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Abstract In this work, we report new quasars discovered in fields inuvicaity

of the Andromeda (M31) and Triangulum (M33) galaxies witk ttarge Sky Area
Multi-Object Fiber Spectroscopic Telescope (LAMOST, atsdled the Guo Shou
Jing Telescope) during the 2013 observational seasonettuad year of the regular
survey. In total, 1330 new quasars are discovered in an &re438 ded around M31
and M33. With: magnitudes ranging from 14.79 to 20.0 and redshifts fron® @00
4.85, the 1330 new quasars represent a significant incre#ise humber of identified
qguasars in fields in the vicinity of M31 and M33. Up to now, théave been a total
of 1870 quasars discovered by LAMOST in this area. The mutdrged sample of
known quasars in this area can potentially be utilized tstroiet a precise astrometric
reference frame for the measurement of minute proper metdérivi31, M33 and
their associated substructures, which are vital for urideding the formation and
evolution of M31, M33 and the Local Group of galaxies. Morequn the sample,
there are a total of 45, 98 and 225 quasars withagnitudes brighter than 17.0, 17.5
and 18.0 respectively. In the aforementioned brightness b, 35 and 84 quasars are
reported here for the first time, and 6, 21 and 81 are repantedri pervious work. In
addition, 0, 1 and 6 are from the Sloan Digital Sky Survey a2 and 54 are from
the NED database. These bright quasars provide an invalisabhple to study the
kinematics and chemistry of the interstellar/intergatactedium of the Local Group.

Key words: galaxies: individual (M31, M33) — quasars: general — qusisamis-
sion lines
1 INTRODUCTION

Since the first optical spectral identifications of a quasah(Mmidt 1963), the number of known
guasars has steadily and rapidly increased. In partidhiuSloan Digital Sky Survey (SDSS; York

* LAMOST Fellow.
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et al. 2000) has currently discovered abe@60 000 quasars (see Schneider et al. 2010; Paris et al.
2012, 2014 and references therein). Being the most enemjgtcts in the universe, quasars have
been widely used as excellent tracers to study a varietytaf@sysical problems, such as the large
scale structure of the universe (e.g. Boyle et al. 2000)rabmassive black holes of galaxies (e.g.
Corbett et al. 2003), galaxy formation and evolution (e.gblardt et al. 2000), and the interstel-
lar/intergalactic medium (ISM/IGM) (e.g. Murdoch et al.88 Savage et al. 2000).

The Andromeda galaxy (M31) is the most luminous member ofLibeal Group of galaxies
and the nearest archetypical spiral galaxy that servesasfdhe best astrophysical laboratories for
studies of the formation and evolution of galaxies. The daegtometric surveys performed by the
Canada-France-Hawaii Telescope (Ibata et al. 2007; Mcé&ria et al. 2009) have revealed a large
variety of complex substructures within hundreds of kilgeas (kpc) of M31, with some extending
all the way to the Triangulum galaxy (M33), pointing towargh@ssible encounter between these
two galaxies in the past. Further chemical and kinematiestigations of M31, M33 and associated
substructures are vital for understanding the assembigriisf the Local Group.

With a distance ofv 785 kpc (McConnachie et al. 2005), M31 is moving towards thlkm
Way at a speed of 117 knt'$ (Binney & Tremaine 1987). Moreover, its transverse velobias
remained unmeasurable for a long time. The distance andeproption (PM) of M33 have been
measured by the Very Long Baseline Array (Brunthaler et @D5). Nevertheless, water maser
sources in M31 have been discovered only recently (Darldl2 and so do not yet have a long
enough time baseline for accurate PM measurements. Bastm &amematics of M33 and IC 10,
two satellite galaxies of M31, Loeb et al. (2005) and van deréfl& Guhathakurta (2008) present
theoretical estimates of the PM of M31, about 80 km $20 pas yr '). Based on Hubble Space
Telescope (HST) imaging data spanning 5-7 years, Sohn &Qd2) present the first direct PM
measurements of three M31 fields, each with an area Bf7x2.7 arcmi. Due to the sparsity of
known background quasars, compact background galaxiesactkinstead as reference sources for
the PM measurements. Given the importance of PM measursifiegninderstanding the kinematics
of M31, M33 and those associated structures, securing &isuftiy large number and density of
background quasars would be extremely useful for constrgi@n accurate reference frame for
precise PM measurements.

A series of studies based on the Spectroscopic and Photorhatrdscape of Andromeda’s
Stellar Halo (SPLASH; see Dorman et al. 2012; Gilbert et@0® 2012, 2014; Tollerud et al. 2012
and reference therein) survey present the kinematical la@ahical properties of stars in M31 and its
extended halos, as well as in features of tidal debris andfdyataxies. Spectroscopic measurements
of the chemical composition of stars at the distance of M8hat easy tasks even for ten-meter class
telescopes, including Keck. Absorption-line spectrogoofpbright quasars in fields in the vicinity
of M31 and M33 can be used to probe the chemical compositisirjlmition and kinematics of
the ISM/IGM associated with the Milky Way, M31, M33 and redtsubstructures. Several studies
published hitherto (see Savage et al. 2000; Schneider €088 and references therein), based on
data collected with the Hubble Space Telescope Quasar pfisotine Key Project have revealed a
wide range of ionization states, chemical compositionda@meimatics of gas in the Milky Way halo.
Rao et al. (2013) studied the properties of the extended glasdfi M31 using observations of 10
background quasars with the HST Cosmic Origins Spectrégf@@S). Such studies are however
currently limited to a few lines of sight and restricted bg tvailable number of bright (low-redshift)
quasars in the fields of interest.

The Large Sky Area Multi-Object Fiber Spectroscopic Tedggc(LAMOST) is an innovative
reflecting Schmidt telescope with a design allowing bothrgddight-collecting aperture (with the
effective aperture varying between 3.6 m—4.9m, dependimthe declination and hour angle of
pointing) and a wide field of view of 5 degrees in diameter (€ual. 2012; Wang et al. 1996; Su
& Cui 2004). With a spectral resolution of R 1800 and a wavelength coverage of 3700-9800
LAMOST can simultaneously record spectra of up to 4000 tielesbjects. After commissioning
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for two years (2009-2010) and the pilot survey that lastesl yar (2011), the LAMOST regular
survey was initiated in October 2012 (Zhao et al. 2012).

This is the third installment presenting the results of tAMOST survey of background quasars
in fields in the vicinity of M31 and M33. In the first paper of $téeries, we reported 14 new quasars
discovered with LAMOST using the early commissioning daillected in 2009 (Huo et al. 2010,
hereafter Paper I). In the second paper, we presented 52¢ dswovered quasars, based on data
collected during the 2010 commissioning as well as the 2@digurvey (Huo et al. 2013, hereafter
Paper II). In this paper, we present newly discovered bamkut quasars in this area in the 2013
observational season, the second year of the regular survey

The paper is organized as follows. In Section 2, we preseasaucandidate selection.
Observations and data reduction are described in Sectidhe8quasar sample and its properties
are described in Section 4.

2 CANDIDATE SELECTION

Quasar candidates are selected based on the optical aridfnaad (IR) photometric data available
in fields in the vicinity of M31 and M33. Within the SDSS covgea low-redshift quasar candidates
are selected by following Richards et al. (2002). Quasadickates and stars are well separated in
the SDSS color-color diagrams. Candidates down té-laand magnitude limit of 20.0 mag (with a
surface number density 6§27 candidates per square degree) are selected (see PapdrB fa
more details). In the central area of M31 and M33, no relighletometric data are provided by the
SDSS as well as the Xuyi Schmidt Telescope Photometric $YX&TPS; Liu et al. 2014). Quasar
candidates are selected using data from the Kitt Peak Ndtdbservatory (KPNO) 4 m telescope
survey of M31 and M33 (Massey et al. 2006), after transfogiiire KPNOU BV RI magnitudes
to SDSSugriz magnitudes using the transformation of Jester et al. (2088)ced for quasars with
redshiftsz < 2.1.

In addition to the optically selected candidates, the Widket Infrared Survey Explorer (WISE;
Wright et al. 2010) sources with coloi&1l — W2 > 0.8 are selected as candidates (Yan et al.
2013, Stern et al. 2012). The IR sources are cross-cordeldtk the available optical point-source
catalogs of SDSS, KPNO and XSTPS (see Paper Il for more det8iy this method, about 26
candidates per square degree are selected down to a limiaggitude of < 20.0 mag. As shown
in Wu et al. (2012), this IR-based selection is capable offfipduasars with redshifts up to< 3.5.
Figure 1 shows the sky coverage of SDSS and XSTPS in the aMaband M33.

3 OBSERVATIONS AND DATA REDUCTION

The quasar candidates in fields in the vicinity of M31 and M3a8éehbeen targeted by LAMOST
since its initial commissioning in 2009; see Paper | and PHger the previous results on quasars
discovered with LAMOST in this area. Here we report resudtsdal on data collected in the 2013 ob-
servational season, the second year of the LAMOST regutaegur hrough two years (2009-2010)
of commissioning, one year (2011) of the pilot survey andyes (2012) of the regular survey we
have seen that the performance of LAMOST has been stahilgi¢ldl some steady improvement
over time (Huo et al. 2015, in preparation; Yuan et al. 20h5yreparation). There are dozens of
papers published based on the LAMOST data, see the preféleis gpecial issue (Liu et al. 2015).
There are 10 plates with quasar candidates observed by LAM®$he 2013 observational

season. Similar to the LAMOST Spectroscopic Survey of thia@Gia Anti-center (LSS-GAC; Liu
et al. 2014; Yuan et al. 2015 for detail), three categoriespgfctroscopic plates are designated,
bright (B), medium (M) and faint (F), targeting sources wiifferent brightnesses for efficient
usage of observing times that have different qualitiesevhiiso avoiding fiber cross-talk. All quasar
candidates are only assigned to fibers in M plates regardfetseir brightness, except for a few
guasar candidates with magnitude brighter than 16.3. The latter have been assifjipexs in B
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Fig. 1 Sky coverage of the SDSS and XSTPS in the area of M31 and M38pdkitions of M31
and M33 are marked. The grey area represents the SDSS skyagewvef this area. The magenta
plus symbols delineate the individual field centers of th'RS M31/M33 survey, with each field
covering an area of:2 2 ded. The black circles represent the three spectroscopic fieidgarget
quasar candidates in the outer halo of M31 by SDSS; the orteeimdrtheast area represents two
fields with the same central positions. The cyan circlesl ldimLAMOST fields observed in 2010
and 2011. The blue circles represent the LAMOST fields oleskitvthe 2013 observational season.

plates and observed repeatedly. The exposure times fondigdual M plates vary between 1800
to 2400s, and are repeated two or three times for cosmic jegtiens and for buildup of the signal-
to-noise ratio (SNR). The spectra have a wavelength coeemﬁ@?OO—QOOOX, with a resolving
power of R~1800. In total, 7425 unique quasar candidates were targetide 2013 season, and
some of them were targeted repeatedly. Because of the airfield of view of LAMOST, some
overlap of the field is necessary in order to have contigukyisaverage. See Figure 1 for the fields
targeted by LAMOST in 2013.

The spectra were reduced with the LAMOST two-dimensionB) (@ipeline, version 2.6 (Luo
et al. 2004, 2012, 2015). Given the relatively low througispaf LAMOST at blue wavelengths,
and the relative faintness of quasar candidates, flux+ediin often induces larger uncertainties. As
such, for the purpose of identifying quasars of interest hee use spectra without flux calibration.

4 RESULTS AND DISCUSSION

The current work is based on data collected during 2013,ebersl year of the LAMOST regular
survey. The performance of LAMOST, including throughpud ditber positioning, improved sig-
nificantly compared to earlier times when LAMOST was op@@tiSky subtraction, although im-
proved, is still not as good as expected, especially at eagghs longer than 7260 Fortunately,
guasars are easily identified with their characteristi@dremission lines. We require that at least
one emission line is securely identified. We visually exaartime one-dimensional (1D) extracted
spectra of quasar candidates one by one, and this leads ittetitéications of 1545 quasars in the
10 observed fields near M31 and M33, 1370 of which are newbodisred. If we adopt a luminosity
cut by following the SDSS Quasar Survey (Schneider et al028k0 see the references therein),
with an absoluté-band magnitude of/; = —22.0 in a cosmology withH, = 70 km s~! Mpc~!,
Qv = 0.3 andQ, = 0.7, the number of identified quasars is 1503, of which 1330 ane ne
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Table 1 Catalog of New Quasars in Fields in the Vicinity of M31 and M33covered by LAMOST
in the 2013 Observational Season

Object R.A.  Dec. (J2000) Redshift u g r 7 z  A(i) Selectiort

J003234.36+335838.0 8.143199 33.977227 1.46 20.16 209482119.64 19.62 0.17 W,S,—
J003237.68+330028.2 8.157018 33.007835 1.22 - 1964 19%46 - 019 W—-

J003238.14+331814.1 8.158927 33.303941 157 19.82 19935119.09 19.08 0.16 W,S,-
J003326.08+322235.3 8.358672 32.376485 2.87 21.08 20960119.65 19.49 0.16 W,——
J003333.87+331441.5 8.391137 33.244884 2,51 19.83 18%80118.40 18.19 0.17 W,——
J003347.28+340456.8 8.447031 34.082462 2.22 — 19.48 19234 - 0.20 W,—-—

J003354.78+335628.9 8.478290 33.941377 1.72 21.34 21MB86219.95 19.89 0.17 W,——
JO03437.21+334634.1 8.655059 33.776146 1.72 18.16 18280117.62 17.76 0.16 WS-
J003445.88+333018.4 8.691207 33.505132 2.22 - 1898 19899 - 017 W,—-—

J003459.55+323110.9 8.748138 32.519718 0.44 19.60 192p5118.94 18.82 0.16 W,S,—

Notes:* W represents those candidates selected by the IR critesiedban the WISE data, S represents optically
selected cases using the SDSS criteria for low-redshifsajgaand M represents optically selected cases from the
KPNO data (Massey et al. 2006). Only part of Table 1 is shown ler illustration. The whole table contains
information on 1330 new quasars is availablehtip: //mww.raa-journal .org/docs/ Supp/ms2222tabl el.txt.

All the new quasars have reasonable SNRs and at least onsi@mlise securely identified,
allowing reliable redshift estimations (see Fig. 2). Tablaresents the catalog of these newly dis-
covered quasars, including target designation (in the &dhhmmss.ss+ddmmss.s), J2000.0 coor-
dinates (right ascension (R.A.) and declination (Dec.)egichal degrees), redshifts, the observed
SDSSu, g, r, i andz magnitudes without extinction correctiorishand extinction from Schlegel
et al. (1998), and the selection criteria used. Only a pontibthe table is shown here. The whole
table containing information on 1330 new quasars is onlylavie in the online electronic version.
In the last column of Table 1, W indicates targets selectead thie IR criteria based on the WISE
data, S indicates targets selected using the SDSS criterlavi-redshift quasars, and M indicates
those targets selected based on the KPNO data of the Locap®@i@alaxies. No quasars selected
from the KPNO data are discovered in this 2013 observatsgedon. Columns 5-9 list the SDSS
g, r, i andz magnitudes. For some targets, thandz magnitudes are not given. Those targets are
selected by cross-matching the WISE IR candidates with 8€PS optical catalog.

Figure 2 shows the LAMOST spectra of four new quasars withdewange of properties. The
spectra have not been flux-calibrated. At wavelengths shénan 40004 where the instrument
throughputs are relatively low, as well as between the dicherossover wavelength range 5700—
6000A, the spectra have relatively low SNRs. Since the LAMOST speaxre oversampled, they are
binned by a factor of 4 to improve the SNRs. Cosmic rays thaiaired after pipeline processing
have been manually removed for clarity.

Here we present a brief description of the properties of thue fluasars shown in Figure 2. At
a redshift of 0.08 and with ahmagnitude of 14.79, J004342.54+372519.9 is the brightessay
and the quasar with the lowest redshift in the catalog repdrt this paper. With a redshift of 4.85,
J012220.29+345658.4 is the quasar with the highest radsi@éented here. It is also the quasar
with the highest redshift discovered by LAMOST by the endtd 2013 observational season,
as far as we know. This object was also observed in Janua@Id ®ith the Yunnan Faint Object
Spectrograph and Camera (YFOSC) mounted on the Lijiang 2eflascope administered by Yunnan
Astronomical Observatory. The identification and redshiftally found in the LAMOST spectrum
were confirmed. J010508.48+440955.6 is an example of a guasar catalog with broad absorp-
tion lines, having an emission line redshift of 2.93. JO0AB83+341859.2, at a redshift of= 2.70
and ani-band absolute magnitude 8f, = —30.19 mag, is the most luminous quasar in our catalog.
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Fig. 2 Examples of newly discovered quasars by LAMOST in the 2048Iex survey. The vertical
dash-dotted lines label identified emission lines. Faxis is the relative flux in units of counts per
pixel. The spectra have been binned by a factor of 4, and cosays that remained after pipeline
processing were manually removed for clarity.

4.1 Spatial Distributions

The spatial distributions of all known background quasareilds in the vicinity of M31 and M33
are shown in Figure 3, in the— plane. Heret andn are respectively the R.A. and Dec. offsets
relative to the optical center of M31 (Huchra et al. 1991)efhare, in total, 1870 quasars discov-
ered by LAMOST by the end of the 2013 observational seasahyding 1330 newly discovered
quasars in an area 6f133 ded reported in this paper. In addition, there were 14 and 526aysa
discovered using earlier observations by LAMOST, as requbih Papers | and Il, respectively. In
addition, 75 quasars were identified in three SDSS spedpasplates in two fields in the outer
halo of M31 along its major axis (Adelman-McCarthy et al. 80R007), 43 quasars were discov-
ered serendipitously in two Sloan Extension for Galactidéhstanding and Exploration (SEGUE;
Yanny et al. 2009) plates in this area, and 155 previouslywnguasars with redshifts were listed
in the NED archive within 10 of M31 and of M33. In Figure 3, the central positions of M31 and
M33 are marked by magenta stars. The magenta ellipse repsebe optical disk of M31, with an
optical radius ofR,5 = 95.3’ (de Vaucouleurs et al. 1991), an inclination angle ef 77° and a
position angle ofP A =35° (Walterbos & Kennicutt 1987). The number of known quasaesitd
the extended halo and substructures associated with M3linbeeased by a substantial amount.
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Fig. 3 Spatial distributions of background quasars in fields invic@ity of M31 and M33. Blue
filled circles represent quasars identified by LAMOST in tl0é 2 dataset. Black filled circles rep-
resent quasars identified in the LAMOST 2009, 2010 and 2014dsdts. Pluses and open squares
represent SDSS quasars and previously known quasars wighifts given in the NED archive,
respectively. The central positions of M31 and M33 are méikethe magenta stars, while the ma-
genta ellipse represents the optical disk of M31 with radigs = 95.3". The large grey and blue
circles signify the locations of the LAMOST fields observad®D11 and 2013, respectively.

The much enlarged number of known quasars in fields in thaityadf M31 and M33 will serve as
an invaluable sample for future PMs and ISM/IGM studies oftM@33 and the Local Group.

The LAMOST quasars are mainly distributed around M31 and M33vell as the area between
M31 and M33, including the Giant Stellar Stream (see FigHB)wever, the spatial distribution
of quasars identified by LAMOST is not uniform. Of the 10 ptatsbserved in 2013, five plates
have 200 or more quasars that have been identified, one plataics only 75 quasars that have
been identified, while the remaining four plates have betwi#) and 200 quasars that have been
identified. The highest density of quasars identified by LAMON 2013 is~12.8 quasars per square
degree. The overall efficiency of quasar identificationshim 2013 observational seasomi21%
(1545/7425), although the improvement is significant cogdo what was achieved in Papers |
and II. This is still lower than what was reported by Sternlef2012) for candidates selected using
the WISE colors. We believe the lower yields are mainly cdusethe poor observing conditions or
the non-uniform performance of the 4000 fibers of LAMOST.

4.2 Magnitude and Redshift Distributions

The magnitude limit of this sample is= 20.0 mag. Among the 1330 newly discovered quasars,
there are 15/35/84 new quasars withand magnitude brighter than 17.0/17.5/18.0mag, respec-
tively. Among the quasars discovered using the commissgpaind pilot survey observations (Papers

| and Il), there are 6/21/81 quasars brighter than the afergimned magnitude limits. Among the
75 quasars discovered by SDSS in the three spectroscopss piahe outer halo of M31 (Adelman-
McCarthy et al. 2006, 2007) and the 43 serendipitously disd quasars in the two SEGUE plates
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Fig. 4 Histogram distribution of-band magnitudes of the 1503 quasars detected by LAMOST in
2013 @rey thick line), including 1330 newly discovered and 173 previously degty LAMOST.

For comparison, the distribution of the 532 quasars dedelojfeLAMOST in 2011 §rey dotted
ling), and that of SDSS DR7 quasars (Schneider et al. 20iB@k solid line) are also plotted for
comparison. The magnitude bin size is set to 0.1 mag.yFaris gives the quasar number density
per square degree.

of this field, the corresponding numbers are 0/1/6. Alsoretteae 24/41/54 quasars brighter than
17.0/17.5/18.0mag in terms fimagnitudes respectively, within 10 degrees of M31 and Mi3Bé
NED archive (see Paper Il). There are in total 45/98/225 apsawith: magnitudes brighter than
17.0,17.5 and 18.0 mag in this area, respectively. Thegétjuasars will be an invaluable sample
to probe the properties of the ISM/IGM in M31/M33 and the LdGaoup.

Figure 4 shows the magnitude distribution of the 1503 qusadatected in the 2013 datasets,
including the 1330 newly discovered and 173 cases that wexéqusly known but re-observed by
LAMOST. The magnitude has a bin size of 0.1 mag andytfais is given in quasar number den-
sity. For comparison, we also plot tidand magnitude distribution of the 532 quasars detected by
LAMOST in 2011 (Paper I1), and the magnitude distributiorS&SS DR7 quasars (Schneider et al.
2010). We can see that there is a significant improvementasajunumber density by LAMOST
in 2013 compared to that of 2011. It is difficult to compare distribution directly with that of
SDSS, given the different target selection algorithms Hawever clear that there are still a number
of quasars that remain to be identified by LAMOST. This is alaggested by the relatively low
efficiency of quasar identification by LAMOST, as pointed abbve.

Figure 5 shows the redshift distribution of the 1503 quas@tected by LAMOST in 2013.
The redshift has a bin size of 0.1. Theaxis gives quasar number density per square degree, as
in Figure 4. The spectra of quasars with the lowest and higieeshift, J004342.5+372519.9 and
J012220.3+345658.4 respectively, are shown in Figure 8.sBtond highest redshift is= 3.85,
and there are 41 quasars with redshifts higher than 3.0sm#w catalog.

In Figure 5, we also plot the redshift distribution of the 52asars detected by LAMOST in
2011 (Paper Il), and the redshift distribution of SDSS DR#sgus (Schneider et al. 2010), for com-
parison. We can see that there is a significantimprovemeneinumber density of quasars detected
by LAMOST in 2013 compared to that of 2011. In some redshifiges, for example between 2.0
and 3.0, the number density of quasars identified by LAMOS®elatively higher than that of SDSS
DRY7. This is due to the different target selection algorgtadopted. Our targets include candidates
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Fig.5 Redshift distribution of the 1503 quasars discovered by I@ST in 2013 @rey thick line).
Thegrey dotted line represents the redshift distribution of the 532 quasadeyed by LAMOST

in 2011. The redshift distribution of the SDSS DR7 quasachii®ider et al. 201Gsolid black line)

is also shown for comparison. The relatively low number dgrag z ~ 2.7 seen in the distribution
of SDSS quasars is caused by the degeneracy in colors ofsihguasars around this redshift. The
redshift bin size is set to 0.1. Theaxis gives the quasar number density per square degree.
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Fig. 6 Redshift versus-band magnitude distribution of the 1503 quasars detegtdd\OST in
2013 points). The grey contours represent the redshift veisband magnitude distribution of the
SDSS DRY7 quasars (Schneider et al. 2010). The steep gradieat: ~ 19.1 and: ~ 20.2 mag
are due to the magnitude limits of the SDSS selection alyostfor low- and high-redshift quasars,
respectively. The relatively low number densityzat- 2.7 is caused by the degeneracy of the SDSS
colors of stars and quasars near this redshift.

selected with the WISE IR colors, thus increasing the praoityabf finding quasars with redshifts up
to z < 3.5 (Wu et al. 2012). For redshifts af< 1.3 or z > 3.0, the number density of quasars iden-
tified by LAMOST is lower than that of SDSS. The selection effein the redshift distribution of
guasars detected in 2013 are not as severe as those of 2@ldisTribution of quasars discovered in
2011 has two obvious troughs in redshift, one near redshiff9 and the other near2.1 (see Paper



Background Quasars in the Vicinity of M31 and M33 1447

Il for details). This improvement has benefitted from imprments in the performance of LAMOST
as well as in the 2D pipeline. Figure 6 shows the distributbquasars in the redshift-magnitude
plane detected by LAMOST in 2013. The distribution is coricaied near redshifts between 1.2
and 2.0, and magnitudes between 19.0 and 20.0. This is also apparengurds 4 and 5. Given
the heterogeneous target selection algorithms and thievedyalow efficiency of identification, this
sample is not intended for the purpose of statistical aigalys

Acknowledgements This work is supported by the National Key Basic Researchyiara of
China (2014CB845705) and the National Natural Science #ation of China (NSFC, Grant
No. 11403038). We thank the staff of Lijiang Observatory,ichkhis administered by Yunnan
Observatories, for the observations and technical sugparticularly Jin-Ming Bai and Wei-Min Yi,
as well as help from Hong-Liang Yan from National Astronoati©bservatories, Chinese Academy
of Sciences. The Guo Shou Jing Telescope (the Large Sky Argt-®Object Fiber Spectroscopic
Telescope, LAMOST) is a National Major Scientific Projectilbby the Chinese Academy of
Sciences. Funding for the project has been provided by thH®md Development and Reform
Commission. LAMOST is operated and managed by NationalbAstmical Observatories, Chinese
Academy of Sciences.

Funding for the SDSS and SDSS-II has been provided by theed\IR. Sloan Foundation,
the Participating Institutions, the National Science Fdation, the U.S. Department of Energy,
the National Aeronautics and Space Administration, theadape Monbukagakusho, the Max
Planck Society, and the Higher Education Funding CouncilEogland. The SDSS Web Site is
http: //Mmvmww.sdss.org/.

This publication makes use of data products from the Widd-fiefrared Survey Explorer,
which is a joint project of the University of California, Lo&ngeles, and the Jet Propulsion
Laboratory/California Institute of Technology, funded Hye National Aeronautics and Space
Administration.

This research has made use of the NASA/IPAC Extragalactielidse (NED) which is operated
by the Jet Propulsion Laboratory, California Institute e€fnology, under contract with the National
Aeronautics and Space Administration.

References

Adelman-McCarthy, J. K., Aglieros, M. A., Allam, S. S., et2006, ApJS, 162, 38

Adelman-McCarthy, J. K., Aglieros, M. A., Allam, S. S., et2007, ApJS, 172, 634

Binney, J., & Tremaine, S. 1987, Galactic dynamics (PriogePrinceton Univ. Press)

Boyle, B. J., Shanks, T., Croom, S. M., et al. 2000, MNRAS,, 3014

Brunthaler, A., Reid, M. J., Falcke, H., Greenhill, L. J., &ikel, C. 2005, Science, 307, 1440

Corbett, E. A., Croom, S. M., Boyle, B. J., et al. 2003, MNRA&383, 705

Cui, X.-Q., Zhao, Y.-H., Chu, Y.-Q., et al. 2012, RAA (Resgam Astronomy and Astrophysics), 12, 1197

Darling, J. 2011, ApJ, 732, L2

de Vaucouleurs, G., de Vaucouleurs, A., Corwin, Jr., H. Gal.e1991, Third Reference Catalogue of Bright
Galaxies. Volume |: Explanations and References. Volumdta for Galaxies betweert @nd 12*. Volume
1l Data for Galaxies between *2and 24'. (New York: Springer)

Dorman, C. E., Guhathakurta, P., Fardal, M. A., et al. 2042],A452, 147

Gebhardt, K., Bender, R., Bower, G., et al. 2000, ApJ, 533, L1

Gilbert, K. M., Guhathakurta, P., Kollipara, P., et al. 208@J, 705, 1275

Gilbert, K. M., Guhathakurta, P., Beaton, R. L., et al. 204@J, 760, 76

Gilbert, K. M., Kalirai, J. S., Guhathakurta, P., et al. 20A%J, 796, 76

Huchra, J. P., Brodie, J. P,, & Kent, S. M. 1991, ApJ, 370, 495

Huo, Z.-Y., Liu, X.-W., Yuan, H.-B., et al. 2010, RAA (Resehrin Astronomy and Astrophysics), 10, 612



1448 Z.Y.Huoetal.

Huo, Z.-Y.,, Liu, X.-W.,, Xiang, M.-S., et al. 2013, AJ, 145,45

Ibata, R., Martin, N. F., Irwin, M., et al. 2007, ApJ, 671, 159

Jester, S., Schneider, D. P., Richards, G. T., et al. 200512Q] 873

Liu, X.-W., Yuan, H.-B., Huo, Z.-Y., et al. 2014, in IAU Sympium, 298, eds. S. Feltzing, G. Zhao, N. A.
Walton, & P. Whitelock, 310

Liu, X. W,, Zhao, G., & Hou, J. L. 2015, RAA (Research in Astoony and Astrophysics), 15, 1089

Loeb, A., Reid, M. J., Brunthaler, A., & Falcke, H. 2005, Ap33, 894

Luo, A.-L., Zhang, Y.-X., & Zhao, Y.-H. 2004, in Society of Bto-Optical Instrumentation Engineers (SPIE)
Conference Series, 5496, Advanced Software, Control, amn@unication Systems for Astronomy, eds.
H. Lewis & G. Raffi, 756

Luo, A.-L., Zhang, H.-T., Zhao, Y.-H., et al. 2012, RAA (Reseh in Astronomy and Astrophysics), 12, 1243

Luo, A.-L., Zhao, Y.-H., Zhao, G., et al. 2015, RAA (ReseairtiAstronomy and Astrophysics), 15, 1095

Massey, P., Olsen, K. A. G., Hodge, P. W.,, et al. 2006, AJ, 2318

McConnachie, A. W., Irwin, M. J., Ferguson, A. M. N., et al0%) MNRAS, 356, 979

McConnachie, A. W., Irwin, M. J., Ibata, R. A., et al. 2009 th=, 461, 66

Murdoch, H. S., Hunstead, R. W., Pettini, M., & Blades, J. 984, ApJ, 309, 19

Paris, |., Petitjean, P., AubourE,, etal. 2012, A&A, 548, A66

Paris, I., Petitjean, P., Aubourg,, et al. 2014, A&A, 563, A54

Rao, S. M., Sardane, G., Turnshek, D. A, etal. 2013, MNR/A3R, 866

Richards, G. T., Fan, X., Newberg, H. J., et al. 2002, AJ, 2235

Savage, B. D., Wakker, B., Jannuzi, B. T., et al. 2000, Ap2S, 563

Schlegel, D. J., Finkbeiner, D. P., & Davis, M. 1998, ApJ, 5625

Schmidt, M. 1963, Nature, 197, 1040

Schneider, D. P., Hartig, G. F., Jannuzi, B. T., et al. 1993]%, 87, 45

Schneider, D. P., Richards, G. T., Hall, P. B., et al. 2010,189, 2360

Sohn, S. T., Anderson, J., & van der Marel, R. P. 2012, ApJ, 753

Stern, D., Assef, R. J., Benford, D. J., etal. 2012, ApJ, 383,

Su, D.-Q., & Cui, X.-Q. 2004, ChJAA (Chin. J. Astron. Astroh), 4, 1

Tollerud, E. J., Beaton, R. L., Geha, M. C., etal. 2012, A2, 745

van der Marel, R. P., & Guhathakurta, P. 2008, ApJ, 678, 187

Walterbos, R. A. M., & Kennicutt, Jr., R. C. 1987, A&AS, 69,11

Wang, S.-G., Su, D.-Q., Chu, Y.-Q., Cui, X., & Wang, Y.-N. Bd%ppl. Opt., 35, 5155

Wright, E. L., Eisenhardt, P. R. M., Mainzer, A. K., et al. 20AJ, 140, 1868

Wu, X.-B., Hao, G., Jia, Z., Zhang, Y., & Peng, N. 2012, AJ, 149

Yan, L., Donoso, E., Tsai, C.-W., et al. 2013, AJ, 145, 55

Yanny, B., Rockosi, C., Newberg, H. J., etal. 2009, AJ, 137,74

York, D. G., Adelman, J., Anderson, Jr., J. E., et al. 200Q,1&D, 1579

Yuan, H.-B., Liu, X.-W., Huo, Z.-Y., et al. 2015, MNRAS, 44855

Zhao, G., Zhao, Y.-H., Chu, Y.-Q., Jing, Y.-P., & Deng, L.-2012, RAA (Research in Astronomy and
Astrophysics), 12, 723



