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Other main quasar candidate selection techniques based on thminutes, which is equally divided into three subexposures.
physical characteristics of quasars include multiwaveldixgth  Although the LAMOST quasar survey used only a small
ray/ radig data matching(Schmidt 1963 Silverman et al.  fraction of the available observing time owing to the limitations
2002 Carballo et al2004 Zeimann et al2011; Ai et al. 2016, of the LAMOST sitg(e.g., weather conditions, poor seeing, and
variability-based selectioMacLeod et al.2012 Palanque- bright sky backgrourld LAMOST has still collected useful
Delabrouille et al2016 Ai et al. 2016, slitless-spectroscopy data and idented more than 40,000 quasars, about half of
survey for broad emission line featu€owes1986 Worseck which are new discoveries, during thest 5 yr.

et al.2008, and proper motioifiHeintz et al.2020.

Recently, various data-mining algorithms based on photo-
metric data have also been applied to select quasar candidates,
including kernel density estimatiofKDE; Richards et al. The methods used to select the quasar candidates for the
2004 2009, the extreme deconvolution methddDQSO; LAMOST quasar survey are described in detail in Wu & Jia
Bovy et al.2011), support vector machingSVM; Peng et al. (2010, Wu et al.(2012, Peng et al(2012, and Papers, II,

2.1. Target Selection

2012, Gaussian mixture moddBailer-Jones et al2019, andlll. Here, we just give a brief description of the candidate
boosting algorithn{e.g., XGBoost; Jin et ak019, and deep  selection.
learning(Yeche et al201Q Pasquet-Itam & Pasquz018. For The primary selection for quasar candidates is based on the

example, the KDE method has been exploited in the SDSS-lliphotometric data of SDS§Ahn et al. 2012, and the
Baryon Oscillation Spectroscopic Surv@BOSS; Ross et al. magnitudes we used here are the SDSS point-spread function
2012, and transfer learning is adopted fonding quasars (PSH magnitudes with the Galactic extinction corrected
behind the Galactic plan&PQs; Fu et al2021). (Schlegel et al1998. First, only point sources are selected
Quasar candidates selected from various methods still neetb exclude galaxies. We notice that we may miss some quasars
to be spectroscopically idenéid. This paper presents the at low redshifts with extended morphology owing to this
results of the Large Sky Area Multi-Object Fiber Spectroscopic limitation. Second, the targets should be brighter tkag0 to
TelescopdLAMOST) quasar survey conducted between 2017 avoid too low signal-to-noise rati(5/ N), and fainter than
September and 2021 June. This is the fourth installment in the = 16 to avoid saturation and contamination with neighbor
series of LAMOST quasar surveys, after Data ReledBdr1; bers. Various methods are then applied to further separate
Ai et al. 2016 hereafter Papd}, Data Releases 2 andBR2 guasar candidates from stars. Most of the quasar candidates are
and DRS3; Dong et al2018 hereafter Papell), and Data  selected based on the optidafrared color{SDSS-UKIDS$
Releases 4 and ®R4 and DR5; Yao et aR019 hereafter ~ WISE), as has been described in Wu & (8810 and Wu et al.
Paperlll). In this paper, the candidate selection, spectroscopic(2012. A few data-mining algorithms are also used to select
survey, and quasar identiation are briey reviewed in guasar candidates, such as SVM classi(Peng et al2012),
Section 2. Spectral measurements aklyy estimations for  XDQSO(Bovy et al.2011), and KDE(Richards et a009. In
identi ed quasars are described in Sec8onhe description of  addition, some quasar candidates are selected by cross-
the quasar catalog and parameters released are presentednratching SDSS photometry with the detected sources in
Section4. Finally, the summary and discussion are given in X-ray surveys(XMM-Newton, Chandra, ROSATand radio
Section5. We adopt the cosmology parametgy= 70 km s * surveys(FIRST, NVSS.
Mpct and a at universe withy, = 0.3 andQ, = 0.7. Although some of the selected candidates have already been
identi ed by SDSS after our target selections, we include them
in the LAMOST survey, which will be helpful to investigate
the spectroscopic variability of quasars andd unusual
LAMOST, also known as the Guoshoujing Telescope, is a quasars.
quasi-meridian reection Schmidt telescope with an effective
aperture that varies from 3.6 to 4.9(WWang et al1996 Su &
Cui 2004 Cui et al.2012 Zhao et al.2012. It is located at
Xinglong Observatory, China, and has‘a(8iametey eld of The raw CCD images obtained from observations were
view. LAMOST is equipped with 4000 bers with 33 reduced by the LAMOST two-dimension@D) pipeline and
diameter, which are mounted on the focal plane and connectedne-dimensiona(1D) pipeline, which are described in Luo
to 16 spectrographs. Each spectrum is divided into a blueet al.(2015. The 2D pipeline is applied to extract 1D spectra
channel(3706-5900 A) and a red chann€706-9000 A), with from the raw data through a sequence of procedures, including
an overlapping region between the two channels atdark and bias subtraction,at- eld correction, cosmic-ray
57005900 A. The spectra were observed under the low-removal, spectral tracing and extraction, sky subtraction,
resolution mode with a spectral resolutionRof 1006-2000 wavelength calibration, merging subexposure, relatiug
over the entire wavelength range. calibration, and combining blue and red spe¢trao et al.
After the commissioning from 2009 to 2010, LAMOST 2012. Then, through the 1D pipeline, these 1D spectra are
began a pilot survey in 20)(Luo et al.2012. The LAMOST automatically classed into four primary categorie€sSTAR,
regular survey starts from 2012 September, which has two'GALAXY,” “QSO; and“Unknown; by template matching.
major parts(Zhao et al.2012: the LAMOST Experiment for ~ The nal spectra are available at the LAMOST Data Archive
Galactic ExtraGAlactic SurveftEGAS), and the LAMOST  Server?
Experiment for Galactic Understanding and Exploration survey The 1D pipeline classtation is not trustworthy for the
(LEGUE). The LAMOST quasar survey was conducted under “Unknowri’ type. The main reason is that thé'sénknowr?
LEGAS. The exposure time is adjusted according to thespectra are taken under nonphotometric conditions, e.g.,
apparent magnitude of targets and observation conditions. The
typical value of the total exposure time for a target-B0 8 https/ www.lamost.orglmusers

2. Survey Outline

2.2. Pipeline for Data Reduction
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varying seeing arar cloudy weather. In addition, unstable Table 1

ef ciencies of somebers also contribute to the high fraction of Results of the LAMOST Quasar Survey in DR6, 7, 8, and 9
“Unknowr? objects. In the LAMOST early data release, only DR6 DR7 DRS DRO Total
~14% of the observed quasar candidates are ctabais QSO,

STAR, or GALAXY by the pipeline, while the majority of the m;:'pen dent 45;515 22897‘; 32;323 23571;‘5 137*(1’22
spectra are categorized ‘dgnknowri’ (Paperl). Such a high 1828 879 9993 1755 6685

fraction of unrecognizable objects is due to the poor spectral
quality in the early data release. Both the varying seeing and

the nonclassical dome of the telescope sicanitly affect the  spectral observations of SDSS and LAMOST, we can
spectral quality, and the targets with magnitude fainter thaninvestigate the spectroscopic variability of quasars on both
i=20 are challenging for the LAMOST LEGAS survey. short and long timescales. Moreover, these multiepoch spectra
Fortunately, the candidate selection in the regular survey wagjive us a good chance to search for unusual AGNs such as
improved when compared to those in the pilot survey, and thechanging-look AGNs(CL-AGNSs; e.g., Runco et al2016
LAMOST data reduction pipeline has been updated for a betteryang et al2018 MacLeod et al2019 Guo et al.2019 Wang
performance of spectral classation. As a result, the fraction et al. 2019 and uncover the possible physical mechanism

of candidates clased as“QSO' remains relatively high in pehind them(MacLeod et al2019 Frederick et al2019 Jin
later regular survey$5.9% in Papell, 62.3% in Papelil, and et al.2022.

77.0% in this work Figure 1 shows the distribution of the redshift and absolute
o luminosity, which is represented by tiecorrectedi-band
2.3. Quasar Identication absolute magnitud®;(z= 2), normalized atz = 2 (Richards

In this work, the quasars are ideril by visual inspections. €t &l-2009. As can be seen, there is a drop in the redshift
In addition to the observed spectra of quasar candidates, thdistribution atz~ 1, which is similar to the previous results
spectra that are classd as‘QSO' by the 1D pipeline but not ~ (Papersl, 1I, and Ill). This drop is the result of inefient
included in the input quasar candidate catalog also need visudf€nti cation in this redshift range when the emission line
inspections. With the help of a Java program ASERAan Mg Il moves into the overlapping region of the blue and red
et al. 2013, we visually inspect these spectra based on thechannels of the spectrograph. For the sources ob_ser\{ed by both
typical quasar emission lines. Each spectrum is inspected by apPSS and LAMOST, only 88 of them have redshift difference
least two persons to check whether the spectral features matci 2= Zavost — Zspsg greater than 0.1. The difference
the quasar template. The objects that are misckbsiy the mainly comes from the misidentiation of emission lines in

1D pipeline are rejected or reclagsi. The redshift of each ~LAMOST spectra owing to the low /8. As shown in
identi ed quasar is determined when one or more availableFigure2, itis clear that as the/ 8l decreases thaz increases.

typical quasar emission linds.g., as H, H , Ol 5007, Another reason for the redshift differen_ce is th_at we gstimatgd
Mg i1, Clil, and Civ) are best matched with the templates. The the redsh!ft based on the strongest typical emission I|ne_, while
“ZWARNING = 1" ag indicates that there is only one the redshift values in SDSS are measured with a few different
emission line available. The quasars that overlap with/M31 @pproaches, such as principal component analysis oir Mg
M33 and the Galactic-anticenter extension rediGACex emission lingParis et al2018. .y

will be published elsewhersee Huo et a201Q 2013 2015 _ We present the SDSS-WISEKIDSS colorcolor distribu-

and are not included in oumal quasar catalog. Finally, there tions for these idented quasars in Figur8. It is clear that
are in total 13,066 visually commed quasars from Data MOSH(99%) of the identi ed quasars are located in the selection
Release 6 to 9 in the quasar catalog. Of these, 9827 are ndf9ions obtained with the opticahfrared color, suggesting
included in the LAMOST quasar survey candidate catalogt at the opticatinfrared color selection is a very promising

(updated in 2017, and a new version including PS1 quasarf“eth_c’d for selecting quasars. Generally, _the quasars uniquely
candidates is still in preparatipbut identi ed as quasars. identi ed by LAMOST are slightly redder in color than those
Among the 13,066 idented quasars, after excluding known commonly |dent|ed by LAMOST and SDSS. The reasons for
ones in common with the SDSS DR14 quasar catalog orth€Se color differences may be that the SDSS quasars are
Million Quasars catalogMilliquas v7.5; Flesch202), the mqmly selected by optical colors or optical variability
remaining 6685 are newly discovered. Since the LAMOST (Richards et al2002 Morganson et al2015 Myers et al.

DR6 quasar survey wasiished in the same year as the SDSS 2013 Palanque-Delabrouille et &016.

DR14 quasar catalog was published, the 417 quasars in

LAMOST DR6 that are in common with SDSS DR14 are 3. Spectral Analysis

considered as independently discovered by LAMOST. There-
fore, there are in total 7102 quasars that were independentl¥
discovered by LAMOST. The result of quasar idecdition is n

In this section, we describe the spectral analysis, which
cludes the absoluteux calibration, the measurements of

summarized in Tablé. The SDSS DR16 quasar catalbgke typical quasar emission lines, and the estimatiortdgyf.
et al. 2020 was published in 2020 September, and the
observations of most objects in our survey were completed 3.1. Absolute Flux Calibration

before that. Therefore, we no longer make a comparison
between SDSS DR16Q and this work. We caution, however
that 1257 of the newly discovered LAMOST quasars were
reported in SDSS DR16Q. With a large number of repeat

We note that LAMOST is designed as a spectroscopic
'survey without photometric measurements for the observed
targets, and there may not be enough standard stars for a given
LAMOST eld, especially at high Galactic latitude. Thus, this
instrument can only provide relativeix calibration rather than

° https/ www.quasars.ognilliquas.htm absolute ux calibration(Song et al2012 Xiang et al.2015.
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=32 [T ' calibrate them. Finally, the red and blue spectra are combined
by stacking the points with corresponding wavelength using
k B-spline function with inverse varian€8ong et al2012 Luo
et al.2015.

Only with the relative-ux-calibrated spectra can we not
estimate the emission-lineux, as well as the continuum
luminosity for LAMOST quasars. However, the absolute
calibration can be achieved by scaling the relatie-
calibrated spectra to the photometric measurem@titng
et al. 2015. In this work, we try to achieve the absolute
calibration by scaling each spectrum to the corresponding
] broadband photometric measurements. The broadband photo-
| metry used in this work are the PSF magnitudes from the SDSS
(York et al. 2000 or Pan-STARRSIChambers et ak016
E Flewelling et al.2020. First, we cross-match the LAMOST
3 guasars with the SDSS photometric database with”a 3
matching radius. The sources outside the SDSS footprint are
E then cross-matched with Pan-STARRS1 with the same
matching radius’ Due to the limitation of spectral wavelength

0 ] 2 3 4 coverage, we only usg r, andi bands during the calibration.
7 The magnitudes in these three bands are converted intaxhe
Figure 1. The distribution in the magnitudeedshift space for the visually densityf at the effective yvavelength C?f,ea?'“er- Next, we t
con rmed quasars for the previous LAMOST quasar sutbégck contours each quasar spectrum with thex densities in the three bands.
and in DR6-DR9 (blue). The absolute magnitud&%(z= 2) are normalized at Since the spectra from the blue and red channels are relative-
z= 2, following theK-correction o_f Richards et E(Q_OOQ_. T_he Igft and bottor_n ux-calibrated separately in the LAMOST 2D pipeline, the
panels show the absolute magnitude and redshift distributions, respectively. absolute ux calibration is also applied to the blue and red
channels separately. Thés are based on the IDL routines in

-30

-28

0.04 theMPFIT packaggMarkwardt2009, which performs the 2
minimization using the Levenberd/larquardt method. Exam-
003l - : ples of the tting results are presented in Figdrd he released

LAMOST spectrum(the gray spectrum in the top panehly

has the relative ux distribution without units. After the
absolute ux calibration, the ux density of LAMOST
spectrum has units of erg cms * A~L. Actually, there is
only a scale applied to the LAMOST released spectra
separately in the blue and red channels corresponding to the
g, r, andi bands, so the spectral shapes in the blue and red
channels are not changed during the process.

As we mentioned before, one step in the LAMOST 2D
pipeline is connecting the spectra in blue and red channels to
each other. However, in some cases, this procedure produces
strange shapes in the continuum with a connection defect,
which is shown clearly in the top panel of Figuteas an
example. This defect may cause unpredictable errors in the
subsequent spectraltting process. Fortunately, the strange
shapes caused by the defect can be improved by the process of

—0.01

-0.024*

-0.031 ..+

—0.04 3—— " % - ™ = absolute ux calibration as the blue and red channels are
S reconnected corresponding to the photometry data. As shown

Figure 2. The distribution of redshift differencg\z) for common quasars  in the middle panel of Figurd, it is clear that the shape of
between this work and SDSS vs. LAMOST spect/al.S continuum in the blue and red channels conforms to the

common power-law shape after the absolute calibration.
Quasars usually show optical variabilities of-©.2 mag,
which introduce additional uncertainties to the absolube
calibration. However, the spectra without the absoluig
calibration information cannot be used to obtain important

As mentioned above, the process of relatiug calibration is
the nal step of the 2D pipeline. In thest step of relative ux
calibration, the A- and F-type stars with high-quality spectra
are selected as pseudostandard stars for each spectrograph ntities such as continuum luminosigy, and emission-
are used to calibrate both the blue and red spectrograph armgne  x. In previous papers of the LAMO,ST quasar survey
The effective temperatures of these stars are estimated using ”(Papers, II, andIl), the spectra are not absolutex calibrated,
Lick spectral index griqRobinson & Wampled972 Trager  the continuum luminosity is inferred from the modefing

et al. 1998. Then, the spectral response cu(@&Q of each with the SDSS photometric data, and there is no emission-line
spectrograph is obtained by dividing the observed continuum

from the data by the physical pseudocontinuum for the star.10 the spectra of eight quasars that do not have reliable SDSS or Pan-
Further, these SRCs are applied to all otheer spectra to  STARRS1 photometric information are natx-calibrated in this work.

4
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Figure 3. The distributions of idented LAMOST quasars in the SDSS-WISEKIDSS color diagram. The dashefbtted lines indicate the criteria used in the
LAMOST QSO surveyWu & Jia201Q Wu et al.2012. The WISE and UKIDSS magnitudes are in Vega magnitudes. The SDSS magnitudes i(@pane(p) are

plotted in AB magnitudes, and those in par{e)sand(d) are plotted in Vega magnitudes. The SDSS AB magnitudes can be converted to Vega magnitudes using the
following scaling(Hewett et al2006: g = g(AB) + 0.103,r = r(AB) — 0.146,i = i(AB) — 0.366,z= z(AB) — 0.533. The contours in pink show the distribution for
common quasars between this work and SDSS, while the contours in gray show the distribution for unique quasadsindéris work. The meaf ) and
dispersion( ) of each distribution are tabulated in corresponding plots.

ux information in the published catalogs. Additionally, a reddening map(Schlegel et al.1998 and the Milky Way
small fraction of spectrg~17% in Paperll and ~6% in extinction law of FitzpatricK1999 with R,= 3.1 and then
Paperlll) cannot be tted properly owing to the connection transformed into the rest frame using the redshift obtained from
defect near the overlapping region, which is solved by thethe visual inspection.
absolute ux calibration in this work. Despite the uncertainties  Then, the spectra aretted by the publicly available
of our absolute ux calibration, it nevertheless helps us multicomponent spectraltting codepyQsoFit (Guo et al.
understand more about the central BHs of these quasars. 2018 and a wrapper package based or{GBOFITMORE;
Fu 2021). The pyQsorit performs the 2 ts, using the
estimated errors per pixel that come from the reduction
Here we describe thetting procedures for LAMOST quasar  Pipeline. A detailed description of the code and its application
spectra. Before the tting, each absoluteux-calibrated  can be found in Guo et a(2018, Shen et al(2019, and
spectrum is corrected for the Galactic extinction using the Fu (2021).

3.2. Spectral Fitting
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Figure 4. An example of absoluteux calibration for the blue- and red-arm LAMOST spectra. Top panel: the original spectrum only with the relatizibration.

The gray area represents the bhael overlapping region that is masked during titeng. A connection defect can be observed at this region. Middle panel: the
spectrum after the absolutex calibration. The green circles represent thye densities in the, r, i, andz bands, and the asterisks mark the densities that are

used during the tting. The lines in blue and red represent piecewiseto the asterisks. The connection defect is improved after recalibration. The bottom panel
shows the Iter curves for the SDSS @ r, i, andzbands. It is clear that tteband is not fully covered by the spectrum, so the photometric datzaimd are not used
during the spectraltting.

3.2.1. Continuum consisting of the templates in the wavelength range of

The pseudocontinuum isted by a broken power lagfy) 1000-2000A based on Vestergaard & Wilke2009),
and a Fel model (fee;) in the wavelength windows without 2200-3090A based on Salviander et a(2007, and
quasar emission lines and outside the LAMOST spectral3090-3500 A based on Tsuzuki et g2009. A few spectra
overlapping region. During thetting, the turning point of the  have peculiar shapes in the continuum. This may be caused by
broken power law is xed at 4661 A at rest frame, which is some uncertainties in the SRC, which results from unstable
similar to the value derived from the mean composite quasaref ciencies of somebers and poor relativeux calibrations
spectra in Vanden Berk et §2001). Many works(Wills et al. occasionally. It is difcult to nd a suitable ux standard star
1985 Vanden Berk et al200]) show that there is an abrupt  for each spectrograph, especially for our extragalactic targets,
slope change near 5000A in the quasar continuum. Onesq they are faint and located at high Galactic latitudes.
possible reason for the steeper slope at long wavelength is the |, this case, we add a three-order polynomial mofigl) to
near-infrared inection, which is presumably caused by the ¢qove this problem(Rakshit et al.202Q Fu et al.2022.
emission from hot dudfElvis et al.1994. Another possible Examples of the tting results with (and withou} the
reason is the contamination from the host galaxies at |°Wpolynomial model are presented in FigBaNhen compared
redshift. A trend of greater contribution from starlight with \ith sSpDSS spectra, it is clear that there is a peculiar shape in
increasing wavelength is expected because the emission frofhe continuum of LAMOST spectrisee the example in the
host galaxies contributes a larger fraction at longer wavelength,gitom pandl Only a small fraction of objects require an
(Serote Roos et all998 Vanden Berk et al200]). Both the additional polynomial componen{<0.3%. At last, the

external factors and a real change in the quasar Continuu%seudocontinuum istted by two(or thred components:
cause an abrupt change in its continuum sigfsnden Berk

et al.2001). In the spectral tting process, the iron modgk , Jeont = Jopt + Jren T (pory)- 2
IS The host galaxy contamination is negligible for high-
fren = boFren(N, b1, by), ) (zz 0.5 or high-luminosity(log Ls19=, 44.9 quasars. As for

h h b b h lizati h the z< 0.5 low-luminosity quasars, the hosts on average can
where the parametet, by, b, are the normalization, the  .,ntibute ~15% to the observed emissions and lead to a

FWHM of the Gaussian prée used to convolve the fie 0,06 dex overestimation of the 5100 A continuum luminosity
template, and the wavelength shift applied to the teenplate,  (Shen et al.2011). However, due to the limitation of the

respectively. The optical Fetemplate is based on Boroson & spectral 8N for faint objects in our catalog, the process of host
Green(1992. The UV Fel template is a moded template  subtraction may bring larger uncertainties. Therefore, in this
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Figure 5. Two examples for the spectrating results with(panel(b)) and without(panel(a)) the polynomial model. In each pair of panels, the upper panel shows the
spectrum from SDSS, and the lower panel shows the spetttreg results of the LAMOST spectrum: the black lines denote the dereddened spectra, yellow lines
represent the continuum model(df, + f,01), and the cyan lines representiFemplates. The details of emission-line components will be described in the later part.

work, the decomposition of the host galaxy is not applied to theby a single Gaussian prte. The upper limit of FWHM for the
spectra. narrow components is set to be 900 kmt,swhich is a
The tted pseudocontinuum component is subtracted fromcommonly used FWHM criterion to separate the narrow and
the spectrum, and the remaining emission-line components arbroad line§Wang et al2009 Coffey et al.2019 Wang et al.
tted with Gaussian prdées. We focus on four typical quasar 2019. The line widths and velocity offsets of the narrow lines
emission lines: H, H , Mg, and Civ. They are the strongest are tied to each other. The relativex ratio of the[N 1]
broad emission lines in the available wavelength range and are 6548, 6584 doublet isxed to 2.96. Examples of the best-
commonly used as virial BH mass estimators. During the tting results of the H line are given in Figuré(a).
tting, the parameters we mainly focus on are FWHM,
equivalent width(EW), and ux. The tting procedures for
each line are described below. 3.2.3. W Line

The pseudocontinuum-subtracted-HO 1II] emission lines
322 Hu Line are tted in the rest-frame windoy4600, 5100A for objects
T at z<0.8. Similar to H, the broad component of His
The pseudocontinuum-subtracted-HN I111—[S11] emission modeled by two Gaussian pies, and the narrow component
lines are tted in the rest-frame window§350, 6800QA for of H is modeled by a single Gaussian de The upper limit
objects atz < 0.37. The broad component of Hs modeled by of FWHM for the narrow components is set to be 900 krh s
two Gaussian prdes, and the narrow components of H In addition to a single narrow component, fiaelli] 4959,
[N 6548, 6584, an@lS1I] 6716, 6731 are each modeled 5007 double lines require blue wing components as has been

7
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Figure 6. Examples for the deblending results of HN 11]—[S 1] (panel(@)), H —[O 1] (panel(b)), Mg Il (panel(c)), and Civ (panel(d)) lines. The black lines
represent the extinction-corrected spectra with the continuum subtracted. As feedhemission lines, the broad components are in red, while the narrow ones are in
green, along with their suifflue).

suggested by previous studi¢s.g., Chadid et al.2004 the peak, and the FWHM of each component#0 km s*
Boroson 2005 Komossa & Xu?2007 Zam r et al. 201Q (Shen et al2011). However, such cases are rare, and most
Schmidt et al.2018. Therefore, each of thED 1] 4959, LAMOST spectra do not have adequafeNSand or spectral
5007 double lines is modeled by two Gaussians, one for a lineresolution to separate these two components. Additionally, the
core and the other for the blueshifted wing, and neither of themnarrow Mgil absorption line can lead to mimicking double
is tied to the H narrow component. The line widths and peaks. Therefore, in this work wet the Mgil narrow
velocity offsets of the cores and wings are tied to each othercomponent with a sinqle narrow Gaussian with an FWHM
We constrain the relativeux ratio of [OllI] 4959, 5007 upper limit of 900 km s~. Examples of the bestting results
double lines to be the theoretical ratio of 1:3. Examples of theof the Mgll line are given in Figuré(c).

best- tting results of the H line are given in Figuré(b).

3.2.5. Qv Line

3.2.4. Mgl Line We t the CIv emission line for objects at 15z2<4.4 in
Fittings of the Mgl and CIv emission lines are sometimes the spectral rest-frame rangg 500, 1700A. Similar to other
affected by the broad and narrow absorption features. In ordeemission lines, the broad component of thg Gne is modeled
to reduce the effect of narrow absorption features, we used théy two Gaussian prdes. We do not set the upper limit for the
“rej_abs= Tru€' option of the QSOFITMORE code when FWHM of the narrow component because it is still debatable
tting Mgll and Civ emission lines. The code masks out the whether a strong narrow I€ component exists for most
3 outliers below the continuum model, which is useful to quasargAssef et al2011 Denney2012 Shen et al2019. In
reduce the impact of absorption featyi®isen et al2011; Shin addition to the broad and narrow components, the parameters
et al.2019. of the entire Qv pro le are also given becau$®) it is not
We tthe Mgll emission line for objects at 0.362< 2.1 in certain whether the narrow component subtraction is feasible
the rest-frame wavelength range[®700, 2900A. The broad for the Civ emission line and2) the existing Qv virial
component of Mg is modeled by two Gaussian pies. As estimators are calculated with the FWHM from the entire C
for the narrow component, the situation is more complicated.pro les. Examples of the bestting results of Qv are given in
Some AGNs show the Mg 2796, 2803 double lines around  Figure 6(d).
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Figure 12. The comparison of the monochromatic continuum luminosities

(Ls100 L1iooo Lizog and the estimatetgy based on H, Mgli, and Civ
between this work an811 (R20).

Log Mgy (Mg)

Figure 13. The distribution ofMgy based on various broad emissidib ,
Mg II, and CIv) is plotted against the redshift. The quasars f&ihandR20
are represented by the pink and gray circles, respectively.

3. LAMOST object designation: Jhhmmsstsddmmss.s

(J2000.

4. R.A. and decl(in decimal degrees, J2000

5. Spectroscopic observation information: local medi
Julian date(LMJD), spectroscopic plan nan{BlaniD),

265:25(19pp, 2023 March
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10.

11.

12.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Jin et al.

spectrograph identtation (splD), and spectroscopic

ber number( berID). These four numbers are unique
for each spectrum named in the format of sgedJD
—planiD_spID- berlID. ts.

. Redshift and its ag (ZWARNING) based on visual

inspections. £ not robust(e.g., only one emission line
availablg.

. Target selection ag. SOURCE_FLAG “1" indicates

that the quasar was selected by its inframggtical color,
data-mining algorithms, multiwavelength algorithms, or
other serendipitous algorithms. SOURCE_FLAGD"
means that the object is not included in the LAMOST
quasar survey candidate sample but ideatias a quasar.

. Mi(z= 2): absoluté-band magnitud&-corrected t@= 2

following Richards et al(2006.

. Number of spectroscopic observations for the quasar.

When there is more than one observation for the object,

the line properties are obtained from only one of the

observations in which the/ §l is highest.

Median 8N per pixel in the continuum wavelength

regions.

Flag of broad absorption features. BAL_FLAG

indicates that broad absorption features are present in

Mgl and or CIv.

FLUX, FWHM, rest-frame EW, and their uncertainties

for broad H, narrow H, [NII] 6584, and[SII]
6716, 6731 emission lines.

. Number of good pixels and mediahN\Sper pixel for the

spectrum in the H region of rest-frame 6356800 A.

. Flag indicates reliability of the emission-linging

results in the H region upon visual inspections.
0= acceptable:—1= unacceptable. This value is set to
be —9999 if H is not measured owing to too few good
pixels in the tting region.

FLUX, FWHM, rest-frame EW, and their uncertainties
for broad H, narrow H, and[O11] 5007 emission
lines.

Number of good pixels and mediahN\Sper pixel for the
spectrum in the H region of rest-frame 4666100 A.
Flag indicates reliability of the emission-linging
results in the H region upon visual inspections.
0= acceptable—1= unacceptable. This value is set to
be —9999 if H is not measured owing to too few good
pixels in the tting region.

FLUX, FWHM, rest-frame EW, and their uncertainties
for the broad and narrow Mgemission line.

Number of good pixels and mediahNsper pixel for the
spectrum in the Mg region of rest-frame 2762900 A.
Flag indicates reliability of the emission-linging
results in the Mg region upon visual inspections.
0= acceptable:—1= unacceptable. This value is set to
be —9999 if Mgl is not measured owing to too few good
pixels in the tting region.

FLUX, FWHM, rest-frame EW, and their uncertainties
for the whole, broad, and narrow emission line.
Number of good pixels and medialiNSper pixel for the
spectrum in the @ region of rest-frame 156700 A.
Flag indicates reliability of the emission-linging
results in the Qv region upon visual inspections.
0= acceptable—1= unacceptable. This value is set to
be —9999 if CIv is not measured owing to too few good
pixels in the tting region.



The Astrophysical Journal Supplement Series, 265:25(19pp, 2023 March Jin et al.
Table 2
Catalog Format for the Quasars Ideat in LAMOST DR6-DR9
Column Name Format Description
1 ObsID LONG Unique spectra ID in LAMOST database
2 ObsDate STRING Target observation date
3 NAME STRING LAMOST designation hhmmsststdmmss(J2000Q
4 RA DOUBLE R.A. in decimal degre€32000
5 DEC DOUBLE Decl. in decimal degre€¥000Q
6 LMJD LONG Local modied Julian day of observation
7 PLANID STRING Spectroscopic plan idergation
8 SPID LONG Spectrograph identation
9 FIBERID LONG Spectroscopicber number
10 Z_ VI DOUBLE Redshift based on visual inspection
11 ZWARNING LONG ZWARNING ag based on visual inspection
12 SOURCE_FLAG LONG Flag of quasar candidate selection
13 Ml _ 72 DOUBLE Mi(z= 2), K-corrected te= 2 following Richards et af2006
14 NSPECOBS LONG Number of spectroscopic observations
15 SNR_SPEC DOUBLE Mediar/ § per pixel of the spectrum
16 BAL_FLAG LONG Flag of broad absorption features
17 FLUX_BROAD_HA DOUBLE Flux of broad Hin 10 *" erg cm?s*
18 ERR_FLUX_BROAD_HA DOUBLE Uncertainty in FLUY proad
19 FWHM_BROAD_HA DOUBLE FWHM of broad H in kms™*
20 ERR_FWHM_BROAD_HA DOUBLE Uncertainty in FWHM proad
21 EW_BROAD_HA DOUBLE Rest-frame EW of broad Hh A
22 ERR_EW_BROAD_HA DOUBLE Uncertainty in EW proad
23 FLUX_NARROW_HA DOUBLE Flux of narrow Hin 107 erg cmv2 st
24 ERR_FLUX_NARROW_HA DOUBLE Uncertainty in FLUX narrow
25 FWHM_NARROW_HA DOUBLE FWHM of narrow H in kms™*
26 ERR_FWHM_NARROW_HA DOUBLE Uncertainty in FWHM narrow
27 EW_NARROW_HA DOUBLE Rest-frame EW of narrow kh A
28 ERR_EW_NARROW_HA DOUBLE Uncertainty in BW narrow
29 FLUX_NII_6584 DOUBLE Flux ofN 1I] 6584 in 10 erg cm?2 st
30 ERR_FLUX_NII_6584 DOUBLE Uncertainty in FLUX1 6584
31 FWHM_NII_6584 DOUBLE FWHM ofN 1] 6584 in kms*
32 ERR_FWHM_NII_6584 DOUBLE Uncertainty in FWHM jes84
33 EW_NII_6584 DOUBLE Rest-frame EW (¥ 1I] 6584 in A
34 ERR_EW_NII_6584 DOUBLE Uncertainty in ENW jess4
35 FLUX_SII_6716 DOUBLE Flux ofS1l] 6716 in 10" erg cm?2s7*
36 ERR_FLUX_SII_6716 DOUBLE Uncertainty in FLUX16716
37 FWHM_SII_6716 DOUBLE FWHM ofS1l] 6716 in kms*
38 ERR_FWHM_SII_6716 DOUBLE Uncertainty in FWHdhe716
39 EW_SII_6716 DOUBLE Rest-frame EW [811] 6716 in A
40 ERR_EW_SII_6716 DOUBLE Uncertainty in E¥Ys716
41 FLUX_SII_6731 DOUBLE Flux ofS11] 6731 in 10" erg cm?2s*
42 ERR_FLUX_SII_6731 DOUBLE Uncertainty in FLUSf;e731
43 FWHM_SII_6731 DOUBLE FWHM ofS1i] 6731 in kms?
44 ERR_FWHM_SII_6731 DOUBLE Uncertainty in FWHdhe731
45 EW_SII_6731 DOUBLE Rest-frame EW [811] 6731 in A
46 ERR_EW_SII_6731 DOUBLE Uncertainty in Ed¥e731
47 LINE_NPIX_HA LONG Number of good pixels for the rest-frame 63800 A
48 LINE_MED_SN_HA DOUBLE Median AN per pixel for the rest-frame 6350-6800 A
49 LINE_FLAG_HA LONG Flag for the quality in H tting
50 FLUX_BROAD_HB DOUBLE Flux of broad Hin 107" erg cmt? st
51 ERR_FLUX_BROAD_HB DOUBLE Uncertainty in FLUX proad
52 FWHM_BROAD_HB DOUBLE FWHM of broad Hin kms™*
53 ERR_FWHM_BROAD_HB DOUBLE Uncertainty in FWHM proaq
54 EW_BROAD_HB DOUBLE Rest-frame EW of broad kh A
55 ERR_EW_BROAD_HB DOUBLE Uncertainty in EWproag
56 FLUX_NARROW_HB DOUBLE Flux of narrow Hin 10 %" erg cm2 st
57 ERR_FLUX_NARROW_HB DOUBLE Uncertainty in FLUX narrow
58 FWHM_NARROW_HB DOUBLE FWHM of narrow Hin km s
59 ERR_FWHM_NARROW_HB DOUBLE Uncertainty in FWHM narrow
60 EW_NARROW_HB DOUBLE Rest-frame EW of narrow fih A
61 ERR_EW_NARROW_HB DOUBLE Uncertainty in EWharrow
62 FLUX_OIIl_5007 DOUBLE Flux ofO ] 5007 in 107 ergcm?2s?

12
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Table 2
(Continued
Column Name Format Description
63 ERR_FLUX_OIII_5007 DOUBLE Uncertainty in FLUXi115007
64 FWHM_OIII_5007 DOUBLE FWHM ofO11] 5007 in km st
65 ERR_FWHM_OIII_5007 DOUBLE Uncertainty in FWHMi5007
66 EW_OIII_5007 DOUBLE Rest-frame EW @ 11] 5007 in A
67 ERR_EW_OIII_5007 DOUBLE Uncertainty in E¥Mi1s007
68 LINE_NPIX_HB LONG Number of good pixels for the rest-frame 46100 A
69 LINE_MED_SN_HB DOUBLE Median /3N per pixel for the rest-frame 4668100 A
70 LINE_FLAG_HB LONG Flag for the quality in H tting
71 FLUX_BROAD_MGlII DOUBLE Flux of the broad Mg in 10 *" erg cm? st
72 ERR_FLUX_BROAD_MGiII DOUBLE Uncertainty in FLUXgu broad
73 FWHM_BROAD_MGII DOUBLE FWHM of the broad Mg in kms™*
74 ERR_FWHM_BROAD_MGII DOUBLE Uncertainty in FWHWu broad
75 EW_BROAD_MGII DOUBLE Rest-frame EW of the broad Mgn A
76 ERR_EW_BROAD_MGII DOUBLE Uncertainty in EWYu broad
77 FLUX_NARROW_MGI! DOUBLE Flux of the narrow My in 1077 erg cmi2 st
78 ERR_FLUX_NARROW_MGII DOUBLE Uncertainty in FLUM1 narrow
79 FWHM_NARROW_MGII DOUBLE FWHM of the narrow Mg in kms™*
80 ERR_FWHM_NARROW_MGII DOUBLE Uncertainty in FWHM1 narrow
81 EW_NARROW_MGII DOUBLE Rest-frame EW of the narrow Mgn A
82 ERR_EW_NARROW_MGII DOUBLE Uncertainty in EWi narrow
83 LINE_NPIX_MGIlI LONG Number of good pixels for the rest-frame 272800 A
84 LINE_MED_SN_MGII DOUBLE Median B\ per pixel for the rest-frame 2762900 A
85 LINE_FLAG_MGII LONG Flag for the quality in Mg tting
86 FLUX_CIV DOUBLE Flux of the whole @v in 107" erg cm? 57
87 ERR_FLUX_CIV DOUBLE Uncertainty in Flgf whole
88 FWHM_CIV DOUBLE FWHM of the whole @ in kms™*
89 ERR_FWHM_CIV DOUBLE Uncertainty in FWHM whole
90 EW_CIV DOUBLE Rest-frame EW of the wholenCin A
91 ERR_EW_CIV DOUBLE Uncertainty in E¥W, whole
92 FLUX_BROAD_CIV DOUBLE Flux of the broad @ in 10 " erg cm 25!
93 ERR_FLUX_BROAD_CIV DOUBLE Uncertainty in Flgx, proad
94 FWHM_BROAD_CIV DOUBLE FWHM of the broad & in kms™?
95 ERR_FWHM_BROAD_CIV DOUBLE Uncertainty in FWHM broad
96 EW_BROAD_CIV DOUBLE Rest-frame EW of the broadvCn A
97 ERR_EW_BROAD_CIV DOUBLE Uncertainty in EW broad
98 FLUX_NARROW_CIV DOUBLE Flux of the narrow  in 10 *" erg cm? st
99 ERR_FLUX_NARROW_CIV DOUBLE Uncertainty in FIgX narrow
100 FWHM_NARROW_CIV DOUBLE FWHM of the narrow @ in km st
101 ERR_FWHM_NARROW_CIV DOUBLE Uncertainty in FWHIM narrow
102 EW_NARROW_CIV DOUBLE Rest-frame EW of the narromwdn A
103 ERR_EW_NARROW_CIV DOUBLE Uncertainty in B\ narrow
104 LINE_NPIX_CIV LONG Number of good pixels for the rest-frame 1500-1700 A
105 LINE_MED_SN_CIV DOUBLE Median /3N per pixel for the rest-frame 1500-1700 A
106 LINE_FLAG_CIV LONG Flag for the quality in & tting
107 ALPHA LAMBDA_1 DOUBLE Wavelength power-law index from blueward of 4661 A
108 ALPHA _LAMBDA_2 DOUBLE Wavelength power-law index from redward of 4661 A
109 Fe_op_norm DOUBLE The normalization applied to the optical teenplate
110 Fe_op_shift DOUBLE The Gaussian FWHM applied to the optical feenplate
111 Fe_op_FWHM DOUBLE The wavelength shift applied to the optical femnplate
112 Fe_uv_norm DOUBLE The normalization applied to the ultraviolet teenplate
113 Fe_uv_shift DOUBLE The Gaussian FWHM applied to the ultraviolet teenplate
114 Fe_uv_FWHM DOUBLE The wavelength shift applied to the ultraviolat Eamplate
115 LOGL1350 DOUBLE Monochromatic luminosity at 1350 A in efg s
116 ERR_LOGL1350 DOUBLE Uncertainty in logso
117 LOGL3000 DOUBLE Monochromatic luminosity at 3000 A in efg s
118 ERR_LOGL3000 DOUBLE Uncertainty in lbghoo
119 LOGL5100 DOUBLE Monochromatic luminosity at 5100 A in efg s
120 ERR_LOGL5100 DOUBLE Uncertainty in log oo
121 LOGBH_HB DOUBLE Virial BH mas¢M) based on H
122 LOGBH_Mgll DOUBLE Virial BH masgM,) based on Mgl
123 LOGBH_CIV DOUBLE Virial BH mas§M) based on Qv
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Table 2
(Continued
Column Name Format Description
124 SDSS_NAME STRING Name of the quasar in the SDSS quasar catalog
125 2RXS_NAME STRING Name of the object in the second ROSAT all-sky survey point-source catalog
126 2RXS_CTS DOUBLE Background-corrected source counts #2@.keV from 2RXS source catalog
127 2RXS_ECTS DOUBLE Error of the source counts from 2RXS source catalog
128 2RXS_EXPTIME DOUBLE Source exposure time from 2RXS source catalog
129 LM_2RXS_SEP DOUBLE LAMOST2RXS separation in arcsec
130 4AXMM_NAME STRING Name of the object in XMM-Newton Serendipitous Source Catalog
131 4XMM_FLUX DOUBLE Flux in 0.212.0 keV band from 4XMM-DR1%in erg s*cm2)
132 4AXMM_FLUX_ERR DOUBLE Error of theux in 0.2-12.0 keV band from 4XMM-DR11in erg s * cm 3
133 LM_4XMM_SEP DOUBLE LAMOST4XMM separation in arcseconds
134 FPEAK DOUBLE FIRST peakux density at 20 cm in mJy
135 LM_FIRST_SEP DOUBLE LAMOSTFIRST separation in arcseconds
136 g_mag DOUBLE SDS®r Pan-STARRS1 PSK magnitudes
137 ERR_g_mag DOUBLE g PSF magnitude errors
138 r_mag DOUBLE SDS®r Pan-STARRS)r PSF magnitudes
139 ERR_r_mag DOUBLE r PSF magnitude errors
140 i_mag DOUBLE SDS%or Pan-STARRS)LI PSF magnitudes
141 ERR_i_mag DOUBLE i PSF magnitude errors
142 Z_mag DOUBLE SDS®r Pan-STARRS)1z PSF magnitudes
143 ERR_z _mag DOUBLE z PSF magnitude errors
144 MAG_FLAG LONG Flag of PSF magnitude
145 W1_mag DOUBLE Instrumental pre- t photometry magnitudes, W1 band
146 ERR_W1_mag DOUBLE W1 magnitude errors
147 W2_mag DOUBLE Instrumental prle- t photometry magnitudes, W2 band
148 ERR_W2_mag DOUBLE W2 magnitude errors
149 W3_mag DOUBLE Instrumental pre- t photometry magnitudes, W3 band
150 ERR_W3_mag DOUBLE W3 magnitude errors
151 Y_mag DOUBLE Y AperMag3 magnitude@” aperture diametper
152 ERR_Y_mag DOUBLE Y magnitude errors
153 J_mag DOUBLE J AperMag3 magnitude@” aperture diametpr
154 ERR_J_mag DOUBLE J magnitude errors
155 K_mag DOUBLE K AperMag3 magnitude®” aperture diameter
156 ERR_K_mag DOUBLE K magnitude errors

(This table is available in its entirety in FITS format.

Table 3
The Summary of the Results of the LAMOST Quasar Survey up to Now
Paper Paperll Paperlll This Work Total

Total 3921 19,935 19,253 13,066 56,175
Known 2741 11,835 11,091 6381 32,048
Independent 1180 12,126 11,458 7102 31,866
New 1180 8100 8162 6685 24,127

24. Wavelength power-law index, , from blueward of

4661 A.

. Wavelength power-law index, , from redward of

4661 A.

. Rest-frame normalization parameter of opticall Fe

. Rest-frame Gaussian FWHM of optical IFeomplex.

. Rest-frame wavelength shift of optical IFeomplex.

. Rest-frame normalization parameter of UVie@mplex.

. Rest-frame Gaussian FWHM of UV Feomplex.

. Rest-frame wavelength shift of UV Fecomplex.

. Monochromatic luminosities and their uncertainties at

1350, 3000, and 5100 A.

. Virial BH masse¢in M) with calibrations of H, Mg 1,

and Civ.

14

34. Name of the quasar in the SDSS quasar catalog. The
LAMOST DR6-DR9 quasar catalog was cross-corre-
lated with the SDSS quasar catal@R14; Péaris et al.
2018 using a matching radius of' 3

Name of the object in the second ROSAT all-sky survey
point-source catalo@2RXS; Boller et al.201§. The
LAMOST DR6-DR9 quasar catalog was cross-corre-
lated with 2RXS using a matching radius of”30he
nearest point source in 2RXS was chosen.

The background-corrected source counts in full band
(0.1-2.4 keV), and its error, from 2RXS.

The exposure time of the ROSAT measurement.
Angular separation between the LAMOST and 2RXS
source positions.

Name of the object in the XMM-Newton Serendipitous
Source Catalog. The LAMOST DR®R9 quasar
catalog was cross-correlated with the XMM-Newton
Serendipitous Source CatalogXMM-DR11; Webb

et al. 2020 using a matching radius of'.3

The mean full-ban@.2-12 keV) ux, and its error, from
AXMM-DR11.

Angular separation between the LAMOST and 4XMM-
DR11 source positions.

35.

36.

37.
38.

39.

40.

41.
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Figure 14. The HEALPix sky distributions of the quasars ideatl in LAMOST DR6-DR9 (panel(a)) and DRXDR9 (panel (b)) are shown in equatorial
coordinates with the paramet®Nggye= 64 and area of 0.839 dégper pixel.

42. FIRST peak ux density at 20 cm in units of mJy. The  47. WISE Y, J, K AperMag3 magnitudes without the

LAMOST DR6-DR9 quasar catalog was cross-corre- correction for Galactic extinction, and their uncertainties.
lated with the FIRST survey catalog using a matching The AperMag3 magnitudes are the aperture-corrected
radius of 3. magnitudes measured by UKIDSS witi #iameter,

43. Angular separation between LAMOST and FIRST source providing the most accurate estimate of the total
positions. magnitude(Dye et al.2006.

44. SDSS(or Pan-STARRSL g, r, i, z PSF magnitudes
without the correction for Galactic extinction, and their
uncertainties.

45. Flag of PSF magnitudes4AG_FLAG = 1" indicates that
the PSF magnitudes are given by SDSS, In this work, we present the result of the LAMOST quasar

5. Summary and Discussion

“MAG_FLAG = 0" indicates that the PSF magnitudes are survey in the sixth, seventh, eighth, and ninth data releases.

give by Pan-STARRS1, antivAG_FLAG=—1" indi- There are in total 13,066 visually camed quasars. Among

cates that the quasars do not have reliable photometriche identi ed quasars, 6381 were reported by the SDSS DR14
information. quasar catalog after our survey began, while the remaining

46. WISE W1, W2, W3 instrumental prie- t photometry 6685 are considered as newly discovered.
magnitudes without the correction for Galactic extinction, We applied the emission-line measurements of H ,
and their uncertainties. Mg, and Qv for each conrmed quasar. As the LAMOST
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Figure 15. The redshift distributions of LAMOSTblack and SDSS(blue
for S11 and red forR20) samples. The mean redshifts are tabulated in the
upper right corner.
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Figure 16. The histograms of the monochromatic continuum luminosities
(Ls100 L1ooo L1309 and the estimatellgy (based on H, Mg 11, and Civ) for

the LAMOST and S11 (R20) quasar sample. The mean value of each
distribution is tabulated in the upper right corner.

spectra lack information of absoluteux calibration, we
recalibrate the spectra bytting the SDSHEPan-STARRS1

Jin et al.

Maximum |Ag| (mag)

Observed |At| (days)

Maximum |Ag| (mag)

3500 4000 4500 5000 5500 6000
Rest Frame |At| (days)

Figure 17. Top panel: the distribution of the maximum magnitude difference
based on SDSS and PS1 photoméfxg| vs. time lagAt. Bottom panel: the
same distribution as in the top panel, but the observed-frame lag is switching to
the rest-frame lag by dividin(l + 2).

31,866 are independently discovered by LAMOST. Among the
identi ed quasars, 24,127 are newly discovered, and the
remaining 32,048 are known ones that are reported by SDSS
or Milliquas (see Table3). The sky distribution of LAMOST
identi ed quasars is shown in Figutéd.

The basic properties of quasars ideed in LAMOST DR}

DR9 are compared with SDSS quasars. Fidirpresents the
redshift distribution of quasars for each sample. Generally, the
redshift of the LAMOST sample is slightly lower than that
of S11and R20, but it is overall much more similar 1811,
being only 0.13 smaller in the mean value. The distributions of
Mgy and continuum luminositiefl 5100 Lzgoo @ndLi3sg of
LAMOST quasars are also compared with those Sdfl
andR20in Figurel6. As for the continuum luminosities of the
LAMOST samplel 5100 is higher than those @&11andR20
Lzgoois similar to those 0611, while L;350is similar to those

of R20. The distribution of H-basedMgy in the LAMOST
sample is similar t&20, while the Mgll—and Civ—basedVigy

in the LAMOST sample are similar 811 These distributions
indicate that the quasars from the LAMOST survey are brighter
and have loweMgy at lower redshift when compared with
quasars from SDSS.

The optical variability of LAMOST quasars can be
quanti ed by the maximum photometric difference between
the g-band magnitude of SDSS and Pan-STARR3%/|max)-

To avoid the signicant contamination from the poor photo-
metry, we reject the photometric data with uncertainties
g = 0.15 mag. Figurel7 shows the distribution dfAg|max
versus time lagAt| with contours. The photometric variability
of most quasars is within 1 mag, while some of them have at

photometric data. The measured quantities are compiled intdeast a 1.0 mag change in theiband light curves. Some

the quasar catalog, which is available online.

After the 9 yr regular survefAi et al. 2016 Dong et al.
2018 Yao et al.2019 and this work, there are in total 56,175
identi ed quasars in the LAMOST quasar survey, of which

16

previous works(MacLeod et al.2016 Yang et al.2018
showed that the photometry varies following the spectral type
transition, and the criterioi\g|,..x > 1.0 was used to select
CL-AGN candidates. Some examples of CL-AGNs discovered
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Figure 18.An example for the Ly BAL quasarn(black spectrui The absorption features in the Lynd CIv are obvious. The blue line is the BAL template spectra
at the same redshift. There are no corrections for the redshift and Galactic extinction.
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Figure 19.An example for the LoBAL quasar. The top panel shows the whole spectrum, and the bottom panel is a zoom-in nelarehi@Md he blue line is the
normal quasar template spectra at the same redshift. Thiealdgprption features are clear. There are no corrections for the redshift and Galactic extinction.

in the LAMOST quasar survey have been presented previouslsystematic searches to GP@s et al.2021, 2022, which will
(Yang et al.2018, and follow-up works are ongoing. provide more valuable data in the future.
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