (HB), S11 (Mgll), and VP06
(CIV) as the fiducial’ M, to each object, as the Mrom these parameters are best-correlated with each
other (Fig[21, left). We compare the different estimatasda on the subsample of quasars that have two
BELs with a median S/N per pixel af 5 and no BAL/NAL, which leaves 20 objects with both Mgll and
HB BELs, and 38 targets with both CIV and Mgll BELs. The compami®f the M from different lines
and estimators for quasars with two BELs is achieved by figri linear correlation and measuring e
values to compare the sample scatter.

We first compare the three Mgll estimators (MD04, VOO09, Siithwhe CIV estimator (VP06), and
found a marginally smaller Mscatter for VP06 (CIV) & S11 (Mgll) x? = 1.07) than for VP06 (CIV) &
VO09 (Mgll) (x2 = 1.07). Both have g? value ~1 dex better than VP06 (CIV) & MD04 (Mgll). The
slope coefficient in all three sets of estimators agree wattheother within errors at a value0.6. The
scatter in logMgy, CIV, (VP06) /Mgy, Mgll, (S11)) is similar to the scatter for the SDSS DR7 catalog (see
Fig.10, S11). This small scatter between S11 and VP06 is&iguleas the S11 coefficients were empirically
adopted to provide the best correlation between VP06 (Ohd)2L1 (Mgll) results. For ease of comparison
with the SDSS sample, we assign the fvom S11 as the fiducial Mfrom Mgll BEL.

We then make the samy¢ comparison for the two B estimators (VP06, MD04) and the chosen Mgll
estimator S11. For the sameBHBEL, M, from VP06 is systematically 0.2 dex higher than from MDO04,
since the VP06 ‘a’ factor is-0.2 larger (Tablg]9). S11 & MDO04 show a slightly smaller seafy? = 0.59)
than S11 & VP06 x2 = 0.78), so M from MDO04 is chosen as the fiducial Mn HB BELs. The scatter
in log(Mgn, HB, (MD04) / Mgy, Mgll, (S11) is also similar to that of the SDSS DR7 catalog (see Fig.10,
S11).

In summary, for the MIR-selected sample, we find that MDOB Y511 (Mgll), and VP06 (CIV) show
the best correlations and assign a fiducigl bding these three estimators. If, Mfom Mgll and H3 BELs
are both available, the Mderived using i will be adopted as the fiducial Mbecause of the robust SE
mass scaling from B RM studies. For targets with Mfrom both CIV and Mgll BELSs, we attribute the
Mgll derived M, given the possible complications of non-virial componeanf the CIV BELSs.

In Fig.[21 (right), we plot the mass ratios distribution fbetquasar subsample with 2 BELs (median
S/N per pixel of> 5). The mean andd from a Gaussian fit to the mass ratio distributions are (@&Y) for
log (Mgy,HB, (MDO04) /Mgy, Mgll, (S11)) and (0.11, 0.42) for logMg, CIV, (VP06) /Mgy, Mgll, (S11)).
The mean offsets are negligible since they are smaller theat atypical FWHM error would introduce: a
30% error in FWHM translates to an upper and lower uncestaint-0.11 dex &—0.15 dex in the log (N
space, and justifies the choice of these three estimators.

We show the SMBH mass and redshift distribution for the MéRested quasar sample in Higl 22, and
superpose samples from the literature for comparison. @dehift distribution of the MIR-selected quasars
is typical of an apparent-magnitude limited sample, andaiagge overlap with the SDSS, BQS, and LBQS
catalogs. For N, the MIR-selected sample also overlaps with the above wresdi samples, but have a
higher fraction of lower mass objects than the S11 sampleieatdesult of the fainter magnitude limit
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applied.

5. Bolometric Luminosity and Eddington Ratios

We measure the bolometric luminosity, from the fitted spectra continuum luminositiekpo =
kxL,,whereL, areLsi00(z< 0.76, HB), L3000(0.43 < z< 2.10, Mgll), andL135¢(1.63 < z< 3.18, CIV) in
erg s'1; andk = 9.26, 5.15, and 3.81, respectively (cf. S11). The coefftdiamlues are from the composite
SED from[Richards et al. (2006b, R06), a modified SED largelyscstent with_Elvis et al! (1994). The
R06 template should be applicable to at least the point sotagets in this work, since it is based on
259 Sptizerdetected SDSS type 1 (BEL) quasars, and 96% (248/259) oftmddsn qualify the MIR-
selection ofS4 > 400uJdy for this sample. Therefore, we caution the usage of thelagedLyg and its
derived parameters for extended objects. We did not cothecspectra for intrinsic extinction (See also
§[2.8). This may result i being underestimated for systems with strong reddeningyverestimated
if there is significant host contamination. A fourth estioraisingS4 flux shifted to the rest-frame is also
introduced for comparison, in which thevalues differ from redshift to redshift. Given the uncertgi
in the quasar MIR SED shapes (Dai etlal. 2012), we caution $ieeofi the MIR flux-derived_pq. It is
on average 0.5dex higher than the optical continuum-denwadues, possibly from degenerate factors of
reddening, host contamination, and possible PAH emissiateemination az > 2. For comparison, we will
only discuss the continuum-deriveg in the following discussion. All MIR-selected quasars hayg
greater than 1ergst, confirming their quasar nature (Fig.]23).

For the MIR-selected SDSS subsample, a comparison withi8S3R7 quasar catalog (S11) shows
consistency within & in continuum-derived_p (Fig.[23) for over 80% of the MIR-selected targets. The
MIR-selected quasars have an overall lowsgg distribution than SDSS DR7 quasars, since they include
a large fraction (40%) of objects fainter than the SDSS ntadsi cut ati > 20.2. The median fitting
errors forLyg are 2%, 1%, and 3% for theH Mgll, and CIV BELSs, respectively. In objects that fall in
0.46<z<0.76 or 163 < z< 2.10, where two BELs are covered, we find-40% consistency between the
Lpol from CIV and Mgll, and~15% between Mgll and B, evidence of reddening or host contribution. In
the following analysis, if twd_o are available for the same object, we uselthg that corresponds to the
chosen M (See§ ).

In Fig.[24, we compare the Mwith Lyo. The diagonal line marks the Eddington luminosity for the
corresponding SMBH mass. Quasars rarely exdagqd (Kollmeier et al. 2006) and SDSS quasars tend
to lie above~0.05 Lggq, and below a ‘sub-Eddington boundary’ (Falcke et al. 2004bita et all 2009;
Steinhardt & Elvis 2010). Controversies exist as to whetherobserved sub-Eddington limit is due to the
incompleteness of SDSS sample at low W, < 3 x 10®°M.) and low Eddington ratio (ER.,/Lggd <
0.07) (Kelly & Shen( 2013). For the MIR-selected sample, we dbaliserve a clear sub-Eddington limit
(Fig.[28). The M for MIR-selected quasars shows a trend of downsizing, thabglLye/Leqdq is relatively
independent of redshift (Fi§. 26). These trends are sindathe results from the SDSS DR5 quasars
(Labita et al/ 2009). Table 10 summarizes thg, My, andLpe/Leqq differences between the MMT and



Table 10: Median SMBH mass, bolometric luminosity, and Bdtbn ratios of the MIR-selected quasars.

24—

Redshift ~ Subsample off l0g(M.)(My) log(Loor)(erg s't) 1og(Lpol/Ledd)
z<1 SDSS 44 8.26- 0.53 45.214+ 0.40 -1.07+ 0.53
MMT 82 8.39+ 0.56 45.01+ 0.46 -1.33+ 0.55

overall 126  8.34t 0.55 45.06+ 0.44 -1.24+ 0.55

l<z<?2 SDSS 55 9.0 0.47 46.10+ 0.61 -1.05+ 0.32
MMT 126 8.85+0.44 45.72+ 0.53 -1.14+ 0.34

overall 181 8.9 0.45 45.81+ 0.56 -1.10+ 0.33

2<z<3 SDSS 22 9.5% 0.24 46.80+ 0.36 -0.968+ 0.32
MMT 43 9.29+ 0.52 46.27+ 0.44 -1.15+ 0.38

overall 65 9.40+ 0.48 46.37+ 0.50 -1.05+ 0.37

z>3 SDSS 17 9.9 0.47 46.86+ 0.28 -0.90+ 0.44
MMT 2 10.78+ 1.27 47.69t 1.11 -0.95+ 0.16

overall 19 9.92+ 0.54 46.86+ 0.38 -0.91+ 0.42

Redshift Type #; 10og(M.)(Me) log(Lpo)(erg s )  log(Lpol/Ledd)
z<1 point 58 8.34+ 0.46 45.29+ 0.41 -1.07+ 0.46
ext 68 8.38+ 0.61 4493+ 0.42 -1.34+ 0.59

l<z<?2 point 172 8.9 0.45 45.81+ 0.57 -1.10+ 0.34
ext 96 8.90+ 0.34 45.95+ 0.35 -1.24+ 0.24

2<z<3 point 61 9.44+ 0.48 46.40+ 0.49 -1.05+ 0.38
ext 4 9.12+ 0.26 45.94+ 0.49 -1.25+ 0.24

z>3 point 19 9.92+ 0.54 46.86+ 0.38 -0.91+ 0.42

ext
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SDSS subsamples, and between point and extended sourcedl rédshift ranges, the MMT identified
quasars have a lower medibpy/Leqq ratio than their SDSS counterparts, possibly related tanttiesion

of extended sources in the MMT sample, since the nigariLgqq ratio is also lower for extended targets at
all redshift.

At z < 1, the extended sources show lovigg (~ 0.4 dex) and lower ER (by a factor of 2) than the
point sources (Fid._25). It is possible that the extendedsansareside in brighter or more massive host
galaxies, and at a less active evolutionary phase with ldwgyfLeqq. Of the 12 targets with rather low
ERS (Lpol/Ledd < 0.01), 10 are extended sources. Of the remaining 58 extendedesoatz < 1, 16 have
aLlpol/Ledg > 0.1, and 42 are at.01 < Lpg|/Ledd < 0.1. Thelpg/Ledq may be underestimated as quasars
may contribute significantly in the rest-frame FIR as sutgpeby Kuraszkiewicz et al. (2003) and Dai et al.
(2012). On the other hand, the ER may also be overestimatalibe of the possible host contribution to
the Ly atz < 1; though the reddening correction of the spectra will cetatt that effect. In the spectrum
of at least a few MIR-selected SDSS sources with extendetbptadry, stellar absorption and sometimes
a Balmer break is observed. For example, the 6 newly-idedtBDSS quasars with extended morphology
all show signatures of host galaxy (e.g. ip. 6): all havd B &K absorption, and four (4) also show the G
band in absorption.

At 1 < z< 3, the MMT identified subsample has systematically lowgy and M, than their SDSS
counterparts (Fid. 24, see also Tdble 10). The MMT sourcesneithe SDSS selection to fainter magnitudes
(Fig.[B), so at a given redshift, they must either have lolugy/Lgqgq, Or of smaller M. Kelly & Shen
(2013) suggested that the sub-Eddington boundary foun8@B8S quasars was a magnitude-limit effect,
and there was a large population of It /Leqg quasars down to M~ 5 x 108M, (log(M,) = 8.7M.,)
and Lpoi/Ledd ~ 0.07 (log(Lpol/Ledd) = —1.15). These do not appear in the MIR-quasar population for
1< z<3. Instead of a shift of the MandLye/Leqq to smaller values, comparable mean and scatter of ERs
and M, are observed atdz<2 and % z<3 (Fig.[25). At 1< z < 3, the point sources also scatter into the
< 0.1Lpol/Ledq regime. However, given the small numbers of extended objett > 1—possibly due to
the resolution restrictions of the telescope—it is diffi¢altell whether there is any systematic difference in
the SMBH accretion rate between extended and point-likeapgaat earlier cosmic time.

Table 11: Sample Entry of the basic parameters for the MIBetsd quasar sample.

ID RA DEC redshift S 0S4 SDSS photometry
(J2000)  (J2000) Uy Uy (u,g,11,2)
2009.0131-005 162.3289 59.4024 1.650 2282.43 19.42 (221737, 20.69, 20.22, 19.89)

(This table is available in its entirety in a machine-rededbrm in the online journal. A portion is shown
here for guidance regarding its form and content. Detaiedlog format can be found in Tallle]14. SDSS
photometry errors are not shown here due to space limitation
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6. The Spectral Catalog

We have included all the measured properties from line gttamd the derived properties in the online
master catalogs. This catalog will be available in its etyirin a machine-readable form in the online
journal. Objects are arranged in increasing RA order, ardEhreflects the spectroscopic subsamples:
MMTQ9, MMTO5b and SDSS. The MMTO5f faint objects are thenamged to the end of each table for
comparison. Table 11,12, ahd 13 show sample entries of the thaster tables. Taklel11 lists all the basic
parameters, including the object ID, position, redshifdSS and MIPS 2d¢m photometries of the quasar
sample; Tablé_12 shows a sample entry the results, incluthgg, luminosities, SMBH mass, and ERSs;
Table[13 includes the fitting parameters: continuum nomatibn and slope, iron template normalization
and broadening, wavelength, S/N, FWHM, line area, and EWachemission line. The catalog format
can be found in Table“14, Table]15, and Tdblé 16. Unless otberstated, a null value is given if no
measurements are available.

7. Discussion

The catalog of MIR-selected quasars can be used to studtatistiss of type 1 quasars and their
physical properties.

We find that a significant and constant fraction (20%) of Mikested quasars have extended optical
photometry az < 1.5, indicating luminous host galaxies (Table 3). The MMTenegred quasars include a
small population of redder targets than the SDSS quasaydd})i The MMT quasars share similar distri-
butions with the SDSS quasars in all colors &t 20.2, and cover fainter objects than SDSS did not cover
ati > 20.2 (Fig.[10,11,1R). The SDSS quasar algorithm is biased tisvaoint sources at> 19.1 and is
therefore missing quasars residing in extended hosts.solwed quasars comprise about 94% of all SDSS
guasars. SDSS did not include extended objects in theittasdection based on the assumption that the ex-
pected yield of quasars would be low. The MIR flux limit usedhis sample is more inclusive and recovers
the otherwise rejected extended sources. The extendedbafiopuconsists of 20% of the total MIR quasar
population, and calls for re-examination and updated stiaris for quasar distributions at all redshifts.

Table 12: Luminosities and SMBH mass of the MIR-selectedsguaample.

ID Flag EXT FlagABS FlagFAINT logM, OM, logLpo OLlpol  Lbol/Ledd
My in% ergs! in%
2009.0131-005 6 1 0 9.17 0.17 46.99 0.01 0.50

(This table is truncated for viewing convenience. It is e in its entirety in a machine-readable form in
the online journal. A portion is shown here for guidance rdamy its form and content. Detailed catalog
format can be found in Table115.)



27—

Although the SDSS algorithm completeness was simulatedaumdi to be consistent with MIR color-
selected quasar samples, e.g. Lacy etal. (2013), we dismbelditional quasars using the flux-limited
MIR-selection. Ati > 19.1, 9 additional MIR quasars that meet the SDSS selection reemered with the
MMT spectroscopy, resulting in an updated SDSS completeok®80%. Ati < 20.2 andz > 2.9, we only
found 1 additional MIR quasar which is consistent with theSSxompleteness of 90%. This completeness
difference arises from the different selection criterig bath optical and MIR color selections restrict the
sample to power-law like SEDs, whereas the MIR flux selectidopted here includes everything that meet
the apparent magnitude requirement.zAt 3 andi > 19.1, the observed quasar number densities per square
degree are higher than at the SDSS covéred 9.1 region.

In Fig.[4, the MIR-selected quasars show a redshift didinbupeaking atz ~1.4, consistent with
previous studies of the cosmic evolution of AGN number d@ssiHasinger et al. 2005; Silverman et al.
2008). We see evidence of downsizing in the MIR-selectagbtar with the most massive SMBHs appearing
at earlier times; though the ER remains almost constantar X 4 with large scatters. Objects with low
Lpol/Ledg < 0.01 are also observed ak 1.

Controversies exist as to whether CIV line-widths are laited solely to gravity, or are affected by
outflows or jets, and as a result, whether the CIV emissioivelimasses are as reliable as Mgll an@ H
derived masses (VP0B, Shen et al. 2008; Assefiéet al.l 2011 cbmcern arises from both the typically
blueshifted CIV BEL peak compared to other quasars BEELs K&IR$982;| Richards et al. 2002b, S11),
the commonly observed BAL/NALs (Weymann etlal. 1981, WO08hixi the CIV emission line profiles,
and the strong line asymmetries (Wilkes 1984; Richards/&Gf2b, See als§[3). The blueshift of the
CIV BEL peak relative Mgll is observed in80% of the MIR-quasars whose spectra covers both CIV and
Mgll BELs. In the MIR-selected quasar sample, there is nongircorrelation between the CIV and Mgl
FWHMs (Figure[ 2D, left). There is also no strong trend ofrdasing ratios of 0@V vgi1) /MeH.(civ))
with increasing CI\V-Mgll blueshifts, in contrast to the correlation reporteihl & Richards et al. (2011),
although the scatter is large for both, Matios and CI\-Mgll blueshifts (Fig[2¥).

A non-virial CIV emission component can be used to explail#nge scatter observed between CIV
and other BEL derived M(S11 Richards et al. 2011; Denney 2012). Dehney (2012) faundn-variable,
largely core’ emission component in the CIV BEL by comparihg SE spectra to the RM spectra. After

Table 13: Fitting parameters of the MIR-selected quasaptam

ID .. CIV_dom FWHM ... Mgll_dom. FWHM ... HB_dom FWHM
kms1 kms? kms1
2009.0131-005 ... 205646 221.2 4773.9- 363.0

(This table is truncated for viewing convenience, only thmthant FWHM for each line is listed. Additional
columns and format information can be found in Table 16. dvailable in its entirety in a machine-readable
form in the online journal. A portion is shown here for guidarregarding its form and content. )
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removing this non-variable component, the CIV deriveglfiows a better correlation with theBHerived
M,. In this MIR-selected quasar sample, we found that thedkrived from the dominant CIV FWHM
shows a marginally better correlation with the flom Mgll BEL (slope coefficient= 0.61+ 0.11) than
that from the non-parametric CIV FWHM (slope coefficien0.424 0.07, Figurel 20, right) and has smaller
scatter. If non-parametric CIV FWHM is used instead, a sugdmp in the M distribution atz~ 1.6 would
appear, where the Mstarts to be derived from the CIV BELs. This sudden increasaot physical and
supports our choice of the dominant CIV FWHM. In 70% of the GEL with multiple Gaussians, the non-
parametric CIV FWHMs are smaller than the dominant CIV FWHBIse to contributions from narrower
Gaussians that fit the line core (e.g., Figl 16). These naradditional Gaussian component resembles
the non-virial emission component foundlin Denney (2018,.3i The marginally better correlation of
dominant CIV M, to Mgll derived M, suggests contamination from non-virial CIV componentorion-
parametric CIV FWHM. The choice of dominant CIV FWHM insteafdthe conventional non-parametric
FWHM for M, estimates may provide a way to tackle this problem.

We find a high fraction of objects with absorption featurethimMIR-selected sample. For CIN¥40%
of the BELs quasars show absorption, NALs or BALSs; and thastfon is~ 20 % for Mgll objects. The
fraction of BALs in MIR-selected quasars, is#tB8% in CIV, and 18-2% in Mgll. The CIV numbers agree
with the overall fraction of 10-15% found for SDSS quasarg.(@rump et al. 2006; Knigge etlal. 2008).
The Mgll quasars show & 3o higher fraction of BALs than the 1.31% lin Trump et al. (2008)velocity
offset Worr) Of |Vorf| < 3000km s! between the NAL/BALs and the system redshift is commonlyduse
to define the associated NALs (e.g. Wild etial. 2008; Shen &adél 2012). The boundary between NAL
and BAL widths also differs from paper to paper. Wild et aD@8, WO08) used an upper boundary of 700
km s~ for associated NALs, arid Shen & Ménard (2012) used 500 Kmldere we adopt the 700 knts
limit and find the fraction of NALs to be 17% (27 objects) for\Cand 13% (40 objects) for Mgll. These
fractions are~ 3o higher for both CIV and Mgll NALs than in the SDSS-color-sabtl quasars (Wild et al.
2008). They are consistent with the SDSS quasars withinsefoo high velocity & 3000km s1) narrow
absorbers (Vestergaard 2003; Wild et al. 2008). About 25862086 of the CIV and Mgll absorbers show
absorptions redshifted from the emission line peak, irnfigapossible inflows towards the SMBH in the
BLR. We will present the subsample of quasars with redshi@®/ absorption and explore the possibilities
in a forthcoming paper (Dai et al., 2014, in preparation).

8. Summary

We construct a catalog of MIR-selected quasars in the LookA@e-SWIRE field and present their
SMBH mass and Eddington ratios in this paper. This broad&on-line, type 1 quasar sample is MIPS
24um selected and optically identified in three spectroscopigeys: MMTO09, MMTO5b, and SDSS. In
the catalog we compiled their photometries, continuum angson line properties, and luminosities and
virial SMBH mass (M) derived from the spectral measurements.

We find a significant population of quasars with extended ghetric morphologies. A constant frac-
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tion of 20% extended objects are observed in the MIR-salegtmsars across the magnitude ranges. We
then compare and estimate the completeness of the SDSS get=ztion algorithm to be- 70% at i<
19.1, about 20% lower than the reported 90% completenes)(R019.1< i <20.2 andz > 3, our result

is consistent with the reported SDSS completenessz <AB, SDSS only covered the< 19.1 region. In

this redshift range, we observe a significantly higher quasenber density at 19.& i <20.2 (~24 deg?)

than ati < 19.1 (~10 deg?). The number density at> 20.2 is even higher, reaching45 deg?. The MIR
selection used here efficiently extends the magnitude lifnihe quasar population to the low z sources.
Compared to color selections, the MIR selection recoveiiglafinaction of extended objects, and provides
a more complete sample to study the total quasar population.

We measure the linewidth and calculated the virial SMBH n(&k3, bolometric luminosity (o), and
the ERS [po1/Ledd) for the MIR-selected quasars. The consistency betweeMthestimated by the CIV
Mgll and HB emission lines is also tested. We found a better correldt@ween CIV and Mgll derived
M, using the dominant CIV FWHM instead of the conventional pamametric CIV FWHM, indicating
contribution from non-virial component to the latter.

The logM, (M) derived from emission line-width has an average error80%, with a distribution
from 7-11, peaking at logMM) = 8.8. The MMT identified quasars supplement the SDSS quasars at
lower M,, lower Ly, and in the SDSS exclusion zones. A systematic offset inrigdidin ratios is found
between extended and point sourceg &tl, indicating a less active AGN phase for the extended ohject
Similar large scatter dfp,/Lgqq from 0.01 to 1 is observed atd z < 3. The M, for MIR-selected quasars
shows a strong trend of downsizing, but the Eddington ra&tioains relatively independent of redshift.

We also find a high fraction of quasars with absorption festun this MIR-selected sample, which
will be presented in a forthcoming paper.

The complete catalog is being made publicly available enditong with the MMT-Hectospec spectra.
A similar 24um flux-limited redshift survey by the authors is underway INM-LSS, FLS (First Look
Survey), and the EGS (Extended Groth Strip) fields.
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Fig. 1.— Spectroscopic targets and survey coverage in tlokrhan Hole-SWIRE (LHS) field: Green
square,SDSS photometry, covering the whole fidddown square SWIRE Red plusesMMT-Hectospec
(2005) Blue plusesMMT-Hectospec (2009)The hole at the center of each MMT configuration is due to
the spacing limitation of the 300 fibers in the Hectospeaimsent.
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Fig. 2.— Histogram of the offset between SWIRE and SDSS jposit(red). In blue is the same histogram
for mismatches after a random position offset 10” radius). The random association rate withifiS
~18%, but declines te-6% within 2.5”. A matching radius of 2.%5was used to maximize the matching
counts while minimizing the random associations.
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Fig. 3.— (Top): Spectroscopic coverage in ®g—r band space for MIR-selected targets: Blue crosses,
854 SDSS DRY7 targetRed, 2,485 MMTQ9 plus 273 MMTO05b targetS&reen,902 MMTO5f targets The
contours in the background are the 12,255 MIR-selecte@tsithat satisfy th&, > 400uly (& r < 22.5)
limits. (Bottom): The r band magnitude and 2¢ flux distribution for all MIR-selected targets (black),
and the spectroscopic covered objects (Spec-covered, red)
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Fig. 4.— Examples of spectra with different redshift quafitags from Q= 4 (probability > 95% of
being correct) to Q=1 (no features recognized), following the same procedurie &3 DEEP2 survey
(Willmer et al. 2006; Newman et al. 2013). Q values are listetthe top right corner; also shown in the top
right corner are the SDSS r band magnitude (AB), the MIP&®4flux in mJy, and the median S/N per
pixel in the plotted region (Note this is different from theedian S/N of the emission line region, which is
usually of a higher value). Typical quasar lines are markegreéen. The redshifts given for the-€l and

Q = 2 examples are generated from the code or after visual chadkare not reliable values. Only spectra
with Q > 3 are kept in this work (See al§@®.5).
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Fig. 5.— Distribution of MIR-selected quasars in the lunsitg-redshift plane. Luminosity is indicated by

i band absolute magnitud®/;, calculated from the SDSS photometric magnitude. In bleetlae SDSS-
identified quasars, with blue pluses for point sources amel thiamonds for extended sources; and the red are
the MMT-identified quasars, with red dots for point sourced ged squares for extended sources. Whether
an object is extended (galaxy-like, ‘g’) or a point sourdariike, ‘s’) is defined by the extendedness of the
SDSS photometry, se€d2.7.1. The solid navy blue squares mark the 6 quasars neayifiied with SDSS
spectra that were not included the SDSS DR7 quasar catategcdrves shows the two magnitude ranges
of SDSS selections at= 19.1 (grey) and = 20.2 (green), and thick curves are the limitinglependent
magnitudes SDSS used for the sample of spectroscopic sqigets [2.7.1). The orange curve shows the
equivalent i band magnitude of the MMT-Hectospec limit(22.4). A total of 93 new quasars have been
identified by MMT (red dots and squares)iat 20.2, of which 80 fall between 19 < i < 20.2 atz< 3, a
region SDSS did not cover in the uniform color selection (8lse§[2.7). The number densities afk 3
quasars isv 10deg? ati < 19.1, slightly higher than the-9deg? at 191 < i < 20.2.
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Fig. 6.— One example of the 6 newly identified SDSS quasar eooim at the H8 emission line region
([4400, 5600}&). The two sets of plots show in the top the original spectfbtack), the estimated contin-
uum (orange), the scaled Fe template (dark blue) and thefititesl composite spectrum (red). The lower
plot shows the continuum- and Fe-template-subtractedtrsmedblack), in addition to the variance spec-
trum (grey), the narrow-line emission component (cyan) tiedwide-line component (green). The latter
is mostly subsumed by the composite narrow+wide emissiendpectrum shown in magenta. The top left
corner shows the ID, redshift, fitting? and number of Gaussian component used, and top right isftihe fit
results (FWHM, EW, signal-to-noise, and the FWHM of the parfine) in the emission line region.
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Fig. 8.— The comparison of different subsamples in term$eir tMIR to optical [r - [F4]]colors: SDSS
(blue), MMT (red), and MMTO5-faint (green). In grey we mahet24um flux limit of 400uJy. Objects with
point source morphology are the blue pluses (SDSS), red M), and green dots (MMTO5f); extended
sources are marked by blue diamonds (SDSS), red squares M green triangles (MMTO5f). The
morphologies are defined by the extendedness of the SDSSilopliotometry, seg2.7.1. The different
subsamples show similar MIR to optical colors within thegauof [2, 4.8]. Atr > 20, a very red population
of MIR-selected quasars emerges (dashed regiomn20,r — [S4] > 4.8), comprising a small fraction of 29
objects (14%) out of the 212> 20 MIR-selected quasars.
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Fig. 9.— Quasar distribution in the LHS fiel&lack circles the 12 MMTQ09 FOV;Black polygon contour
for the 8 MMTO5 FOV;Blue plusespoint-source quasars identified with SDSS spectra (SD 33t dia-
monds extended quasars identified with SDSS spectra (SDSReag);dotspoint-source quasars identified
with MMT spectra (MMT-s);Red squaresextended quasars identified with MMT spectra (MMT-§avy
squares the 6 extended quasars identified with SDSS spectra buinohkidied in the SDSS DR7 quasar
catalog (SDSS-new). For definition of the photometric motpdy see [2.7.
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Fig. 10.— Location of SDS{ue) and MMT (red) identified quasars in the SDSS colors and magnitudes
diagrams for objects at< 19.1. Symbols signals their SDSS photometric classificatibne plusesandred
dotsfor SDSS and MMT point source (*-s’, ‘star like'jlue diamondsindred squaregor extended sources
(*-g’, ‘galaxy like). The blue filled diamondsre the 6 newly-identified SDSS BEL objects, all of them
have extended photometry. The bright MMT source (‘200916288’) is marked with aed crossin the
center. Contours mark the distribution of the 110,509 SD&3 Quasars from Shen et al. (2011) at number
densities of 20, 100, 500, and 1,000 per 0.1 magnitude or oo The contour level of 100 objects per
0.1 magnitude bin is highlighted as a thick line to guide the. d-or objects with< 30 detections in either
band, an upper/lower limit is used in the color-color pldshed boxes are the different SDSS exclusion
regions: blue for white dwarfs;cyanfor A stars;magentafor M stars+ white dwarfs. Solid boxes are:
green the midz inclusion regionssolid magenta with an arrophigh-z inclusion regions (unique in each
panel, see Richards et/ al. (2002a)). The black lines in thrievg ‘i’ panel shows the two SDSS magnitude
cuts ati = 19.1 andi = 20.2. About half of the MMT subsample are extended sources, lynosvered by
the outmost contour level of 20 objects per bin, and 1 point Mddurce falls into the SDSS M star and
white dwarf exclusion region.
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Fig. 11.— Colors and magnitudes of SD3BuE and MMT (red) identified quasars at 1B< i < 20.2 (in-
cluding all redshifts). See Fig.1L0 for explanation of symskand lines. Irgreyare the brighter objects from
Fig.[10, with point sources in dots and extended sourcesuarsg and diamonds. The MMT-subsample
show a high fraction of extended sources (28%). A total of MTyuasars falls in the exclusion regions:
6 in the M star and white dwarf exclusion region, of which 2 point sources; 5 in the A star exclusion
region, all of which are point sources.
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i >20.2. See Fig._10 and Fig. 111 for for explanation of symbols amekli Ingreyare the brighter objects at

i <20.2. The MMT-subsample at> 20.2 consists of faint sources not covered by SDSS; and alsosshow
high fraction of extended sources (23%). A total of 25 MMT s falls in the exclusion regions: 4 point
sources and 9 extended objects in the M star and white dweld®an region; 9 point sources in the A star
exclusion region; 2 point sources in the white dwarf exdaosiegion; and 1 point source in the white dwarf
and A star overlapping region. The remaining 133 objects aiglify the SDSS color selection withomt

or morphological cuts.
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Fig. 14.— Example of comparison of the CIV BEL fitting resultith and without an F-test (smoothed
over 2 pixels). Top panel shows the SDSS results from Shdn(204.1), where no F-test was used and the
emission line was fitted with 3 Gaussian components; Bottanepshows the same object, since the F-test
shows a confidence level of 0.984, we abandoned the additBm#ssian component and kept only a single
Gaussian for the BEL profile. Same color codes as in S11 arktagpiide the eye. Upper and lower black
lines in each panel show the original and continuum-sutadaspectra. Theray line in the lower spectra is
the flux-density errors. In is the continuum, covered by the composite spectradnexcept for the
emission line region. In are the broad Gaussians used for the BEL (covered by the @irappectra

in the bottom panel). The composite spectra of the emissieni$ inmagenta The S11 has a dominant
Gaussian FWHM of 9728 506 km s1 , which is consistent with our results of 9489282 km s1. The
equivalent width (EW) results are also consistent (S117 211.4; this work: 20.3t+ 1.4). The additional
Gaussian components in the SDSS fits are not necessarygatijeict.
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Fig. 15.— Example of a quasar with automatically (top) anchuadly (bottom) fitted CIV line profile
(smoothed over 2 pixels). The manual fit accounts for the rptiso feature, and better constrains the
FWHM of the BEL. Upper and lower black lines in each panel shiesvoriginal and continuum-subtracted
spectra. Theray line in the lower spectra is the flux-density errorsota is the continuum, covered by
the composite spectra ird except for the emission line region. imeenare the broad Gaussians used for
the BEL, and incyan the absorption feature—a CIWA 4959, 5007 doublet is clearly seen redshifted from
the BEL peak. The composite spectra of the emission linerisagenta
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Fig. 16.— Example of the spectral fit for CIV BEL (smoothed o2epixels). Upper and lower black
lines show the original and continuum-subtracted sped@a.left shows the redshify? of the fit, and the
number of Gaussians used in the broad line fits; top rightaditting results of the dominant FWHM, EW,
and median S/N of the emission line region.gimay is the flux-density errors. In is the continuum,
covered by the composite spectrarénl except in the BEL region. In are the Gaussian components
for the BEL. The composite spectra of the emission line imagenta The ‘dominant’ FWHM is from the
broader Gaussian in green, while the ‘non-parametric’ FWBlfvbm the composite line profile in magenta.
As shown in this case, the ‘dominant’ FWHM is commonly braail@n the ‘non-parametric’ FWHM in
70% of the targets with multiple Gaussians.
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Fig. 17.— Example of the spectral fit for Mgll BEL (smoothedeo pixels). Upper and lower black lines
show the original and continuum aif@ template-subtracted spectra. Colors and legends areireqglan
Fig.[18, withpurple curve showing thé&etemplate, mostly covered by the composite spectradrexcept
in the BEL region. Incyan is the Mgll narrow emission componerfWHM < 1200km s?!), whose
FWHM is marked by FWHM2 in the legend.
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non-parametric Mgll emission line width. (right) SMBH md#4,) in M, derived from the non-parametric
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derived M is also observed of the Mrom dominant CIV FWHM (linear fit slope: .61+ 0.11) than from
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in the CIV BEL.
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Fig. 22.— (top) BH mass distribution of the relative freqogof the 391 MIR-selected quasar sampéi].
Literature values from SDSS and other surveys are alscepldttr comparisongray, 413 X-ray selected
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z < 5 quasars, including 34 SDSS quasars ak35<5 JVesterga.a.Ld_&_O_sniéLZdOQ, VOO09)een 71
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due to their relatively lower redshift from the RM consttain
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Fig. 25.— Eddington Ratiod (c/Ledd) Of MIR-selected quasars as a function of SMBH mass)(Molor
codes and legends are the same as in(Fig. 24. The dashed tedlluhets mark the 0.1 and 0.01 Eddington
ratios, respectively. At < 1, the extended sources show clearly lowgyi (~ 0.7 dex) and an average ©f3
x lower Eddington ratios than the point sources; at4< 2 and 2< z < 3, where limited extended sources
are available, the point sources show a wide span of Eddingtiios and scatter into tHg,,|/Leqq < 0.1

regime.
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Table 14:: The MIR-selected Quasar Catalog 1. Properties

Column  Format

Description

gD wN .

7-11.

STRING
DOUBLE
DOUBLE
DOUBLE
DOUBLE

DOUBLE
DOUBLE

12-16. DOUBLE

MMT designation of observation date-fiber numbe
or SDSS DR7 designation of spectroscopic Mxte numbet fiber number
Right ascension in decimal degrees (J2000.0)
Declination in decimal degrees (J2000.0)
Redshift (Seg2.5)
24um flux density &4) from SWIRE photometry

Uncertainty in 24um flux density &4 _grr from SWIRE photometry

SDSS photometry in AB magnitude (p.u, p.g,mir,p.z)
Uncertainty in SDSS photometry (pHrmp.Ercg, p.Ercr, p.Erci, p.Err.z)

Table 15:: The MIR-selected Quasar Catalog 2. Results

Column  Format Description
1... STRING MMT designation of observation date-fiber numbe
. cenn or SDSS DR7 designation of spectroscopic Mypliate numbef fiber number
2.. INTEGER extended source flag (p.type), '3’ for extendbjkct, '6’ for point source
3.. INTEGER absorption flag, '1’ for sources with absorptit®)’ for targets without absorption
4.. INTEGER faint object flag, "1’ for sources wit4 < 400uJy— the MMTO5f subsample
5.. DOUBLE Fiducial Virial SMBH mass log Min M, (§[4)
6.. DOUBLE Measurement uncertainty of the fiducial logM percentage
7.. DOUBLE Bolometric luminosity logno in erg st
8.. DOUBLE Uncertainty in logyo in percentage
9... DOUBLE Eddington ratiol(,o|/Ledd) based on the fiducial M
10.. DOUBLE Virial SMBH mass based on dominant CIV , Mgy civveos in Mg,
11.. DOUBLE Measurement uncertainty in dominant CIV , Mg civvpos in percentage

Continued on Next Page. ..



Table 15 — Continued

Column  Format Description
12.. DOUBLE Virial SMBH mass based on non-parametric CIV Mg civ nonveos in Mg
13.. DOUBLE Measurement uncertainty in non-parametric CIdgMgH civ nonvros iN percentage
14 .. DOUBLE Virial SMBH mass based on dominant Mgll , Mgn mgiimpos in Mg
15.. DOUBLE Measurement uncertainty in dominant Mgll , Mg mgimpos in percentage
16.. DOUBLE Virial SMBH mass based on non-parametric MgtigVgH mgil nonMpos i M,
17 .. DOUBLE Measurement uncertainty in non-parametric IM&g Mgn mgil nonMDo4 IN percentage
18.. DOUBLE Virial SMBH mass based on dominant Mgll , Mgn mgiivooe in M,
19.. DOUBLE Measurement uncertainty in dominant Mgll , Mg mgivoos in percentage
20 .. DOUBLE Virial SMBH mass based on non-parametric MgtigVgn mgii nonvoos i Mg
21.. DOUBLE Measurement uncertainty in non-parametric IMg Mgn mgii non,voog in percentage
22 .. DOUBLE Virial SMBH mass based on dominant Mgll , Mgy mgiis11in Mg
23 .. DOUBLE Measurement uncertainty in dominant Mgll , Mg mgis11 in percentage
24 .. DOUBLE Virial SMBH mass based on non-parametric MgtigMgH mgii non,s111n Mg
25 .. DOUBLE Measurement uncertainty in non-parametric IM&g Mgn mgii non,s11in percentage
26 .. DOUBLE Virial SMBH mass based on dominanB HlogMg 1 v pos IN M
27 .. DOUBLE Measurement uncertainty in dominar@ HogMgy 18 v pos IN percentage
28 .. DOUBLE Virial SMBH mass based on dominang HlogMg 1 mpoa In Mg
29 .. DOUBLE Measurement uncertainty in dominar@ HogMgy 18 Mpoa IN percentage
30.. DOUBLE Monochromatic line luminosity at 13&009 Lizsoinerg st
31.. DOUBLE Uncertainty in log1350 in percentage
32 .. DOUBLE Monochromatic line luminosity at 30&009 Lzogoin erg st
33.. DOUBLE Uncertainty in logi3gg0in percentage
34.. DOUBLE Monochromatic line luminosity at 51,&009 Lsigoin erg st
35.. DOUBLE Uncertainty in logjs100in percentage
36 .. DOUBLE Bolometric luminosity lofpo-CIV in erg s (0.580925- log L 1350)
37 .. DOUBLE Uncertainty in lofipo_CIV in percentage
38. DOUBLE Bolometric luminosity lobpo-Mgll in erg s~ (0.71180% log L3000)

Continued on Next Page. ..



Table 15 — Continued

Column  Format Description
39.. DOUBLE Uncertainty in logpo-Mgll in percentage
40 .. DOUBLE Bolometric luminosity lobpe-H 3 in erg s (0.96664-10g Ls100)
41 .. DOUBLE Uncertainty in logpo-H B in percentage
42 .. DOUBLE Bolometric luminosity lobpe-MIR in erg s (conversion factor is redshift dependent)
43 .. DOUBLE Uncertainty in lo@po-MIR in percentage

Table 16:: The MIR-selected Quasar Catalog —3. Parameters

Column  Format Description
1... STRING MMT designation of observation date-fiber numbe
. e or SDSS DR7 designation of spectroscopic Mxte numbet fiber number
2.. DOUBLE Power-law normalization for CIV continuum fitZ@00&
3.. DOUBLE Uncertainty in Power-law normalization
4., DOUBLE Power-law slopecy for the continuum fit
5.. DOUBLE Uncertainty irac)y
6.. DOUBLE Central wavelength of the dominant CIVcompdnen
7.. DOUBLE Central wavelength of the second ClVcomponent
8.. DOUBLE Central wavelength of the third CIVcomponent
9... DOUBLE Central wavelength of the non-parametric Clivigmnent
10.. DOUBLE Line dispersiondj) of the dominant CIV component in knt$
11.. DOUBLE Uncertainty iro; of the dominant CIV component in knt$
12 .. DOUBLE Full-width-half-maximum (FWHM) of the domina@IV in km s™1
13.. DOUBLE Uncertainty in the dominant CIV FWHM in knts
14 .. DOUBLE Integrated line area of the dominant CIV
15.. DOUBLE Uncertainty in the integrated line area of thendwant CIV
16 . DOUBLE Restframe equivalent width (EW) of the domin@iiv (A)

Continued on Next Page. ..



Table 16 — Continued

Column  Format Description
17.. DOUBLE Uncertainty in EW of the dominant CIV
18.. DOUBLE Line dispersiondj) of the secondary CIV component in km’s
19.. DOUBLE Uncertainty iroj of the secondary CIV component in km’s
20 .. DOUBLE Full-width-half-maximum (FWHM) of the secongeCIV in km s~1
21.. DOUBLE Uncertainty in the secondary CIV FWHM in kmls
22 .. DOUBLE Integrated line area of the secondary CIV
23 .. DOUBLE Uncertainty in the integrated line area of theoselary CIV
24 .. DOUBLE Restframe equivalent width (EW) of the secopdalVv (,&)
25 .. DOUBLE Uncertainty in EW of the secondary CIV
26 .. DOUBLE Line dispersiond;) of the third CIV component in kms
27 .. DOUBLE Uncertainty iroj of the third CIV component in kms
28 .. DOUBLE Full-width-half-maximum (FWHM) of the third ®lin km s™1
29 .. DOUBLE Uncertainty in the third CIV FWHM in kms
30.. DOUBLE Integrated line area of the third CIV
31.. DOUBLE Uncertainty in the integrated line area of thiectiCIV
32.. DOUBLE Restframe equivalent width (EW) of the third CIIN)
33.. DOUBLE Uncertainty in EW of the third CIV
34 .. DOUBLE Full-width-half-maximum (FWHM) of the non-gametric CIV in km st
35.. DOUBLE Uncertainty in the non-parametric CIV FWHM in lent
36 .. DOUBLE Integrated line area of the non-parametric CIV
37.. DOUBLE Uncertainty in the integrated line area of the4parametric CIV
38.. DOUBLE Restframe equivalent width (EW) of the non-paetric CIV (A)
39.. DOUBLE Uncertainty in EW of the non-parametric CIV
40 .. DOUBLE Reduceg? for the CIV continuum fit
41.. DOUBLE Reduceg? for the CIV emission line fit
42 .. SHORT Status code for the CIV continuum fit (See IDL paogfmpfitfun.pro’)
43 .. SHORT Status code for the CIV emission line fit

Continued on Next Page. ..



Table 16 — Continued

Column  Format Description
44 .. SHORT  Number of good pixels for the CIV emission linarfgtregion (1500—160(5\)
45 .. DOUBLE Median S/N per pixel for the CIV emission lineifig region
46 .. DOUBLE Power-law normalization for Mgll continuum fit 30003
47 .. DOUBLE Uncertainty in Power-law normalization
48 .. DOUBLE Power-law slopeng for the continuum fit
49 .. DOUBLE Uncertainty iroyg
50.. DOUBLE Normalization of the Fell template
51.. DOUBLE Uncertainty in Fell normalization
52.. DOUBLE FWHM of the Fell component for Mgll continuum fit
53.. DOUBLE Uncertainty i-W HMee
54 .. DOUBLE Central wavelength of the dominant Mgll compuaine
55.. DOUBLE Central wavelength of the second Mgll component
56 .. DOUBLE Central wavelength of the third Mgll component
57 .. DOUBLE Central wavelength of the narrow Mgll component
58.. DOUBLE Central wavelength of the non-parametric Mglinponent
59.. DOUBLE Line dispersiond) of the dominant Mgll component in knt$
60 .. DOUBLE Uncertainty iroj of the dominant Mgll component in knt$
61 .. DOUBLE Full-width-half-maximum (FWHM) of the dominaMgll in km s~1
62 .. DOUBLE Uncertainty in the dominant Mgll FWHM in knt$
63 .. DOUBLE Integrated line area of the dominant Mgll
64 .. DOUBLE Uncertainty in the integrated line area of thendwant Mgll
65.. DOUBLE Restframe equivalent width (EW) of the dominktail (A)
66 .. DOUBLE Uncertainty in EW of the dominant Mgll
67 .. DOUBLE Line dispersiond;) of the secondary Mgll component in km’s
68 .. DOUBLE Uncertainty iro; of the secondary Mgll component in kim's
69 .. DOUBLE Full-width-half-maximum (FWHM) of the secongaVigll in km s
70 . DOUBLE Uncertainty in the secondary Mgll FWHM in km's

Continued on Next Page. ..



Table 16 — Continued

Column  Format Description
71.. DOUBLE Integrated line area of the secondary Mgll
72 .. DOUBLE Uncertainty in the integrated line area of theoselary Mgll
73 .. DOUBLE Restframe equivalent width (EW) of the secopddgll (A)
74 .. DOUBLE Uncertainty in EW of the secondary Mgll
75 .. DOUBLE Line dispersiond) of the third Mgll component in kms
76 .. DOUBLE Uncertainty iroj of the third Mgll component in kms
77 .. DOUBLE Full-width-half-maximum (FWHM) of the third Mbin km s~1
78 .. DOUBLE Uncertainty in the third Mgll FWHM in kms
79 .. DOUBLE Integrated line area of the third Mgll
80.. DOUBLE Uncertainty in the integrated line area of thedtiMgll
81.. DOUBLE Restframe equivalent width (EW) of the third M@h)
82.. DOUBLE Uncertainty in EW of the third Mgll
83.. DOUBLE Full-width-half-maximum (FWHM) of the non-gametric Mgll in km st
84 .. DOUBLE Uncertainty in the non-parametric Mgll FWHM imks 1
85.. DOUBLE Integrated line area of the non-parametric Mgll
86.. DOUBLE Uncertainty in the integrated line area of tha4parametric Mgll
87 .. DOUBLE Restframe equivalent width (EW) of the non-pagéric Mgll (,&)
88 .. DOUBLE Uncertainty in EW of the non-parametric Mgll
89 .. DOUBLE Line dispersiond) of the narrow Mgll component in knT$
90.. DOUBLE Uncertainty iroj of the narrow Mgll component in knrs
91.. DOUBLE Full-width-half-maximum (FWHM) of the narrow &l in km s~1
92.. DOUBLE Uncertainty in the narrow Mgll FWHM in knt$
93.. DOUBLE Integrated line area of the narrow Mgll
94 .. DOUBLE Uncertainty in the integrated line area of theoa Mgl|
95.. DOUBLE Restframe equivalent width (EW) of the narrowIMd\)
96 .. DOUBLE Uncertainty in EW of the narrow Mgll
97 . DOUBLE Reduceg? for the Mgll continuum fit

Continued on Next Page. ..



Table 16 — Continued

Column  Format Description
98.. DOUBLE Reduceg? for the Mgll emission line fit
99.. SHORT Status code for the Mgll continuum fit (See IDL paog ‘mpfitfun.pro’)
100.. SHORT Status code for the Mgll emission line fit
101.. SHORT  Number of good pixels for the Mgll emission lirterfg region (2700—290(5\)
102.. DOUBLE Median S/N per pixel for the Mgll emission lindifig region
103.. DOUBLE Power-law normalization forfHcontinuum fit at 3008
104.. DOUBLE Uncertainty in Power-law normalization
105.. DOUBLE Power-law slopeyg for the continuum fit
106.. DOUBLE Uncertainty g
107.. DOUBLE Normalization of the FeH[OlIl] template
108.. DOUBLE Uncertainty in Fel[Olll] normalization
109.. DOUBLE FWHM of the FeH-[Olll] component for H3 continuum fit
110.. DOUBLE Uncertainty iffWHMg,
111.. DOUBLE Central wavelength of the dominan$ Homponent
112.. DOUBLE Central wavelength of the seconfl Ebmponent
113.. DOUBLE Central wavelength of the thirgBHtomponent
114.. DOUBLE Central wavelength of the narroyBldomponent
115.. DOUBLE Central wavelength of the [(i] A4959 component
116.. DOUBLE Central wavelength of the [(f] A5007 component
117.. DOUBLE Line dispersiond() of the dominant i component in km st
118.. DOUBLE Uncertainty iroj of the dominant ¥ component in km st
119.. DOUBLE Full-width-half-maximum (FWHM) of the dominaHp in km s1
120.. DOUBLE Uncertainty in the dominant3FWHM in km s™1
121.. DOUBLE Integrated line area of the dominar H
122.. DOUBLE Uncertainty in the integrated line area of tbenchant H3
123.. DOUBLE Restframe equivalent width (EW) of the dominid® (,&)
124. DOUBLE Uncertainty in EW of the dominantH

Continued on Next Page. ..



Table 16 — Continued

Column  Format Description
125.. DOUBLE Line dispersiong() of the secondary B component in km st
126.. DOUBLE Uncertainty imj of the secondary B component in km st
127.. DOUBLE Full-width-half-maximum (FWHM) of the secaamy HB in km s™1
128.. DOUBLE Uncertainty in the secondary3HFWHM in km s1
129.. DOUBLE Integrated line area of the secondafyy H
130.. DOUBLE Uncertainty in the integrated line area of taeondary H8
131.. DOUBLE Restframe equivalent width (EW) of the secand#3 (A)
132.. DOUBLE Uncertainty in EW of the secondarBH
133.. DOUBLE Line dispersiond) of the third H3 component in km st
134.. DOUBLE Uncertainty iroj of the third H3 component in kmst
135.. DOUBLE Full-width-half-maximum (FWHM) of the third Blin km s1
136.. DOUBLE Uncertainty in the third BIFWHM in km s™1
137.. DOUBLE Integrated line area of the thirgBH
138.. DOUBLE Uncertainty in the integrated line area of thiect H3
139.. DOUBLE Restframe equivalent width (EW) of the thir Iﬂ&)
140.. DOUBLE Uncertainty in EW of the third B
141.. DOUBLE Line dispersiond) of the narrow H8 component in km st
142.. DOUBLE Uncertainty iroj of the narrow H3 component in km st
143.. DOUBLE Full-width-half-maximum (FWHM) of the narrot in km s1
144 .. DOUBLE Uncertainty in the narrowHFWHM in km st
145. . DOUBLE Integrated line area of the narro@ H
146.. DOUBLE Uncertainty in the integrated line area of taerow HB
147.. DOUBLE Restframe equivalent width (EW) of the narro@ (71°\)
148.. DOUBLE Uncertainty in EW of the narrowH
149.. DOUBLE Line dispersiond{) of the [Orr1] A4959 component in kms
150.. DOUBLE Uncertainty iroj of the [Omi] A4959 component in kms
151. DOUBLE Full-width-half-maximum (FWHM) of the [@] A4959 in km st

Continued on Next Page. ..



Table 16 — Continued

Column  Format Description
152.. DOUBLE Uncertainty in the [@1] A4959 FWHM in km st
153.. DOUBLE Integrated line area of the @ A 4959
154.. DOUBLE Uncertainty in the integrated line area of tBei[] A 4959
155.. DOUBLE Restframe equivalent width (EW) of therf(A 4959(&)
156.. DOUBLE Uncertainty in EW of the [x] A4959
157.. DOUBLE Line dispersiond{) of the [Orrr] A5007 component in kms
158.. DOUBLE Uncertainty i} of the [Ou1] A5007 component in kms
159.. DOUBLE Full-width-half-maximum (FWHM) of the [@] A5007 in km s!
160. . DOUBLE Uncertainty in the [@] A5007 FWHM in km st
161.. DOUBLE Integrated line area of the @ A 5007
162.. DOUBLE Uncertainty in the integrated line area of tBei{] A 5007
163.. DOUBLE Restframe equivalent width (EW) of therf(pA 5007 (&)
164 .. DOUBLE Uncertainty in EW of the [@x] A5007
165.. DOUBLE Ratio of ([Qi1] A5007/ [Or1] A4959)
166.. DOUBLE Reduceg? for the H3 continuum fit
167.. DOUBLE Reduceg? for the H3 emission line fit
168.. SHORT Status code for thgBHtontinuum fit (See IDL program ‘mpfitfun.pro’)
169.. SHORT Status code for thgBHemission line fit
170.. SHORT Number of good pixels for theBHtmission line fitting region (4700-5107’0)
171.. DOUBLE Median S/N per pixel for thefHemission line fitting region
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