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ABSTRACT

We report the fourth installment in the series of the Large Sky Area Multi-Object Fiber Spectroscopic

Telescope (LAMOST) Quasar Survey, which includes quasars observed between September, 2017 and

June, 2021. There are in total 13,255 quasars reliably identified. Among these identified quasars, 6,385

are known ones in the SDSS DR14 quasar catalog or Million Quasars catalog, while the remaining 6,870

are newly discovered. Because LAMOST does not provide accurate absolute flux calibration, we re-

calibrate the spectra with the SDSS/Pan-STARRS multi-band photometric data. The emission line

properties of Hα, Hβ, Mg ii and C iv, and the continuum luminosities are measured by fitting the

re-calibrated spectra. We also estimate the single-epoch virial black hole masses using the derived

emission line and continuum parameters. The catalog and spectra for these quasars are available

online. Up to now, there are 56,364 released LAMOST quasar spectra, of which 24,312 are newly

discovered. The LAMOST quasar survey not only discovers a great number of new quasars, but also

provides a database for investigating spectral variability of quasars with the synergy between LAMOST

and SDSS.
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1. INTRODUCTION

Quasars are a class of active galactic nuclei (AGNs),

which are powered by accretion onto the supermassive

black holes (SMBHs), and are the most luminous and

energetic celestial objects in the universe that can emit

radiation over a broad range of wavelength from radio to

γ−ray (Antonucci 1993). Quasars have long been used

in a variety of astrophysical studies, such as revealing

the growth of SMBHs across cosmic time and the evolu-

tion connections to their host galaxies (Magorrian et al.

1998; Ferrarese & Merritt 2000; Gebhardt et al. 2000;

Kormendy & Gebhardt 2001; Merritt & Ferrarese 2001;

Tremaine et al. 2002), probing the distribution of inter-

stellar and intergalactic medium (ISM and IGM), and

tracing the large-scale structure of the early universe

(Hennawi & Prochaska 2007; Becker et al. 2001). In ad-

dition, quasars are primary celestial references because

they are distant extragalactic sources with extremely

small proper motions (Feissel & Mignard 1998; Andrei

et al. 2009).

Since the first discovery of the quasars in 1963

(Schmidt 1963), huge efforts have been undertaken to

find more quasars. Quasars can be separated from nor-

mal galaxies and stars due to their unique features,

such as the characteristic spectral energy distribution,

high luminosity, variability properties and radiations at

multi-wavelengths.

The most common method to select quasar candi-

dates is based on the multi-color properties. Particu-

larly, quasars at z < 2.2 have strong UV and optical

emissions that distinguish them from normal stars in

the color-color and color-magnitude diagrams (Fan et

al. 2000; Richards et al. 2009; Schneider et al. 2007).

For example, two of the most productive quasar sur-

veys, the Sloan Digital Sky Survey (SDSS, Shen et al.

2011; Pâris et al. 2012, 2018) and the Two-Degree Fields

(2dF) Quasars Redshift Survey (Boyle et al. 2000) used

the optical photometric data to select quasar candidates.

However, such optical color selection methods are sys-

tematically incomplete at 2.2 < z < 3.0, especially at

z = 2.7 as the quasars in this redshift range have similar

colors to those of stellar objects (Fan 1999; Richards et

al. 2002, 2006; Schneider et al. 2007). An efficient way

of identifying missing quasars at 2.2 < z < 3.0 is us-

ing the K-band photometry from the UK Infrared Tele-
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scope (UKIRT) Infrared Deep Sky Survey (UKIDSS),

because quasars at 2.2 < z < 3.0 have an excess in the

near-infrared K-band when compared to stellar objects

(Warren et al. 2000; Sharp et al. 2002; Lawrence et al.

2007; Maddox et al. 2008; Smail et al. 2008). Wu & Jia

(2010) have demonstrated that the SDSS/UKIDSS and

SDSS/WISE (Wu et al. 2012) colors can significantly

improve the efficiency of quasar selection. Other main

quasar candidate selection techniques based on the phys-

ical characteristics of quasars include: multi-wavelength

(X-ray/radio) data matching (Schmidt 1963; Silverman

et al. 2002; Carballo et al. 2004; Zeimann et al. 2011;

Ai et al. 2016); variability-based selection (MacLeod et

al. 2012; Ai et al. 2016); slitless-spectroscopy survey for

broad emission line features (Worseck et al. 2008; Clowes

1986) and proper motion (Heintz et al. 2020).

Recently, various data-mining algorithms have also

been applied to select quasar candidates, including the

Kernel Density Estimation (KDE, Richards et al. 2004,

2009), the extreme deconvolution method (XDQSO,

Bovy et al. 2011), support vector machine (SVM, Peng

et al. 2012), Gaussian mixtrue model (Bailer-Jones et

al. 2019), boosting algorithm (e.g. XGBoost, Jin et al.

2019) and deep learning (Yèche et al. 2010; Pasquet-

Itam & Pasquet 2018). For example, the KDE method

has been expoited in the SDSS-III Baryon Oscillation

Spectroscopic survey (BOSS, Ross et al. 2012), and

transfer-learning is adopted for finding quasars behind

the Galactic plane (GPQs, Fu et al. 2021).

This paper presents the results of the Large Sky Area

Multi-object Fiber Spectroscopic Telescope (LAMOST)

Quasar Survey conducted between September, 2017 and

June, 2021. This is the fourth installment in the series

of LAMOST quasar survey, after data release 1 (DR1,

Ai et al. 2016, hereafter Paper I), data release 2 and 3

(DR2 and DR3, Dong et al. 2018, hereafter Paper II)

and data release 4 and 5 (DR 4 and DR5, Yao et al.

2019, hereafter Paper III). In this paper, the candidate

selection, spectroscopic survey and quasar identification

are briefly reviewed in Section 2. Spectral measurements

and black hole mass estimations for new quasars are

described in Section 3. The description of the quasar

catalog and parameters released are presented in Section

4. At last, the summary is given in Section 5. We adopt

the cosmology parameter H0 = 70 km s−1 Mpc−1 and a

flat universe with ΩM = 0.3 and ΩΛ = 0.7.

2. SURVEY OUTLINE

LAMOST, also known as Guoshoujing Telescope, is a

quasi-meridian reflection Schmidt telescope with an ef-

fective aperture varies from 3.6 to 4.9m (Cui et al. 2012;

Zhao et al. 2012). It is located at Xinglong Observa-

tory, China and has a 5◦ (diameter) field of view. The

LAMOST is equipped with 4000 fibers (3.3′′), which are

mounted on the focal plane and connected to 16 spec-

trographs. Each spectrum is divided into a blue chan-

nel (3700 ∼ 5900 Å) and a red channel (5700 ∼ 9000

Å), with an overlap of region between the two channels

at 5700-5900 Å. The spectra were observed under the

low-resolution mode and the spectral resolution is R ∼
1000-2000 over the entire wavelength range.

After commissioning from 2009 to 2010, LAMOST

began a pilot survey in 2011 (Luo et al. 2012). The

LAMOST regular survey starts from September, 2012.

The exposure time is adjusted according to the apparent

magnitude of targets and observation conditions. The

typical value of the total exposure time for a target is

∼ 90 minutes, which is equally divided into three sub-

exposures. Although the LAMOST quasar survey used

only a small fraction of the available observing time due

to the limitations of LAMOST site (e.g., weather con-

ditions, poor seeing and bright sky background), LAM-

OST has still collected useful data and identified more

than 40,000 quasars, about half of which are new discov-

eries, during the first five years. This paper is the fourth

installment in the series of LAMOST quasar survey.

2.1. Target Selection

The methods used to select the quasar candidates for

LAMOST quasar survey are described in detail in Wu &

Jia (2010), Wu et al. (2012), Peng et al. (2012), Paper

I, II and III. Here, we give a brief description of the

candidate selection.

The primary selection for quasar candidates is based

on the photometric data of SDSS (Ahn et al. 2012), and

the magnitudes we used here are the SDSS point-spread

function (PSF) magnitudes with the Galactic extinction

corrected (Schlegel et al. 1998). First, only point sources

are selected to exclude galaxies. Second, the targets

should be brighter than i=20 to avoid too low signal-to-

noise ratio (SNR), and fainter than i=16 to avoid sat-

uration and contamination with neighbor fibers. Vari-

ous methods are then applied to further separate quasar

candidates from stars. Most of the quasar candidates

are selected based on the optical-infrared colors (SDSS-

UKIDSS/WISE), as has been described in Wu & Jia

(2010) and Wu et al. (2012). A few data-mining algo-

rithms are also used to selected quasar candidates, such

as SVM classifiers (Peng et al. 2012), extreme deconvo-

lution method (XDQSO, Bovy et al. 2011), and KDE

(Richards et al. 2009). In addition, some quasar can-

didates are selected by cross-matching SDSS photome-

try with the detected sources in X-ray surveys (XMM-
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Newton, Chandra, ROSAT) and radio surveys (FIRST,

NVSS).

Although some of the selected candidates have already

been identified by SDSS after our target selections, we

include them in the LAMOST survey, which will be help-

ful to investigate the spectroscopic variability of quasars

and find unusual quasars.

2.2. Pipeline for Data Reduction

The raw CCD images after observations were reduced

by the LAMOST two-dimensional (2D) pipeline and

one-dimensional (1D) pipeline, which is described in Luo

et al. (2015). In the 2D pipeline, the raw data are pro-

cessed and extracted to 1D spectra by the reduced pro-

cedure, including dark and bias subtraction, flat-field

correction, cosmic-ray removal, spectral tracing and ex-

traction, sky subtraction, wavelength calibration, merg-

ing sub-exposure and combining blue and red spectra

(Luo et al. 2012). Then through the 1D pipeline, these

1D spectra are automatically classified into four primary

categories: “STAR”, “GALAXY”, “QSO”, and “Un-

known” by template matching. The final spectra are

available at the LAMOST Data Archive Server 1 (DAS).

The 1D pipeline classification is not trustworthy for

the “Unknown” type. The main reason is that these

“Unknown” spectra are taken under non-photometric

conditions, e.g., varying seeing and/or cloudy weather.

In addition, unstable efficiencies of some fibers also con-

tribute to the high fraction of “Unknown” objects. In

the LAMOST early data release, only ∼ 14% of the ob-

served quasar candidates are classified as QSO, STAR,

or GALAXY by pipeline, while the majority of the spec-

tra are categorized as “Unknown” (Paper I). Such high

fraction of unrecognizable objects is due to the poor

spectral quality in the early data release. Fortunately,

the observation conditions in later years have been im-

proved since the first year of regular survey, and the

pipeline has been updated for a better performance of

spectral classification. The fraction of candidates classi-

fied as “QSO” keeps relatively high in later regular sur-

vey (55.9% in Paper II, 62.3% in Paper III and 77.0%

in this work).

2.3. Quasar Identification

In this work, the quasars are identified by visual in-

spections. In addition to the observed spectra of quasar

candidates, the spectra that are classified as “QSO” by

the 1D pipeline but not included in the input quasar can-

didate catalog also need visual inspection. With the help

of a Java program ASERA (Yuan et al. 2013), we visu-

1 http://www.lamost.org/lmusers/

Table 1. The result of LAMOST quasars survey in DR6, 7,
8 and 9.

DR6 DR7 DR8 DR9 Total

Total 4307 2305 3907 2736 13255

Independent 2277 890 2246 1875 7288

New 1859 890 2246 1875 6870

ally inspect these spectra based on typical quasar emis-

sion lines. Each spectrum is inspected by at least two

classifier to check if the spectral features can match the

quasar template. The misclassified spectra are rejected

or reclassified. The redshift of each identified quasar is

determined when the available typical quasar emission

lines (e.g., as Hα, Hβ, O iiiλ5007, Mg ii, C iii and C iv)

and templates were best matched . The “ZWARNING

= 1” flag indicates there is only one emission line avail-

able. The quasars overlap with M31/M33 and Galac-

tic center will be published in the work of background

quasar survey (Huo et al. 2010, 2013, 2015 and so on),

and are not included in our final quasar catalog. Finally,

there are in total 13,255 visually confirmed quasars at

quasar catalog. Among these identified quasars, 6,385

are known ones in the SDSS DR14 quasar catalog or

Million Quasars catalog, while the remaining 6,870 are

newly discovered. Since the LAMOST DR6 quasar can-

didate survey were fished in the same year as the SDSS

DR14 quasar catalog was published, the 418 quasars in

LAMOST DR6 cross-math with SDSS DR14 are con-

sidered as independently discovered by LAMOST. So at

last, there are in total 7288 quasars that were indepen-

dently discovered by LAMOST. With a large number of

repeat spectral observations of SDSS and LAMOST, we

can investigate the spectroscopic variability of quasars

on both short and long time scale. Moreover, these

multi-epoch spectra give us a good chance to search for
unusual AGNs such as changing-look AGNs (CL-AGNs,

Runco et al. 2016; MacLeod et al. 2019; Yang et al.

2018; Wang et al. 2019; Guo et al. 2019) and uncover

the physical mechanism behind them (MacLeod et al.

2019; Frederick et al. 2019; Jin et al. 2022). The result

of quasar identification is summarized in Table 1.

Figure 1 shows the distribution of the redshift and

absolute luminosity, which is represented by the K-

corrected i-band absolute magnitudes Mi (z = 2), nor-

malized at z = 2 (Richards et al. 2006). As can be seen,

there is a drop in the redshift distribution at z ∼ 1,

which is similar to the previous results (Papers I, II and

III). This drop is the result of inefficient identification in

this redshift range when the emission line Mg ii moves

into the overlap region of the blue and red channels. For

the sources observed by both SDSS and LAMOST, only



4

88 of them have redshift difference (∆z) greater than

0.1. The difference mainly comes from the misidentifi-

cation of emission lines in LAMOST spectra due to the

low S/N. As shown in Figure 2, it is clearly that as the

S/N decreases, the ∆z increases. Another reason for

the redshift difference is that we estimated the redshift

based on the strongest typical emission line, while the

redshift values in SDSS are measured with a few differ-

ence approaches, such as principal component analysis

(PCA) or Mg ii emission line (Pâris et al. 2018).

Figure 1. The distribution in the magnitude-redshift space
for the visually confirmed quasars for previous LAMOST
quasar survey (black) and in DR 6&7&8&9 (blue). The abso-
lute magnitudes Mi(z = 2) are normalized at z=2, following
the K-correction of Richards et al. (2006). The left and bot-
tom panels show the distributions as normalized histograms.

3. SPECTRAL ANALYSIS

In this section, we describe the spectral analysis,

which includes the absolute flux-calculation, the mea-

surements of typical quasar emission lines, and the esti-

mations of black hole masses.

3.1. Absolute Flux Calculation

We note that LAMOST is only equipped with a spec-

trograph and cannot provide photometric information

for the observed targets (Xiang et al. 2015). Thus, the

released LAMOST spectra only have relative flux cal-

ibration rather than absolute flux calibration. In this

work, we try to achieve the absolute calibration by scal-

ing each spectrum to the corresponding broad-band pho-

tometric measurements. The broad-band photometry

used in this work is the PSF magnitudes from the SDSS

Figure 2. The distribution of ∆z for common quasars be-
tween this work and SDSS versus LAMOST spectral S/N.

or Pan-STARRS. First, we cross-match the LAMOST

objects with the SDSS photometric database with a 3′′-

matching radius. The sources outside the SDSS foot-

print are then cross-matched with Pan-STARRS with

the same matching radius 2. Due to the limitation

of spectral wavelength coverage, we only use g,r,i-band

during the calibration fitting. The magnitudes in these

three bands are converted into the flux density fλ at

the effective wavelength of each filter. Next, we fit

each quasar spectrum with the flux densities in three

bands. The spectra from the blue and red channels are

fitted separately to correct the sudden flux jump near

the wavelength overlap region when the blue and red

channel spectra are improperly stacked. The fits are

based on the IDL routines in the MPFIT package (Mark-

wardt 2009), which performs the χ2 minimization us-

ing the Levenberg-Marquardt method. Examples of the

fitting results are presented in Figure 3. It is clearly

that the sudden change between the blue and red re-

gions in the original spectrum disappears after the flux

re-calibration.

The quasars usually show optical variabilities with

0.1-0.2 mag, which introduce additional uncertainties

into the absolute flux-calibration. However, the spec-

tra without the absolute flux calibration information

can not be used to obtain important quantities in-

2 The 8 identified QSOs spectra that don’t have reliable SDSS
or Panstarrs photometric informations are not flux calibrated in
this work.
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cluding continuum luminosity, black hole mass (MBH),

emission line flux. In the previous paper of LAMOST

quasar survey (Papers I, II and II), the spectra are not

absolute-flux-calibrated, the continuum luminosity is in-

ferred from the model fitting with the SDSS photometric

data, and there are no emission line flux informations in

the published catalogs. Additionally, a small fraction

of spectra (∼ 17% in Paper II and ∼ 6% in Paper III)

cannot be fitted properly due to the sudden flux jump

near the overlap region, which is solved by the absolute

flux-calibration in this work. Despite the uncertainties

of our absolute flux-calibration, it nevertheless helps un-

derstand more about the central BHs.

Figure 3. An example of SDSS photometry fitting for the
blue- and red-arm LAMOST spectra. Top panel: the gray
spectrum is the original spectrum only with the relative flux
calibration. The green dots represent the flux densities in the
g, r, i, z-bands, and the asterisks mark the flux densities are
used during the fitting. The lines in blue and red represent
piecewise fits to the asterisks. The vertical gray area repre-
sents the overlap region which is masked during the fitting.
The bottom panel shows the filter curves for the SDSS in g,
r, i, z-band. It is clear that the z-band is not fully covered
by the spectrum, so the photometric data in z-band is not
used during the spectral fitting.

3.2. Spectral fitting

Here we describe the fitting procedures for LAMOST

quasar spectra. Before the fitting, each absolute flux cal-

ibrated spectrum is corrected for the Galactic extinction

using the reddening map (Schlegel et al. 1998) and Milky

Way extinction law of Fitzpatrick (1999) with RV = 3.1,

and then transformed into the rest-frame using the vi-

sually inspected redshift.

Then the spectra are fitted by the publicly ava-

iable multicomponent spectral fitting code PYQSODFIT

(Guo et al. 2018) and a wrapper package based on it

(QSOFITMORE , Fu et al. 2021). A detailed description of

the code and its application can be found in Guo et al.

(2018), Shen et al. (2019) and Fu et al. (2021).

3.2.1. Continuum

The pseudo continuum is fitted by a broken power law

(fbpl) and Fe ii model (fFe,ii) in the wavelength windows

without quasar emission lines and outside the LAMOST

spectral overlapping region. During the fitting, the turn-

ing point of the broken power law is fixed at 4661 Å at

rest-frame, which is similar to the value derived from

the mean composite quasar spectra in Vanden Berk et

al. (2001). The iron model fFe,ii is

fFe,ii = b0FFe,ii(λ,b1,b2), (1)

where the parameters b0, b1, b2 are the normalization,

the full width at half-maximum (FWHM) of Gaussian

profile used to convolve the Fe,ii template, and the wave-

length shift applied to the Fe,ii template, respectively.

The optical Fe,ii template is based on Boroson & Green

(1992). The UV Fe,ii template is a modified template

consisting of the templates in the wavelength range of

1000-2000 Å based on Vestergaard & Wilkes (2001),

2200-3090 Å based on Salviander et al. (2007), and 3090-

3500 Å based on Tsuzuki et al. (2006). A few spectra

have peculiar shapes in the continuum, which may re-

sult from unstable efficiencies of some fibers and poor

relative flux calibration because it is difficult to find a

suitable flux standard star for each spectrograph, espe-

cially for our extragalactic targets because they are faint

and located at high Galactic latitudes. In this case, we

add a three-order poly-nomial model (fpoly) component

to solve this problem. At last, the fcont is fitted by two

(or three) components:

fcont = fbpl + fFe,ii + (fpoly). (2)

The host galaxy contamination is negligible for high z

(z & 0.5) or high luminosity (logL5100 & 44.5) quasars.

As for the z . 0.5 low-luminosity quasars, the hosts

on average can contribute ∼ 15% to the emissions and

lead to a ∼ 0.06 dex overestimation of the 5100 Å con-

tinuum luminosity (Shen et al. 2011). However, due to

the limitation of the spectral S/N for faint objects in our

catalog, the process of host-subtraction may bring larger

uncertainties. Therefore, in this work, the decomposion

of the host galaxy is not applied to the spectrum.

The fitted pseudo-continuum component is subtracted

from the spectrum and the remaining emission-line com-

ponents are fitted with Gaussian profiles. Below we de-

scribe the detailed fitting procedures for typical quasar

emission lines: Hα, Hβ, Mg ii and C iv. They are the
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strongest broad emission lines in the available wave-

length range, and are commonly used as virial black hole

mass estimators. During the fitting, the parameters we

mainly focus are FWHM, equivalent width (EW) and

flux. The fitting procedures for each line are described

as follows.

3.2.2. Hα line

The pseudo-continuum-subtracted Hα-[N ii]-[S ii]

emission lines are fitted in the restframe windows

[6350,6800] Å for objects at z . 0.37. The broad com-

ponent of Hα is modeled by two Gaussian profiles,

and the narrow components of Hα, [N ii]λλ6548,6584

and [S ii]λλ6716,6731 are modeled by a single Gaussian

profile. The upper limit of FWHM for the narrow com-

ponents is set to be 900km s−1, which a commonly used

the FWHM criterion adopted to separate the Type 1

and Type 2 AGNs (Wang et al. 2009; Coffey et al. 2019;

Wang et al. 2019). The line widths and velocity offsets

of the narrow lines are tied to each other. Relative flux

for [N ii]λλ6548,6584 doublet is fixed to 2.96. Examples

of the best-fitting results of Hα line are given in the

panel (a) of Figure 4.

3.2.3. Hβ line

The pseudo-continuum-subtracted Hβ-[O iii] emission

lines are fitted in the restframe window [4600,5100] Å for

objects at z . 0.8. Similar to Hα, the broad component

of Hβ is modeled by two Gaussian profiles, and the nar-

row component of Hβ is modeled by a single Gaussian

profile. The upper limit of FWHM for the narrow com-

ponents is set to be 900km s−1. In addition to a single

narrow component, the [O iii]λλ,4959,5007 double lines

require blue wing component as has been suggested by

previous studies (Boroson 2005; Chadid et al. 2004; Ko-

mossa & Xu 2007; Zamfir et al. 2010; Schmidt et al.

2018). Therefor each of the [O iii]λλ,4959,5007 double

lines is modeled by two Gaussians, one for a line core

and the other for the blue shifted wing, and neither of

them are tied to the Hβ narrow component. The line

widths and velocity offsets of the cores and wings are

tied to each other. We constrain the relative flux ratio

of [O iii]λλ,4959,5007 double lines to be the theoretical

ratio of 1:3. Examples of the best-fitting results of Hβ

line are given in the panel (b) of Figure 4.

3.2.4. Mg ii line

Fittings of the Mg ii and C iv emission lines are some-

times affected by the broad and narrow absorption fea-

tures. In order to reduce the effect of narrow absorp-

tion features, we used “rej abs = True” option of the

QSOFITMORE code when fitting Mg ii and C iv emission

lines. The code masks out the 3σ outliers below the con-

tinuum model, which is useful to reduce the impact of

absorption features (Shen et al. 2011; Shin et al. 2019).

We fit the Mg ii emission line for objects at 0.36

. z . 2.1 in the spectral restframe range of [2700,2900]

Å. The broad component of Mg ii is modeled by two

Gaussian profiles. As for the narrow component, the

situation is more complicated. Some AGNs show the

Mg iiλλ2796,2803 double lines around the peak, and the

FWHM of each component is . 750 km s−1 (Shen et al.

2011). However, such cases are rare and most LAMOST

spectra do not have adequate S/N and/or spectral reso-

lution to separate these two components. Additionally,

the narrow Mg ii absorption line can lead to mimicking

double peaks. So in this work, we fit the Mg ii narrow

component by a single narrow Gaussian with FWHM

upper limit of 900km s−1. Examples of the best-fitting

results of Mg ii line are given in the panel (c) of Figure

4.

3.2.5. C iv line

We fit the C iv emission line for objects at 1.5 . z .
4.4 in the spectral restframe range of [1500,1700]Å. Sim-

ilar to other emission lines, the broad component of C iv

line is modeled by two Gaussian profiles. We do not set

the upper limit for the FWHM of the narrow compo-

nent because it is still debatable whether a strong nar-

row C iv component exists for most quasars (Assef et

al. 2011; Denney 2012; Shen et al. 2019). In addition

to the broad and narrow components, the parameters of

the entire C iv profile are also given because: (1) it is

not sure whether the narrow component subtraction is

feasible for C iv emission line, and (2) the existing C iv

virial estimators are calculated with the FWHM from

entire C iv profile. Examples of the best-fitting results

of C iv are given in panel (d) of Figure 4.

3.2.6. The Reliability of the Spectral Fitting and Error
Estimation

After the automatic fitting procedures, we visually in-

spect the fitting results for each object. The fittings are

acceptable for most of the spectra with high S/N. The

bad fittings are mainly caused by low S/N of the spec-

tra and the lack of good pixels in the fitting region. A

flag is given for each line based on the visual inspection

: LINE FLAG = 0 indicates an acceptable fitting and re-

liable measurement; LINE FLAG = -1 indicates a spuri-

ous fitting; LINE FLAG = -9999 indicates there are not

enough good pixels in the fitting region due to the lim-

itation of spectral quality or wavelength region. The

broad absorption features can also affect the fitting re-

sults. Those features at Mg ii and/or C iv are marked

with BAL FLAG = 1.
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Figure 4. Examples for the deblending results of Hα-[N ii]-[S ii] (panel a), Hβ-[O iii] (panel b), Mg ii (panel c) and C iv (panel
d) lines. The black lines represent the extinction-corrected spectra with continuum subtracted. As for the fitted emission lines,
the broad components are in red while the narrow ones are in green, along with their sum (blue).

There are 4964/6296 quasars in our catalog over-

lapped with the spectral fitting catalog of DR7Q/DR14

(Shen et al. 2011, hereafter S11, and Rakshit et al. 2020,

hereafter R20). To further justify the fitting results in

this work, we compare the measured parameters for the

common quasars between LAMOST DR 6&7&8&9 and

(S11) R20. The histograms in Figure 5 compare the

logarithm FWHM values. In general, we find excellent

agreement between the measurements. The mean (µ)

and standard deviation (σ) of the difference between this

work and S11 (R20) is 0.10 ± 0.14 (0.06 ± 0.11) for Hα,

0.05±0.14 (0.03±0.14) for Hβ, 0.07±0.13 (0.05±0.12)

for Mg ii and 0.00±0.12 (0.01±0.12) for C iv lines. The

EW values in these two catalogs are also in agreement

with each other (Figure 6 ) with mean and standard de-

viation between two works is −0.10±0.14 (−0.17±0.13)

for Hα, −0.10 ± 0.22 (−0.09 ± 0.20) for Hβ, 0.00 ± 0.17

(−0.09±0.17) for Mg ii and −0.05±0.21 (−0.03±0.20)

for C iv lines. As mentioned before, there are no accu-

rate emission flux information in the previous papers of

the LAMOST quasars survey. In Figure 7, we show the

comparison of the emission line flux measurements. The
mean and standard deviation of the differences between

this work and S11 (R20) is −0.15 ± 0.13 (−0.17 ± 0.15)

for Hα, −0.09 ± 0.18 (−0.05 ± 0.18) for Hβ, 0.04 ± 0.17

(−0.04±0.17) for Mg ii and −0.03±0.18 (−0.04±0.20)

for C iv lines. Similar to the FWHM and EW, the emis-

sion fluxes also show excellent agreement between the

different measurements.

In all cases, though a slight discrepancy between the

different works is found, the measurements in this work

are in general agreement with those of SDSS. The differ-

ences may be caused by three main reasons: (1) quasars

usually show spectral variability, which can affect the

measurements in different quasar catalogs. (2) The dif-

ferent S/N of SDSS and LAMOST spectra. As shown in

Figure 8, the peak of the median S/N per pixel in line-

fitting regions are all around or below S/N =5. Figure



8

Figure 5. Comparisons between the measurements of the
FWHM values in this work and S11 (R20). We show the
plot of log(FWHMLAMOST/FWHMSDSS) for broad Hα (up-
per left), broad Hβ (upper right), broad Mg ii (lower left)
and total C iv (lower right). The mean (µ) and dispersion
(σ) of each distribution are tabulated in corresponding plots.
In this figure, only the emission lines with reliable fitting
(LINE FLAG = 0) are considered.

Figure 6. Same as in Figure 5, but for EW values.

9 shows the comparison of the median S/N per pixel of

the line-fitting regions between LAMOST DR 6&7&8&9

and S11 (R20). It is clearly that the LAMOST spectra

have significantly lower S/N than that those of SDSS. (3)

the different model used in the spectral fitting. For ex-

ample, in the continuum fitting process, the host-galaxy

subtraction is applied in R20, and there is an additional

Balmer continuum component in the pseudo-continuum.

Figure 7. Same as in Figure 5, but for emission line flux.

The Fe ii template (Vestergaard & Wilkes 2001) used in

S11 is different from that in this work. There are also

some differences in the emission-line fitting process: we

used the double Gaussians to model the broad compo-

nent in Hα, Hβ, Mg ii and C iv emission lines, while in

S11 or R20, multiple Gaussians (up to three) are used

to fit each broad component. Moreover, in R20, there is

no narrow component to model the C iv emission lines.

Figure 8. The distributions of median S/N per pixel around
the line-fitting region are plotted as normalized histogram.
Only the emission lines with reliable fitting (LINE FLAG = 0)
are considered.

The Monte Carlo (MC) approach is applied to esti-

mate the uncertainty in each spectral fitting quantity.

The mock spectrum is produced by adding a Gaussian

random noise to the original spectrum. Then the spec-
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Figure 9. The comparison of the median S/N per pixel in
the line-fitting region between this work and S11 (R20). The
mean (µ) and dispersion (σ) of each distribution are shown
in corresponding plots. Only the emission lines with reliable
fitting (LINE FLAG = 0) are considered.

tral fitting is performed to the mock spectrum and the

spectral quantities are estimated. The uncertainty of

each quantity is then estimated by the standard devia-

tions of the distribution given by 50 trials.

3.3. Virial Black hole Mass

The monochromatic continuum luminosities at 1350

(L1350), 3000 (L3000), and 5100 (L5100) Å are calculated

from the best-fit fbpl + (fpoly) continuum. The bolo-

metric correction factors are adapted from Richards et

al. (2006). By assuming the broad line region (BLR)

is virialized, the MBH can be estimated based on the

single-epoch spectra. The monochromatic continuum

luminosity is used as a proxy of the BLR radius, and the

broad line width is used as a proxy of the virial velocity.

The empirical scaling relation between the virial black

hole mass and these two proxies are calibrated by rever-

beration mapping. Here, the Hβ-based virial black hole

masses are estimated using the relation (Vestergaard &

Peterson 2006):

logMBH =

log

{[
FWHM(Hβ)

km s−1

]2 [
L5100

1044 ergs s−1

]0.5
}

+ 0.91,
(3)

the Mg ii-based virial black hole masses are estimated

using the relation (Wang et al. 2009):

logMBH =

log

{[
FWHM(Mg ii)

km s−1

]1.51 [
L3000

1044 ergs s−1

]0.5
}

+ 2.60,

(4)

and the C iv-based virial black hole masses are estimated

using the relation (Vestergaard & Peterson 2006):

logMBH =

log

{[
FWHM(C iv)

km s−1

]2 [
L1350

1044 ergs s−1

]0.53
}

+ 0.66.

(5)

As mentioned before, the spectra is re-calibrated using

the photometric data observed at different times from

LAMOST observations, which will introduce additional

uncertainties. To justify this effect, we compare our

continuum luminosities and MBH measurements with

those of S11 (R20) in Figure 10. In general, our esti-

mates are in agreement with those of S11 (R20). Figure

11 shows the distribution of the MBH at different red-

shifts. Most quasars observed in SDSS DR7Q have low-

to-moderate redshifts, which is similar to the LAMOST

survey. While in SDSS DR14Q, compared with SDSS

DR7Q, there are larger number of hight-redshift and

low-luminosity quasars observed. So it is apparent that

the overall distribution of LAMOST quasars occupies

the similar space as SDSS DR7Q, but has a relatively

large discrepancy from SDSS DR14Q. The comparisons

in both Figure 10 and Figure 11 prove that the flux

re-calibration is mostly valid and the MBH given in this

work can be considered as a good approximation.

4. DESCRIPTION OF THE CATALOG

We provide a compiled catalog for the quasars iden-

tified in LAMOST DR 6&7&8&9 along with this pa-

per. All measured quantities are tabulated in the online

catalog at LAMOST public website3. A summary of

parameters are listed in Table 2 and described as below.

1. Unique spectra ID in LAMOST database.

2. Target Observation date.

3. LAMOST object designation: Jhhmmss.ss +

ddmmss.s (J2000).

4-5. Right Ascension and Declination (in decimal de-

grees, J2000).

3 https://nadc.china-vo.org/data/article/20190107155838;jsessionid=F0A7DA85000C69597CF78D4F4C3C729E?cat=lamost-
quasar&intro=%2Farticle%2F20190107155838
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Figure 10. The comparison of the monochromatic contin-
uum luminosities (L5100, L1000, L1300) and the estimated
MBH based on Hβ, Mg ii and C iv between this work and
S11 (R20).

6-9. Spectroscopic observation information: Local

modified Julian date (LMJD), spectroscopic

plan name (PlanID), spectrograph identification

(spID), and spectroscopic fiber number (fiberID).

These four numbers are unique for each spectrum

named in the format of spec−LMJD−planID spID−fiberID.fits.

10-11. Redshift and its flag (ZWARNING) based on vi-

sual inspections. 1=not robust (eg., only one emis-

sion line available).

12. Target selection flag. SOURCE FLAG=“1” indi-

cates that the quasar was selected by its infrared-

optical color, data-mining algorithms, multi-

wavelength or other serendipitous algorithms.

SOURCE FLAG=“0” means the object is not

included in LAMOST quasar survey candidate

sample but identified as quasar.

13. Mi (z = 2): absolute i-band magnitude with K-

corrected to z = 2 following Richards et al. (2006).

14. Number of spectroscopic observations for the

quasar. When there are more than one obser-

Figure 11. The distribution of MBH based on various broad
emissions (Hβ, Mg ii and C iv) is plotted against the redshift.
The quasars from S11 and R20 are represented by the pink
and gray dots, respectively.

vations for the object, the line properties are ob-

tained from only one of the observations in which

the S/N is highest.

15. Median S/N per pixel in the continuum wave-

length regions.

16. Flag of broad absorption features. BAL FLAG=1

indicates broad absorption features are present in

Mg ii and/or C iv.

17-46. FLUX, FWHM, rest-frame EW, and their uncer-

tainties for broad Hα, narrow Hα, [N ii]λ6584 and

[S ii]λλ6716,6731 emission lines.

47-48. Number of good pixels and median S/N per pixel

for the spectrum in Hα region of rest-frame 6350-

6800 Å.

49. Flag indicates reliability of the emission line fit-

ting results in Hα region upon visual inspections.

0=acceptable; -1=unacceptable. This value is set

to be −9999 if Hα is not measured due to too few

good pixels in the fitting region.

50-67. FLUX, FWHM, rest-frame EW, and their uncer-

tainties for broad Hβ, narrow Hβ, [O iii]λλ5007

emission lines.

68-69. Number of good pixels and median S/N per pixel

for the spectrum in Hβ region of rest-frame 4600-

5100 Å.

70. Flag indicates reliability of the emission line fit-

ting results in Hβ region upon visual inspections.

0=acceptable; -1=unacceptable. This value is set
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to be −9999 if Hβ is not measured due to too few

good pixels in the fitting region.

71-82. FLUX, FWHM, rest-frame EW, and their uncer-

tainties for the broad and narrow Mg ii emission

line.

83-84. Number of good pixels and median S/N per pixel

for the spectrum in Mg ii region of rest-frame 2700-

2900 Å.

85. Flag indicates reliability of the emission line fit-

ting results in Mg ii region upon visual inspections.

0=acceptable; -1=unacceptable. This value is set

to be −9999 if Mg ii is not measured due to too

few good pixels in the fitting region.

86-103. FLUX, FWHM, rest-frame EW, and their uncer-

tainties for the whole, broad and narrow C iv emis-

sion line.

104-105. Number of good pixels and median S/N per pixel

for the spectrum in C iv region of rest-frame 1500-

1700 Å.

106. Flag indicates reliability of the emission line fit-

ting results in C iv region upon visual inspections.

0=acceptable; -1=unacceptable. This value is set

to be −9999 if C iv is not measured due to too few

good pixels in the fitting region.

107. Wavelength power-law index, αλ, from blueward

of 4661 Å.

108. Wavelength power-law index, αλ, from redward of

4661 Å.

109. Rest-frame normalization parameter of optical Fe

II.

110. Rest-frame Gaussian FWHM of optical Fe II com-

plex.

111. Rest-frame wavelength shift of optical Fe II com-

plex.

112. Rest-frame normalization parameter of UV Fe II

complex.

113. Rest-frame Gaussian FWHM of UV Fe II complex.

114. Rest-frame wavelength shift of UV Fe II complex.

115-120. Monochromatic luminosities and their uncer-

tanties at 1350, 3000 and 5100 Å.

121-123. Virial black hole masses (in M�) with calibrations

of Hβ, Mg ii and C iv.

124 Name of the quasar in SDSS quasar catalog. The

LAMOST DR 6&7&8&9 quasar catalog was cross-

correlated with the SDSS quasar catalog (DR14,

Pâris et al. 2018) using a matching radius of 3′′.

125. Name of the object in second ROSAT all-sky

survey point source catalog (2RXS, Boller et al.

2016). The LAMOST DR 6&7&8&9 quasar cata-

log was cross-correlated with 2RXS using a match-

ing radius of 30′′. The nearest point source in

2RXS was chosen.

126-127. The background corrected source counts in full

band (0.1-2.4 keV), and its error, from 2RXS.

128. The exposure time of the ROSAT measurement.

129. Angular separation between the LAMOST and

2RXS source positions.

130. Name of the object in XMM-Newton Serendipi-

tous Source Catalog . The LAMOST DR6&7&8&9

quasar catalog was cross-correlated with XMM-

Newton Serendipitous Source Catalog (4XMM-

DR11, Webb et al. 2020) using a matching radius

of 3′′.

131-132. The mean full-band (0.2-12 keV) flux, and its er-

ror, from 4XMM-DR11.

133. Angular separation between the LAMOST and

4XMM-DR11 source positions.

134. FIRST peak flux density at 20 cm in units of mJy.

The LAMOST DR 6&7&8&9 quasar catalog was

cross-correlated with FIRST survey catalog using

a matching radius of 5′′.

135. Angular separation between LAMOST and FIRST

source positions.

136-141. SDSS (or Pan-STARRS) g, r, i PSF magnitudes,

and their uncertainties.

142. Flag of PSF magnitudes. ‘MAG FLAG=1’ indi-

cates the PSF magnitudes are given by SDSS,

‘MAG FLAG=0’ indicates the PSF magnitudes are

give by Pan-STARRS and ‘MAG FLAG=-1’ indi-

cates that the quasars don‘t have reliable photo-

metric information.

Table 2. Catalog format for the quasars identified in LAMOST DR6&7&8

Column Name Format Description

1 ObsID LONG Unique Spectra ID in LAMOST database

2 ObsDate STRING Target observation date

3 NAME STRING LAMOST designation hhmmss.ss+ddmmss (J2000)

Table 2 continued
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Table 2 (continued)

Column Name Format Description

4 RA DOUBLE Right ascension (R.A.) in decimal degrees (J2000)

5 DEC DOUBLE Declination (Decl.) in decimal degrees (J2000)

6 LMJD LONG Local Modified Julian Day of observation

7 PLANID STRING Spectroscopic plan identification

8 SPID LONG Spectrograph identification

9 FIBERID LONG Spectroscopic fiber number

10 Z VI DOUBLE Redshift based on visual inspection

11 ZWARNING LONG ZWARNING flag based on visual inspection

12 SOURCE FLAG LONG Flag of quasar candidate selection

13 MI Z2 DOUBLE Mi(z = 2), K-corrected to z = 2 following Richards et al. (2006)

14 NSPECOBS LONG Number of spectroscopic observations

15 SNR SPEC DOUBLE Median S/N per pixel of the spectrum

16 BAL FLAG LONG Flag of broad absorption features

17 FLUX BROAD HA DOUBLE Flux of broad Hα in erg s−1

18 ERR FLUX BROAD HA DOUBLE Uncertainty in FLUXHα,broad

19 FWHM BROAD HA DOUBLE FWHM of broad Hα in km s−1

20 ERR FWHM BROAD HA DOUBLE Uncertainty in FWHMHα,broad

21 EW BROAD HA DOUBLE Rest-frame EW of broad Hα in Å

22 ERR EW BROAD HA DOUBLE Uncertainty in EWHα,broad

23 FLUX NARROW HA DOUBLE Flux of narrow Hα in erg s−1

24 ERR FLUX NARROW HA DOUBLE Uncertainty in FLUXHα,narrow

25 FWHM NARROW HA DOUBLE FWHM of narrow Hα in km s−1

26 ERR FWHM NARROW HA DOUBLE Uncertainty in FWHMHα,narrow

27 EW NARROW HA DOUBLE Rest-frame EW of narrow Hα in Å

28 ERR EW NARROW HA DOUBLE Uncertainty in EWHα,narrow

29 FLUX NII 6584 DOUBLE Flux of [N ii]λ6584 in erg s−1

30 ERR FLUX NII 6584 DOUBLE Uncertainty in FLUX[NII]6584

31 FWHM NII 6584 DOUBLE FWHM of [N ii]λ6584 in km s−1

32 ERR FWHM NII 6584 DOUBLE Uncertainty in FWHM[NII]6584

33 EW NII 6584 DOUBLE Rest-frame EW of [N ii]λ6584 in Å

34 ERR EW NII 6584 DOUBLE Uncertainty in EW [NII]6584

35 FLUX SII 6716 DOUBLE Flux of [S ii]λ6716 in erg s−1

36 ERR FLUX SII 6716 DOUBLE Uncertainty in FLUX[SII]6716

37 FWHM SII 6716 DOUBLE FWHM of [S ii]λ6716 in km s−1

38 ERR FWHM SII 6716 DOUBLE Uncertainty in FWHM[SII]6716

39 EW SII 6716 DOUBLE Rest-frame EW of [S ii]λ6716 in Å

40 ERR EW SII 6716 DOUBLE Uncertainty in EW [SII]6716

41 FLUX SII 6731 DOUBLE Flux of [S ii]λ6731 in erg s−1

42 ERR FLUX SII 6731 DOUBLE Uncertainty in FLUX[SII]6731

43 FWHM SII 6731 DOUBLE FWHM of [S ii]λ6731 in km s−1

44 ERR FWHM SII 6731 DOUBLE Uncertainty in FWHM[SII]6731

45 EW SII 6731 DOUBLE Rest-frame EW of [S ii]λ6731 in Å

46 ERR EW SII 6731 DOUBLE Uncertainty in EW[SII]6731

47 LINE NPIX HA LONG Number of good pixels for the rest-frame 6350-6800 Å

48 LINE MED SN HA DOUBLE Median S/N per pixel for the rest-frame 6350-6800 Å

49 LINE FLAG HA LONG Flag for the quality in Hα fitting

50 FLUX BROAD HB DOUBLE Flux of broad Hβ in erg s−1

51 ERR FLUX BROAD HB DOUBLE Uncertainty in FLUXHβ,broad

52 FWHM BROAD HB DOUBLE FWHM of broad Hβ in km s−1

53 ERR FWHM BROAD HB DOUBLE Uncertainty in FWHMHβ,broad

54 EW BROAD HB DOUBLE Rest-frame EW of broad Hβ in Å

55 ERR EW BROAD HB DOUBLE Uncertainty in EWHβ,broad

56 FLUX NARROW HB DOUBLE Flux of narrow Hβ in erg s−1

57 ERR FLUX NARROW HB DOUBLE Uncertainty in FLUXHβ,narrow

Table 2 continued
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Table 2 (continued)

Column Name Format Description

58 FWHM NARROW HB DOUBLE FWHM of narrow Hβ in km s−1

59 ERR FWHM NARROW HB DOUBLE Uncertainty in FWHMHβ,narrow

60 EW NARROW HB DOUBLE Rest-frame EW of narrow Hβ in Å

61 ERR EW NARROW HB DOUBLE Uncertainty in EWHβ,narrow

62 FLUX OIII 5007 DOUBLE Flux of [O iii]λ5007 in erg s−1

63 ERR FLUX OIII 5007 DOUBLE Uncertainty in FLUX[OIII]5007

64 FWHM OIII 5007 DOUBLE FWHM of [O iii]λ5007 in km s−1

65 ERR FWHM OIII 5007 DOUBLE Uncertainty in FWHM[OIII]5007

66 EW OIII 5007 DOUBLE Rest-frame EW of [O iii]λ5007 in Å

67 ERR EW OIII 5007 DOUBLE Uncertainty in EW[OIII]5007

68 LINE NPIX HB LONG Number of good pixels for the rest-frame 4600-5100 Å

69 LINE MED SN HB DOUBLE Median S/N per pixel for the rest-frame 4600-5100 Å

70 LINE FLAG HB LONG Flag for the quality in Hβ fitting

71 FLUX BROAD MGII DOUBLE Flux of the broad Mg ii in erg s−1

72 ERR FLUX BROAD MGII DOUBLE Uncertainty in FLUXMgII,broad

73 FWHM BROAD MGII DOUBLE FWHM of the broad Mg ii in km s−1

74 ERR FWHM BROAD MGII DOUBLE Uncertainty in FWHMMgII,broad

75 EW BROAD MGII DOUBLE Rest-frame EW of the broad Mg ii in Å

76 ERR EW BROAD MGII DOUBLE Uncertainty in EWMgII,broad

77 FLUX NARROW MGII DOUBLE Flux of the narrow Mg ii in erg s−1

78 ERR FLUX NARROW MGII DOUBLE Uncertainty in FLUXMgII,narrow

79 FWHM NARROW MGII DOUBLE FWHM of the narrow Mg iiλ in km s−1

80 ERR FWHM NARROW MGII DOUBLE Uncertainty in FWHMMgII,narrow

81 EW NARROW MGII DOUBLE Rest-frame EW of the narrow Mg ii in Å

82 ERR EW NARROW MGII DOUBLE Uncertainty in EWMgII,narrow

83 LINE NPIX MGII LONG Number of good pixels for the rest-frame 2700-2900 Å

84 LINE MED SN MGII DOUBLE Median S/N per pixel for the rest-frame 2700-2900 Å

85 LINE FLAG MGII LONG Flag for the quality in MgII fitting

86 FLUX CIV DOUBLE Flux of the whole C iv in erg s−1

87 ERR FLUX CIV DOUBLE Uncertainty in FluxCIV,whole

88 FWHM CIV DOUBLE FWHM of the whole C iv in km s−1

89 ERR FWHM CIV DOUBLE Uncertainty in FWHMCIV,whole

90 EW CIV DOUBLE Rest-frame EW of the whole C iv in Å

91 ERR EW CIV DOUBLE Uncertainty in EWCIV,whole

92 FLUX BROAD CIV DOUBLE Flux of the broad C iv in erg s−1

93 ERR FLUX BROAD CIV DOUBLE Uncertainty in FluxCIV,broad

94 FWHM BROAD CIV DOUBLE FWHM of the broad C iv in km s−1

95 ERR FWHM BROAD CIV DOUBLE Uncertainty in FWHMCIV,broad

96 EW BROAD CIV DOUBLE Rest-frame EW of the broad C iv in Å

97 ERR EW BROAD CIV DOUBLE Uncertainty in EWCIV,broad

98 FLUX NARROW CIV DOUBLE Flux of the narrow C iv in erg s−1

99 ERR FLUX NARROW CIV DOUBLE Uncertainty in FluxCIV,narrow

100 FWHM NARROW CIV DOUBLE FWHM of the narrow C iv in km s−1

101 ERR FWHM NARROW CIV DOUBLE Uncertainty in FWHMCIV,narrow

102 EW NARROW CIV DOUBLE Rest-frame EW of the narrow C iv in Å

103 ERR EW NARROW CIV DOUBLE Uncertainty in EWCIV,narrow

104 LINE NPIX CIV LONG Number of good pixels for the rest-frame 1500-1700 Å

105 LINE MED SN CIV DOUBLE Median S/N per pixel for the rest-frame 1500-1700 Å

106 LINE FLAG CIV LONG Flag for the quality in CIV fitting

107 ALPHA LAMBDA 1 DOUBLE Wavelength power-law index from blueward of 4661 Å

108 ALPHA LAMBDA 2 DOUBLE Wavelength power-law index from redward of 4661 Å

109 Fe op norm DOUBLE The normalization applied to the optical FeII template

110 Fe op shift DOUBLE The Gaussian FWHM applied to the optical the FeII template

111 Fe op FWHM DOUBLE The wavelength shift applied to the optical FeII template

Table 2 continued
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Table 2 (continued)

Column Name Format Description

112 Fe uv norm DOUBLE The normalization applied to the ultraviolet FeII template

113 Fe uv shift DOUBLE The Gaussian FWHM applied to the ultraviolet the FeII template

114 Fe uv FWHM DOUBLE The wavelength shift applied to the ultraviolet FeII template

115 LOGL1350 DOUBLE Monochromatic luminosity at 1350 Å in erg s−1

116 ERR LOGL1350 DOUBLE Uncertainty in logL1350

117 LOGL3000 DOUBLE Monochromatic luminosity at 3000 Å in erg s−1

118 ERR LOGL3000 DOUBLE Uncertainty in logL3000

119 LOGL5100 DOUBLE Monochromatic luminosity at 5100 Å in erg s−1

120 ERR LOGL5100 DOUBLE Uncertainty in logL5100

121 LOGBH HB DOUBLE Virial BH mass (M�) based on Hβ

122 LOGBH MgII DOUBLE Virial BH mass (M�) based on Mg ii

123 LOGBH CIV DOUBLE Virial BH mass (M�) based on C iv

124 SDSS NAME STRING Name of the quasar in the SDSS quasar catalog

125 2RXS NAME STRING Name of the object in the 2nd ROSAT all-sky survey point source catalog

126 2RXS CTS DOUBLE Background corrected source counts in 0.1-2.4 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 LAMOST-2RXS separation in arcsec

130 4XMM NAME STRING Name of the object in XMM-Newton Serendipitous Source Catalog

131 4XMM FLUX DOUBLE Flux in 0.2-12.0 keV band from 4XMM-DR11 (in erg s−1 cm−2)

132 4XMM FLUX ERR DOUBLE Error of the flux in 0.2-12.0 keV band from 4XMM-DR11 (in erg s−1 cm−2)

133 LM 4XMM SEP DOUBLE LAMOST-4XMM separation in arcsec

134 FPEAK DOUBLE FIRST peak flux density at 20 cm in mJy

135 LM FIRST SEP DOUBLE LAMOST-FIRST separation in arcsec

136 g mag DOUBLE SDSS (or Pan-STARRS PSF) g magnitudes

137 ERR g mag DOUBLE g PSF magnitude errors

138 r mag DOUBLE SDSS (or Pan-STARRS ) r PSF magnitudes

139 ERR r mag DOUBLE r PSF magnitude errors

140 i mag DOUBLE SDSS (or Pan-STARRS ) i PSF magnitudes

141 ERR i mag DOUBLE i PSF magnitude errors

142 MAG FLAG LONG Flag of PSF magnitude

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

5. SUMMARY

In this work, we present the result of the LAMOST

Quasar Survey in the sixth, seventh, eighth and ninth

data releases. There are in total 13,255 visually con-

firmed quasars. Among the identified quasars, 6,385

were reported by the SDSS DR14 quasar catalog after

our survey began, while the remaining 6870 are consid-

ered as newly discovered.

We applied the emission line measurements of Hα,

Hβ, Mg ii and C iv for each confirmed quasar. As

the LAMOST spectra lack information of absolute flux

calibration, we re-calibrate the spectra by fitting the

SDSS/Pan-STARRS photometric data. The measured

quantities are complied into the quasar catalog which is

available on-line.

After nine-year regular survey (Ai et al. 2016, Dong

et al. 2018, Yao et al. 2019, and this work), there are in

total 56,364 identified quasars in the LAMOST quasar

Table 3. The summary of the results of the LAMOST
quasars survey up to now.

Paper I Paper II Paper III This Work Total

Total 3921 19935 19253 13255 56364

Independent 1180 12126 11458 7288 32052

New 1180 8100 8162 6870 24312

survey. Among them, 32,052 are independently discov-

ered by LAMOST, and 24,312 are newly discovered (Ta-

ble 3).

The basic properties of quasars identified in LAMOST

DR1 to DR9 are compared with SDSS quasars. Figure

12 presents the redshift distribution of quasars for each

sample. Generally, the redshift of LAMOST sample is

lower than that of S11 and R20, but it is overall much

more similar to S11 with only 0.13 smaller in mean value

. The distributions of MBH and continuum luminosities

(L5100, L3000 and L1350) of LAMOST quasars are also

compared with those of S11 and R20 in Figure 13. As

for the continuum luminosities of LAMOST sample, the
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L5100 is higher than S11 and R20, the L3000 is similar

to S11, while the L1350 is similar to R20. The distribu-

tion of Hβ-based MBH in LAMOST sample is similar to

R20, while the Mg ii- and C iv-based MBH in LAMOST

sample are similar to S11. These distributions indicate

that the LAMOST quasars in lower redshift are more

brighter with lower MBH.

Figure 12. The redshift distributions of LAMOST (black)
and SDSS (blue for S11, and red for R20) samples. The mean
redshifts are tabulated in the top-right corner.

The quasar catalog provided by LAMOST is not

only a great supplement to the low-to-moderate redshift

quasars, but also a large database for investigating the

quasar spectral variabilities and searching for unusual

quasars, such as the CL-AGNs (Yang et al. 2018).
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